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EDITORIAL

The impact of anesthesia on postoperative outcomes:
the effect of regional anesthesia on the incidence of

surgical site infections

Surgical site infections (SSI) are a major contributor to mor-
bidity and mortality in the postoperative care. Current data
suggest that SSI are responsible for about 20% of all health-
care-associated infections."? Importantly, deep surgical site
infections are strongly associated with a prolonged hospitali-
zation, significant increase in costs, and poor outcomes, rep-
resenting a considerable burden for patients and healthcare
systems.>

The overall management of SSI comprises prevention, ade-
quate differential diagnosis, and appropriate early treatment
as well a rigorous follow-up. Prevention of surgical infection
relies on optimization of patient factors and use of a variety
of evidence-based pharmacologic and nonpharmacologic
measures. Clinical practice guidelines for perioperative anti-
microbial prophylaxis are widely available and applied every-
where.” Nevertheless, SSI will continue to impact morbidity
and mortality in both hospital and outpatient settings.

In the last few decades, regional anesthesia has gained
momentum as an effective strategy to improve perioperative
analgesia and potentially changing relevant postoperative out-
comes. Previous studies suggested that regional anesthesia
might minimize the risk of postoperative SSI and cancer recur-
rence, subsequently providing the benefits to both short- and
long-term outcomes.® There is strong evidence that the avoid-
ance of allogeneic blood transfusion and implementation of
an adequate perioperative blood glucose control are all effec-
tive measures that reduce postoperative infection rates.®
However, significant controversy exists regarding the effects
of a high versus a low intraoperative fraction of inspired oxy-
gen (FiO,) on postoperative SSI in adults undergoing general
anesthesia. A recent systematic review has shown that a high
FiO, did not improve outcomes including surgical site infec-
tions, length of stay, or mortality in patients undergoing gen-
eral anesthesia for non-cardiac surgery.’

Previous findings have indicated that regional anesthesia
may reduce postoperative infectious complications in sev-
eral clinical settings. For instance, a recent meta-analysis

https://doi.org/10.1016/j.bjane.2022.12.001
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has shown that regional anesthesia is associated with a lower
incidence of sepsis in vascular patients.® In orthopedic sur-
gery, previous findings based on observational studies have
supported the overall beneficial effects of regional anesthe-
sia in decreasing the development of SSI after both knee and
hip arthroplasties.” Additionally, a comprehensive system-
atic review has demonstrated that epidural analgesia
reduced the odds of pneumonia after abdominal and tho-
racic surgery, although this benefit was weak in larger stud-
ies.’”® However, further studies were unable to show
association of regional analgesia with postoperative infec-
tious complications in abdominal surgeries.'"”'? In fact, con-
sidering all available evidence, clinical data underlying the
potential role of regional anesthesia in reducing postopera-
tive infections complications is still controversial and further
studies are warranted.

In this issue of the Brazilian Journal of Anesthesiology, an
interesting, relevant and well-designed retrospective study
from the Department of Outcomes Research at Cleveland
Clinic provides new insights into the potential effects of
regional anesthesia on postoperative infectious complica-
tions. In this study, Bajracharya et al."* compared the inci-
dence of a composite of serious infections after colorectal
surgery in patients who received postoperative regional
analgesia (epidural or transversus abdominis plane blocks)
or patient-controlled intravenous analgesia with opioids (IV-
PCA). The outcome was defined as a composite of in-hospital
serious infections, including intra-abdominal abscess, pelvic
abscess, deep or organ-space SSI, clostridium difficile, pneu-
monia, or sepsis. In their analysis, authors matched 681
regional anesthesia patients to 2862 IV-PCA only patients
based on propensity scores derived from potential confound-
ing factors. This study suggests that regional analgesia is not
significantly associated with a reduced incidence of postop-
erative serious infection (odds ratio: 1.14; 95% Confidence
Interval 0.87-1.49). Of note, authors observed a weak asso-
ciation of postoperative opioid consumption with serious

0104-0014/© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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infectious complications. Interestingly, considering the use
of epidural and systemic opiates, at least in this patient pop-
ulation, regional anesthesia did not reduce the total opioid
dose administered to patients perioperatively. Conceivably,
future prospective studies could implement more effective
opioid-sparing strategies of regional anesthesia, investigat-
ing the potential benefits of this approach in the incidence
of infections complications after surgery.

It is important to point out that the study design influen-
ces the results and hence the quality of the evidence pro-
duced. Ideally, determining the risk for each patient or
groups of patients should integrate sample selection. The
higher the patient’s risk the greater the chance for a thera-
peutic intervention to show positive results (lower Number
Needed to Treat). Patients at low or no risk are less likely to
develop an outcome and therefore less likely to benefit from
the intervention. This issue could have played a role in the
negative findings observed by Bajracharia et al."* This is an
important consideration to be made in the evaluation of the
evidence produced by large observational studies, where
additional efforts are needed to identify patients at higher
risk of a specific clinical outcome.

Although the number of patients included in the study
conducted by Bajracharia et al'® is expressive and undoubt-
edly the results obtained add relevant evidence to the field,
a retrospective cohort study brings the inconvenience of
multiple biases. It is important that the question raised by
the study be evaluated from the perspective of a random-
ized and controlled trial, where such confounding factors
could be minimized. Alternatively, the use of large data-
bases and the technology present in several hospitals can
help (albeit retrospectively) in the detection of factors asso-
ciated with relevant outcomes.'*

In summary, current evidence is still equivocal regarding
the effects of anesthesia techniques and SSI. In this context,
the study of Bajracharya et al.'® reinforces the rationale
that regional analgesia techniques should not be selected as
a measure to reduce postoperative infections. However,
clinical evidence is still growing in this area and new pro-
spective clinical trials, observational studies and systematic
reviews are still expected in the near future to further inves-
tigate the impact of anesthesia techniques, especially
regional anesthesia, on important patient-centered out-
comes such as SSI and other postoperative infectious compli-
cations.
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KEYWORDS Abstract

Postoperative Background and objectives: Postoperative delirium is common in critically ill patients and is
delirium; known to have several predisposing and precipitating factors. Seasonality affects cognitive func-
Seasonal; tion which has a more dysfunctional pattern during winter. We, therefore, aimed to test whether
Surgical Intensive seasonal variation is associated with the occurrence of delirium and hospital Length Of Stay
care unit (LOS) in critically ill non-cardiac surgical populations.

Methods: We conducted a retrospective analysis of adult patients recovering from non-cardiac
surgery at the Cleveland Clinic between March 2013 and March 2018 who stayed in Surgical Inten-
sive Care Unit (SICU) for at least 48 hours and had daily Confusion Assessment Method Intensive
Care Unit (CAM-ICU) assessments for delirium. The incidence of delirium and LOS were summa-
rized by season and compared using chi-square test and non-parametric tests, respectively. A
logistic regression model was used to assess the association between delirium and LOS with sea-
sons, adjusted for potential confounding variables.

Results: Among 2300 patients admitted to SICU after non-cardiac surgeries, 1267 (55%) had post-
operative delirium. The incidence of delirium was 55% in spring, 54% in summer, 55% in fall and
57% in winter, which was not significantly different over the four seasons (p = 0.69). The median

* Corresponding author.
E-mail: turana@ccf.org (A. Turan).
' YQ and ER (Yuwei Qiu, Eva Rivas) contributed equally to this manuscript.

https://doi.org/10.1016/j.bjane.2022.02.002
0104-0014/© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2022.02.002&domain=pdf
http://orcid.org/0000-0001-9049-3643
http://orcid.org/0000-0001-9049-3643
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-2087-6328
http://orcid.org/0000-0003-1791-9884
http://orcid.org/0000-0003-1791-9884
http://orcid.org/0000-0003-1791-9884
http://orcid.org/0000-0003-1791-9884
http://orcid.org/0000-0003-1791-9884
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-6968-7988
http://orcid.org/0000-0001-9862-9306
http://orcid.org/0000-0001-9862-9306
http://orcid.org/0000-0001-9862-9306
http://orcid.org/0000-0001-9862-9306
http://orcid.org/0000-0001-9862-9306
http://orcid.org/0000-0001-9862-9306
mailto:turana@ccf.org
https://doi.org/10.1016/j.bjane.2022.02.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bjane.2022.02.002

Y. Qiu, E. Rivas, M. Tanios et al.

LOS was 12 days (IQR = [8, 19]) overall. There was a significant difference in LOS across the four
seasons (p = 0.018). LOS during summer was 12% longer (95% Cl: 1.04, 1.21; p = 0.002) than in

winter.

Conclusions: In adult non-cardiac critically ill surgical patients, the incidence of postoperative
delirium is not associated with season. Noticeably, LOS was longer in summer than in winter.

© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

Delirium is characterized by acute change in mental sta-
tus, including inattention and disorganized processing." It
is common in hospitalized patients, with a reported inci-
dence of 11% to 43% in the postoperative population,?
and affects up to 80% of critically ill patients.® Postoper-
ative delirium is independently associated with increased
postoperative complications, which may lead to longer
Intensive Care Unit (ICU) or hospital stay, and higher
postoperative mortality.*®

Postoperative delirium is a multifactorial cognitive dys-
function.””” Recently, it has been shown that even among
healthy subjects, cognitive function, especially attention
and executive processes, may peak in late summer and early
fall, and decline in late winter and early spring, with a more
dysfunctional pattern during winter.'”"" Furthermore, alter-
ation in cognition was robustly associated with seasonal
changes.""""® Two previous studies showed a seasonal effect
on delirium incidence, with higher incidence in autumn-win-
ter compared to summer months.'*"> However, these find-
ings are limited to general medical patients, and the
seasonal effect on delirium remains poorly understood in
critically ill surgical patients.

Seasonal occurrence of cardiovascular, cerebrovascular,
or infectious events, as well as seasonal rhythms in psycho-
logical state have been previously reported.’®"® The possi-
ble underlying mechanism of this seasonal influence may be
related to changes in light-darkness cycle or lower-vitamin D
levels in winter. Previous research also showed seasonal vari-
ation in hospitalization rate of patients with chronic condi-
tions, namely longer LOS during winter months.?® However,
the influence of seasonal changes on LOS in surgical inten-
sive care patients is unclear.

We therefore aimed to evaluate seasonality in the occur-
rence of delirium in critically ill non-cardiac surgical popula-
tions. Specifically, we tested the primary hypothesis that in
surgical ICU patients, admission to ICU during the winter is
associated with higher incidence of delirium compared to
other seasons. Secondarily, we tested the hypothesis that
admission to ICU during the winter is associated with longer
hospital LOS. Lastly, we tested the seasonal influence on
subtypes of delirium as exploratory outcome.

Methods

Subject selection

With local institutional review board approval (IRB #19-271),
we conducted a retrospective analysis of adult patients

(18 years or older), who had elective non-cardiac surgery at
Cleveland Clinic between March 21, 2013, and March 20,
2018. To limit bias and clarify the immediate postoperative
period for critically ill patients, we included patients who
were directly admitted to Surgical ICU (SICU) after surgery
and remained in SICU for at least 48 hours and up to 5 days,
with delirium assessment during the postoperative period.
We excluded patients without any Confusion Assessment
Method Intensive Care Unit (CAM-ICU) assessment, or with
pre-existing encephalopathy, coexisting Alzheimer’s dis-
ease, dementia, or other cognitive decline preoperatively,
or those who had neurosurgical procedures. Patients admit-
ted to SICU more than once were only evaluated for their
first admission.

Exposure and outcome

We defined the exposure as the four seasons classified interna-
tionally in the Northern Hemisphere as Spring: from March 21
to June 20*"; Summer: from June 21% to September 20%™;
Autumn: from September 21° to December 20'"; and Winter:
from December 215t to March 20™". On the basis of admission
date, all cases were analyzed for seasonal and monthly
variation.

Our primary outcome was the incidence of delirium, mea-
sured using CAM-ICU?"?? during the initial 5 postoperative
days, at least once a day by well-trained nurses or physi-
cians. Delirium was defined dichotomically by the presence
of at least one positive CAM-ICU assessment accompanied by
a Richmond Agitation-Sedation Scale (RAAS) of -3 or
greater.?’"?2 CAM-ICU assessments in the first 12-hours after
surgery were excluded from the analysis as they might rep-
resent residual anesthetic effects.

Our secondary outcome was hospital Length Of Stay
(LOS). Additionally, we assessed the seasonal influence
on subtypes of delirium as exploratory outcome. We clas-
sified delirium events into three motoric subtypes: hypo-
active (characterized by sedation, motor slowness,
lethargy, and withdrawal from interactions), hyperactive
(characterized by agitation, aggression, hallucinations,
and disorientation), and mixed (fluctuation between
hypoactive and hyperactive subtypes) by using CAM-ICU
and RASS.?*?* Hypoactive delirium was defined as a posi-
tive CAM-ICU assessment associated with a daily RASS
score of -3 to 0 points. Hyperactive delirium was defined
as a positive CAM-ICU assessment associated with a daily
RASS score of 1—4 points. Mixed delirium was defined as
a positive CAM-ICU assessment associated with a daily
RASS score that fluctuates between the hypoactive and
hyperactive ranges.
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Data collection

Data was retrospectively collected from Cleveland Clinic
electronic medical records, the Perioperative Health Docu-
mentation System, including intraoperative information
from the electronic anesthesia record keeping system, and
ICU registry.

Statistical analysis

Primarily, the incidence of delirium was summarized by sea-
son and compared using Chi-Square test for overall pattern
of seasonal differences. A logistic regression model was used
to assess the association between delirium and seasons,
adjusted for all the potential confounding variables listed in
Table 1. The odds ratio of delirium in winter, compared to
spring, summer and autumn was reported with a 95% Confi-
dence Interval.

Secondarily, the LOS was summarized by season and com-
pared using non-parametric test due to the non-normal dis-
tribution of the data. A linear model was used to assess the
association between LOS and seasons, adjusted for the
potential confounding variables. LOS was log transformed to
meet the assumption of the linear regression model. Ratio of
LOS comparing winter to spring, summer and autumn was
reported with 95% Confidence Interval.

Additionally, we summarized the subtypes of delirium by
seasons using the same method as for the primary outcome,
among patients with available RASS assessments.

Moreover, to avoid geographical bias, we conducted a
sensitivity analysis including only patients from Ohio.

Table 1 Patient characteristics (n =2300).

History of anxiety, depression, psychoses, drug abuse,
alcohol abuse, surgery duration, year of surgery, and the
latitude of residency address were considered as poten-
tial confounders.

Sample size and power

We expected about 3,000 ICU patients eligible for this study
from March 21, 2013, and March 20, 2018, based on a prelimi-
nary query from the electronic medical records. The inci-
dence of delirium in ICU is about 50%. Thus, we would
have 90% power at the 0.05 significance level to detect an
odds ratio of 1.40 or higher between two seasons.

SAS statistical software version 9.4 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses.

Results

In total, 2,300 patients admitted to SICU after non-cardiac sur-
geries were included in our study. Patient characteristics were
summarized in Table 1. The average age was 62 (SD = 15)
years, 45% females, about 50% of patients had an American
Society of Anesthesiologists (ASA) physical status equal or
greater than four, and the mean duration of surgery was
about 7 hours. Patients’ demographic characteristics, surgical
variables, and perioperative management were comparable
across the four seasons (Table 1).

Among the 2300 patients, 1267 (55%) had postoperative
delirium. The distribution of eligible patients admitted to

Age, years 62+15
Sex, female% 257 (45)
Charlson comorbidity index 3[1,6]
ASA status, %
<ll 20 (4)
I 249 (44)
v 290 (51)
\Y 11(2)
Disease history of
Anxiety, % 79 (14)
Psychoses, % 30 (5)
Depression, % 101 (18)
Drug abuse, % 19 (3)
Alcohol abuse, % 35 (6)
Use of Benzos, % 94 (16)
Emergency surgery, % 154 (27)
Type of anesthesia
General only 523 (92)
Other 47 (8)
Intraoperative information
Surgery duration, h 6.7+4.0

Estimated blood loss, mL
Total blood given, mL

350 [100-1500]
362 [0-1323]

Total fluid, L 4.5[2.5-6.8]
Use of urine catheter 10 (2)
APACHE 2 score 61 (24)

62+14 61415 62+14
257 (45) 284 (47) 245 (45)
3[1,5] 3[1,5] 3[2,6]
16 (3) 15 (2) 17 3)
238 (41) 274 (45) 251 (46)
307 (53) 314 (52) 268 (49)
13(2) 6(1) 11Q2)
94 (16) 103 (17) 99 (18)
25 (4) 33 (5) 22 (4)
116 (20) 97 (16) 93 (17)
16 (3) 18 (3) 15 (3)
37 (6) 40 (7) 21 (4)
88 (15) 94 (15) 75 (14)
163 (28) 163 (27) 161 (29)
531 (93) 548 (90) 483 (88)
43(7) 61 (10) 65 (12)
7.145.4 7.144.2 7.0+4.0

400 [100-1500]
335 [0-1387]

500 [100-2000]
389 [0-1513]

400 [100-1500]
345 [0-1208]

4.5[2.4-7.2] 4.4[2.5-7.0] 4.4[2.5-7.0]
6 (1) 20 (3) 11(2)
62 (25) 60 (25) 60 (23)
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------ Patients with delirium
------ Patients admitted to SICU

Dash lines show the total number of patients admitted to SICU (black color) and with delirium (red color). Continuous blue

line represents the incidence (percentage) of patients with delirium. There are no differences of delirium among seasons (four differ-

ent colors) nor months (x axis).

ICU and the number of patients who had delirium by month
are presented in Figure 1.

According to the seasonal distribution, the incidence of
delirium was 55% in spring, 54% in summer, 55% in fall and 57% in
winter, which was not significantly different over the four sea-
sons (Chi-Square p = 0.69). After adjusting for potential con-
founding variables, seasonal variation was still not associated
with the odds of delirium (joint test p = 0.81). The odds ratio of
delirium in spring, summer and fall compared to winter are pre-
sented in Table 2. The median length of delirium was 24 hours
(IQR = [10, 76]) overall and it was not significantly different
across the four seasons (Kruskal-Wallis p = 0.50).

To eliminate the geographic bias, we conducted a sen-
sitivity analysis by including only patients from Ohio

Table 2

(n = 1877), and the result was consistent with the main
analyses (p = 0.39). Furthermore, we identified the sub-
types of delirium among 1104 patients with available
RASS assessment and listed the incidence of each subtype
in Table 3. The subtypes of delirium were not signifi-
cantly different across the four seasons (Fisher exact test
p = 0.059).

The overall median LOS was 12 days (IQR = [8, 19]).
We found a marginally significant difference in LOS across
the four seasons without adjustment (Kruskal-Wallis
p = 0.024) and after adjusting for potential confounders
(p = 0.018). The LOS during summer was 1 day longer
(95% Cl: 1.04, 1.21; p = 0.002) than in winter, adjusted
for confounders (Table 2, Fig. 2).

Adjusted difference in delirium and length of hospital stay by seasons (n = 2300).

Delirium incidence

Winter 310 (57%)
Spring 313 (55%)
Summer 309 (54%)
Fall 335 (55%)
Delirium duration
Winter 24 (8, 72]
Spring 28 10, 78]
Summer 24112, 84]
Fall 24112, 60]
Length of hospital stay
Winter 118, 18]
Spring 12[9, 18]
Summer 1219, 20]

Fall 118, 19]

0dds Ratio (95% Cl)

ref

1.00 (0.79-1.28) 0.65
0.97 (0.76-1.24) 0.96
0.91 (0.71-1.15) 0.34
Ratio of geometric means (95% ClI)

ref

0.94 (0.77-1.15) 0.56
0.95 (0.77-1.16) 0.61
0.84 (0.68-1.03) 0.09
Ratio of geometric means (95% Cl)

ref

1.09 (1.02-1.18) 0.018
1.12 (1.04-1.21) 0.002
1.08 (1.01-1.16) 0.036
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Table 3 Subtypes of delirium by seasons (n = 1104).

Hyperactive 121 (43%) 110 (40%) 106 (38%) 114 (42%)

Hypoactive 2 (1%) 8 (3%) 3(1%) 0 (0%)

Mixed 155 (56%) 156 (57%) 173 (61%) 156 (58%)
Discussion atherosclerosis or generalized ischemic disease over the

In the current study, more than half of patients had postop-
erative delirium during their postoperative stay in the SICU.
In contrast to our expectation, the incidence of postopera-
tive delirium in critically ill patients was not significantly dif-
ferent across the four seasons. Even after adjusting for
potential confounding variables and geographical location,
seasonal variation was not associated with delirium inci-
dence in this surgical population. Noticeably, hospital LOS
was about one day longer in summer than in winter.

We found that the incidence of delirium in SICU is
over 50%, which is consistent with previous studies.® Criti-
cally ill surgical patients are at increased risk of delirium
owing to the severity of illness, tissue damage associated
with the surgical procedure, acute metabolic changes,
advanced age, and comorbidities. Nevertheless, SICU-
acquired delirium did not differ across the seasons. These
results contrast with previous studies'* %178 that showed
a higher incidence of delirium during autumn and winter
months. These inconsistencies may be explained by differen-
ces in study populations as previous studies were restricted
to elderly'® and ICU"” medical patients with higher incidence
in winter.'* "> Most of our patients had elective surgery. We
did not find significant differences in admission rates to SICU
along the year. Furthermore, patients’ demographics and
comorbidities were comparable over the four seasons. Gal-
lerani et al.'* investigated all admissions to medical inten-
sive care units and found significant variability in cerebral

year.' However, they used discharge International Classifi-
cation of Diseases and Related Health Problems (ICD-9)
codes for delirium diagnosis rather than daily clinical assess-
ments. ICD-9 coding was shown to have good specificity, but
low sensitivity.”> One of the main explanations of the sea-
sonal effect on cognitive function is the association with sun-
light exposure. Simons et al.?® assessed whether the amount
of sunlight exposure before medical ICU admission was asso-
ciated with delirium during ICU stay. They assessed delirium
incidence with CAM-ICU twice a day during ICU stay, and sim-
ilarly to our results, they did not find a relationship between
pre-admission sunlight exposure and the development of
ICU-acquired delirium.?®

We found a significant difference in LOS across the four
seasons, with LOS during the summer about 1 day longer
than in the winter. This increment in summer morbidity has
been previously reported and might partly be related to the
beginning of a new academic year and therefore trainee
inexperience.?”’ The American College of Surgeons-National
Surgical Quality Improvement Program (ACS-NSQIP) data
over a 3-year period showed worsen surgical morbidity and
mortality in July, which contrasts with previously reported
literature. In the general non-surgical populations, there is
an increase in all-cause mortality during winter months. The
underlying explanations may include seasonal variation in
blood pressure, lipid levels, changes in activity of the coagu-
lation cascade, and/or seasonal variation in the prevalence
of viral or bacterial pneumonia.”” Nevertheless, these
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Boxplot of length of stay in days over the four seasons.
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factors do not seem to account for postsurgical morbidity.?’
In this setting, trainee inexperience and nurse staffing
ratios, as well as the increased incidence of surgical site
infections during the summer months, are the main poten-
tial factors affecting outcome.?®

Strengths and limitations

We selected the widely accepted CAM-ICU tool to diagnose
postoperative delirium. This screening tool remains the
most feasible test to detect delirium for well-trained nurses
or physicians on site. To eliminate the residual effects of
anesthetics, we excluded delirium assessments during the
initial 12 postoperative hours, and we assessed delirium at
least once daily. Moreover, we had robust power to detect
seasonal changes in delirium after confounder adjustment,
based on our sample size.

Our study has several limitations. The retrospective
design is subject to unobserved confounding. Therefore,
some bias may still exist even though we adjusted for
many demographics and perioperative variables. Our
study critically ill population did not include cardiotho-
racic surgery, vascular surgery, and pediatric patients.
Thus, our result cannot be generalized to the entire sur-
gical population. Eighteen of our 30 SICU beds are
exposed to sunlight. However, it was not possible to
assess delirium incidence according to sunlight exposure
because patients often switch to other SICU beds during
admission. Similarly, we were unable to adjust for opioid
and sedative administration which may lead to delirium.
Finally, we only considered overall delirium incidence as
well as the type of delirium, but not the severity of
delirium. Therefore, our results may be conservative.

Summary

We did not find an association between seasonal variation
and occurrence of delirium in critically ill surgical patients.
However, we found an association between seasonal varia-
tion and hospital length of stay.
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KEYWORDS Abstract

Regional analgesia; Background: The effect of regional analgesia on perioperative infectious complications remains
Analgesia, patient- unknown. We therefore tested the hypothesis that a composite of serious infections after colo-
controlled; rectal surgery is less common in patients with regional analgesia than in those given Intravenous
Colorectal surgery; Patient-Controlled Analgesia (IV-PCA) with opiates.

Opiate alkaloids; Methods: Patients undergoing elective colorectal surgery lasting one hour or more under general
Surgical wound anesthesia at the Cleveland Clinic Main Campus between 2009 and 2015 were included in this
infection; retrospective analysis. Exposures were defined as regional postoperative analgesia with epidur-
Sepsis als or Transversus Abdominis Plane blocks (TAP); or IV-PCA with opiates only. The outcome was

defined as a composite of in-hospital serious infections, including intraabdominal abscess, pelvic
abscess, deep or organ-space Surgical Site Infection (SSI), clostridium difficile, pneumonia, or
sepsis. Logistic regression model adjusted for the imbalanced potential confounding factors
among the subset of matched surgeries was used to report the odds ratios along with 95% confi-
dence limits. The significance criterion was p < 0.05.

Results: A total of 7811 patients met inclusion and exclusion criteria of which we successfully
matched 681 regional anesthesia patients to 2862 IV-PCA only patients based on propensity
scores derived from potential confounding factors. There were 82 (12%) in-hospital postopera-
tive serious infections in the regional analgesia group vs. 285 (10%) in IV-PCA patients. Regional
analgesia was not significantly associated with serious infection (odds ratio: 1.14; 95%
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Confidence Interval 0.87-1.49; p-value = 0.339) after adjusting for surgical duration and volume
of intraoperative crystalloids.
Conclusion: Regional analgesia should not be selected as postoperative analgesic technique to

reduce infections.

© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Serious infections are a major source of morbidity and
increased healthcare costs, especially deep surgical site
infections, intra-abdominal and pelvic abscesses, pulmonary
infections, and sepsis. These infections are common after
colorectal surgery.'™ In 2017, more than one-third of deep
or organ space infections in patients undergoing surgeries in
acute care hospitals occurred after colorectal surgery.®

Low tissue perfusion is an important risk factor for post-
surgical infections. Regional blocks have been shown to
improve tissue perfusion by enhancing peripheral blood
flow,” " thereby enhancing delivery of essential nutrients to
healing wounds and deprived tissues. Increased tissue perfu-
sion with epidural anesthesia even extended beyond the der-
matomal levels of the block.'? Additionally, regional blocks
have shown to reduce inflammation as well as plasma nor-
epinephrine levels which may influence wound repair by
affecting microcirculation.'>"” Regional blocks could also
indirectly reduce infections by sparing opioids which appear
to promote infections in both surgical and non-surgical
patients. '8 There is conflicting evidence regarding protec-
tive effects of regional analgesia on infectious complica-
tions. A meta-analysis of fifty-eight trials®* showed that
epidural analgesia reduced the odds of pneumonia after
abdominal and thoracic surgery. However, this association
was weak in patients using intravenous patient-controlled
analgesia and in larger studies. Further studies?®?’ were
unable to show association of regional analgesia with post-
operative infectious complications like pneumonia, sepsis,
and wound complications in abdominal surgeries.

We therefore tested the primary hypothesis that a com-
posite of serious infections after colorectal surgery is less
common in patients who received post-operative regional
analgesia compared to patient-controlled intravenous anal-
gesia with opioids. Secondarily, we tested the hypothesis
that the overall postoperative opioid consumption during
the initial 72 postoperative hours is associated with a com-
posite of serious infections.

Methods

Use of de-identified registry data with waived consent was
approved by the Cleveland Clinic Institutional Review Board,
Cleveland, Ohio. Our retrospective cohort study included
patients who had elective open or laparoscopic colorectal
surgery lasting longer than one hour with general anesthesia
at the Cleveland Clinic Main Campus between 2009 and
2015.

We excluded patients with pre-existing infections, a his-
tory of chronic pain conditions, or who were on long-term
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opioid therapy. We also excluded patients with missing data
regarding exposure and confounding factors.

Postoperative analgesic technique

We compared patients who received regional analgesia,
including epidurals or Transversus Abdominis Plane (TAP)
blocks (regional analgesia group), to the patients who
received only Intravenous Patient-Controlled Analgesia (IV-
PCA group). Epidural catheters were inserted preopera-
tively, but infusions were initiated postoperatively, typically
in the postanesthesia care unit (PACU). Epidural solutions
typically contained a mixture of local anesthetics and
opioids, usually bupivacaine 0.1% and fentanyl 2 ug.mL™".
TAP blocks were performed with injection of long-acting
local anesthetics, either as a single injection or by continu-
ous infusion. Patients who received regional analgesia, but
then had IV-PCA started within 4 hours after surgery and
lasting at least 4 hours were assumed to have had failed
blocks and were included into the IV-PCA group. Exposure
analysis was restricted to the initial 72 postoperative hours.

Outcomes

Data were obtained from the Cleveland Clinic Perioperative
Health Documentation System, EPIC electronic medical
records, and the Colorectal Registry. Serious infections were
defined as at least one of the following postoperative com-
plications: intra-abdominal abscess, pelvic abscess, deep or
organ-space Surgical Site Infection (SSI), clostridium diffi-
cile, pneumonia, or sepsis within 30 days after surgery.

Statistical analysis

To account for potential confounding due to systematic dif-
ferences between study groups, we matched each patient
with regional analgesia to five patients with IV-PCA-only on
baseline demographic, morphometric, and the pre-surgical
and intraoperative variables listed in Table 1. For analysis
purposes, types of surgeries derived from Current Procedural
Terminology (CPT) codes were collapsed into four main cate-
gories: 1) Colostomy or colorectal resection; 2) lleostomy,
small bowel resection and other enterostomy; 3) Lysis of
adhesions; and 4) Other procedures.

Matching was implemented on the basis of the propensity
score (i.e., the estimated probability of regional analgesia, as
a function of the potential confounding variables) using a
greedy distance-based matching algorithm. Propensity score
was estimated with a multivariable logistic regression. We
required an exact match on surgical category and propensity
scores within 0.2 standard deviations of the propensity score
logits. Balance between the two study groups on baseline and
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Table 1 Patient characteristics.
Age (years) 51+ 16 53+17 0.15 51+ 16 51 +17 -0.00
Female (%) 354 (52) 3609 (51) 0.02 353 (52) 1479 (52) 0.00
BMI (kg.m~2) 27 £ 6.4 27 £6.3 0.04 27+6.4 27 £ 6.7 0.01
Charlson Score 1.6 £2.2 1.6 £2.2 0.01 1.6 £2.2 1.5+2.2 0.03
ASA (%) 0.24 0.06
| 2 (0.3) 83 (1) 2 (0.3) 19 (0.7)
Il 231 (34) 3133 (44) 230 (34) 1036 (36)
1l 401 (59) 3564 (50) 399 (59) 1610 (56)
IV-v 50 (7) 347 (5) 50 (7) 197 (7)
Preoperative medication
Steroid (%) 201 (29) 2024 (28) 0.02 201 (30) 875 (31) 0.02
Immunosuppressive drug (%) 21 (3) 236 (3) 0.01 21 (3) 89 (3) 0.00
Comorbidities
Diabetes w/o chronic 75 (11) 865 (12) 0.04 75(11) 309 (11) 0.01
complications (%)
Peripheral vascular 42 (6) 382 (5) 0.03 42 (6) 180 (6) 0.01
disease (%)
Coagulopathy (%) 67 (10) 447 (6) 0.13 65 (10) 250 (9) 0.03
Obesity (%) 146 (21) 1204 (17) 0.11 145 (21) 565 (20) 0.04
Other neurological 37 (5) 296 (4) 0.06 37 (5) 131 (5) 0.04
disorders (%)
Metastatic cancer (%) 64 (9) 586 (8) 0.04 63(9) 235 (8) 0.04
Congestive heart failure (%) 20 (3) 250 (4) 0.03 20 (3) 89 (3) 0.01
Valvular disease (%) 26 (4) 281 (4) 0.01 26 (4) 112 (4) 0.00
Hypertension (%) 235 (34) 2680 (38) 0.07  235(35) 958 (33) 0.02
Renal failure (%) 31 (5) 319 (4) 0.00 31 (5) 131 (5) 0.00
Liver disease (%) 19 (3) 178 (2) 0.02 19 (3) 80 (3) 0.00
Solid tumor w/out 111 (16) 1577 (22) 0.15 111 (16) 469 (16) 0.00
metastasis (%)
Deficiency anemias (%) 167 (24) 1409 (20) 0.11 167 (25) 671 (23) 0.03
Drug abuse (%) 23 (3) 91 (1) 0.14 23(3) 63 (2) 0.07
Psychosis (%) 43 (6) 262 (4) 0.12 42 (6) 151 (5) 0.04
Depression (%) 164 (24) 1095 (15) 0.22 164 (24) 628 (22) 0.05
Surgery duration (minute) 281 (203,376) 237 (173,310) 0.38 281 (203,374) 255 (180,343) 0.21
Laparoscopic surgery (%) 47 (7) 2611 (37) 0.77 47 (7) 238 (8) 0.05
Surgery types (%) 0.35 0.07
Colostomy or colorectal 339 (50) 4719 (66) 338 (50) 1516 (53)
resection
Ileostomy, small bowel 120 (18) 704 (10) 118 (17) 458 (16)
resection and other
enterostomy
Lysis of adhesions 33 (5) 247 (3) 33(5) 133 ()
Other procedures 192 (28) 1457 (20) 192 (28) 755 (26)
Intraoperative information 16 (2) 63 (2) 0.01
Opioids amount - iv mor- 28 (20,38) 30 (22,38) 0.06 28 (20,38) 30 (22,38) 0.05
phine equivalent mg
Acetaminophen use (%) 16 (2) 143 (2) 0.02 16 (2) 63 (2) 0.01
Hypotension (%) 235 (34) 2506 (35) 0.02 235 (35) 980 (34) 0.01
Estimated blood loss (mL) 200 (75,400) 110 (50,275) 0.30 200 (75,400) 200 (50,350) 0.10
Crystalloids (L) 3.2(2.0,4.3) 2.8 (2.0,3.7) 0.30 3.2(2.3,4.20 3.0 (2.0,4.00 0.16
Colloids (mL) 0 (0.750) 0 (0.500) 0.18 0 (0.750) 0 (0.500) 0.06
Transfusion 105 (15) 611 (9) 0.21 103 (15) 363 (13) 0.07

Summary statistics are presented as means + standard deviations, medians (Q1, Q3), or n (%) as appropriate. PCA, Patient Controlled Anal-
gesia; ASD, Absolute Standardized Difference; ASA, American Society of Anesthesiologists physical status; Absolute standardized differ-
ence defined as the absolute difference between groups divided by the pooled standard deviation. Variables with an ASD > 0.10 are
defined as imbalanced between groups.
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intraoperative potential confounding variables was assessed
before and after matching using Absolute Standardized Differ-
ences (ASDs), defined by the absolute difference between
means, mean rankings, or proportions divided by a combined
estimate of standard deviation. We considered an ASD > 0.1
after matching as indicative of potential residual confounding
and subsequently adjusted for such factors directly in the pri-
mary analysis comparing the groups on outcomes.

To assess the adjusted association between postoperative
analgesic technique (regional analgesia vs. IV-PCA only) and
the composite outcome of serious infections, we used a
logistic regression model adjusted for the imbalanced
potential confounding factors, if any, among the subset of
matched surgeries. The odds ratios (odds of having serious
infection with regional analgesia over with IV-PCA-only
approach) along with 95% confidence limits were reported.
Secondarily, we assessed the association between overall
postoperative opioid consumption during the initial 72 post-
operative hours and the composite of serious infections in a
multivariable logistic regression model.

The significance criterion was p < 0.05 for primary and
secondary outcomes. All statistical tests were two-tailed.

Power considerations

We planned to retrieve records from approximately 10,000
patients in the colorectal registry. The infection rate for
major colorectal surgery at the Cleveland Clinic is about
15%. A 20% reduction in infections would most certainly be
clinically important. Assuming 20% of patients received
regional anesthesia, we anticipated having approximately
9000 matched patients in total (1500 with regional analgesia
and 7500 with IV-PCA only). With a type | error rate of 5%,
we would have 80% power to detect an odds ratio of 0.8 (or
smaller) for collapsed composite infectious complications
comparing the regional analgesia group and PCA-only group.

In fact, there were fewer patients than expected who had
regional analgesia. A post-hoc power estimation showed that
we had 80% power to detect an Odds Ratio of 0.7 (or smaller)
for postoperative serious infection in 681 patients in the
regional analgesia group, and 2682 matched only patients in
the IV-PCA group.

Results

We identified 7811 patients who met inclusion and exclusion
criteria (Fig. 1), including 684 (9%) who had regional anesthe-
sia and 7127 (91%) who had IV-PCA. In the regional anesthesia
group, 125 patients had TAP blocks, 552 patients had epidu-
ral, and 7 patients had both. Seventy-nine patients who had
failed epidurals, 134 patients who had failed TAP blocks, and
one who failed both epidural and TAP blocks were consid-
ered to be in the IV-PCA group. We successfully matched 681
regional anesthesia patients to 2862 IV-PCA patients based
on propensity scores derived from all potential confounding
factors listed in Table 1. The balance of confounding varia-
bles among matched patients was much better than before
matching, but surgery duration and intraoperative volume of
crystalloids administered still had ASD > 0.1 (Table 1).

Within the matched groups of patients, there were 82
(12%) in-hospital serious postoperative infections in the
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regional anesthesia group vs. 285 (10%) in the IV-PCA group.
Regional analgesia was not significantly associated with seri-
ous infection (OR = 1.14; 95% CI 0.87-1.49; p = 0.339), after
adjusting for surgical duration and volume of intraoperative
crystalloids (Table 2).

We further compared opioid consumption within the
matched pairs of patients. The median total amount of post-
operative morphine equivalent consumption during the ini-
tial 72 postoperative hours was 169 mg ( [Q1, Q3] = [97,
313]) in patients given regional analgesia vs. 202 mg ( [Q1,
Q3] = [109, 342]) in the PCA group (p-value = 0.005). After
excluding postoperative epidural opioids, the median total
amount of opioid consumption in 72 hours was 79 (25, 230)
mg IV morphine equivalents in the regional analgesia group
and 198 (107, 340) mg in the PCA group. Opioid consumption
was therefore significantly lower in the regional analgesia
group than the PCA group (p-value < 0.001).

Among all eligible patients, including both PCA and
regional analgesia, increase in postoperative opioid con-
sumption was significantly associated with higher odds of
serious infection. The estimated odds ratio related with a
50-mg increase in morphine equivalent opioid consumption
was 1.03 (97.5% Cl 1.01, 1.05; p = 0.002), adjusted for all
confounding variables listed in Table 1.

Discussion

We did not observe an association between postoperative
regional analgesia and a composite of serious infectious
complications compared to patient-controlled analgesia
with opioids. Our findings extend previous work by Park
et al.”® who studied the effect of epidural analgesia on peri-
operative outcomes in a randomized trial of 1021 patients
having intra-abdominal surgery. There was no difference in
the incidence of pneumonia and sepsis in patients given gen-
eral anesthesia and postoperative analgesia with parental
opioids compared with epidural analgesia. Recent analyses
of the Healthcare Cost and Utilization Project Nationwide
Inpatient Sample evaluated associations between epidural
analgesia and postoperative outcomes in patients who had
open?® and laparoscopic?’ colorectal surgery. These retro-
spective studies were unable to identify associations
between epidural analgesia and postoperative pneumonia,
anastomotic leak, or wound complications.

We observed a weak association of postoperative opioid
consumption with serious infectious complications which
might not be clinically important. A 50-mg increase in intra-
venous morphine equivalents was associated with 3%
increase in the odds of serious infectious complications,
roughly equivalent to a quarter percent increase in the abso-
lute difference of incidence. Patients given postoperative
regional analgesia used similar amounts of total opioids
when including epidural opiates, i.e., despite reducing the
use of IV and PO opioids, the use of regional analgesia did
not significantly reduce total opioid use.

The CPT coding for procedures used for our analysis limited
our ability to further classify and match procedures based
upon their complexity. Regional analgesia is most likely to be
offered to patients having larger and more complex surgery
who will presumably have more pain. These patients are also
most likely to develop infections. Although our analysis was
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- Surgery duration = 1 hour ;
- General anesthesia ;

13,767 surgeries met inclusion criteria:
- Elective colorectal surgery between January
2009 and Sep 2015 from colorectal registry;

A 4

Excluded 5956 surgeries:

- 1918 patients with history of chronic
pain or on long-term opioid therapy

- 757 minor surgeries

- 74 patients without receiving regional

anesthesia or PCA after surgery

186 patients with missing BMI, race

and comorbidity

3021 additional surgeries in future visit

\4

7811 surgeries in analysis:

- 7127 surgeries with PCA only

- 684 surgeries with regional analgesia

—»’ Propensity score matching (1:5)

v

¥

Regional analgesia

(N=681)

PCA only
(N =2862)

Figure 1

adjusted for duration of surgeries, there could be other
attributes of surgical complexity which remained unadjusted,
resulting in unobserved confounding which might have dimin-
ished putative benefit from regional analgesia. Our analysis
included surgeries conducted in our hospital across 6 years
during which collateral changes in infection prevention proto-
cols, surgical teams, perioperative pain management strate-
gies, as well as changing trends of utilization of regional
analgesia as primary postoperative pain management modali-
ties have been apparent. These, in addition to other unknown
confounders, may have affected the results of our analysis.

In conclusion, our analysis demonstrated that the use of
regional analgesic techniques was not associated with lower
risk of postoperative serious infections, compared with

Table 2

Study flow diagram.

patient-controlled analgesia with opioids. However, opioid
consumption after colorectal surgery was associated with a
small increase in the odds of serious infection. Hence,
regional analgesia should not be selected as postoperative
analgesic technique to reduce infections.

Glossary of terms

IV-PCA, Intravenous Patient Controlled Analgesia; TAP, Trans-
versus Abdominis Plane; PACU, Post Anesthesia Care Unit;
SSI, Surgical Site Infections; ASD, Absolute Standardized Dif-
ferences; Q1, First Quartile; Q3, Third Quartile; Cl, Confi-
dence Interval; CPT, Current Procedural Terminologies.

Association between regional analgesia vs. PCA only and postoperative serious infection after colorectal surgery.

Serious infection 82 (12.0) 285 (10.0)
Abscess — Intra-abdominal 21 (3.1) 72 (2.5)
Abscess - Pelvic 28 (4.1) 104 (3.6)
Clostridium Difficile 5(0.7) 29 (1.0)
Pneumonia 10 (1.5) 29 (1.0)
Pneumonia (Aspiration) 2 (0.3) 6(0.2)
Sepsis 16 (2.3) 70 (2.4)
SSI - deep (Facia) 2 (0.3) 6(0.2)

SSI - organ space 40 (5.9) 139 (4.9)

1.14(0.87, 1.49) 0.339

2 Qdds Ratio was estimated from matched cohort using logistic regression, adjusted for surgery duration and total volume of intraopera-

tive Crystalloid fluid.

b Significant criterion was p-value < 0.05. Correspondingly, 95% Confidence Interval (95% Cl) was presented with Odds Ratio.
PCA, Patient Controlled Analgesia; Cl, Confidence Interval; SSI, Surgical site infection.
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of surgical complications (Standard 18 [36%] vs. ERAS 12 [24%], p=0.19). In the ERAS group,
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In the multivariate analysis, ERAS adherence was the only factor associated with a reduction
in surgical complications (OR [95% CI]=0.02 [0.00, 0.59], p=0.03) and length of stay (HR [95%
Cl]=18.5[4.39, 78.4], p<0.001).
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Introduction

Lung cancer is the leading cause of cancer death worldwide,
representing 20.55% and 14% of cancer deaths in Spain’ and
the United States,? respectively. Pulmonary resection is cur-
rently the treatment of choice for lung cancer.® However,
this procedure is associated with significant complications
in almost 50% of cases and can delay patient recovery and
increase hospitalization costs.*

Professor Henrik Kehlet first described ERAS programs
at the end of the last century.® He believed that applying
specific, evidence-based measures during the periopera-
tive period could decrease the stress produced by surgical
aggression.® Thus, in recent years, ERAS programs have
proven effective in reducing surgical complications, length
of stay, and hospital costs.”™®

Specific ERAS approaches have recently been described
for thoracic surgery.'%-'2 Nevertheless, there is still insuf-
ficient evidence to support ERAS programs for pulmonary
resection surgery, particularly in terms of the clinical out-
comes associated with minimally invasive procedures.

We hypothesized that the ERAS program in patients
undergoing pulmonary resection in a tertiary university hos-
pital would reduce complications, readmissions, and length
of stay.

Methods

Study design and participants

This study analyzes the implementation of an ERAS in the
thoracic surgery service of a third level hospital (Hospital
Fundacion Jiménez Diaz, Madrid, Spain). To this end, we
designed an ambispective cohort study, with a prospective
arm of patients undergoing lobectomy within an ERAS pro-
gram (ERAS group) versus a retrospective arm of patients
undergoing surgery before the protocol was implemented
(Standard group). The study was approved by the hospi-
tal’s research ethics committee before the start of patient
recruitment in January 2018 (Reference: EO071-18_FJD;
ClinicalTrials.gov Identifier: NCT04579601). The study fol-
lows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline for
cohort studies. "

After obtaining informed consent, we included patients
consecutively after implementation of the ERAS program,
except for those who refused to take part or were under
18 years of age. We also asked for informed consent from
patients included in the retrospective cohort. We calculated
the sample size on the assumption that the ERAS program
would result in a 25% reduction in the absolute risk of pre-
senting surgical complications in our center. As our surgical
complication rate in 2016 was 40%, a type-l error of 5%, and
a power of 80% would require 47 patients per arm.

Procedures

We recruited 50 patients during 2018 and 2019 and compared
them with data from the last 50 patients in 2016, the year
for which data on the surgical complication rate were avail-

able. We followed up patients for 30 days after surgery using
hospital and primary care medical records. We collected
demographic and comorbidity data from all patients, which
were used to calculate the Charlson’s comorbidity index.'

Our center’s ERAS program includes different strate-
gies for the preoperative, intraoperative, and postoperative
periods. During the preoperative period, the patients and
their families received comprehensive multidisciplinary
information about the protocol, the steps to be taken dur-
ing each day of hospitalization, and the expected discharge
date. Patients were taught a series of pulmonary expan-
sion exercises to be performed until surgery by a team
specialized in treating lung diseases. Smoking cessation
interventions and nutritional screening were also performed
at this stage.

Patients underwent Video-Assisted Thoracoscopic
Surgery (VATS) whenever possible, placing a chest tube for
drainage at the end of the surgery. All subjects received
antibiotics and antithrombotic prophylaxis. None of the
patients in either group fasted for more than 2 hours before
surgery. We performed general anesthesia combined with
regional techniques for pain control, avoiding benzodi-
azepines and opioids. The anesthesiologist was free to
choose between thoracic epidural analgesia, intercostal
block, and erector spinae block. If a thoracic epidural
catheter was placed, it was left in for postoperative
patient-controlled analgesia. We also used a hot air system
to warm patients during surgery to maintain normothermia.
In both groups, no more than 2mL.kg'.h" fluids were
administered. Extubation was performed as soon as possible
after the end of the surgery, and we encouraged early
removal of the urinary catheter.

After extubation, patients started oral intake, respira-
tory physiotherapy exercises, and early ambulation. Patients
were discharged when they were free of complications,
without severe pain, and the urinary catheter or chest tube
had been removed.

Outcomes

The primary outcome was the number of patients with
30-day surgical complications. We defined air leak-
age, bleeding, infection, and reintervention as surgical
complications, classifying all other complications as ‘‘non-
surgical complications’’ or ‘‘other complications’’. Sec-
ondary outcomes included ERAS adherence, non-surgical
complications, mortality, readmission, reintervention rate,
pain (defined as any level of pain level that prevented
early ambulation), and hospital length of stay. ERAS adher-
ence was evaluated on the basis of seven items: VATS
approach, regional analgesia, oral intake within 6 hours, uri-
nary catheter removal within 24 hours, ambulation within 24
hours, respiratory physiotherapy within 24 hours, and chest
tube removal within 48 hours.

Statistical analysis

We analyzed outcomes depending on whether the patient
belonged to the ERAS program or the retrospective stan-
dard cohort. We describe discrete and continuous variables
as number and percentage and median (Interquartile Range
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Table 1
was discrete or continuous. Significance is set at p <0.05.

Patient demographics and comorbidity. Pearson or Wilcoxon tests were applied depending on whether the variable

Age (y), median (IQR) 64.5 (53.5-70) 64 (57-70.8) 0.82
Weight (kg), median (IQR) 70 (63-80) 73 (61-82.8) 0.77
Height (cm), median (IQR) 160 (160-163) 165 (158-171.5) 0.04*
BMI, median (IQR) 27.5 (24.7-29.9) 25.3 (22.7-29.4) 0.16
Men, n (%) 31 (62.0) 25 (50.0) 0.23
ASA class, n (%) 0.25

I 2 (4.0) 2 (4.0)

Il 21 (42.0) 30 (60.0)

11l 23 (46.0) 17 (34.0)

v 4 (8.0) 1(2.0)
ASA class > 2 26 (52.0) 15 (30.0) 0.03*
Hypertension, n (%) 29 (58.0) 17 (34.0) 0.02*
Cardiac Arrest, n (%) 5 (10.0) 7 (14.0) 0.54
Chronic Heart Failure, n (%) 2 (4.0) 0 (0.0) 0.49
Vascular Disease, n (%) 0 (0.0) 0 (0.0) 1
Stroke, n (%) 1(2.0) 1(2.0) 1
Diabetes, n (%) 7 (14.0) 1
Dementia, n (%) 0 (0.0) 0 (0.0) 1
Chronic Kidney Disease, n (%) 3(6.0) 0 (0.0) 0.24
COPD, n (%) 12 (24.0) 4 (8.0) 0.03*
AIDS, n (%) 0 (0.0) 1(2.0) 1
Metastasis, n (%) 0 (0.0) 1(2.0) 1
Charlson Comorbility Index, median (IQR) 2 (1-3) 2 (1-3) 0.9

*p<0.05.

[IQR]), and differences were analyzed using the Pearson
test or the Wilcoxon rank-sum tests. We performed a mul-
tivariate logistic analysis of adherence to ERAS items in
both cohorts in order to determine the correlation between
complication rates, readmission, or pain and ERAS adher-
ence, clinical and demographic data, showing the results in
forest plots as odds ratio with 95% Confidence Interval. Simi-
larly, we used Cox regression for the multivariate analysis of
length of stay, showing the results as hazard ratio with 95%
Confidence Interval. To avoid errors due to multiple compar-
isons, we calculated the respective g-value for each p-value
to keep the false discovery rate below 5%."> We considered
comparisons in which p-value and g-value were below 0.05
as being statistically significant.

Results

No patients refused to take part in the study. Patient demo-
graphics and comorbidities are shown in Table 1. The cohorts
were not totally homogeneous: a higher number of patients
in the Standard cohort versus the ERAS cohort presented
hypertension (26 [52%] vs. 15 [30%], p= 0.03) and chronic
obstructive pulmonary disease (12 [24%] vs. 4 [8%], p= 0.02),
respectively. Although the number of patients with ASA class
> 2 was higher in the standard group versus the ERAS group
(26 [52%] vs. 15 [30%]), we found no difference between the
cohorts in terms of the Charlson’s comorbidity index. We
included these three items, along with age and sex, in the
subsequent multivariate analyses.

Data on ERAS adherence and compliance for each of the
protocol items are shown in Table 2. Adherence to items in
the ERAS protocol was significantly higher in the ERAS vs.
the Standard cohort (median: Standard 0.29 [0.14-0.43] vs.
ERAS 0.71 [0.57-0.82], p<0.001). The VATS approach was
more common in the ERAS group (29 [58%] vs. 11 [22%],
p<0.001), and more patients in the ERAS group ambulated
on the first postoperative day [40 (80%) vs. 0 (0%), p <0.001],
but no difference was found in the use of regional analge-
sia. Time to oral intake and removal of the urethral catheter
were also lower in the ERAS group; median (h): Standard 24
(24-24) vs. ERAS 6 (6-7.5), and Standard 48 (24-48) vs. ERAS
19 (6-24), respectively.

The primary and secondary outcomes are shown in
Table 3. We found no difference between the two groups in
terms of surgical complications (Standard 18 [36%] vs. ERAS
12 [24%], p= 0.19), non-surgical complications (Standard 21
[42%] vs. ERAS 12 [24%], p= 0.06) or length of stay (median
[days]: Standard 4 [3-6] vs. ERAS 4 [3-5], p= 0.19); only the
readmission rate was significantly lower in the ERAS group
(Standard 15 [30%] vs. ERAS 6 [12%], p= 0.03). No deaths
were recorded in the ERAS group compared to two deaths in
the retrospective cohort.

The results of the multivariate analyses are shown in
Figures 1, 2 and 3. ERAS adherence was the only factor
associated with a reduction in surgical complications (OR
[95% CI]=0.02 (0.00, 0.59), p=0.03) (Fig. 1A), and post-
operative pain (OR [95% CI]=0.01 [0.00, 0.28], p=0.01)
(Fig. 2A). It was also associated with a lower readmission
rate (OR (95% Cl)=0.01 [0.00, 0.24], p=0.007) (Fig. 2B) and
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Table 2 ERAS adherence. Pearson or Wilcoxon tests were applied depending on whether the variable was discrete or continuous.

Significance was set at p< 0.05.

ERAS Adherence, median (IQR)
Antithrombotic prophylaxis, n (%)
Nutritional screening, n (%)
Avoid fasting, n (%)
Surgical approach, n (%)
Thoracotomy
VATS
Reconverted
Robotic
Regional analgesia, n (%)
Analgesia type, n (%)
Intravenous
Thoracic epidural
Intercostal block
Erector spinae block
Regional analgesia administration, n (%)
No regional analgesia
Bolus
Catheter
Mobilization on POD-0, n (%)
Time to oral Intake (h), median (IQR)
Time to respiratory physiotherapy (h), median (IQR)
Time to chest drain removal (h), median (IQR)
Time to urethral catheter removal (h), median (IQR)

0.29 (0.14-0.43) 0.71 (0.57-0.82) <0.001*
50 (100.0) 50 (100.0) 1
50 (100.0) 50 (100.0) 1
50 (100.0) 50 (100.0) 1
<0.001*
37 (74.0) 16 (32.0)
11 (22.0) 29 (58.0)
2 (4.0) 4 (8.0)
0 (0.0) 1(2.0)
42 (84.0) 42 (84.0) 1
0.01*
7 (14.0) 8 (16.0)
34 (68.0) 26 (52.0)
9 (18.0) 7 (14.0)
0 (0.0) 9 (18.0)
0.69
7 (14.0) 8 (16.0)
9 (18.0) 12 (24.0)
34 (68.0) 30 (60.0)
0 (0.0) 40 (80.0) <0.001*
24 (24-24) 6 (6-7.5) <0.001*
25 (24-24) 26 (24-24) 0.33
72 (48-96) 48 (48-72) 0.18
48 (24-48) 19 (6-24) <0.001*

*p<0.05.

Table 3  Results of main and secondary outcomes. Pearson or Wilcoxon tests were applied depending on whether the variable

was discrete or continuous. Significance was set at p <0.05.

Surgical complications, n (%) 18 (36.0) 12 (24.0) 0.19
Other complications, n (%) 21 (42.0) 12 (24.0) 0.06
Mortality, n (%) 2 (4.0) 0 (0.0) 0.49
Reintervention, n (%) 2 (4.0) 0 (0.0) 0.49
Readmission, n (%) 15 (30.0) 6 (12.0) 0.03*
ICU readmission, n (%) 0 (0.0) 0 (0.0) 1
Pain, n (%) 16 (32.0) 10 (20.0) 0.17
Death, n (%) 2 (4.0) 0 (0.0) 0.49
Length of stay (d), median (IQR) 4 (3-6) 4 (3-5) 0.39
*p<0.05.

an increased likelihood of early discharge from the hospital
(HR [95% CI]=18.5 [4.39, 78.4], p<0.001) (Fig. 3) Thoracic
epidural analgesia was the only factor that showed an asso-
ciation with lower rates of non-surgical complications (OR
[95% CI]=0.09 [0.01, 0.49], p=0.008) (Fig. 1B). It was also
associated with lower rates of postoperative pain (OR [95%
Cl]=0.16[0.03, 0.86], p=0.03) (Fig. 2A) and increased likeli-
hood of discharge from the hospital (HR [95% CI]=3.14[1.39,
7.07], p=0.006) (Fig. 3). Intercostal blockade also increased
this likelihood (HR [95% CI]1=7.55 [2.94, 19.3], p<0.001)
(Fig. 3).

No significant p-value was rejected after calculating the
g-value within the multiple comparability study.

Discussion

Our study has shown that adherence to the ERAS protocol
is one of the essential factors in reducing complications in
patients undergoing pulmonary resection. An increase in the
adherence rate was associated with a reduction in the num-
ber of complications and the length of stay. In other words,
although the small marginal gains caused by each of the
items in isolation have little effect on the results, it is the
combination of all the measures applied that is responsi-
ble for the improvement. These findings are consistent with
those of Madani et al.,'® who observed that compliance with
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Complications (multivariate logistic regression)

A: Surgical Complications
ERAS Adherence

Age

Female (vs male)

ASA class > ||

Hipertension

COPD

VATS (vs Thoracothomy)
Reconverted VATS (vs Thoracothomy)
Robotic (vs Thoracothomy)
Thoracic epidural (vs Intravenous)
Intercostal block (vs Intravenous)

Erector spinae block (vs Intravenous)

B: Other Complications
ERAS Adherence

Age

Female (vs male)

ASA class > ||

Hipertension

COPD

VATS (vs Thoracothomy)
Reconverted VATS (vs Thoracothomy)
Robotic (vs Thoracothomy)
Thoracic epidural (vs Intravenous)
Intercostal block (vs Intravenous)

Erector spinae block (vs Intravenous)

OR (95% ClI)
0.02 (0.00, 0.59)
1.04 (0.99, 1.11)
0.31 (0.09, 0.97)
0.27 (0.05, 1.06)
0.64 (0.17,2.19)
3.96 (0.82, 21.7)
0.36 (0.04, 2.70)
5.68 (0.29, 247)

0.01 (0.00, Inf)
0.67 (0.08, 7.05)
0.86 (0.06, 12.7)
7.27 (0.55, 132)

OR (95% ClI)
0.19 (0.01, 3.06)
1.01 (0.96, 1.05)
1.36 (0.53, 3.53)
0.43 (0.13, 1.29)
0.64 (0.22, 1.77)
1.59 (0.39, 6.43)
0.32 (0.05, 1.59)
0.85 (0.07, 10.2)

0.01 (0.00, Inf)
0.09 (0.01, 0.49)
0.24 (0.04, 1.32)
0.17 (0.01, 1.41)

P-value

- 0.03*
] 0.15

] 0.05

] 0.08

[ ] 0.48

n 0.1

] 0.34

n 0.3

[ ] 0.99
u 0.72

n 0.91

] 0.15
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L] 0.25
u 0.76

] 0.52

] 0.14

n 0.39
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Figure 1

Forest plot of multivariate logistic analysis of the influence of patient comorbidity and ERAS on complications. A, Surgical

complications. B, Non-surgical complications. Results are shown as odds ratio with a 95% Confidence Interval. A value of less than
1, left of the y-axis, implies risk reduction. We accept p<0.05 as significant.

the full ERAS program is probably the most critical factor,
more than individually applied elements.

However, it is also important to note that it is one thing
toinclude a patient in an ERAS program, and another to have
the patient comply with all the program items. Resistance
to change, especially in the initial stages of the program,

20

can make it hard for patients to complete the program.'®
Added to this is the lack of multidisciplinarity often found
among clinicians and the difficulties involved in overcom-
ing patient passivity. In these cases, ERAS programs can
appear to be ineffective. In Spain, this was clearly shown
by the POWER study,'” a prospective multi-center study of
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Other outcomes (multivariate logistic regression)

A: Pain

ERAS Adherence

Age

Female (vs male)

ASA class > ||

Hipertension

COPD

VATS (vs Thoracothomy)
Reconverted VATS (vs Thoracothomy)
Robotic (vs Thoracothomy)
Thoracic epidural (vs Intravenous)
Intercostal block (vs Intravenous)

Erector spinae block (vs Intravenous)

B: Readmissions

ERAS Adherence

Age

Female (vs male)

ASA class > ||

Hipertension

COPD

VATS (vs Thoracothomy)
Reconverted VATS (vs Thoracothomy)
Robatic (vs Thoracothomy)
Thoracic epidural (vs Intravenous)
Intercostal block (vs Intravenous)

Erector spinae block (vs Intravenous)

OR (95% Cl)
0.01 (0.00, 0.24)
1.00 (0.96, 1.05)
1.80 (0.64, 5.21)
0.30 (0.08, 0.99)
0.70 (0.22, 2.17)
0.57 (0.07, 3.03)
3.02 (0.57,17.2)
1.13(0.10, 12.2)

0.01 (0.00, Inf)
0.16 (0.03, 0.86)
0.18 (0.03, 1.08)
0.31 (0.03, 2.73)

OR (95% ClI)
0.01 (0.00, 0.28)
1.00 (0.95, 1.06)
0.60 (0.19, 1.80)
0.34 (0.08, 1.22)
0.41 (0.1, 1.46)
0.96 (0.16, 5.09)
1.13(0.17,7.12)
0.56 (0.02, 7.53)

0.01 (0.00, Inf)
0.60 (0.08, 5.57)
0.54 (0.05, 6.19)
0.57 (0.02, 9.32)

P-value
[ ] 0.007*
] 0.93
] 0.27
] 0.06
] 0.54
] 0.53
] 0.2
] 0.92
n 0.99
L] 0.04*
n 0.07
] 0.31
P-value
n 0.01*
| 0.93
] 0.37
. 0.11
] 0.18
] 0.96
u 0.89
] 0.68
| 0.99
] 0.62
n 0.6
] 0.7

Figure 2 Forest plot of multivariate logistic analysis of the influence of patient comorbidity and ERAS on other outcomes. A, Pain.
B, Readmission. Results are shown as odds ratio with a 95% Confidence Interval. A value of less than 1, left of the y-axis, implies

risk reduction. We accept p<0.05 as significant.

80 hospitals and more than 2000 patients. Hospitals were
asked to state whether they used ERAS programs on their
patients, and then independently collected ERAS compli-
ance data. The results showed that although moderate or
severe complications did not differ between non-ERAS and
ERAS groups, differences were observed when the patients
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were divided into adherence quartiles. In our study, we
observed a similar trend in respect of length of stay, insofar
as we did not find differences between groups, but a very
high adjusted hazard ratio was observed when compliance
with the protocol increased.
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Lenght of Stay (Hazard Ratio, Cox's regression)

ERAS Adherence

Age

Female (vs male)

ASA class > Il

Hipertension

COPD

VATS (vs Thoracothomy)

Reconverted VATS (vs Thoracothomy)

Robotic (vs Thoracothomy)

Thoracic epidural (vs Intravenous)

Intercostal block (vs Intravenous)

Erector spinae block(vs Intravenous)

HR (95% CI)

18.5 (4.39, 78.4)

0.98 (0.98, 1.01)

1.11(0.71,1.74)

2.23 (0.26, 3.95)

1.19(0.76, 1.89)

0.84 (0.45, 1.58)

0.74 (0.36, 1.55)

0.92 (0.33,2.57)

4.04 (0.41, 40.2)

3.14 (1.39,7.07)

7.55 (2.94, 19.36)

1.01 (0.38,2.72)

Figure 3

P-value

] <0.001"
[ 0.15
] 0.65
m 0.69
[ ] 0.45
] 0.59
] 0.43
= 0.88
] 0.23

] 0.006*

[ ] <0.001*
] 0.98

Rt fet fe2

Forest plot of Cox regression of the influence of patient comorbidity and ERAS on length of stay. Results are shown as

hazard ratio with a 95% Confidence Interval. A value of more than 1, right of the y-axis, implies an increased probability of early

hospital discharge. We accept p<0.05 as significant.

One of the critical points of the ERAS program is that
it facilitates standardization in perioperative patient care.
This standardization, as several studies have shown, tends
to translate into improved outcomes. Cerfolio et al.'® imple-
mented an ERAS program for pulmonary resections with an
approach focused on patient education, epidural analge-
sia, standardized and early withdrawal of urethral catheters
and chest drains, and early ambulation. These interven-
tions enabled early discharge without negatively affecting
morbidity or mortality. Another example is the randomized
controlled clinical trial conducted by Muehling et al.,"® who
observed how a protocol based on avoidance of extended
fasting, administration of regional analgesia, early oral
intake, and early ambulation resulted in a significant reduc-
tion in pulmonary complications.

The sum of the marginal effects of each individual factor
is responsible for the benefit of ERAS programs. However,
this does not mean that all items are equally important -
some have a greater effect than others. It is as yet unclear
whether adherence to the program or the weight of spe-
cific items is responsible for the improvement in thoracic

surgery. However, experience in colorectal surgery indicates
that both approaches may be correct.?°

We found that only regional analgesia improved out-
comes, and this effect was only found in multivariate
analyses. This factor has a substantial impact on other proto-
col items influenced by pain, such as immobility. Immobility
after thoracic surgery is not uncommon due to factors such
as pain, nausea, or the presence of a chest tube.?" Early
mobilization is a critical factor in reducing complications in
ERAS programs,? but we did not observe this to have an
effect on our study outcomes. Another influential factor is
the early removal of chest tubes. Although our analysis did
not show this to have any impact, the literature indicates
that the earlier the withdrawal, the better the results.?*2*

We also found that VATS did not affect our results. Mini-
mally invasive surgery seems to be an independent predictor
of favorable outcomes after colorectal cancer surgery in
ERAS programs.? The use of VATS for pulmonary resection
surgery has gradually increased following the publication of
new data showing that it is effective, and can potentially
improve outcomes.?*?’
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Many clinicians fear that implementing an ERAS pro-
gram for pulmonary resection surgery will increase the
number of readmissions, a factor that is associated with
reduced survival in both the short and long term.?® An
increase in readmissions has not been observed after imple-
menting ERAS programs for pulmonary resection.'® In our
study, the readmission rate was 12%, and it was the only
outcome that improved due to inclusion in the ERAS pro-
gram, a finding consistent with other published studies.?®
We found no relationship between improved functional-
ity and certain items of the ERAS protocol. We believe
that this was due to the main limitation of our study,
i.e., our over-optimism about the theoretical effect of the
ERAS protocol on the complication rate. The estimated
25% absolute risk reduction resulted in a reduction in the
theoretical sample size and decreased power. A more con-
servative value would have increased the power of the
study.

In conclusion, the ERAS program significantly reduced
the readmission rate at our hospital. Likewise, adherence
to the ERAS protocol helped reduce the number of surgical
complications and length of stay.
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KEYWORDS Abstract

Anesthesiology; Background: Enhanced Recovery After Surgery (ERAS) protocol is composed by evidence-based
Colorectal surgery; interventions that aim to improve recovery through a reduction in surgical stress response.
Compliance; Although ERAS protocols have been introduced across the globe, exhaustive implementation is
Enhanced recovery not as common. We aimed to study the ERAS protocol compliance in colorectal surgery, assessing
after surgery; the relationship between compliance and postoperative complications.

Perioperative care Methods: A single-center cohort study was conducted. All consecutive patients admitted to

elective colorectal surgery were included. We assessed study endpoints according to ERAS
protocol perioperative compliance score above 75%. Our primary endpoint was a composite
of postoperative events, which includes in-hospital postoperative complications and need for
reoperation after 30 days and need for readmission after discharge. Secondary endpoints were
surgery-to-discharge time, postoperative use of only non-opioid adjuvants and the individual
components of the primary endpoint.

Results: A total of 224 colorectal patients were included. The primary endpoint occurred in
59.2% (n = 58) of non-compliant patients comparing to 34.1% (n = 43) in compliant patients. In
univariate analysis, compliance to ERAS protocol had an inferior risk for the primary endpoint
(p < 0.001). In a logistic regression model, compliance was independently associated with a
reduced risk for the primary endpoint with a odds-ratio of 0.42 (95% Cl 0.23-0.75, p = 0.004).
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Conclusion: Compliance with the ERAS protocol is associated with less complications, a reduced
surgery-to-discharge time and use of only non-opioid adjuvants in the postoperative period.
More studies are needed to target the most appropriate compliance goal.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Enhanced Recovery After Surgery (ERAS) guidelines for
colorectal surgery were published for the first time in
2005." Since then, they have been in continuous devel-
opment and the most recent guidelines were published
in 2018.2 ERAS protocol is composed by evidence-based
interventions that aim to improve recovery through a reduc-
tion in surgical stress response.’® Ultimately, they may
reduce complications, length of stay and time to return to
work, thus improving patient satisfaction.* ERAS protocols
have been implemented in Europe,>® America,® Asia,” and
Oceania,® and in several surgical areas (colorectal, vascular,
thoracic, urologic, spine, neurosurgery, orthopedic, liver,
pancreatic, and cardiac surgery).’ In Brazil, first data has
been published in 2019, and it included colorectal surgery'®
and liver surgery,"" both with feasible and beneficial results.
Although ERAS protocols have been implemented across the
globe, exhaustive implementation is not as common.>'%"3
The main limiting factor for wider acceptance is that it
requires a challenge on adopted local protocols and a
multidisciplinary collaboration including the Colorectal Sur-
gical and Anesthesiology teams, the Physical Medicine and
Rehabilitation Unit, ward nurses, and a nutrition network
support.' Anesthesiologists play a pivotal role in the imple-
mentation of such protocols, since preoperative assessment
and preparation, perioperative fluid management, and peri-
operative pain relief constitute part of the core of the ERAS
program.’

The main focus of research has been on the imple-
mentation and the limiting factors of the adoption of the
program.>' The impact of each intervention on patient
outcomes remains uncertain,'? and there is still a lack of
standardization methods to ascertain outcomes. This uncer-
tainty contributes to partial protocol implementation in
some centers.® In fact, there have been studies evaluating
the inclusion in ERAS protocols while others assessed the
actual compliance with ERAS items. This distinction is impor-
tant, as mean compliance rate among patients included in
ERAS protocols varies between 60% and 80% in some pub-
lished cohorts. "

In our view, actual compliance rather than mere inclusion
in ERAS protocols should be assessed and correlated with
outcomes in order to successfully implement these proto-
cols in clinical practice. We aimed to study the impact of
high compliance perioperative ERAS protocol in in-hospital
complications reinterventions, rehospitalizations and time
to discharge.

Methods

Setting

Our hospital has an overall 700 bed capacity, and manages
200 colorectal surgical patients per year.

Our center was certified as an ERAS Center for col-
orectal surgery by ERAS society in October 2018. The
ERAS group is in charge of program implementation and
auditing. Our institution ERAS protocol is summarized in
Table 1.

Study hypothesis

The compliance with ERAS protocols is variable among
patients submitted to elective colorectal surgery. We aimed
to assess the hypothesis that high compliance with ERAS pro-
tocols is associated with decreased incidence of in-hospital
complications, reinterventions, rehospitalizations, and time
to discharge.

Study design, institutional review board approval

We performed a single-center cohort study of all consecu-
tive patients admitted to elective colorectal surgery in the
defined study periods.

The study includes data on two separate time periods
(Fig. 1). Between March and September 2017, which was pre-
vious to ERAS training, data was registered retrospectively;
Between June 2018 and December 2019, data was registered
prospectively. In between these periods, patients admitted
during a transition phase between pre- and post-ERAS pro-
tocols, while training was performed, were not included in
the study.

Patients admitted pre-ERAS were managed according to
local approved protocols at the time of surgery. Patients
admitted post-ERAS were managed according to ERAS pro-
tocol policies and compliance with every single item was
actively encouraged. Between these two periods, ERAS
training and accreditation was taking place and patients
operated in the meantime were not included in the analysis.

This study was done in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines’ as well as the Reporting on
ERAS Compliance, Outcomes, and Elements Research
(RECOVER) checklist.* Revised Standards for the Qual-
ity Improvement Reporting Excellence (SQUIRE 2.0)'¢
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Table 1 Overview of local ERAS protocol.

1. Preadmission education (4-5 weeks before surgery, at least one week before surgery)
o Meeting with Anesthesiologist, ERAS nurse specialist, Nutritionist, Stoma counseling, and Physiatrist;
o Booklet describing the protocol.
2. Preoperative screening
o Nutritional deficiency: Malnutrition Universal Screening Tool - MUST and the Scored Patient-Generated Subjective Global
Assessment (PG-SGA);
e Prescription of a diet;
e Tobacco and ethanol: referred preoperatively for counseling.
3. Prehabilitation
o Physical exercises according to Physiatrist.
4, Fasting and carbohydrate loading guidelines
o Normal diet until midnight and hydration encouraged;
e One carbohydrate drink (200 mL) until 21 h and half until 23 h the day before surgery;
o Half carbohydrate drink (100 mL) until 2 h before surgery;
e Fasting is according to international guidelines.
5. Bowel preparation
e Colonic surgery: administration of laxative therapy only;
o Rectal surgery: bowel preparation with a 2-L electrolytic solution the day before surgery.
6. Thromboembolic prophylaxis
e Prophylactic-dose enoxaparin subcutaneously 12 h before surgery and regular administration at the same schedule (starting
6 h after surgery);
o Use of compression socks since the day of surgery until discharge day.
7. Antibiotic prophylaxis
o Cefoxitin 2 g and metronidazole 1 g, 60-30 min before surgical incision;
o Intraoperatively, cefoxitin 1 g is administered every 2 h and metronidazole 500 mg every 6 h.
8. Preemptive analgesia
e We usually do not administer preemptive analgesia.
9. Anti-emetic prophylaxis
e According to Apfel score;
o All patients are administered at least on anti-emetic; common agents are dexamethasone and ondansetron.
10. Standard Anesthetic protocol - general principles
o Avoiding pre-medication and long-acting opioids;
e Monitoring neuromuscular block;
e Use of cerebral monitoring for depth of anesthesia.
11. Intraoperative fluid management strategy
o Restrictive fluid approach with ‘‘zero balance’’;
e Hypotension is preferably approached according to etiology. If patient is not hypovolemic, vasopressors are preferred;
o If high risk patient, or expected relevant blood loss, goal-directed therapy is encouraged.
12. Patient warming strategy
e The warming measures start at the induction room;
e Forced air heating and intravenous fluids warming;
e Esophageal temperature monitorization to T > 36.1 °C.
13. Surgical access
o Preferably minimal invasive approaches.
14. Plan for intraoperative opioid minimization
e Open surgery: thoracic epidural (colonic surgery - T7/T9 level; rectum surgery - T10/T11 level);
e Laparoscopic surgery: Other locoregional techniques can be useful (in our institution, a transverse abdominis plane (TAP)
block is the most frequent option).
15. Drain and line management
e No routine wound drains;
o Nasogastric tube is removed in the operating room;
e Foley catheter: If colonic surgery, removal at day 1 postoperative; if rectal surgery, its removal is decided individually.
16. Postoperative fluids
o Balanced solutions until 24 h post-surgery at 1 mL.kg™'.h"".
17. Postoperative analgesia
o Visual Analogue Scale (VAS) punctuation < 4;
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Table 1 (Continued)

e Open surgery: epidural analgesia. The catheter is removed by postoperative day 2, if colonic surgery, and by postoperative

day 4, if rectal surgery;

e Open surgery and laparoscopic surgery: non-opioid adjuvants (paracetamol and metamizol) during first 48 h at 6 h-intervals;
after which NSAIDs or COX-2 inhibitors can be added. Tramadol can also be administered, if needed;

o In the first 24 h, analgesics are administered intravenously.
18. Early mobilization strategy
e Ambulation to chair at day 0 postoperative, for 2 h;

e At day 1 postoperative, the patient starts to walk in hallways (3 times during the day, minimum 2 h).
19. Postoperative diet and bowel regimen management

o Gut motility stimulation with Bisacodyl 5 mg.

e On the day of surgery: liquid diet, 2-4 h after surgery. Goal: 600 mL and 300 Kcal; End of first day: low-residue diet.

20. Criteria for discharge
o Postoperative autonomy guaranteed;
o Pain well controlled on oral medication (VAS < 4);
e Gastrointestinal transit recovered.

21. Tracking of post-discharge outcomes
o Follow-up at 48 h and at 30-days;
e Phone call by the ERAS team nurse.

4 A
Pre-ERAS protocols ERAS training period Post-ERAS protocols
- J - J . J
e ¢ A s * N e ¢ A
March to September October 2017 to May June 2018 to December
2017 2018 2019
4 ‘ N (" ‘ N e ‘ N
50 consecutive patients Blankmg period — not 174 corTsecutlve
included patients
A\ J . A J
| |
\
h _ERAS |
No perioperative Yes
l J compliance > 75%
[ 98 patients ] [ 126 patients ]
Figure 1 Time frame and patients included flowchart.

checklist was also considered and relevant topics were
included. The ethics and investigation committee gave
its approval on the 14" April 2020 (protocol number
33/2020). Informed consent for the study was dismissed
regarding the rigorous confidentiality provided by the
ERAS database. Patients did not receive any financial
compensation.

Enhanced recovery auditing

Data was registered by the same ERAS team nurse in
the auditing official ERAS tool - ERAS Interactive Audit
Tool System® (EIAS). Individual compliance elements and
outcomes were reviewed by the ERAS surgical and anesthe-
siology team.
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Perioperative compliance score

We assessed study endpoints according to ERAS protocol
perioperative compliance. Therefore, we divided our popu-
lation in two groups according to a score threshold of 75%
(Fig. 1).17:18

Perioperative compliance score was calculated based
in the EIAS compliance score in the pre-admission, pre-
operative and intraoperative period. The postoperative
period was excluded from perioperative compliance score,
since compliance with these recommendations is dependent
on postoperative complications, which are a part of our
defined primary endpoint. Therefore, from the 32 compli-
ance variables only 19 entered the perioperative compliance
score.
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Endpoints

The primary endpoint was a composite of postoper-
ative events, which includes in-hospital postoperative
complications at 30 days (medical and surgical complications
described in Supplement 1 and part of ERAS outcomes assess-
ment form), need for reoperation at 30 days and need
for readmission after discharge. The secondary endpoints
were surgery-to-discharge time, postoperative use of only
non-opioid adjuvants and the individual components of the
primary endpoint.

The ERAS team nurse was responsible for assessing the
primary outcomes. The ERAS team nurse was not blinded
for study period, i.e., pre- or post-ERAS implementation, but
was unaware of the perioperative compliance score which
was the main focus of our analysis. The ERAS team received
specific training regarding outcomes assessment for accu-
rate auditing of the program.

Statistical analysis

Categorical variables are presented as absolute numbers and
frequencies and are compared using the Pearson X? or Fisher
exact test. Continuous variables are presented as mean
+/- standard deviation (SD) or median with 25th and 75th
percentiles for normal and non-normal distribution, respec-
tively. Normality was tested using the Kolmogorov-Smirnov
test.

The Hy for our study is that occurrence of the primary
and secondary endpoints would be similar between high
and low compliance with ERAS protocols. The alternative
hypothesis, as stated above, would be for decreased inci-
dence of the primary and secondary outcomes in patients
with high compliance to ERAS protocols, irrespective of the
study period. A two-sided « level of 0.05 was assumed to be
statistically significant. The observational and exploratory
nature of the study, as well as the variability of previously
reported data on the effects of ERAS compliance, did not
allow for sample size calculations.

For normal distributed variables, the Student’s t-test
was used for comparison between groups. For non-normal
distributed variables, the non-parametric Mann-Whitney or
Kruskal-Wallis tests were chosen.

Regression models for multivariate analysis of the pri-
mary endpoint and individual components of the secondary
endpoints included variables that were clinically relevant
for the study endpoints and had a statistically significant
association with the primary endpoint in univariate analy-
sis. Therefore, compliance > 75%, age, gender, ASA physical
status, laparoscopic surgery, hemicolectomy (left or right),
anterior rectum resection, and preoperative chemotherapy
or any radiotherapy to operating field were included in the
multivariate models.

Logistic regression was used for binary endpoints, using
the enter method with fixed effects, whereas surgery-to-
discharge time was analyzed through Cox-regression and
Kaplan-Meyer of time vs. the proportion of discharged
patients. Statistical analysis was performed using SPSS
software® (SPSS 23, IBM).

Results

A total of 224 patients were included in the study: 50
consecutive patients operated previously to ERAS proto-
col implementation and 174 consecutive patients operated
after ERAS protocol implementation. All colorectal elective
patients were eligible to be introduced in EIAS and, there-
fore, analyzed. All included patients were divided according
to ERAS protocol perioperative compliance score threshold
of 75% in two groups: perioperative compliance score < 75%
(98 patients) and perioperative compliance score > 75% (126
patients), as clarified in Figure 1.

Baseline characteristics

The clinical and demographic characteristics of patients
with high and low perioperative compliance are shown in
Table 2. Previous abdominal surgery was more frequent in
non-compliant patients - 49% (n = 48) vs. 32.5% (n = 41),
p =0.013 - while hemicolectomy was more common in com-
pliant patients — 33.7% (n = 33) vs. 48.4% (n = 61), p = 0.027.
Analyzing compliance to individual measures, it is interest-
ing to note that compliance with smoking, iron replacement
treatment, preoperative oral bowel preparation, PONV pro-
phylaxis compliance, resection-site drainage compliance,
and nerve blocks or local anesthetic compliance were not
significantly different between non-compliant and compli-
ant patients. On the contrary, pre-admission education,
nutritional support, and epidural compliance, among others,
were significantly different between groups (Table 2).

The effect of compliance on the primary endpoint
of postoperative events

Our primary endpoint was a composite of postoperative
events including in-hospital postoperative complications,
need for reoperation at 30-days and need for readmission
after discharge.

The primary endpoint occurred in 59.2% (n = 58) of non-
compliant patients comparing to 34.1% (n = 43) in compliant
patients (Table 3). In univariate analysis, compliance to
ERAS protocol had an inferior risk for the primary endpoint
(p < 0.001). The same finding is observed when comparing
high vs. low compliance only in patients treated after ERAS
implementation (p < 0.001).

In univariate analysis of co-variates (Table 4), male sex
(p = 0.005), ASA Il or IV classification (p = 0.034), preoper-
ative chemotherapy, or any radiotherapy to operating field
(p = 0.015) and anterior rectum resection (p = 0.05) were
associated with increased risk for the primary endpoint.
In contrast, hemicolectomy (p = 0.023) and laparoscopic
surgery (p < 0.001) were associated with decreased risk for
the primary endpoint. Other relevant clinical variables, such
as previous abdominal surgery, were not associated with dif-
ferent rates of the primary outcome and therefore were
not included in the multivariate models described below.
These results are summarized in Table 4, which describes
the variables that were associated with the occurrence of
the primary endpoint in univariate analysis, as well as the
results of multivariate analysis using logistic regression.

29



M.A. Maximo, D. Santos, A. Félix-Oliveira et al.

Table 2 Baseline patient characteristics according to perioperative compliance > 75%.

Patient characteristics
Age, median (IQR), years
Male sex (%)
BMI, mean (SD)
ASA classification (%)
lorll
Il or IV
Diabetes mellitus (%)
Severe heart disease (%)
Severe pulmonary disease (%)
WHO performance score pre-operative (%)
0
1
2
4
Recent immunosuppressive treatment (%)

Preoperative chemotherapy or any radiotherapy to operating field (%)

Previous surgery to same abdominal region (%)
Surgical procedure (%)

Anterior rectum resection

Hemicolectomy (left or right)
Surgical major procedure (%)
Laparoscopic surgery (%)
Adherence to ERAS protocol recommendations
Pre-admission education compliance (%)
Preoperative nutritional status assessment compliance (%)
Preoperative nutritional treatment compliance (%)
Alcohol usage compliance (%)
Smoking compliance (%)
Patient screened for anemia preop compliance (%)
Iron replacement treatment given compliance (%)
Carbohydrates preload compliance (%)
Preoperative oral bowel preparation (%)
Sedative compliance (%)
Antibiotic prophylaxis compliance (%)
Antithrombotic prophylaxis compliance (%)
PONV prophylaxis compliance (%)
Resection-site drainage compliance (%)
Systemic opioids given compliance (%)
Epidural/spinal compliance (%)
Nerve blocks or LA compliance (%)
Forced air heating compliance (%)
Nasogastric tube used postoperatively compliance (%)

68 (58-78.25) 70 (61-76.25)  0.533
57 (58.2) 71 (56.3) 0.785
25.6 (4.7) 26.5 (4.5) 0.167
66 (67.3) 94 (74.6) 0.233
32 (32.7) 32 (25.4)

24 (24.5) 27 (21.4) 0.588
15 (15.3) 13 (10.3) 0.263

5 (5.1) 15 (11.9) 0.077
62 (63.3) 80 (63.5) 0.072
35 (35.7) 36 (28.5)

1(1) 9 (7.1)

0 1(0.8)

6 (6.1) 2 (1.6) 0.142
20 (20.4) 20 (15.9) 0.379
48 (49) 41 (32.5) 0.013
39 (39.8) 43 (34.1) 0.382
33 (33.7) 61 (48.4) 0.027
91 (92.9) 115 (91.3) 0.665
36 (36.7) 76 (60.3) <0.001
39/98 (39.8) 102/126 (81) < 0.001
55/87 (63.2) 123/126 (97.6) < 0.001
52/86 (60.5) 123/126 (97.6) < 0.001
91/98 (92.9) 125/126 (99.2)  0.023
89/98 (90.8) 122/126 (96.8)  0.056
21/21 (100) 106/106 (100) -
21/21 (100) 104/106 (98.1)  1.00
45/98 (45.9) 126/126 (100) < 0.001
71/92 (77.2) 107/126 (84.9)  0.144
82/93 (88.2) 126/126 (100) < 0.001
89/98 (90.8) 126/126 (100) < 0.001
58/95 (61.1) 124/126 (98.4) < 0.001
96/96 (100) 125/126 (99.2)  1.00
48/98 (49) 76/126 (60.3)  0.090
57/98 (58.2) 124/126 (98.4) < 0.001
58/98 (59.2) 108/126 (85.7) < 0.001
7/90 (7.8) 20/126 (15.9)  0.076
56/98 (57.1) 124/126 (98.4) < 0.001
53/98 (54.1) 120/126 (95.2) < 0.001

Bold values indicates that p value is assumed to be statistically significant.

In order to assess the independent effect of compliance
status on the primary endpoint, we performed a logistic
regression model including the variables associated with the
primary endpoint in univariate analysis (Table 4). In this
model, compliance was independently associated with a
reduced odds of the primary endpoint with an odds-ratio
of 0.42 (95% ClI 0.23-0.75, p = 0.004). Moreover, laparo-
scopic surgery was also independently associated with a
reduced odd, having an odds-ratio of 0.46 (95% Cl 0.25-0.84,
p = 0.012) whereas male sex was associated with increased
odds with an odds-ratio of 1.85 (95% Cl 1.02-3.37, p = 0.044).
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The analysis of secondary endpoints

The individual components of the primary endpoint were
assessed as a secondary endpoint. Regarding postoperative
complications, high compliance was independently associ-
ated with reduced risk of in-hospital complications with a
odds-ratio of 0.45 (95% CI 0.25-0.81, p = 0.008) - 52.6%
(n = 51) in non-compliant vs. 30.2% (n = 38) in compli-
ant patients. Infectious complications and postoperative
paralytic ileus were the most frequent complications (Sup-
plement 1).
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Table 3  Assessment of postoperative outcomes according to perioperative compliance.

Composite
postoperative
event
(complications + reop-
erations + read-
missions)

(%)

In-hospital
postoperative
complications (%)

Reoperations at 30
days (%)

Readmissions (%)

58/98 (59.2) 43/126 (34.1)

51/97 (52.6) 38/126 (30.2)

11/98 (11.2) 10/126 (7.9)

9/98 (9.2) 6/126 (4.8)
Analgesic adjuvants
only (paracetamol,
NSAIDs) (%)
30-day survival (%)
Surgery-to-discharge
time, mean (SEM)

69/98 (70.4) 111/126 (88.1)

93/96 (96.9)
13.4 (1.8)

123/123 (100)
7.71 (0.7)

< 0.001 0.42 0.004
(0.23-0.75)

0.001 0.45 0.008
(0.25-0.81)

0.402 0.66 0.394
(0.26-1.71)

0.189 0.51 0.241
(0.16-1.58)

0.001 3.36 0.001
(1.62-6.95)

0.002 < 0.001

Bold values indicates that p value is assumed to be statistically significant.
@ Adjusted for: Laparoscopic surgery, Preoperative chemotherapy or any radiotherapy to operating field, Hemicolectomy (left or right),
Anterior rectum resection, age, gender, ASA physical status, compliance > 75%.

The rate of reoperation was not different between non-
compliant and compliant patients although the number of
events was low in both groups. Similarly, the rate of read-
missions was not different between groups (Table 3).

The rate of use of only non-opioid adjuvants was also a
secondary endpoint in our study. In fact, compliance was
independently associated with reduced opioid prescription
having a odds-ratio of OR 3.36, 95% Cl 1.62-6.95 (Table 3).

Surgery-to-discharge time was included as a secondary
endpoint and analyzed using a multivariate model. We per-
formed a Cox regression adjusting for sex, ASA physical
status, preoperative chemotherapy or any radiotherapy to
operating field, anterior rectum resection, hemicolectomy
(left or right), and laparoscopic surgery. In our model, peri-
operative compliance was independently associated with
inferior surgery-to-discharge time. In fact, mean surgery-
to-discharge time was 13.4 &+ 1.8 in non-compliant patients
and 7.71 £ 0.7 in compliant patients (p < 0.001) (Fig. 2).

Discussion

Our study analyzed the effects of high perioperative compli-
ance with ERAS protocols on short-term surgical outcomes.
We have found that a compliance score > 75% was inde-
pendently associated with decreased risk of the composite
endpoint of in-hospital complications, reoperations and
readmissions. Furthermore, surgery-to-discharge time was
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also reduced with protocol compliance independently of
other covariates.

The study data was collected in order to audit the imple-
mentation of the ERAS program at our center. There were
224 consecutive patients included that were admitted to
elective colorectal surgery in two different time periods -
one before implementation of the ERAS program and other
after ERAS protocols had been fully implemented. In our
analysis, we compared patients with high compliance to
the perioperative ERAS protocols, defined as compliance
> 75%,' with patients with low compliance. Our study
hypothesis was that higher compliance to protocols would be
associated with improved results in what should be regarded
as a hypothesis generator study. Below, we discuss the
potential advantages and main limitations of our study in
light of the published literature on this topic.

The ERAS guidelines were first published in 2005, but
adoption of protocol principles has been slow in many
countries and hospitals. There are huge barriers to pro-
tocol implementation like strong individualized surgeon
and anesthesiologist-based preferences, complex systems
of care, financial settlements and focus in traditional
endpoints of mortality.”’ The published papers on ERAS
protocols have focused most often on comparing patients
included in the protocol vs. those managed with local
guidelines. This comparison has been done independently
of compliance. However, ERAS protocol is a perioperative
assembly of elements, and benefits come from its whole
application. The role of each separated element is hard to
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Table 4  Multivariate analysis of the primary endpoint — composite of postoperative events.

Perioperative 126 83 (65.9) 43 (34.1) < 0.001 0.42 0.004
compliance > 75% (0.23-0.75)
(%)

Age, median (IQR), 70 69 (60-76) 70 (60.5-78.5) 0.401 1 0.974
years (61-76.25) (0.98-1.02)

Male sex (%) 128 60 (46.9) 68 (53.1) 0.005 1.85 0.044

(1.02-3.37)

ASA classification (%) - - - - - -
lorll 160 95 (59.4) 65 (40.6) 0.034 1.47 0.273
Il or IV 64 28 (43.8) 36 (56.3) (0.74-2.9)

Preoperative 40 15 (37.5) 25 (62.5) 0.015 1.81 0.156
chemotherapy or (0.8-4.2)

any radiotherapy
to operating field

(%)
Surgical procedure - - - - - -
(%)
Anterior rectum 82 38 (46.3) 44 (53.7) 0.05 1.33 0.494
resection (0.59-2.97)
Hemicolectomy 94 60 (63.8) 34 (36.2) 0.023 0.97 0.949
(left or right) (0.43-2.2)
Laparoscopic surgery 112 77 (68.8) 35 (31.3) < 0.001 0.46 0.012
(%) (0.25-0.84)

Bold values indicates that p value is assumed to be statistically significant.
@ Adjusted for: Laparoscopic surgery, Preoperative chemotherapy or any radiotherapy to operating field, Hemicolectomy (left or right),
Anterior rectum resection, age, gender, ASA physical status, compliance > 75%.

compliant
non-compliant

1,0

0,8

0,67

0,47

0,24

Proportion of discharged patients

7.71+ 0.7 vs 13.4 + 1.8 nights in compliant vs non-
compliant patients (p < 0.001, cox-regression)

T T T T T T
0 25 50 75 100 125

Surgery-to-discharge time (n2 of nights)

Figure 2 Adjusted length of stay according to compliance > 75%.
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define and probably not enough on its own to change out-
comes. In order to increase ERAS protocol adherence, it is
very important to demonstrate a beneficial effect of ERAS
compliance on surgical outcomes. Furthermore, since in-
hospital mortality for elective surgery is currently a rare
event we should focus on alternative endpoints related to
improved patient care.

When analyzing the impact of ERAS programs implemen-
tation, a shift towards compliance evaluation would further
allow the assessment of individual elements and guide future
versions of the protocol. However, there are some barriers
to assess compliance. Overall compliance, as it is calcu-
lated by the EIAS, looks at protocol adherence and includes
postoperative aspects (e.g., mobilization or energy intake).
Postoperative events can also be regarded as outcomes.
Therefore, it would be of outmost interest if the EIAS would
be modified in order to exclude every variable that can
be simultaneously an outcome and a protocol adherence
parameter to properly evaluate compliance role in the peri-
operative period.

In order to avoid this limitation, several observational
studies have tried to calculate their own compliance scores
based on the analysis of individual elements. Authors have
selected the variables of interest for their particular study
and compliance thresholds have also been selected in a
case-by-case manner."-2""22 This scenario imposes several
limitations to the comparison across surgical programs and
makes it virtually impossible to conduct metanalysis of the
effects of compliance on surgical outcomes.

In our work, the mean between pre-admission, preoper-
ative and intraoperative compliance, as it is reported by
the EIAS, was calculated in order to define the score of
perioperative compliance. The 75% compliance threshold
was defined in line with previously published data. Arrick
et al. 2019" has also used the 75% threshold; however, in
literature, other thresholds can be found.?" A group of non-
compliant patients, that comprise all the patients operated
before ERAS implementation and the 27.6% (n = 48) of non-
compliant patients operated after the implementation of
the ERAS protocol was created.

The comparison between high vs. low compliance
patients has several advantages. Firstly, the focus is on ERAS
compliance rather a comparison between pre- or post-ERAS
implementation outcomes where other treatment variables
might also have changed. Secondly, given the observational
nature of the study, the investigators were aware of the
changes brought by ERAS implementation. However, since
the research team were unaware of the compliance status
when recording the outcomes, this helped to minimize bias
in the evaluation of study results. Thirdly, by analyzing the
effects of ERAS on surgical outcomes, we can estimate the
event rates of each treatment group and contribute with our
data for a sample size calculation used in a future trial.

A topic that deserves detailed discussion is the choice of
outcomes for the assessment of ERAS protocols. Outcome
measures should reflect the personal, social, and economic
consequences of adverse events after major abdominal
surgery. Our primary endpoint — composite postoperative
event - includes the main incidents after major abdom-
inal surgery. Compliant patients had an inferior risk of
postoperative events independently of covariates. Further-
more, compliant patients had a shorter surgery-to-discharge
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time and less frequent postoperative systemic opioid anal-
gesia also independently of other risk factors. Off note,
laparoscopic surgery was also independently associated
with decreased risk of the postoperative primary end-
point whereas male sex was associated with increased
risk.

Our results are in line with studies in different surgical
fields that have shown that higher compliance with the pro-
tocol can improve surgical outcomes by allowing decreased
morbidity and shortening the length of stay.’®'72"23 Pis-
arka et al.,” in a prospective cohort study, showed that
full implementation of the ERAS protocol significantly
improves short term outcomes. Patients with higher compli-
ance had less postoperative morbidity rate and a shorter
median length of stay. Gianotti et al.,"” in a report of
observational data described association between an ERAS
compliance > 70% and a reduced risk of complications.
Zaouter et al., in a cardiac surgery population, suggested
that the preoperative and intraoperative elements of the
study’s ERAS protocol offered appropriate conditions to
start early mobilization, early feeding and early physio-
therapy compared with the standard protocol.'® Together
with these results, our conclusions reinforce that adherence
to perioperative protocol guidelines improves postoperative
outcomes.

Regarding pain management, we were able to demon-
strate that the use of opioids was less frequent in our
compliant patients’ cohort. Pain control is a fundamental
component of patient care. It is directly related to patient
quality of life inside hospital and after discharge. Multi-
modal analgesia to minimize opioid consumption is of utmost
importance in colorectal surgery to reduce postoperative
ileus.? Regional analgesia with epidural analgesia for col-
orectal surgery is recommended in ERAS Society guidelines.?
Lumbar supplementary analgesia and spinal adjunct to gen-
eral anesthesia (the latter mainly in case of laparoscopic
surgery) has been more recently added to guidelines and
protocols and its use is still on growing. Spinal analgesia is
considered simpler to administer and manage compared to
epidural analgesia.?* In Kjolhede et al.,?* a randomized trial,
spinal analgesia was given to patients submitted to midline
laparotomy for gynecological malignancy under ERAS proto-
col routines. They have reported shorter length of stay in
the spinal analgesia group, similar quality of life parame-
ters and similar overall assessment of pain between both
groups. This opioid-sparing approach in combination with
early hospital discharge contributes to improving patient
care.

The pathophysiological mechanisms behind the impact
of ERAS protocols on surgical endpoints are varied. The
catabolic effect’ associated with surgical procedures is
believed to be detrimental to patients, and probably the
main factor leading to postoperative morbidity. The ERAS
protocols address these metabolic changes by minimizing
stress response through controlling preoperative fasting and
optimization of pre-operative status, by controlling intraop-
erative anesthetic and surgical factors associated with the
stress response, by performing multimodality pain mana-
gement and enhancing early postoperative rehabilitation.?
This may justify the importance of a thorough implementa-
tion and compliance to the protocol.
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Limitations

We acknowledge the limitations of our work in several
domains. We have performed an observational study and
therefore confounding factors cannot be eliminated from
our analysis. We adopted a composite endpoint and indi-
vidual components may not have the same importance to
patients and magnitude of effect across components.?® The
research team was not blinded to the ERAS program imple-
mentation, although it was unaware of the compliance
status of each patient when assessing the study outcomes.
Moreover, neither the compliance threshold that we used
nor the perioperative score are completely established in
the literature, although we expect to have contributed
to improvements in this regard. Our sample size is rela-
tively small, it is a single center study, and the included
patients were treated during a 3-years period which intro-
duces heterogeneity. However, by focusing our analysis on
compliance irrespective of the time of surgery with mini-
mized the potential bias of comparing cohorts treated in a
different time period.

Despite the acknowledged limitations, we believe that
our study has merits in auditing our program and in generat-
ing the hypothesis that ERAS compliance might be of benefit
to our patients. We firmly believe that only a randomized
clinical trial will fully assess the effects of ERAS implemen-
tation. We hope that the data from our study can be used
to prepare a clinical trial on this matter.

Conclusions

In our study, higher compliance to perioperative ERAS pro-
tocols is associated with less postoperative complications
and a reduced surgery-to-discharge time. Given the obser-
vational nature of the data, the current study should be
regarded as a hypothesis generator and the results confirmed
in a randomized control trial. We recommend that a stan-
dardized definition of compliance thresholds and outcomes
should be implemented in future ERAS programs to foster
research on this important topic.

Conflicts of interest

The authors declare no conflicts of interest.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/
j.bjane.2021.08.018.

References

1. Fearon KCH, Ljungqvist O, Von Meyenfeldt M, et al. Enhanced
recovery after surgery: A consensus review of clinical
care for patients undergoing colonic resection. Clin Nutr.
2005;24:466-77.

2. Gustafsson UO, Scott MJ, Hubner M, et al. Guidelines for Periop-
erative Care in Elective Colorectal Surgery: Enhanced Recovery

34

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

After Surgery (ERAS®) Society Recommendations: 2018. World J
Surg. 2019;43:659-95.

. Wijk L, Udumyan R, Pache B, et al. International valida-

tion of Enhanced Recovery After Surgery Society guidelines
on enhanced recovery for gynecologic surgery. Am J Obstet
Gynecol. 2019;221:237.e1-11.

. Elias KM, Stone AB, McGinigle K, et al. The Reporting on

ERAS Compliance, Outcomes, and Elements Research (RECOVER)
Checklist: A Joint Statement by the ERAS® and ERAS® USA Soci-
eties. World J Surg. 2019;43:1-8.

. Ripollés-Melchor J, Ramirez-Rodriguez JM, Casans-Francés R,

et al. Association between Use of Enhanced Recovery after
Surgery Protocol and Postoperative Complications in Colorec-
tal Surgery: The Postoperative Outcomes Within Enhanced
Recovery after Surgery Protocol (POWER) Study. JAMA Surg.
2019;154:725-36.

. Ripollés-Melchor J, Fuenmayor-Varela ML de, Criado Camargo S,

et al. Enhanced recovery after surgery protocol versus conven-
tional perioperative care in colorectal surgery. A single center
cohort study. Brazilian J Anesthesiol. 2018;68:358-68.

. LiJ, LiH, Xv ZK, et al. Enhanced recovery care versus traditional

care following laminoplasty: A retrospective case-cohort study.
Medicine (Baltimore). 2018;97:e13195.

. Tan NLT, Hunt JL, Gwini SM. Does implementation of an

enhanced recovery after surgery program for hip replacement
improve quality of recovery in an Australian private hospital: A
quality improvement study. BMC Anesthesiol. 2018;18:1-10.

. Moningi S, Patki A, Padhy N, et al. Enhanced recovery after

surgery: An anesthesiologist’s perspective Srilata Moningi,
Abhiruchi Patki, Narmada Padhy, and Gopinath Ramachandran
Department. J Anaesthesiol Clin Pharmacol. 2019;35:55-13.
Teixeira UF, Fontes PR, Conceicao CW, et al. Implementation
of enhanced recovery after colorectal surgery (ERAS) protocol:
Initial results of the first Brazilian experience. Arq Bras Cir Dig.
2019;32:4-7.

Teixeira UF, Goldoni MB, Waechter FL, et al. Recuperacao
otimizada (ERAS) apos cirurgia hepatica: estudo comparativo de
um centro terciario brasileiro. Arq Bras Cir Dig. 2019;32:e1424.
Gustafsson UO, Hausel J, Thorell A, et al. Adherence to the
enhanced recovery after surgery protocol and outcomes after
colorectal cancer surgery. Arch Surg. 2011;146:571-7.

Pisarska M, Pedziwiatr M, Matczak P, et al. Do we really need the
full compliance with ERAS protocol in laparoscopic colorectal
surgery? A prospective cohort study. Int J Surg. 2016;36:377-82.
Cavallaro P, Bordeianou L. Implementation of an ERAS Pathway
in Colorectal Surgery. Clin Colon Rectal Surg. 2019;32:102-8.
Gharaibeh A, Koppikar SJ, Bonilla-Escobar F. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) in
the International Journal of Medical Students. Int J Med Stu-
dents. 2014;2:36-7.

Ogrinc G, Davies L, Goodman D, et al. SQUIRE 2.0 (Standards
for QUality Improvement Reporting Excellence): Revised publi-
cation guidelines from a detailed consensus process. BMJ Qual
Saf. 2016;25:986-92.

Gianotti L, Fumagalli Romario U, et al. Association Between
Compliance to an Enhanced Recovery Protocol and Outcome
After Elective Surgery for Gastric Cancer. Results from a Western
Population-Based Prospective Multicenter Study. World J Surg.
2019;43:2490-8.

Zaouter C, Oses P, Assatourian S, et al. Reduced Length
of Hospital Stay for Cardiac Surgery—Implementing an Opti-
mized Perioperative Pathway: Prospective Evaluation of an
Enhanced Recovery After Surgery Program Designed for Mini-
Invasive Aortic Valve Replacement. J Cardiothorac Vasc Anesth.
2019;33:3010-9.

Arrick L, Mayson K, Hong T, et al. Enhanced recovery after
surgery in colorectal surgery: Impact of protocol adherence on
patient outcomes. J Clin Anesth. 2019;55:7-12.


https://doi.org/10.1016/j.bjane.2021.08.018
https://doi.org/10.1016/j.bjane.2021.08.018
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0095

Brazilian Journal of Anesthesiology 2023;73(1):25-35

20.

21.

22.

23.

Williams JB, McConnell G, Allender JE, et al. One-year results
from the first US-based enhanced recovery after cardiac
surgery (ERAS Cardiac) program. J Thorac Cardiovasc Surg.
2019;157:1881-8.

Matczak P, Wysocki M, Twardowska H, et al. Impact of Adherence
to the ERAS® Protocol on Short-term Outcomes after Bariatric
Surgery. Obes Surg. 2020;30:1498-505.

Pisarska M, Torbicz G, Gajewska N, et al. Compliance with
the ERAS Protocol and 3-Year Survival After Laparoscopic
Surgery for Non-metastatic Colorectal Cancer. World J Surg.
2019;43:2552-60.

Petrick AT, Still CD, Wood CG, et al. Feasibility and impact of an
evidence-based program for gastric bypass surgery. J Am Coll
Surg. 2015;220:855-62.

35

24.

25.

26.

Kjolhede P, Bergdahl O, Borendal WN, et al. Effect of
intrathecal morphine and epidural analgesia on postoperative
recovery after abdominal surgery for gynecologic malig-
nancy: An open-label randomised trial. BMJ Open. 2019;
9:1-10.

Scott MJ, Miller TE. Pathophysiology of major surgery and
the role of enhanced recovery pathways and the anes-
thesiologist to improve outcomes. Anesthesiol Clin. 2015;
33:79-91.

Myles PS, Devereaux PJ. Pros and cons of composite endpoints
in anesthesia trials. Anesthesiology. 2010;113:776-8.


http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00364-X/sbref0130

Brazilian Journal of Anesthesiology 2023;73(1): 36—41

Brazilian Journal of

8. ANESTHESIOLOGY

Brazilian Journal of

cwesen ANESTHESIOLOGY

de Anestesiologia sifhn

ORIGINAL INVESTIGATION

Check for
updates

Compliance with Enhanced Recovery After Surgery
(ERAS) protocol recommendations for bariatric surgery
in an obesity treatment center

Julia Goncalves Zandomenico @ *, Fabiana Schuelter Trevisol ¢, Jean Abreu Machado

Universidade do Sul de Santa Catarina, Tubarao, SC, Brasil

Received 30 May 2021; accepted 2 October 2021
Available online 25 December 2021

KEYWORDS Abstract

Bariatric surgery; Introduction: The higher risk of perioperative complications associated with obesity has made
Enhanced recovery anesthesiologists increasingly concerned with the management of obese patients. Measures that
after surgery; improve bariatric surgery patient safety have become essential. The implementation of ERAS
Perioperative care protocols in several surgical specialties has made it possible to achieve appropriate outcomes as

to surgery safety. The aim of this study was to evaluate patient compliance with the recommen-
dations of an ERAS protocol for Bariatric Surgery (ERABS) at a hospital specialized in obesity
treatment.

Methods: Cross-sectional study, using a medical record database, in a hospital certified as an
International Center of Excellence in Bariatric and Metabolic Surgery. The definition of the varia-
bles to be assessed was based on the most recent ERABS proposed by Thorell et al. Results were
analyzed using descriptive epidemiology.

Results: The study evaluated all patients undergoing bariatric surgery in 2019. Mean compliance
with the recommendations per participant was 42.8%, with a maximum of 55.5%, and was distrib-
uted as follows: 22.6% of compliance with preoperative recommendations, 60% to intraoperative
recommendations, and 58.1% to postoperative recommendations. The anesthesiologist is the
professional who provides most measures for the perioperative optimization of bariatric surgery
patients. In our study we found that anesthesiologists complied with only 39.5% of ERABS
recommendations.

Conclusions: Mean compliance with ERABS recommendations per participant was 42.8%. Consid-
ering that the study was carried out at a hospital certified as an international center of excel-
lence, the need for introducing improvements in the care of patients to be submitted to
bariatric surgery is evident.
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Introduction

Obesity is a public health problem whose incidence has pro-
gressively increased.’’? Due to the higher risk of periopera-
tive complications associated with obesity, anesthesiologists
are increasingly concerned about the management of obese
patients. Consequently, improving bariatric surgery safety
has become essential.> This explains the current trend
toward implementing clinical protocols to optimize the peri-
operative management of obese patients, such as the
Enhanced Recovery After Surgery (ERAS) protocol, aiming to
improve outcomes.

The ERAS protocol comprises evidence-based recommen-
dations seeking to reduce perioperative stress triggered by
surgical trauma.” ERAS recommendations include patient
commitment, reduction of surgery-related physiological
stress, reduction in postoperative complications, and
increase in postoperative recovery rates.” The measures are
associated with decrease in morbidity, faster recovery, and
shorter length of stay.® Using ERAS protocols in bariatric sur-
gery patients is associated with significant decrease in post-
operative complications and length of stay, and subsequent
reduction in hospital costs.”

The aim of this study was to assess patient compliance
with the recommendations of an ERAS protocol for Bariatric
Surgery (ERABS) at a hospital certified as an International
Center of Excellence in Bariatric and Metabolic Surgery by
the Surgical Review Corporation.

Methods
Design

After approval by the Research Ethics Committee of the insti-
tution, CAAE 38295620.0.0000.5369 and opinion 4.356.054, a
cross-sectional study was carried out using a database, and
both paper and electronic format patient medical charts.

Participants

We evaluated patients submitted to bariatric surgery using
gastric bypass or sleeve gastrectomy techniques in 2019,
totaling 150 patients. The study included patients
over 18 years of age, regardless of sex, submitted to bariat-
ric surgery at the hospital evaluated. No patients were
excluded from the study.

Variables

We defined the variables to be evaluated based on the most
recent ERABS protocol.” They comprised sociodemographic
characteristics; pre-existing comorbidities and medications
in use; American Society of Anesthesiologists (ASA) classifi-
cation performed by the anesthesiologist; presence of multi-
disciplinary team; occurrence of preoperative counseling
performed by a psychologist; smoking cessation; difficult air-
way diagnosed by the anesthesiologist; measurement of pre-
operative fasting time for clear liquids and solid foods
performed by the anesthesiologist; time and type of preop-
erative medications administered; preoperative oral carbo-
hydrate conditioning; airway device used during surgery;
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surgery technique; use of Train Of Four (TOF) and Bispectral
Index (BIS) monitors intraoperatively; medications used for
analgesia and Postoperative Nausea and Vomiting (PONV)
prophylaxis; combination of different postoperative analge-
sia techniques; use of postoperative Nasogastric Tube (NGT);
performance of thromboprophylaxis and therapeutic regi-
men ordered; time liquid diet was initiated; and time partic-
ipant was discharged. Additionally, we analyzed the
immediate complications considering any manifestation
reported by the participant or the data entered into the
medical chart. We also evaluated hospital readmission
within 30 days after surgery, comprising the reason for read-
mission and its outcome.

Statistical analysis

Categorical variables are presented as absolute frequencies
and proportions, and continuous variables as means and
standard deviation. The percentage of compliance per par-
ticipant was calculated using simple arithmetic mean.

Results

Perioperative risk assessment was performed considering
sociodemographic characteristics, such as sex, age, comor-
bidities, medications in use and the anesthesiologist’s prea-
nesthesia assessment. Data are presented in Table 1. Mean
BMI was 41.9 kg.m 2, with minimum and maximum values
of 31.4 and 63.2, respectively. Mean age was 37 years
(SD 10 years), with minimum and maximum age of 19
and 67 years, respectively.

Regarding the distribution of the multidisciplinary team
professionals, a psychologist was present for 95.3% of the
participants (n = 143), a nutritionist for 87.3% (n = 131),
physical therapist for 78% (n = 117), and a psychiatrist
for 3.3% (n = 5). Preoperative psychologist counseling was
provided at the hospital for 40.7% of participants (n = 61).
None of the participants (n = 0) received instructions regard-
ing hospital discharge on the first postoperative day. Twelve
participants were smokers and smoking cessation advice was
given to 41.6% (n = 5). Among participants receiving smoking
cessation advice, all of them (n = 5) continued to smoke up
to the surgical procedure.

Before hospital admission the anesthesiologist performed
preanesthesia assessment in 100% of the participants
(n = 150) and airway assessment was registered on the medi-
cal chart for 72.7% of the participants (n = 109). Of these,
44% (n = 48) did not show any abnormal finding. Among
abnormal findings after airway assessment, we registered
Mallampati 1 in 55% (n = 60) and Mallampati > 2 in 44.9%
(n = 49), neck circumference > 40 cm in 32.1% (n = 35),
thyromental distance < 6 cm in 10% (n = 11) and interincisal
distance < 3 cm in 3.6% (n = 4). We found the presence of
more than one abnormal finding in 22% of participants
(n=24).

Mean fasting time for both clear liquids and solid foods
verified by the anesthesiologist was 8 hours. The administra-
tion of anesthesia premedication was decided for 40.7% of
the participants (n = 61), in decreasing order of prevalence:
alpha-2-agonist in 57.3% (n = 35), antiemetic in 44.2%
(n = 27), benzodiazepine in 42.6% (n = 26), and H2 antagonist
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Table 1  Perioperative risk assessment of the patients sub-
mitted to bariatric surgery (n = 150).

Sex
Male 41 27.3
Female 109 72.7
Age
19-30 years 43 28.7
31-50 years 87 58.0
> 50 years 20 13.3
BMI
30-34.9 9 6.0
35-39.9 48 32.0
>40 93 62.0
Comorbidities
Arterial hypertension 50 33.3
Liver steatosis 37 24.7
OSAHS 34 22.7
Diabetes mellitus 29 19.3
GERD 26 17.3
Esophageal hernia 21 14.0
Psychiatric disorder 20 13.3
Dyslipidemia 8 5.3
Others 30 20.0
Medications in use
Anti-hypertensive 47 31.3
Hypoglycemic 17 11.3
Lipid-lowering drugs 7 4.7
Platelet Antiaggregant 5 3.3
Anticoagulant 1 0.7
Psychotropics 35 23.3
Oral contraceptive 43 28.7
Habits
Smoking 12 8.0
Alcohol consumption 23 15.3
Not applicable 118 78.7
ASA physical status
I 3 2.0
Il 89 59.3
i 58 38.7

OSAHS, Obstructive Sleep Apnea Hypopnea Syndrome; GERD,
Gastroesophageal Reflux Disease; ASA, American Society of
Anesthesiologists.

in 40.9% (n = 25). Mean time of premedication administra-
tion was 111 minutes before surgery. Preoperative oral
carbohydrate conditioning was performed in 2% of the par-
ticipants (n = 3), and the carbohydrate chosen was malto-
dextrin (n = 3).

Orotracheal intubation combined with the laparoscopic
approach was used for 100% of participants (n = 150). TOF
and BIS monitor devices were never used (n = 0), thus moni-
toring of neuromuscular blockade or depth of anesthesia
was absent in all participants. Notwithstanding the latter,
neuromuscular blockade reversal was performed in 74% of
participants (n = 111) using neostigmine in 91% (n = 101) and
sugammadex in 9% (n = 10). We were unable to evaluate pro-
tective mechanical ventilation strategies as they were not
registered on medical charts.
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Multimodal PONV prophylaxis was administered to 95% of
participants (n = 141). On the other hand, multimodal anal-
gesia was ordered for 74% of participants (n = 111). Dipyrone
was administered to 94.7% of participants (n = 142), and
non-steroidal anti-inflammatory drugs to 92% (n = 138),
opioids to 88% (n = 132), alpha-2-agonist to 60% (n = 90),
magnesium sulfate to 34.7% (n = 52) and ketamine to 33.3%
(n = 50). Only three participants (2%) received another drug
combination for postoperative analgesia, and surgical wound
infiltration was performed in these cases.

Opioids for postoperative analgesia were used in 88%
(n = 132) of participants and morphine was the opioid of
choice for all of them, with a mean administered dose
of 9.6 mg. Rescue medication for postoperative pain control
was required for 24% of participants (n = 36). To manage this
scenario, 17.3% of participants (n = 26) received opioids
such as morphine or methadone, with a mean administered
dose of 7.8 mg. Instead, 6.7% of participants (n = 10)
received 100 mg tramadol.

None of the patients required a nasogastric tube postop-
eratively (n = 0). Mechanical methods for thromboprophy-
laxis were performed in all (n = 150) participants. As to
pharmacological thromboprophylaxis, low molecular weight
heparin was administered to 91.3% of participants (n = 137)
and unfractionated heparin to 8% (n = 12).

The mean time to start the restricted liquid diet
was 24.3 hours, and to be discharged from hospital
was 2.03 days. Table 2 depicts the prevalence of immediate
complications, outcome, and readmission within 30 days.
Only one participant (0.6%) required revision surgery during
readmission.

Figure 1 presents variables regarding compliance with
the measures that are strongly recommended by the ERABS
protocol. Mean compliance with the recommendations
was 42.81% per participant, with a minimum of 26.32% and a
maximum of 55.56%, distributed as follows: 22.6% of compli-
ance with preoperative, 60% to intraoperative and 58.1% to
postoperative recommendations.

In addition, we registered the compliance rate with the
recommendations according to the professionals involved in
patient care. Anesthesiologists are the caregivers with the

Table 2 Perioperative characteristics of patients submit-
ted to bariatric surgery.

Immediate complications 86 57.3
Abdominal pain 61 40.7
Nausea 32 21.3
Respiratory distress 4 2.6
Bleeding 2 1.3
Allergy 2 1.3
Fall 1 0.6
Others 6 4.0

Readmission reason 11 7.3
Abdominal pain 10 6.6
Sudden malaise 1 0.6

Outcome
Discharge 149 99.4
Death 1 0.6
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Figure 1

Compliance to measures strongly recommended in the ERAS protocol for bariatric surgery. PONV, Postoperative Nausea

and Vomiting; BIS, Bispectral Index; NMB, Neuromuscular Blockade; TOF, Train-Of-Four; PACU, Postanesthetic Care Unit.

highest percentage of recommendations to be complied
with, which is 61.1%. In this study, anesthesiologists com-
plied with only 39.1% of the recommendations they were
accountable to. Surgeons were the caregivers that achieved
the highest rate of compliance with recommendations,
or73.1%.

Discussion

Interest in ERAS protocols have recently increased consider-
ably worldwide. Deficits in teaching and training hospital
staff have been revealed,” and lack of compliance with
existing recommendations is a health concern.® The interval
between arrival of scientific evidence and its implementa-
tion in clinical practice is 15 years on average.’ Conversely,
benefits to patients and institutions are immediate. There-
fore, implementing evidence-based recommendations has
become the best practice in medicine.

Since 2015, the hospital evaluated in this study has been
one of 11 hospitals in Brazil, and the only one in State of Santa
Catarina to be certified as an International Center of Excel-
lence in Bariatric and Metabolic Surgery by the Surgical
Review Corporation. Despite accreditation and professionals
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committed to improving their practice and hospital out-
comes, implementing recommendations is often challenging.
Patients are followed by a multidisciplinary team from
the beginning of treatment at the bariatric surgery unit of
the hospital studied. Indeed, multidisciplinary care is crucial
to improve surgical outcomes as it facilitates the interaction
among intra-hospital processes.® Preoperative counselling
performed at the hospital was given to less than half of par-
ticipants. This contrasts with several reports*’'* that have
emphasized that preoperative counselling is key to lesser
anxiety and improves compliance with postoperative
instructions, postoperative recovery, length of stay and
long-term outcome. Our study also revealed that the most
absent professional in the multidisciplinary team was the
physical therapist. This finding contrasts with current
recommendations®'"'? that emphasize physical therapy as
an essential element in the management of surgical
patients. This scenario may reveal a transitional period for
patient care at the hospital assessed, and at other centers, "
as the multidisciplinary approach has been gradually appre-
ciated and implemented in surgical patient management.
Smoking cessation was recommended to all smokers.
However, less than half of smokers complied with the recom-
mendation. The current recommendation is to stop smoking
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at least four weeks before surgery.* Continuing to smoke
during the preoperative period is associated with both
greater morbidity and mortality.*'® Particularly in bariatric
surgery, there is evidence that smokers have a higher risk of
anastomotic ulceration in Roux-en-Y gastric bypass.”'*

Preoperative fasting instructions are provided during the
preanesthetic consultation. Although we did not register a
relevant percentage of compliance, this measure has been
already endorsed by anesthesiology societies that currently
recommend two hours of fasting for clear liquids and six
hours for solid foods in healthy and obese patients.'® Longer
fasting time has a negative effect on overall patient recov-
ery, triggering, for instance, increase in insulin resistance
and metabolic consequences.'® Therefore, it is wise to pro-
mote efforts to attain adequate fasting time for the obese
patient.'" However, standardizing and achieving appropriate
fasting time is challenging, mainly due to the variability of
operating room lists and schedules. Therefore, the goal can
be accomplished by an effort to schedule bariatric surgery in
the first time slot of the day in the operating room list.

The anesthesiologist is also advised to perform preopera-
tive oral carbohydrate conditioning. This measure is well
established for major elective abdominal surgeries and has a
strong grade of recommendation.” However, further studies
are required to evaluate this measure both in bariatric sur-
gery patients with gastroesophageal reflux disease, due to
the possible increased risk of bronchial aspiration during
anesthetic induction, and in patients presenting diabetes,’
which may explain the low compliance with the measure in
this study and in other centers.”

During hospitalization, most of the participants in our study
received preanesthetic medication, in disagreement to current
protocols®’” which emphasize not using premedication, espe-
cially benzodiazepines, which represented 42.6% of the pre-
medication ordered in this study. The likely key factor
explaining this behavior is the resistance to change of profes-
sionals, already reported in other centers.” Professionals
should be encouraged not to order preanesthetic medication,
replacing it by other modalities of preoperative anxiety man-
agement, such as the preoperative visit performed by a health
professional involved in patient care.

PONV prophylaxis is pivotal, especially if one considers
the studied population, which presents a high risk for post-
operative nausea and vomiting.*'” The population studied
presents an additional PONYV risk factor, that is high preva-
lence of using inhaled anesthetic agents for anesthesia main-
tenance and opioids for postoperative analgesia. Similar to
other pre-ERAS studies,'® we did not observe compliance
with the ERABS” protocol recommendation of preoperative
glucocorticoid administration. Possibly, the major determin-
ing factor is the operational challenge in delivering this mea-
sure. Thus, studies to evaluate implementation have
decided to include the administration of glucocorticoids dur-
ing anesthetic induction.>"’

Anesthetic care in the perioperative period is not limited to
providing anesthesia, but also comprises postoperative pain
management. '® Consequently, multimodal analgesia is another
recommendation described. Despite having found a high com-
pliance rate of 74%, the recommendation is to provide postop-
erative analgesia whenever possible.? The main objective is to
reduce the consumption of narcotics,”’'® which was not found
in this study, as both the rate of opioid use and the mean dose
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per participant were high. We reported a lower prevalence use
of other groups of drugs, such as alpha-2-agonists, ketamine,
and magnesium sulfate. Indeed, despite the disadvantages of
opioid administration and the emergence of scientific evidence
advising to use other drugs, opioids have not yet been
completely replaced in the treatment of moderate to severe
acute postoperative pain,?® justifying the high prevalence of
use. Consequently, a current attempt is being made to com-
bine techniques, such as surgical wound infiltration or trans-
verse abdominal plane block.* 2%

Another extremely important element of perioperative
optimization is the intraoperative monitoring of anesthetic
depth and neuromuscular blockade. The hospital studied
does not have the equipment to carry out this monitoring,
explaining the non-compliance with this recommendation.
The barriers our hospital administration met for implement-
ing new technologies were costs, technical support and
maintenance, and resistance to change, like those observed
in other centers.”’

In this study the ERABS compliance rate per participant is
considered low and comparable to the rate found
elsewhere.®?% As the ERABS protocol spreads and efforts are
made to incorporate its elements into clinical practice, a
significant increase in ERABS compliance is expected. It is
essential that health institutions assess behaviors and out-
comes to subsequently analyze and correct errors to
enhance their outcomes. The most complex recommenda-
tions to be implemented depend on the integration and sup-
port of the hospital administration, reflecting, in part,
professionals' challenges to match their practices with cur-
rent evidence. Considering that this study was carried out at
a hospital certified as a center of international excellence,
the need to introduce improvements in the care of patients
undergoing bariatric surgery becomes evident.

Anesthesiologists are the chief players and proponents of
those changes inside hospital organization. In addition to
being accountable for the highest number of elements in
perioperative optimization of bariatric surgery patients, the
anesthesiologist is also responsible for the patient's overall
recovery and, thus, plays a role as a modifier of hospital out-
comes. Studies evaluating the implementation of periopera-
tive optimization protocols in colorectal surgery?* have
shown that anesthesiologists are essential to promote peri-
operative optimization, and their main measures indepen-
dently associated with reduction in hospital stay are
multimodal PONV prophylaxis, standardized use of non-ste-
roidal anti-inflammatory drugs for postoperative analgesia,
and strict compliance with a postoperative opioid adminis-
tration protocol. These are everyday acts and, therefore,
they often become trivialized, underestimating their rele-
vance to patient recovery. Anesthesiologists’ role can be
extended to several aspects of surgical patient care and
should not be circumscribed to delivering anesthesia. Thus,
the need to include anesthesiologists more in several ele-
ments of surgical patient management is evident.

This study reveals how challenging it is to implement
perioperative optimization measures in the bariatric surgery
clinical pathway. One limitation of the study was the use of
secondary data; thus, it is essential to proceed with further
analysis using primary data. As a reference center for bariat-
ric surgery, the service receives patients from different loca-
tions, which is a bias for the analysis of some variables, such
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as preoperative care and hospital readmission, which may
have occurred in facilities other than the hospital studied.

Conclusion

The mean ERABS compliance rate per participant was 42.8%.
Considering that the study was carried out at a hospital cer-
tified as an international center of excellence, the need for
improvement in the care of patients to be submitted to bar-
iatric surgery is evident. The anesthesiologist is the profes-
sional accountable for most of the measures that impact the
perioperative optimization of bariatric surgery patients, and
should be seen, increasingly, as a protagonist in the manage-
ment of these patients.
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KEYWORDS Abstract

Postdural puncture Background: Postdural puncture headache (PDPH) is a common complication of neuraxial tech-
headache; niques which delays patients’ discharge. Sphenopalatine ganglion block (SPGB) is a safe bedside
Sphenopalatine technique with comparable efficacy to Epidural Blood Patch, the gold-standard treatment.
ganglion block; There is no evidence on the ideal timing for SPGB performance. We aimed to evaluate the dif-
Timing; ference between early versus late SPGB concerning efficacy, symptom recurrence and hospital
Ropivacaine length of stay.

Methods: We present an observational study with 41 patients diagnosed with PDPH who were
submitted to SPGB with ropivacaine 0,75%. The study sample (n=41) was divided in two groups:
an early (less than 24 hours after diagnosis) and a late (more than 24 hours after diagnosis) SPGB
group. Pain was evaluated 15 minutes after the block and follow up occurred daily until patients
were discharged. Patients’ demographic characteristics, neuraxial technique, timing of SPGB,
qualitative pain relief and post-SPGB length of stay were registered and analyzed with SPSS
statistics (v26) software.

Results: Early SPGB resulted in a significant reduction in length of stay (p=0,009) and symptom
recurrence (p=0,036), showing equally effective pain relief, compared to late SPGB.
Conclusions: SPGB was equally effective in both groups. Data showed that early SPGB reduces
length of hospital stay and symptom recurrence, which potentially allows early resumption of
daily activities and a reduction in total health costs.
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Introduction

Postdural puncture headache (PDPH) is a common complica-
tion of neuraxial techniques with an incidence of 1-2%." It
is classified by the International Classification of Headache
Disorders 3™ edition (ICHD-3) as a headache attributed to
low cerebrospinal fluid (CSF) pressure, caused by loss of CSF
exceeding its production rate.? PDPH can be debilitating,
with severe implications affecting daily activities, delaying
recovery, and extending hospital stay with associated health
care costs.>* Common symptoms include severe frontal and
occipital postural headache, often accompanied by neck
stiffness, hearing and visual disturbances, nausea, vomiting
or tinnitus.® The standard treatment is still epidural blood
patch (EBP) with a success rate of 68 to 90%.° Although, this
is an invasive technique susceptible to complications, such
as bleeding, infection, and neurological impairment.>?>

The sphenopalatine ganglion (SPG), also known as
Meckel’s ganglion, is located 2-3 mm underneath the pos-
terior nasal mucosa, in the pterygopalatine fossae. It is
a junction of sympathetic, parasympathetic and sensory
innervations that overlap in a small area, mediating pain
due to various causes.® Topical transnasal SPG block (SPGB)
is a noninvasive treatment first described in 1908 by Sluder,”
which since then has been used for the treatment of
headaches due to several etiologies.* The procedure is safe,
easy to learn, and can be accurately performed in the emer-
gency room.®

Literature evidence on the SPGB analgesic efficacy on
PDPH is limited and is mainly available in the form of case
reports and case series, most using lidocaine and limited to
the obstetric population. None of the available studies refer
to the ideal timing of SPGB performance after the diagnosis
of PDPH.

We conducted an observational study to evaluate the dif-
ference between early (less than 24 hours) and late (more
than 24 hours) performance of SPGB after PDPH diagnosis,
using ropivacaine 0,75%. Our main hypothesis was that the
early application of SPGB would allow effective pain control,
with faster recovery and earlier discharge.

Methods

We conducted an observational retrospective study
approved by the ethics committee of our institution,
in accordance with the Declaration of Helsinki’s Ethical
Principles for Medical Research Involving Human Subjects.
According to the ICHD-3 criteria?, all the patients diag-
nosed with PDPH between March 2018 and December 2019
were enrolled. An individual written informed consent for
participation was obtained from each patient enrolled. The
PDPH diagnostic delay was no more than 48 hours after
the beginning of the symptoms. Exclusion criteria were:
patient’s age under 18 years, SPGB refusal or the existence
of contraindications to the technique (coagulopathy, nasal
septal deviation, nasal polyps, epistaxis history, or allergy
to local anesthetics).

Of 67 eligible patients, 26 did not receive SPGB, hence
were excluded. Twenty-five of these patients received con-
servative treatment and one an EBP, according merely to the
anesthesiologist’s experience. Anesthesiologists’ approach
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Figure 1 Flow Chart.

to PDPH differ significantly in our hospital, both in terms of
treatment options offered and timing of SPGB performance.
We aimed to standardize the department’s practice with this
study but still encountered significant differences in tim-
ing of SPGB performance. Hence, as shown in Figure 1, the
enrolled patients (n=41) were divided in two main groups
according to the SPGB timing, which was determined exclu-
sively by the anesthesiologist’s preference: an early SPGB
group that received the block less than 24 hours after diag-
nosis (n=20); and a late SPGB group that received the block
more than 24 hours after diagnosis (n=21).

The SPGB technique was performed with the patient
supine, in sniffing position. A cotton swab soaked with ropi-
vacaine 7,5mg.mL~" was introduced in each nostril until
resistance was encountered. Additionally, 1 mL of local anes-
thetic was applied in each nostril through the shaft. The
swabs remained in place for 15minutes, after which they
were removed. All the patients without contraindication
also received intravenous analgesia with paracetamol 1g
g6/6h, a non-steroid anti-inflammatory (metamizole 1g
q8/8h) and tramadol 100mg q8/8h as rescue analgesia.
Pain relief was assessed 15 minutes after the block with 45°
head of bed elevation. A simplified quantitative pain scale
was used, asking the patients to rate their pain relief as
“*No relief’’, “*Minor relief’’, ‘*Moderate relief’’, or ‘‘Total
relief’’. Follow up occurred daily with evaluation of pain
control, treatment side-effects and symptom recurrence.
Upon discharge all patients were instructed to contact their
attending doctor or the emergency department if they had
recurrence of symptoms. We emphasize that, in our sample,
PDPH was the only medical concern prolonging the hospital
stay.

The variables registered were the demographic char-
acteristics of the patients, type of neuraxial technique
executed, timing of SPGB application, qualitative pain
relief, and post-SPGB length of hospital stay.

Our primary endpoint was to evaluate differences in
efficacy between early (< 24h) versus late SPGB (> 24h).
Our secondary outcomes were to evaluate differences in
symptom recurrence and post-SPGB length of stay between
the two groups. Data were expressed as median or mean
+ standard deviation (SD), or number where appropriate.
All analyses were performed with IBM SPSS statistics for
Windows, version 26 (IBM Corp., Armonk, NY, USA). Normal-
ization was tested using the Shapiro-Wilk test. Association
between categorical variables was evaluated using x2 test
and the association between continuous variables was eval-
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Table 1

Patients’ characteristics. Results presented as number (% of total).

Mean age-years (SD) 33.5 35.1 (£ 9.1) 31.9+7.9 0.231
Gender

Male 5 2 (10.0%) 3 (14.3%) 1.000
Female 36 18 (90.0%) 18 (85.7%)

Surgical specialty

Obstetric 24 11 (55.0%) 13 (61.9%) 0.756
Others (General Surgery, Urology, Gynecology, and Orthopedics) 17 9 (45,0%) 8 (38.1%)

Neuraxial technique

Spinal (Quincke-25 or 27G) 37 18 (90.0%) 19 (90.5%) 1.000
Combined spinal-epidural or epidural 4 2 (10%) 2 (9.5%)

Table 2 Early versus Late SPGB outcomes. Results presented as mean or number (%).

Pain relief at 15 minutes

‘“Total relief’’ 35 17 (85.0%) 18 (85.7%) 1.000
**No relief’’, **minimal’’ or ‘‘moderate relief’’ 6 3 (15.0%) 3 (14.3%)

Symptom recurrence 10 2 (10.0%) 8 (38.1%) 0.036
Post-SPGB length of stay (days) 2+1.6 3.2+1.5 0.009

uated using Student’s t-test and Mann-Whitney test. A
p-value < 0.05 was considered statistically significant.

Results

Forty-one patients were included in the analysis. Patients’
characteristics, type and context of neuraxial techniques
are presented in Table 1. There were no statistically sig-
nificant differences in these characteristics between both
groups.

SPGB was equally effective for pain relief in both groups
(85% vs. 85,7%, p=1) as seen in Table 2. Twelve patients were
discharged home on the same day or in less than 24 hours
after the SPGB, without recurrence of symptoms. No SPGB
side effects were reported.

Early SPGB was associated with a statistically significant
reduction in symptom recurrence (p=0,036) and length of
stay after the block (p=0,009), as seen in Table 2. Nine
patients (45%) in the early SPGB group were discharged
home in less than 24 hours after the block. Patients in the
late SPGB group had a higher rate of symptom recurrence
(38,1% vs 10%, p<0,05). Only two patients with symptom
recurrence required rescue therapy due to persistent severe
symptoms, one received a second SPGB and the other an
EBP. After hospital discharge, there were no patients with
recurrence of symptoms.

Discussion

The SPG is an extracranial parasympathetic ganglion, com-
posed of multiple autonomic, sensory, and motor neural

connections. For many years it has been accepted that PDPH
results from the disruption of CSF homeostasis.®

Low CSF pressure causes the loss of the brain’s buoyant
support, which is thought to allow it to sag in the upright
position, resulting in traction on pain sensitive structures
in the cranium. However, the actual means by which CSF
hypotension generates headache is debatable. It is currently
described as a bimodal mechanism involving both loss of
intracranial support and cerebral vasodilation mediated by
parasympathetic nerve fibers travelling through the SPG.
SPGB is believed to be effective in PDPH pain reduction by
blocking these preganglionic parasympathetic nerve fibers.’

To our knowledge, this is the first observational study
comparing different timing for SPGB performance in PDPH.
In our sample, SPGB showed equal effectiveness in pain
reduction between the early and late SPGB groups. Early
performance of SPGB showed a statistically significant
reduction in length of stay and symptom recurrence. One
could speculate that, as a first-line therapy, SPGB could
result in better outcomes, allow earlier resumption of daily
activities, improve patients’ satisfaction and potentially
reduce health care costs.

When comparing SPGB to EBP in a study with 20 obstet-
ric patients with resistant PDPH, after a course of 7 days on
conservative therapy, Nitu et al.? concluded that SPGB pro-
duced faster analgesia than EBP or conservative measures.
Although the effectiveness in pain relief was evident, the
authors did not report data on symptom recurrence or time
to discharge.

In our study, rescue analgesic therapy after the SPGB
performance was only required in two patients (10%). Com-
paring to the results obtained by Cohen et al.,' this is a
significantly lower recurrence rate, which may be related
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to possible diagnostic or treatment delays, which were not
specified by this author in the manuscript. This difference
may also be related to variations in the pharmacokinetics
of the local anesthetic used. However, the ideal local anes-
thetic and the subsequent duration of the analgesic effect
remain poorly defined, as stated by Furtado et al."

Over the years, several PDPH therapies ranging from
conservative to invasive procedures have been tried, with
insufficient literature support.’® There is no evidence that
conservative measures like bed rest, supplemental intra-
venous fluid or intravenous analgesics help improve PDPH.?
Despite this, many practitioners still use these conservative
therapies and wait spontaneous recovery of PDPH. Com-
pared to the gold-standard treatment with EBP, SPGB is
safer, easier to learn, can be performed in an uncontrolled
setting like the emergency department and has a low inci-
dence of complications.*

Very few studies on the application SPGB for PDPH
exist and most have small unrepresentative patient sam-
ples limited to the obstetric population.’®'3 Our findings
are in agreement with recent case reports, case series,
and retrospective reviews on the efficacy of SPGB in PDPH
treatment.'?-'2'415 However, compared to our study, the
former were limited to obstetric population, lidocaine was
the local anesthetic of choice, and outcomes like length
of stay or timing of SPGB application were not registered
or evaluated. Hence, data on the optimal timing of SPGB
application is still lacking.

Several limitations prevent us from generalizing our
results. We used a small convenience sample and patients
were not randomized between groups, which could have
introduced bias in the results. Our study’s results would have
been stronger if we conducted it as a randomized prospec-
tive clinical trial with a larger sample size. Although SPGB
involves a simple technique which we tried to standard-
ize in our department, individual performance discrepancies
between physicians may have occurred. These variations
can impair the reproducibility of these results in other
institutions. Also, small variations in the intravenous anal-
gesic regimens applied might have introduced bias in the
results. The exact quantification of pain before the appli-
cation of the block was not uniformly collected by all
physicians involved, which can also lead to bias when eval-
uating results. Also, the low literacy level of the patients in
both cohorts and their associated social context limited the
application of a validated pain numeric scale, which would
better characterize the analgesic efficacy of SPGB.

This study motivated us to design a prospective random-
ized controlled trial in our institution to better characterize
the importance of SPGB timing in its analgesic effect in PDPH
treatment.

Conclusions

SPGB showed similar analgesic efficacy when applied ear-
lier or later than 24 hours after the diagnosis of PDPH. The
earlier SPGB application showed a reduction in patients’

length of hospital stay and symptom recurrence. We spec-
ulate that the early SPGB application potentially allows a
faster resumption of daily activities and a reduction in total
health costs. In the future, prospective and randomized con-
trolled trials are needed to confirm these findings.
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KEYWORDS Abstract

Acute kidney injury; Background: Compound A is generated by sevoflurane when it reacts with carbon dioxide
Sevoflurane; absorbers with strong bases at minimal fresh gas flow (FGF) and is nephrotoxic in animals. No
Anesthesia; conclusive data has shown increased risk in humans. The aim of this study was to investigate if
Occupational health minimal FGF promotes an increase in the incidence of acute kidney injury (AKl) when compared

to high FGF in patients undergoing on-pump cardiac surgery under sevoflurane anesthesia.
Methods: Two hundred and four adult patients scheduled for on-pump cardiac surgery under sev-
oflurane anesthesia were randomly allocated to two groups differentiated by FGF: minimal FGF
(0.5 L.min~") or high FGF (2.0 L.min~"). Baseline creatinine measured before surgery was com-
pared daily to values assayed on the first five postoperative days, and 24-hour urinary output
was monitored, according to the KDIGO (Kidney Disease Improving Global Outcomes) guideline
to define postoperative cardiac surgery-associated acute kidney injury (CSA-AKI). Creatinine
measurements were also obtained 20 and 120 days after hospital discharge.

Results: Postoperative AKI occurred in 55 patients, 26 patients (29.5%) in the minimal FGF group
and 29 patients (31.5%) in the high FGF group (p = 0.774). Twenty days after discharge, 11 patients
(6.1%) still had CSA-AKI and 120 days after discharge only 2 patients (1.6%) still had CSA-AKI.
Conclusions: When compared to high FGF, minimal FGF sevoflurane anesthesia during on-pump
cardiac surgery is not associated with increased risk of postoperative AKI in this population at
high risk for renal injury.
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Introduction

Sustainable anesthesia involves the use of low fresh gas flow
(FGF), avoiding waste anesthetic gases, reducing environ-
mental pollution and promoting cost savings.' Low FGF also
keeps inhaled gases moist and warm, limiting heat loss from
the respiratory system. The use of carbon dioxide (CO;)
absorbers with strong bases (sodium hydroxide, potassium
hydroxide), when combined with low FGF, increases canister
temperature and reduces the amount of water in the
absorber.? Under these conditions, sevoflurane is degraded
into a vinyl ether metabolism product, Compound A, which
causes dose-dependent nephrotoxicity in rats.> Newer CO,
absorbers employ calcium hydroxide rather than strong
bases and only produce Compound A when desiccated,
while, to date, no conclusive data has shown increased risk
associated with low FGF sevoflurane anesthesia in humans.*
Despite this, the American Food and Drug Administration
(FDA) determines that sevoflurane should not exceed 2 mini-
mum alveolar concentration-hours (2 MAC-hours) at flow
rates of 1 to < 2 L.min~" and to avoid FGF < 1 L.min~"'.°
The authorities in Brazil have made no such formal recom-
mendation.

Cardiac surgery-associated acute kidney injury (CSA-AKI)
is a major complication that leads to poor outcomes and has
an incidence up to 40%.° The pathophysiology of CSA-AKI is a
matter of intense debate and includes multiple etiologic fac-
tors such as inflammation, hypotension during cardiopulmo-
nary bypass (CPB), blood transfusions, and contrast-induced
nephropathy prior to surgery. There are several risk factors
for CSA-AKI including age, hypertension, preoperative serum
creatinine, peripheral vascular disease, respiratory system
disease, diabetes, cerebral vascular disease, CPB duration,
aortic clamping duration, use of an intra-aortic balloon
pump, infection, reoperation, emergency surgery, low car-
diac output and type of surgical procedure.”

In view of the FDA recommendation on the use of
fresh gas flow in anesthesia with sevoflurane but the lack
of solid evidence regarding postoperative renal function
in anesthesia with this anesthetic agent in minimal fresh
gas flow, especially in patients with higher risk, we
decided to investigate if there is a difference in the post-
operative renal function of patients submitted to cardiac
surgery with extracorporeal circulation anesthetized with
sevoflurane when comparing a fresh gas flow of 0.5 L.
min~" versus 2 L.min~".

Methods
Study design and participants

This manuscript followed applicable CONSORT guidelines.
After approval by the local ethics committee (Sao José
Hospital, Cricidma, Santa Catarina, Brazil, protocol
number 1.540.412), the trial was registered prior to
patient enrollment on May 11%, 2016 (CAAE, number
55620516.3.0000.5364; Brazilian Clinical Trials Registry,
number RBR-28br3m) and with written informed consent
obtained from all subjects participating in the trial, from
June 2016 to September 2018 we prospectively screened
adult ASA (American Society of Anesthesiologists) physical
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status Il and lll patients of both sexes who were sched-
uled for on-pump cardiac surgery. Patients with baseline
serum creatinine greater than 1.3 mg.dL™', undergoing
emergency surgery, with an intra-aortic balloon pump,
with restrictive diastolic dysfunction (type Ill), or with
left ventricular ejection fraction (LVEF) of less than 40%
were excluded.

Anesthesia

A standard anesthesia technique was employed with all
patients. After 8 hours of fasting for solid food and 4 hours
for liquids, patients had a 14G peripheral intravenous (IV)
catheter placed in the cephalic vein and infusion of 6 mL.
kg~ lactated Ringer’s solution was initiated. Patients were
initially monitored with an indwelling arterial catheter,
pulse oximetry, electrocardiography (DI, V4 and V5 leads)
and bispectral index (BIS, Model A 2000®, software Version
2.21, Aspect Medical Systems, Boston, MA, USA). Patients
were given active conductive warming using an adult circu-
lating water mattress fed from a warming device (Medi-
Therm Ill, Model MTA 6900, Gaymar Industries Inc., Orchard
Park, NY, USA) with temperature initially set at 38°C.

Following a 3-minute period of preoxygenation (FiO, of
1), induction of anesthesia was performed with sufentanil,
0.3 to0 0.5 ug.kg™" IV (intravenous), propofol, 1.5 to 2.0 mg.
kg~' IV, and rocuronium, 0.6 mg.kg~" IV, administered to
facilitate tracheal intubation with a cuffed tube. Mainte-
nance of anesthesia was achieved with age-adjusted mini-
mum alveolar concentration sevoflurane values of 0.3-0.7,
end-tidal sevoflurane concentration values of 0.3—1.6 vol%
and BIS-guided anesthesia targeting values of 40-60. Contin-
uous IV infusion of remifentanil in the range of 0.2 to
0.5 pg.kg™".min", using a computer-controlled infusion
pump (Perfusor® compact, BBraun, Melsungen, Germany)
was titrated throughout the procedure to maintain mean
arterial pressure (MAP) and heart rate (HR) at baseline val-
ues + 20%. Values of MAP exceeding preoperative baseline
values by more than 20% and/or HR exceeding preoperative
baseline values by more than 20% were treated by increasing
the rate of continuous infusion of remifentanil. When neces-
sary, an infusion of nitroglycerine (0.8—1.5 pg.kg™'.min™"
IV) was initiated. Mean arterial pressure values lower than
20% below baseline values and unresponsive to remifentanil
infusion reduction were evaluated with transesophageal
echocardiography (TEE) and treated with boluses of fluids or
with ephedrine, 5—10 mg IV. Inotropes and vasodilators
were carefully titrated in case of ventricular dysfunction.

Lungs were ventilated mechanically with a volume-con-
trolled mode using a Drager Primus anesthesia workstation
(Drager Medical, Lubeck, Germany) or Aisys® Cs2 carestation
(GE Datex-Ohmeda, Miinchen, Germany). Inspiratory pres-
sure was set to maintain tidal volume between 6—8 mL.
kg~'. The respiratory rate was adjusted to maintain an end-
tidal pressure of carbon dioxide close to 35 mmHg. The end-
tidal sevoflurane concentration, end-tidal pressure of oxy-
gen, end-tidal pressure of carbon dioxide, nasopharyngeal
and rectal temperatures, BIS and ventilation parameters
were monitored with the built-in monitors on the Primus or
GE workstations.

Blood glycemia control was evaluated with a glucose
monitoring device (Optium Xceed, Abbott Diabetes Care Inc.
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Alameda, CA, USA). Glucose values were obtained every 20
minutes and treated if > 150 mg.dL™". The CPB circuit was
primed with 1200 mL of lactated Ringer’s solution with the
addition of heparin (300 U.kg™") to achieve an activated
clotting time greater than 450 seconds. Cardiac arrest was
achieved with cold crystalloid cardioplegia. The central
temperature during CPB was maintained at a minimum of
34°C, MAP controlled at 60—80 mmHg and lowest permissi-
ble hemoglobin level set at 8 g.dL~" during maximal hemodi-
lution. Total CPB and aorta clamping times were recorded. In
both groups, during CPB, inhalational anesthesia was main-
tained with sevoflurane.

Postoperative analgesia was provided 15 minutes before
the end of surgery with metamizole, 2 g IV, and patient-con-
trolled analgesia was delivered through an infusion pump
(Infusomat® Space, B. Braun, Melsungen, Germany, 2010)
with morphine (2 mg bolus IV) and S (+) ketamine (0.2 mg.
kg~ bolus IV), programmed with a 10-minute lockout inter-
val. Dexamethasone, 8 mg IV, and ondansetron, 8 mg IV,
were administered to prevent nausea and vomiting. Patients
were transferred to the ICU on mechanical ventilation and
with IV propofol (25 to 50 ug.kg~'.min™").

Groups and protocol

The groups were differentiated by FGF, with the minimal
FGF group on 0.5 L.min~" in FiO, of 1 and the high FGF group
on 2.0 L.min~" in FiO, of 1 according to the Baker® classifica-
tion of FGF. In the minimal FGF group, for the first 15
minutes of anesthesia, FGF of 5 L.min~" with an FiO, of 1
was used to promote denitrogenation of the patient's circuit
and tissues. After this period, the FGF was reduced to 0.5 L.
min~" with an FiO, of 1. Every 20 minutes, an FGF of 2 L.
min~", was administered for one minute, to remove possible
accumulation of other gases from patient metabolism to the
respiratory system.” '? In the high FGF group, FGF was main-
tained throughout the procedure at 2 L.min~"' with an FiO,
of 1. The CO, absorber (Atrasorb®, Sao Paulo, SP, Brazil) in
the anesthesia workstation canister was calcium hydroxide
and sodium hydroxide for both groups. Randomization was
performed electronically using a mobile device program
(Randomizer for Clinical Trial version 2.3, Medsharing SARL,
Copyright 2012, France) with block size of 8 and 2 arms, just
before anesthesia induction.

Outcomes

The primary outcome was the incidence of acute kidney
injury according to the KDIGO guideline,"" as measured by
serum creatinine during the first five days after the surgery
and compared to preoperative values, and 24-hour postoper-
ative urinary output. Secondary outcomes were renal func-
tion 20 and 120 days after discharge, according to
preoperative creatinine values and values 20 and 120 days
after discharge.

Statistical analysis

Quantitative variables were described using mean and stan-
dard deviation. Categorical variables were presented as
counts and percentages. Means were compared using t-tests
and counts using likelihood ratio chi-square tests. Urinary

48

volume data were analyzed by generalized estimation equa-
tion (GEE) model using a matrix of exchangeable type
including group factors (with and without CSA-AKI), time
and interaction.

We used a logistic regression model to evaluate the
association between FGF and the occurrence of CSA-AKI,
adjusting for the effects of CPB time, diabetes, age, base-
line creatinine, sex, and blood transfusion. Results were
expressed as odds ratios and 95% confidence intervals (Cl).
P-values below 0.05 were deemed statistically significant.
Data were analyzed using SPSS version 22.0.

Sample size calculations

We calculated that the enrollment of 154 patients in 1:1
rate of distribution (77 patients each group) would pro-
vide the trial with a power of 85% to detect a two-fold
increase in the occurrence of AKI among patients using
minimal FGF when compared to those under high FGF,
considering a pooled AKI baseline rate of 22.6%° and a
two-sided significance level of 0.05.

Results

A total of 277 patients were initially eligible to participate in
the study. After exclusions, 204 patients were included in
the final randomization. Patient recruitment and flow are
summarized in Figure 1. After losses to follow-up from the
randomized groups, the final sample for analysis was 180
patients (92 in the high FGF group and 88 in the minimal FGF
group). As shown in Table 1, there were no statistically sig-
nificant differences between the groups in relation to demo-
graphic data, preoperative clinical data or intraoperative
parameters. Most operations were coronary artery bypass
grafts (CABG) (80.5%). Estimated glomerular filtration rate
was calculated according to the CKD-EPI creatinine
equation. '

Primary outcome: postoperative CSA-AKI in the first
5 postoperative days

The type of FGF used was not related to a statistically signif-
icant difference in the occurrence of CSA-AKI (odds ratio,
0.91; 95% CI, 0.48 to 1.71; p = 0.774) as demonstrated by
the univariate analysis shown in Table 2. Baseline preopera-
tive creatinine of patients with CSA-AKI was 0.93 + 0.18
(p = 0.049) and prevalence of diabetes mellitus was 41.8%
(p = 0.017) as demonstrated by the univariate statistical
analysis of occurrence of CSA-AKI in the postoperative
period (up to five days after the operation) according to the
KDIGO criteria (Table 3). Out of the 180 patients analyzed,
55 (30.5%) had CSA-AKI in this period. Of these 55 patients,
39 patients (70.9%) were diagnosed with CSA-AKI exclusively
on the basis of diuresis below 0.5 mL.kg~".h~" in less than 6
—12-hours. Data obtained from the generalized estimation
equation (GEE) showed a statistically significant difference
between the groups in cumulative urine outputs at 6, 12 and
24 hours (p = 0.044). Eight patients (14.5%) were diagnosed
with CSA-AKI only because of increases over baseline creati-
nine, with diuresis within the minimum limits of normality.
Likewise, eight patients (14.5%) were diagnosed with CSA-
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Enroliment

Assessed for eligibility (n = 277)

\ 4

Excluded (n =73)
+ Exclusion criteria present (n = 67)
- LVEF <40% (n = 15)
- restrictive diastolic dysfunction (n = 13)
- preoperative creatinine > 1.3 mg/dL (n = 34)
- urgent surgery (n = 5)
+ Decline to participate (n = 6)

‘ Randomized (n = 204) ‘

A4

Allocation

High fresh gas flow group
2 L/min
(n=104)

h 4

Minimal fresh gas flow group
0.5 L/min
(n=100)

v

Lost to follow-up (n = 12)
+ Postoperative death (n = 4)
+ Did not return after 20 days (n = 8)

Lost to follow-up (n = 12)
+ Postoperative death (n = 5)
+ Did not return after 20 days (n =7)

A 4

A

Analyzed (n = 92)
+ Excluded from analysis (give reasons) (n = 0)

Analyzed (n = 88)
+ Excluded from analysis (give reasons) (n = 0)

Figure 1

AKI on the basis of both increase over baseline creatinine
and low diuresis according to the KDIGO criteria. There were
no statistical differences in patient demographics, type of
operation, CPB time or use of vancomycin as a prophylactic
antibiotic. The analysis of the primary outcome by inten-
tion-to-treat, considering all the 204 randomized patients,
was similar to the per protocol analysis reported above
(odds ratio, 1.14; 95% CI, 0.63 to 2.07; p = 0.672).

Secondary outcome: CSA-AKI 20 days and 120 days
after Hospital Discharge

A total of 180 patients returned within 20 days after hos-
pital discharge to measure serum creatinine. Of these,
11 had CSA-AKI (6.1%) and all of them were patients who
had had CSA-AKI during the first 5 postoperative days,
showing that these patients had not recovered from kid-
ney injury, according to the KDIGO guideline. A large
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Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

proportion of these patients were from the high FGF
group, with a total of 9 patients. Once more, fresh gas
flow type had no influence on this outcome in the univar-
iate analysis (odds ratio, 0.21; 95% CI, 0.05 to 1.02;
p = 0.053). Creatinine measurements were only obtained
for 121 patients (67.2%) at 120 days after hospital dis-
charge, because of a high incidence of losses to follow
up. Of these patients, only 2 (1.6%) still had CSA-AKI
according to the KDIGO guideline.

Data from logistic regression for primary and second-
ary outcomes, 5 and 20 days after surgery, calculated by
multivariate analysis and adjusted for CPB time, diabetes
mellitus, age, baseline preoperative creatinine, sex and
transfusion of packed red blood cells are shown in
Table 2. We did not include data from patients seen
120 days after discharge in the logistic regression model
because of the low rate of occurrence of CSA-AKI at this
point.



E.B. Lineburger, N.S. Mddolo, L.G. Braz et al.

Table 1 Patient Demographics, Preoperative Clinical Data and Intraoperative Parameters. Data are mean + SD or number of
patients (%).

Age (years)
Female sex
Body mass index (kg.m™2)
Hypertension
Diabetes mellitus
Chronic obstructive pulmonary disease
Preoperative hemoglobin (g.dL™")
Preoperative creatinine (mg.dL™")
Estimated GFR (mL.min~'/1.73 m?)
Preoperative BUN (mg.dL™")
Prophylactic Antibiotic

Cephazolin

Vancomycin
Operation

CABG

AVR

MVR

AVR + CABG

MVR + CABG

Adult Congenital

Bentall
Anesthesia time (min)
Cardiopulmonary bypass time (min)
Aortic cross clamp time (min)
Packed red blood cells transfusion

61.2+9.0 60.0 + 8.4
35 (39.8%) 31 (33.7%)
27.6 £4.2 27.7+3.8
75 (85.2%) 79 (85.9%)
27 (30.7%) 26 (28.3%)
22 (25.0%) 24 (26.1%)
12.8+1.6 13.3+1.3
0.9+0.2 0.9+0.2
83.9+16.9 85.4+17.3
39.5+11.5 37.3+£10.3
66 (76.7%) 67 (72.8%)
20 (23.3%) 25 (27.2%)
70 (79.5%) 75 (81.5%)
8 (9.1%) 6 (6.5%)

3 (3.4%) 7 (7.6%)

3 (3.4%) 2 (2.2%)

0 (0.0%) 2 (2.2%)

3 (3.4%) 0 (0.0%)
1(1.1%) 0 (0.0%)
293.4+53.8 285.5 + 58.3
61.9 +19.3 59.8 + 20.6
39.2 + 16.1 39.3+16.0
20 (22.7%) 14 (15.2%)

GFR, glomerular filtration rate; BUN, blood urea nitrogen; CABG, coronary artery bypass graft; AVR, aortic valve replacement or repair;
MVR, mitral valve replacement or repair; AVR + CABG, aortic valve replacement or repair with coronary artery bypass graft; MVR + CABG,

mitral valve replacement or repair with coronary artery bypass graft.

Discussion

Reducing FGF in modern anesthesia practice is a goal to be
achieved on a large scale. Unfortunately, issues related to
the safety of this practice, especially when associated with
the inhalational anesthetic sevoflurane and the risk of AKI
related to the accumulation of Compound A, limit full use of
the technique.'® The safety of minimal and low FGF with
sevoflurane in relation to renal function has already been
tested in non-cardiac surgeries.'* Our study shows the safety

of administration of minimal FGF in a population at high risk
of perioperative AKI using sevoflurane associated with the
common and longstanding CO, absorber sodium hydroxide,
which is a strong base known to produce Compound A,
mainly when lower long-term FGF is used.'® Short time regu-
lar intervals with high FGF were used as part of the classic
minimal FGF technique and rarely cause significant impact
on the accumulation of Compound A in the circuit.”'>"® In a
recent meta-analysis, sevoflurane was shown not to increase
creatinine and blood urea nitrogen (BUN) in healthy patients

Table 2 Univariate and Logistic Regression Analysis for Cardiac Surgery Associated Acute Kidney Injury (CSA-AKI).

Outcome

CSA-AKI first 5 days 26 (29.5) 29 (31.5)

CSA-AKI after 2(2.3) 9(9.8)
20 days

0.91(0.48 — 1.71) 0.774 0.88 (0.45 - 1.72) 0.699
0.21 (0.05 -1.02) 0.053 0.18 (0.03 — 0.97) 0.046

" odds ratio (OR) and 95% confidence interval (Cl) obtained in logistic regression model adjusting for cardiopulmonary bypass time, dia-

betes, age, baseline creatinine, sex, and blood transfusion.
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Table 3  Univariate analysis for the occurrence of cardiac surgery associated acute kidney injury (CSA-AKI) in the first 5 postop-

erative days.

Age (years)

Female sex

Body mass index (kg.m2)
Hypertension

Diabetes mellitus

Chronic obstructive pulmonary disease
Preoperative hemoglobin (g.dL™")
Preoperative creatinine (mg.dL™")
Preoperative blood urea nitrogen (mg.dL™")
Vancomycin use

Coronary artery bypass graft
Anesthesia time (min)
Cardiopulmonary bypass time (min)
Aortic cross clamp time (min)

Packed red blood cells transfusion
6-hour Urinary output (mL)

12-hour Urinary output (mL)

24-hour Urinary output (mL)

62.1+8.2 59.9 + 8.9 0.112
18 (32.7%) 48 (38.4%) 0.465
27.4+4.2 27.7+3.9 0.662
48 (87.3%) 106 (84.8%) 0.661
23 (41.8%) 30 (24.0%) 0.017
16 (29.1%) 30 (24.0%) 0.474
13.1+1.6 13.1+£1.5 0.929
0.93+0.18 0.86 £ 0.20 0.049
39.4+10.6 38.0 + 11.1 0.419
14 (25.9%) 31 (25.0) 0.896
46 (83.6%) 99 (79.2%) 0.483
290.2 + 55.8 289.0 + 56.5 0.896
57.5+21.6 62.3+19.0 0.132
38.2+18.0 39.8+15.2 0.539
13 (23.6%) 21 (16.8%) 0.288
869.8.7 + 437.1 1009.2 + 412.9 0.042
1224.5 + 565.3 1348.9 + 501.8 0.142
1683.6 + 718.6 1939.5 + 694.7 0.025

Data are mean =+ SD or number of patients (%).

after elective surgeries with low FGF.* We therefore provide
indirect (we did not measure Compound A) but reinforcing
evidence that AKI associated with Compound A in humans is
not clinically evident in clinical practice, even in the case of
minimal FGF anesthesia.

We used simple measures for identification of AKI, i.e.,
creatinine and urinary output. From a clinical perioperative
point of view, indications for renal replacement therapy and
postoperative renal care are mainly based on these parame-
ters. We found an incidence of CSA-AKI in the first five post-
operative days of 30.5%, which is consistent with previous
studies.® This percentage decreased significantly after
twenty days, falling to just 6.1%. Although a large number of
patients were lost to follow-up, we obtained serum creati-
nine measurements at 3 months after hospital discharge for
121 patients, only 1.6% of whom had values exceeding 1.5x
the preoperative values. These data are consistent with AKI
related to cardiac surgery as described.®

A number of risk factors for CSA-AKI demonstrated in pre-
vious studies, such as the nature of the surgical procedure,
duration of surgery, duration of CPB, duration of aortic
cross-clamping and blood transfusion were not statistically
significant in our study, which favored the analysis of the
type of flow used. On the other hand, modest differences
with respect to preoperative creatinine (0.93 + 0.18 for
CSA-AKI vs. 0.86 + 0.20 for no CSA-AKI patients, p = 0.049)
were related to the primary outcome. Although hyperten-
sion was not directly shown to be a predictor of CSA-AKI in
our study, higher preoperative creatinine values could be a
consequence of hypertensive nephrosclerosis and thus indi-
rectly be related to postoperative kidney injury, just as it
was demonstrated with diabetes mellitus. Including known
risk factors for CSA-AKI such as CPB duration, diabetes melli-
tus, age, baseline creatinine, sex and blood transfusion in a
logistic regression did not reveal evidence of differences in
the primary outcome between the groups over the first five
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postoperative days (odds ratio, 0.88, 95% Cl, 0.45 to 1.72,
p = 0.699). However, in the same analytical model, 20 days
after hospital discharge there was statistical significance for
CSA-AKI in the high FGF group (odds ratio, 0.18, 95% Cl, 0.03
to 0.97, p = 0.046), which can be explained by the low num-
ber of patients (only 11 patients had AKI 20 days after dis-
charge).

The fact that there are currently CO, absorbers that do
not produce compound A does not detract from the impor-
tance of this study for two reasons:'” Firstly, the new CO,
absorbers are more expensive and have a lower absorption
capacity than sodium hydroxide, which results in anesthesia
of questionable cost-effectiveness;'®'® and secondly, the
FDA recommends using higher FGF even with these expen-
sive and modern absorbers, which could lead to increased
costs and additional environmental pollution.

Waste anesthetic gases are responsible for occupational
exposure of health personnel and are also a source of atmo-
spheric pollution. Chronic exposure to isoflurane, sevoflur-
ane, desflurane and nitrous oxide can lead to cytotoxicity
and genome instability, according to evaluation of cells from
buccal mucosa.?’ Other genetic alterations have also been
demonstrated in anesthesiologists, surgeons, nurses and
technicians chronically exposed to inhaled anesthetics.?'"%
While some countries have established limits for operating
room waste anesthetic gases,”® several underdeveloped
countries still lack regulation of occupational exposure to
inhalational anesthetics. Low FGF anesthesia is clearly con-
sistent with reducing occupational exposure to waste anes-
thetic gases.

Some authors consider that one risk factor for AKI is hypo-
tension. For this reason, one possible limitation of our study
is that we did not analyze MAP intraoperatively or compare
it between groups, even though we strictly followed meth-
odology for maintenance of normotension.?* Another poten-
tial limitation of the study was that we did not analyze
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patients with serum creatinine values higher than 1.3 mg.
dL™", but other studies with non-cardiac surgeries show that
sevoflurane is safe at low FGF in patients with creatinine val-
ues higher than 1.5 mg.dL~".%°

We conclude that, when compared to a high FGF (2.0 L.
min~"), the use of minimal (0.5 L.min~") FGF anesthesia
with sevoflurane is not associated with increased incidence
of postoperative AKI in on-pump cardiac surgery. Therefore,
this practice should be routinely implemented and encour-
aged, not least considering the reduction in occupational
exposure.’®?” The present study reinforces the evidence
showing that we can provide sustainable and cost-effective
anesthesia in a population at high risk for AKI using sevoflur-
ane at minimal FGF.
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Total hip Background: Early mobilization after surgery is a cornerstone of the Enhanced Recovery After
arthroplasty; Surgery (ERAS) programs in total hip arthroplasty (THA) or total knee arthroplasty (TKA). Our
Total knee goal was to determine the time to mobilization after this surgery and the factors associated
arthroplasty; with early mobilization.

Enhanced Recovery Methods: This was a predefined substudy of the POWER.2 study, a prospective cohort study
After Surgery (ERAS); conducted in patients undergoing THA and TKA at 131 Spanish hospitals. The primary outcome
’ was the time until mobilization after surgery as well as determining those perioperative factors

Early mobilization; ] ) AT
associated with early mobilization after surgery.
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Results: A total of 6093 patients were included. The median time to achieve mobilization after
the end of the surgery was 24 hours [16-30]. 4,222 (69.3%) patients moved in < 24 hours
after surgery. Local anesthesia [OR = 0.80 (95% confidence interval [CI]: 0.72-0.90); p = 0.001],
surgery performed in a self-declared ERAS center [OR = 0.57 (95% Cl: 0.55-0.60); p < 0.001],
mean adherence to ERAS items [OR = 0.93 (95% Cl: 0.92-0.93); p < 0.001], and preoperative
hemoglobin [OR = 0.97 (95% Cl: 0.96-0.98); p < 0.001] were associated with shorter time to
mobilization.

Conclusions: Most THA and TKA patients mobilize in the first postoperative day, early time
to mobilization was associated with the compliance with ERAS protocols, preoperative
hemoglobin, and local anesthesia, and with the absence of a urinary catheter, surgical drains,
epidural analgesia, and postoperative complications. The perioperative elements that are asso-
ciated with early mobilization are mostly modifiable, so there is room for improvement.

© 2021 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Primary total hip arthroplasty (THA) is projected to grow
71%, to 635,000 procedures by 2030 and primary total knee
arthroplasty (TKA) is projected to grow 85%, to 1.26 million
procedures by 2030 in the USA." As this implies an increase in
health expenditure, in recent years the THA and TKA process
has been focused as a short or ultra-short stay process, and
has adhered to the principles of Enhanced Recovery After
Surgery (ERAS), whose aim is to improve patient recovery
in order to shorten length of stay (LOS) without increas-
ing complications or readmissions.? Vendittoli et al. recently
demonstrated that the implementation of a short-stay ERAS
protocol was associated to a significant reduction in the
complication rate by 50% when achieving ambulatory THA
and < 24 hours LOS for TKA.? Early function and mobiliza-
tion are key factors for success of a short stay program, and
recent ERAS guidelines recommend that patients should be
mobilized as soon as possible following surgery.* As peri-
operative care continues to become more expedited and
health systems aim to implement programs to speed recov-
ery and reduce costs, it is important to identify barriers
to early mobilization. In addition to reducing LOS,’ early
mobilization programs integrated in ERAS protocols reduce
postoperative complications. The POWER.2 study® showed
that patients treated in self-declared ERAS centers, and who
had multidisciplinary clinical pathways for THA/TKA had
fewer postoperative complications and shorter LOS; in addi-
tion, postoperative complications were inversely related to
adherence to the perioperative ERAS items. Importantly,
patients who were mobilized early had significantly fewer
complications.®

Although mobilization during the postoperative period
is related to the center where the THA/TKA procedure is
performed,’ there are additional factors. Early mobilization
can be considered both as an outcome and as a perioper-
ative item within the ERAS program. The main goal of this
substudy was to determine factors associated with an early
mobilization after surgery.

Methods

Study design and participants

The POWER.2 study was a prospective 2-month multi-
center cohort study. The study was approved by the
Instituto Aragonés de Ciencias de la Salud Ethics Committee
(Zaragoza, Spain) (C.P.-C.I. PI18/135; on 23 May 2018), and
by the Spanish Medical Agency, and was registered prospec-
tively in an international trial registry (NCT03570944). The
study protocol” and the main results have been published.®
Ethics committees or institutional review boards at each site
reviewed and approved the protocol. Written informed con-
sent was obtained from all participants. This Substudy is
reported in accordance with the *‘Strengthening the Report-
ing of Observational Studies in Epidemiology’’ (STROBE).®

Participants

Inclusion and exclusion criteria were previously described.
In brief, patients were eligible for inclusion if they were 18
years old or older and undergoing elective primary THA or
TKA - regardless of whether they were treated in a self-
declared ERAS center or not - and were recruited during a
single period of two months between October and December
2018 in each participating center. Individual data on 16 ERAS
items were collected prospectively for each patient. The
definition of the individual ERAS components was based on
the EM Soffin and JT YaDeau recommendations.’

Data included patient characteristics (American Soci-
ety of Anesthesiologists — ASA physical status, age, sex,
smoking status, body mass index, Rockwood clinical frailty
score,'® and comorbidities), procedure performed, surgical
approach, perioperative interventions, ERAS items adher-
ence and outcomes (including postoperative complications,
time to achieve targeted mobility, LOS, and 30-day mor-
tality). Complications were defined and graded as mild,
moderate, or severe according to international recommen-
dations, and were included if occurring within 30 days after

55


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Ripollés-Melchor, C. Aldecoa, R. Fernandez-Garcia et al.

surgery. Data validation was conducted by specific validators
at each site.

Outcomes

The primary outcome for this substudy was the time until
mobilization after surgery (i.e., time when patients walked,
including any partial or full weight-bearing activities such as
walking on the spot, bed-to-chair and bed-to-toilet) as well
as determining those perioperative factors associated with
early mobilization after surgery.

Statistical analysis

Simple descriptive statistics, including means, medians,
quartiles, and proportions, were used to describe the overall
and TKA-THA cohorts. The discrete and continuous varia-
bles were described as number and percentage and median
(interquartile range [IQR]), and their differences analyzed
using the Fisher exact or Pearson and Wilcoxon Rank sum
tests. For exploratory purposes we split the cohort in
patients who moved less than 24 hours after surgery and
those who did it after this period.

Statistical methods that allowed simultaneous consid-
eration of multiple factors with an outcome of interest
were used to identify associations between covariates and
mobilization outcomes. Quasi-Poisson regression was used
as the primary outcome was count data. All patient and
surgery related variables were included in regression anal-
ysis: age (divided into quartiles), body mass index (BMI)
(according to categories used to grade obesity [< 25 kg.mZ,
25-29.9 kg.m?2, 30-34.9 kg.m? and > 35 kg.m?2]), ASA
physical status, frailty score, comorbidities, preoperative
hemoglobin, preoperative creatinine, general anesthesia,
spinal or epidural block, regional nerve block, local anes-
thesia, urinary drain, time of surgery, drains, red blood cell
(RBC) transfusion, bleeding, tranexamic acid administra-
tion, compliance with the ERAS individual items, presence
of ERAS protocol, postoperative hemoglobin, postoperative
complications, postoperative level of care, postoperative
red blood cell transfusion, and LOS. This analysis was per-
formed for the THA and TKA subgroups. Age was categorized
into quartiles to provide more clinically meaningful informa-
tion, as statistical analysis calculated the risk ratio (RR) to
determine the quantitative effects of each covariate. As age
is normally a continuous variable, the RR would refer to an
increment of one single year, which is less meaningful in a
clinical setting. Similar reasons applied to categorizing other
numerical variables, such as BMI, for statistical analysis.

Independent variables individually associated with the
outcome with a p-value of < 0.05 on univariate analysis were
selected for a multivariable regression model. A two-tailed
p-value of < 0.05 was considered significant. OR was cal-
culated in the multivariable regression with 95% confidence
intervals (Cl) to determine the quantitative effects of each
covariate. THA and TKA patients were analyzed separately.
We analyzed the variables associated with early mobilization
(defined as equal or less than 24 hours) or delayed (greater
than 24 hours) by means of a logistical univariate analysis
including demographic characteristics, surgery, adherence
to ERAS protocol, and postoperative journey.

All analysis were performed using the R software pack-
ages. A p-value < 0.05 was considered as statistically
significant.

Results

Participants

In POWER.2 study 6146 patients were recruited in 131 Span-
ish hospitals. Of these, there were complete data about
their mobilization in 6093, which were analyzed in this sub-
study (Fig. 1).

Of the patients, 2280 (37.4%) underwent THA, while
3813 (62.6%) underwent TKA. According to the hospitals
where the surgery was performed, 1558 patients (25.6%)
were treated in self-proclaimed ERAS centers. The median
compliance with the ERAS items was 8 (7-10 IQR), the
majority of patients 4101 (67.3%) had ASA physical status
II; the median frailty was 3 (2-3). The median preopera-
tive hemoglobin was 14 g.dL™" (13.1-15 IQR). Most patients
received spinal anesthesia 5629 (92.4%). 673 (11%) patients
had postoperative complications and the median hospital
stay was 4 days (3-6) (Table 1).

Outcome data

The median time to achieve mobilization after the end of the
surgery was 24 hours (16-30). 4222 (69.3%) patients moved
in the first 24 hours after surgery, while 1871 (30.7%) moved
after the first 24 hours. 1538 (67.5%) patients undergoing
THA and 2684 (70.4%) undergoing TKA moved in the first
24 hours after surgery.

Factors associated with early mobilization

Patient characteristics, surgical and anesthetic factors, and
compliance with ERAS items associated with time to mobi-
lization on uni or multivariate analysis are shown in Table 2.
For the entire cohort, local anesthesia [OR = 0.80 (95%
confidence interval [CI]: 0.72-0.90); p = 0.001] and surgery
performed in a self-declared ERAS center [OR = 0.57 (95%
Cl: 0.55-0.60); p < 0.001] were associated with shorter time
to mobilization. In patients undergoing THA, male sex [OR
= 0.94 (95% Cl: 0.89-0.99); p = 0.038], and surgery per-
formed in a self-declared ERAS center [OR = 0.60 (95% CI:
0.56-0.65); p < 0.001] were associated with shorter time to
mobilization (Table 2). In the TKA subgroup, local anesthesia
[OR = 0.83 (95% CI: 0.74-0.93); p = 0.001] and surgery per-
formed in a self-declared ERAS center [OR = 0.55 (95% ClI:
0.52-0.59); p < 0.001] were associated with shorter time
to mobilization; on the contrary, ASA Ill patients, patients
with vascular disease, epidural anesthesia, urinary drain,
surgical drains, postoperative complications [OR = 1.28 (95%
Cl: 1.18-1.38); p < 0.001], postoperative stay at ICU level
one or ICU level two, and LOS were associated with delayed
mobilization (Table 2).

Stratification of the entire cohort among patients who
moved before or after the first 24 hours after surgery
showed that smoking, preoperative hemoglobin [OR = 0.94
(95% ClI: 0.90-0.97); p < 0.001], local anesthesia [OR =
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Figure 1 CONSORT flow diagram for included patients.

0.38 (95% Cl: 0.26-0.54); p < 0.001], intraoperative tranex-
amic acid administration [OR = 0.70 (95% Cl: 0.63-0.79);
p < 0.001], being treated in an ERAS center [OR = 0.18 (95%
Cl: 0.15-0.21); p < 0.001], mean compliance with ERAS items
[OR = 0.80 (95% CI: 0.78-0.82); p < 0.001], and postopera-
tive hemoglobin [OR = 0.91 (95% Cl: 0.88-0.94); p < 0.001]
were significantly associated with early mobilization (< 24
hours) (Table 3). In the subgroup of patients who underwent
THA, men [OR = 0.77 (95% Cl: 0.65-0.92); p < 0.001], a BMI
of 25-30 [OR = 0.76 (95% CI: 0.60-0.95); p < 0.001], pre-
operative hemoglobin, administration of tranexamic acid,
belonging to a self-declared ERAS center [OR = 0.17 (95% Cl:
0.13-0.23); p < 0.001], the median compliance with ERAS,
and postoperative hemoglobin were the variables signifi-
cantly associated with early mobilization (Table 3); while
other variables detailed in Table 3 were associated with an
increase in hours up to mobilization after surgery. In the TKA
subgroup of patients, local anesthesia [OR = 0.39 (95% Cl:
0.26-0.56); p < 0.001], preoperative hemoglobin, adminis-
tration of tranexamic acid, belonging to a self-declared ERAS
center, the median compliance with ERAS [OR = 0.79 (95%
Cl: 0.77-0.88); p < 0.001], were significantly associated with
early mobilization (Table 3).

The distribution of the entire cohort and the time to
mobilization according to whether or not they belonged to
an ERAS center is shown in Figure 2. Figure 3 shows the dis-
tribution of patients and their mobilization according to the
presence or not of postoperative complications.

Discussion

This study provides a snapshot of current practice in a large
number of centers on how early mobilization is performed
after THA or TKA and explores what factors may influence
early or late mobilization. The median time to mobilization

after the end of surgery was 24 hours, moving 69% of patients
on the first 24 hours after the end of surgery.

Interestingly, being treated in an ERAS center was the fac-
tor most strongly associated with early mobilization, both in
patients undergoing THA and TKA. This reflects the impor-
tance of hospital protocols, as it indicates that ERAS centers
deliberately mobilized patients as soon as possible accord-
ing to ERAS recommendations, while non-ERAS centers did
not. In addition, with each ERAS implemented item, the time
until mobilization was reduced by 7%. The median compli-
ance with the ERAS items was 8 of the 16 items that made
up the ERAS protocol evaluated in POWER.2 study. This indi-
cates that there is room for improvement in these patients.

Contrary to previous studies in which it was found that
age and ASA score were not associated with time until mobi-
lization after THA or TKA,>"" our study found that there are
patient related factors associated with mobilization time:
in the multivariate analysis we found that a higher ASA
score was associated with longer time until mobilization in
all patients; in addition, patients older than 76 years, and
patients with higher frailty score were unable to move on the
first postoperative day. These patients, despite the improve-
ments provided by ERAS programs, should be considered
as at-risk patients, and expectations for the postoperative
journey should be adjusted.

Since most patients undergoing THA/TKA can be opti-
mized before surgery,'? it is important to highlight the
preoperative factors that influenced the time until post-
operative mobilization. Although the median preoperative
hemoglobin in our cohort was 14 g.dL™", for each increase in
one gram of hemoglobin, the time to mobilization decreased
by 8%. Preoperative anemia was associated with increased
risk of receiving RBC transfusion during admission'® and,
similar to other studies, RBC transfusion®'* and anemia
have been associated with both delayed mobilization and
postoperative complications.®' Most patients undergoing
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Table 1  Baseline characteristics of patients.

Agen, %
(18,63)
(63,71)
(71,76)
(76,95)
Sexn, %
Female
Male
BMI kg.mZ, n, %
(15.9,25)
(25,30)
(30,35)
(35,110)
ASA Score n, %
ASA |
ASA I
ASA I
ASA IV
Ex-smoker n, %
Smoker n, %
Frailty median, IQR
Hypertension n, %
Ischemic heart disease n, %
Heart failure n, %
Cirrhosis n, %
Stroke n, %
Atrial fibrillation n, %
COPD n, %
Chronic kidney disease n, %
Peripheral vasculopathy n, %
Dementia n, %
Preoperative hemoglobin g.dL™" (Median, IQR)
Preoperative creatinine mg.dL! (Median, IQR)
Preoperative RBC transfusion n, %
General anesthesia n, %
Epidural anesthesia n, %
Regional anesthesia n, %
Local anesthesia n, %
Spinal anesthesia n, %
Intrathecal morphine administration n, %
Urinary drain n, %
Surgical drains n, %
Time of surgery, minutes (Median IQR)
Tourniquet time, minutes (Median, IQR)
Intraoperative RBC transfusion n, %
Bleeding, mL (Median IQR)

Tranexamic acid administration
ERAS center n, %
ERAS mean compliance (Medan, IQR)
Postoperative hemoglobin, g.dL™" (Median, IQR)
Postoperative complications n, %
Moderate-severe postoperative complications
n, %
Level of care after surgery
Ward/ Post-anesthetic care unit n, %

1535 (25.2%)
1762 (28.9%)
1324 (21.7%)
1472 (24.2%)

3556 (58.4%)
2537 (41.6%)

921 (15.5%)
2341 (39.5%)
1787 (30.1%)
883 (14.9%)

388 (6.4%)
4101 (67.3%)
1561 (25.6%)

42 (0.7%)

996 (16.4%)

695 (11.4%)

3.0 [2.0;3.0]
3614 (72.8%)
356 (7.2%)

156 (2.6%)

52 (1.0%)

287 (5.8%)

416 (6.8%)

690 (13.9%)

328 (6.6%)

280 (4.6%)

66 (1.1%)

14.0 [13.1;15.0]
0.8 [0.7;1.0]

7 (0.1%)

456 (7.5%)

386 (6.3%)

925 (15.2%)

233 (3.8%)

5629 (92.4%)
435 (7.7%)

1388 (22.8%)
4290 (70.4%)
90.0 [75.0;110.0]
80.0 [65.0;95.0]
60 (1.0%)

200.0
[100.0;350.0]
4495 (74.1%)
1558 (25.6%)
8.0 [7.0;10.0]
11.5 [10.5;12.5]
673 (11.0%)

347 (5.7%)

5692 (93.4%)

58

894 (39.2%)
540 (23.7%)
377 (16.5%)
469 (20.6%)

1035 (45.4%)
1245 (54.6%)

517 (23.3%)
955 (43.0%)
526 (23.7%)
224 (10.1%)

233 (10.2%)
1486 (65.2%)
534 (23.4%)

26 (1.1%)

425 (18.7%)

375 (16.5%)
3.0[2.0;3.0]
1126 (67.5%)
117 (7.0%)

56 (2.5%)

19 (1.1%)

106 (6.4%)

147 (6.4%)

261 (15.6%)

102 (6.1%)

103 (4.5%)

20 (0.9%)

14.3 [13.3;15.2]
0.8 [0.7;1.0]

6 (0.3%)

258 (11.3%)

60 (2.6%)

156 (6.8%)

14 (0.6%)

2039 (89.4%)
158 (7.7%)

533 (23.4%)
1454 (63.8%)
90.0 [70.0;110.0]
L]

47 (2.1%)

300.0
[200.0;500.0]
1591 (70.2%)
577 (25.3%)

8.0 [7.0;10.0]
11.5 [10.4;12.6]
272 (11.9%)

149 (6.5%)

2160 (94.7%)

641 (16.8%)
1222 (32.0%)
947 (24.8%)

1003 (26.3%)

2521 (66.1%)
1292 (33.9%)

404 (10.9%)
1386 (37.4%)
1261 (34.0%)
659 (17.8%)

155 (4.1%)
2615 (68.6%)
1027 (26.9%)
16 (0.4%)

571 (15.0%)
320 (8.4%)

3.0 [3.0;4.0]
2488 (75.5%)
239 (7.3%)

100 (2.6%)

33 (1.0%)

181 (5.5%)

269 (7.1%)

429 (13.0%)
226 (6.9%)

177 (4.6%)

46 (1.2%)

13.9 [13.0;14.8]
0.8 [0.7;0.9]
1(<0.1%)

198 (5.2%)

326 (8.5%)

769 (20.2%)
219 (5.7%)
3590 (94.2%)
277 (7.7%)

855 (22.4%)
2836 (74.4%)
90.0 [75.0;110.0]
80.0 [65.0;95.0]
13 (0.3%)

150.0 [50.0;300.0]

2904 (76.4%)
981 (25.7%)

9.0 [7.0;10.0]
11.5 [10.6;12.5]
401 (10.5%)

198 (5.2%)

3532 (92.6%)
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Table 1 (Continued)

ICU level 1 n, % 373 (6.1%) 110 (4.8%) 263 (6.9%)

ICU level 2 n, % 28 (0.5%) 10 (0.4%) 18 (0.5%)

Postoperative RBC transfusion n, % 438 (7.2%) 209 (9.2%) 229 (6.0%)
LOS, days, (Median, IQR) 4.0 [3.0;6.0] 4.0 [3.0;6.0] 4.0 [3.0;6.0]

ASA, American Society of Anesthesiologists; BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; RBC, Red blood cell;
ERAS, Enhanced recovery after surgery; ICU, Intensive care unit; LOS, Length of stay; THA, total hip arthroplasty; TKA, total knee
arthroplasty.

The Level of care after surgery was defined as: Surgical Ward/ Post-anesthetic care unit (Level 0): Normal ward care without Level
1 or 2 capabilities. Critical care Level 1: May include advanced cardiorespiratory monitoring (e.g., invasive arterial/central venous
monitoring) and basic organ support (e.g., noninvasive ventilation and inotropic/vasoactive drug administration) Critical care Level 2:

Includes advanced organ support, for example, invasive ventilation and renal replacement therapy.

1504

<0.0001

100 4

<0.0001

® ERAS
3 E3 No
T B3 Yes
ecen mee e P wee

50 2 ~y—g=yy-

c{i{ PW

= e

s S -®3

0.
THA TKA
Surgery
Figure 2  Distribution of hours of mobilization. ERAS, Enhanced recovery after surgery; IQR, Interquartile range; THA, total hip

arthroplasty; TKA, total knee arthroplasty.

Dots represent number of hours of mobilization according to ERAS and surgery. Box lines represent median and IQR. By using
quasi-poison regression, p-values were obtained between the ERAS and non-ERAS groups for THA and TKA.

THA/TKA have iron deficiency anemia'®; however, despite
international recommendations,’® not all centers have an
established Patient Blood Management program for these
patients'” in order to treat anemia before surgery.

Epidural analgesia is not frequent in THA/TKA, and it was
performed in 2.6% and 8.5% of patients, respectively; how-
ever, its use was associated with an increase in time until
mobilization after surgery. Nonetheless, the administration
of local infiltration analgesia (LIA) was significantly associ-
ated with a decrease in hours until mobilization, both in
THA and in TKA. A recent meta-analysis showed that LIA

was associated with a reduction of LOS compared to epidu-
ral anesthesia finding no differences in postoperative pain in
patients undergoing TKA.'® On the contrary, the effective-
ness of the LIA in patients undergoing THA is not clear, and
LIA may have limited additional analgesic efficacy in THA
when combined with a multimodal analgesic regimen. ' Sim-
ilarly, we found that it was the patients undergoing TKA who
presented an early mobilization associated with LIA, while
not those undergoing THA. LIA with administration of local
anesthetic in various combinations with epinephrine, non-
steroidal anti-inflammatory drugs, opioids, steroids, or all
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Table 2 Univariate and multivariate analysis for mobilization.

Age

Sex

BMI

[18,63]

(63,71]

(71,76]

(76,95]

Female

Male

[15.9,25)

[25,30)

[30,35)

24.00
(16.00 to
28.00)
24.00
(15.00 to
30.00)

24.00
(17.00 to
30.25)

24.00
(16.00 to
32.00)

24.00
(16.00 to
30.00)
24.00
(16.00 to
29.00)

24.00
(16.00 to
30.00)
24.00
(16.00 to
30.00)

24.00
(16.00 to
30.00)

1.004
(0.962-
1.048, p
=0.8441)
1.047
(1.001-
1.096, p
=0.0470)

1.047
(1.001-
1.094, p
= 0.0448)

0.971
(0.941-
1.003, p
= 0.0720)

0.984
(0.939-
1.032, p
= 0.5038)
0.980
(0.933-
1.029, p
=0.4131)

1.007
(0.962-
1.055, p
=0.7581)
1.031
(0.982-
1.083, p
=0.2128)

1.019
(0.971-
1.071, p
= 0.4432)

0.973
(0.938-
1.008, p
=0.1331)

[18,63]

(63,71]

(71,76]

(76,95]

Female

Male

[15.9,25)

[25,30)

[30,35)

24.00
(18.00 to
28.00)
24.00
(18.00 to
30.00)

24.00
(20.00 to
36.00)

24.00
(20.00 to
30.00)

24.00
(20.00 to
35.50)
24.00
(18.00 to
28.00)

24.00
(20.00 to
32.00)
24.00
(18.00 to
28.50)

24.00
(19.00 to
30.00)

1.019
(0.955-
1.086, p
= 0.5764)
1.103
(1.028-
1.184, p
=0.0064)

1.063
(0.994-
1.136, p
= 0.0726)

0.935
(0.890-
0.982, p
= 0.0071)

0.951
(0.893-
1.014, p
=0.1212)
0.958
(0.892-
1.030, p
= 0.2455)

1.028
(0.959-
1.101,

p =0.4435)
1.112
(1.029-
1.200, p
0.0069)
1.029
(0.953-
1.110, p

= 0.4708)

0.941
(0.889-
0.997, p

0.0385)

[18,63]

(63,71]

(71,76]

(76,95]

Female

Male

[15.9,25)

[25,30)

[30,35)

24.00
(13.00 to
28.00)
24.00
(13.00 to
30.00)

24.00
(16.00 to
30.00)

24.00
(15.00 to
34.50)

24.00
(14.00 to
30.00)
24.00
(15.00 to
29.00)

24.00
(12.00 to
27.00)
24.00
(15.00 to
30.00)

24.00
(15.00 to
30.00)

1.021
(0.960-
1.086,
p=0.5143)
1.049
(0.984-
1.119, p

= 0.1450)

1.062
(0.997-
1.132, p
= 0.0636)

0.976
(0.935-
1.019, p
=0.2719)

1.045
(0.973-
1.123, p
= 0.2260)
1.041
(0.969-
1.120, p
= 0.2743)

1.018
(0.956-
1.083,
p=0.5820)
1.016
(0.952-
1.084, p
=0.6411)

1.028
(0.963-
1.098, p
= 0.4088)

0.970
(0.926-
1.017, p
= 0.2062)
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Table 2 (Continued)

ASA

19

Ex-smoker

Smoker

Frailty

Hypertension

[35,110)

ASA |

ASA I

ASA I

ASA IV

Exsmoker

[1,8]

24.00
(18.00 to
36.00)

24.00
(12.00 to
24.00)
24.00
(16.00 to
29.00)

24.00
(19.00 to
36.00)

24.00
(24.00 to
48.00)

24.00
(16.00 to
30.00)

24.00
(16.00 to
26.00)

24.00
(16.00 to
30.00)

24.00
(16.00 to
30.00)

1.022
(0.966-
1.082, p
= 0.4425)

1.135
(1.060-

1.217,p
= 0.0003)

1.248
(1.161-
1.342, p
<0.0001)

1.409
(1.170-
1.684, p
= 0.0002)

0.987
(0.946-
1.030, p
= 0.5544)
0.948
(0.901-
0.997, p
=0.0387)
1.017
(1.001-
1.033, p
=0.0352)
1.027
(0.988-
1.068, p
=0.1841)

1.505
(1.171-
1.978, p
0.0022)
1.570
(1.219-
2.068, p

0.0008)
1.587
(1.170-
2.183,p

0.0036)

0.998
(0.980-
1.015, p
= 0.7967)

[35,110)

ASA 1

ASA 2

ASA 3

ASA 4

Exsmoker

[1,7]

24.00
(20.00 to
36.00)

24.00
(12.00 to
24.00)
24.00
(19.00 to
30.00)

24.00
(23.00 to
36.00)

26.00
(24.00 to
48.00)

24.00
(18.00 to
30.00)

24.00
(18.00 to
28.00)

24.00
(18.00 to
30.00)

24.00
(20.00 to
30.00)

1.004
(0.916-
1.100, p
= 0.9264)

1.149
(1.053-
1.255, p
=0.0019)

1.261
(1.147-

1.388, p
< 0.0001)

1.411
(1.122-

1.753, p
= 0.0025)

0.990
(0.928-
1.055, p
= 0.7527)
0.928
(0.865-
0.994, p
=0.0343)
1.040
(1.017-
1.062, p
=0.0005)
0.983
(0.926-
1.043, p
= 0.5626)

1.546
(1.110-
2.240, p

0.0148)
1.643
(1.174-
2.389, p

0.0061)
1.606
(1.084-
2.443, p

0.0219)

1.010
(0.983-
1.036, p
= 0.4767)

[35,110)

ASA 1

ASA 2

ASA 3

ASA 4

Exsmoker

[1,8]

24.00
(16.00 to
36.00)

22.00
(11.00 to
24.00)
24.00
(14.00 to
28.00)

24.00
(18.00 to
36.00)

24.00
(24.00 to
36.00)

24.00
(15.00 to
28.00)

24.00
(15.00 to
26.00)

24.00
(14.00 to
30.00)

24.00
(15.00 to
30.00)

1.088
(1.005-
1.178, p
= 0.0370)

1.161
(1.041-

1.300, p
= 0.0087)

1.280
(1.143-
1.438, p
<0.0001)

1.402
(1.020-

1.882, p
= 0.0303)

0.975
(0.921-
1.033, p
= 0.3941)
0.947
(0.878-
1.020, p
=0.1518)
1.000
(0.979-
1.022, p
= 0.9707)
1.066
(1.013-
1.122, p
= 0.0148)

1.442
(1.007-

2.166, p
= 0.0602)

1.490
(1.038-
2.242, p

0.0417)
1.510
(0.945-
2.466, p
= 0.0908)

0.985
(0.961-
1.008, p =
0.1963)
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Table 2 (Continued)

Ischemic heart
disease

Heart Failure

Cirrhosis

Stroke

Atrial
Fibrillation

CPOD

Chronic kidney
disease

Peripheral
vascular
disease

Dementia

24.00
(20.75 to
36.00)

24.00
(18.00 to
31.25)

24.00
(19.75 to
28.00)

24.00
(18.50 to
36.00)

24.00
(18.00 to
36.00)

24.00
(18.00 to
28.00)

24.00
(17.75 to
36.00)

24.00
(19.75 to
37.00)

24.00
(12.00 to
29.50)

1.086
(1.017-
1.157, p
=0.0125)
1.059
(0.960-
1.164, p
= 0.2444)
0.965
(0.809-
1.141, p
=0.6880)
1.044
(0.970-
1121, p
= 0.2476)
1.071
(1.008-
1.137,p
=0.0253)
1.012
(0.963-
1.063, p
=0.6246)
1.047
(0.978-
1.120, p
= 0.1845)
1.092
(1.016-
1.173, p
=0.0155)

0.947
(0.808-
1.102, p
=0.4919)

1.011
(0.950-
1.074, p
=0.7360)

0.992
(0.936-
1.052, p
= 0.7969)

1.054
(0.988-
1.124, p
= 0.1097)
1.062
(0.994-
1.134, p
= 0.0713)

24.00
(24.00 to
36.00)

24.00
(18.00 to
28.25)

24.00
(20.00 to
28.00)

24.00
(22.25 to
45.00)

24.00
(21.00 to
42.00)

24.00
(20.00 to
28.00)

24.00
(24.00 to
47.50)

24.00
(24.00 to
29.50)

25.50
(24.00 to
31.50)

1.113
(1.001-
1.234, p
=0.0452)
1.008
(0.857-
1.176, p
=0.9221)
0.850
(0.630-
1.117, p
=0.2652)
1.070
(0.956-
1.195, p
=0.2331)
1.068
(0.968-
1.176, p
=0.1822)
1.007
(0.932-
1.087, p
=0.8511)
1.173
(1.050-
1.305, p
=0.0042)
1.019
(0.905-
1.144, p
=0.7496)

1.112
(0.857-
1.413, p
= 0.4067)

1.018
(0.920-
1.125, p
= 0.7248)

0.964
(0.877-
1.058, p
= 0.4398)

1.105
(0.993-
1.225, p
= 0.0630)
0.985
(0.885-
1.094, p
= 0.7864)

24.00
(20.00 to
36.00)

24.00
(17.50 to
36.00)

24.00
(19.00 to
36.00)

24.00
(18.00 to
36.00)

24.00
(17.00 to
36.00)

24.00
(17.00 to
28.00)

24.00
(12.00 to
36.00)

24.00
(18.00 to
48.00)

24.00
(12.00 to
24.00)

1.072
(0.987-
1.162, p
= 0.0934)
1.091
(0.964-
1.228, p
=0.1614)
1.033
(0.827-
1.271, p
=0.7656)
1.024
(0.931-
1.124, p
= 0.6237)
1.075
(0.995-
1.159, p
= 0.0647)
1.011
(0.948-
1.078, p
=0.7386)
0.990
(0.907-
1.078, p
=0.8116)
1.138
(1.039-
1.245, p
= 0.0050)

0.877
(0.715-
1.062, p
= 0.1924)

1.018
(0.941-

1.099, p
= 0.6565)

1.004
(0.932-

1.080, p
= 0.9154)

1.044
(0.961-
1.131, p
= 0.3057)
1.097
(1.009-
1.191, p
0.0282)

‘|e 12 elDJeD-ZapURUIDS Y “e0daPYY D Uoydjaw-sanodiy



€9

Table 2 (Continued)

Preoperative [8,18.7]
hemoglobin

(g.dL™")

Preoperative
Creatinine
(mg.dL™")

[0.15,14.3]

Preoperative
RBT
transfusion

General

anesthesia

Epidural
anesthesia

Regional
anesthesia

Local
anesthesia

Spinal
anesthesia

24.00
(16.00 to
30.00)

24.00
(16.00 to
30.00)

48.00
(48.00 to
48.50)

24.00
(18.00 to
30.00)

31.00
(24.00 to
48.00)

24.00
(18.00 to
36.00)

7.00
(5.00 to
24.00)

24.00
(16.00 to
30.00)

0.981
(0.970-
0.992, p
= 0.0006)
1.035
(0.990-
1.077, p
=0.1071)
1.860
(1.300-
2.561, p
= 0.0003)
1.032
(0.973-
1.093, p
=0.2953)
1.433
(1.357-
1.512, p
< 0.0001)

1.016
(0.973-
1.061, p
= 0.4769)

0.543
(0.487-
0.604, p
< 0.0001)

0.933
(0.881-
0.988, p
=0.0167)

0.999
(0.986-
1.012, p
=0.8374)

1.216
(0.870-
1.654, p
=0.2329)

1.271
(1.203-

1.343, p
< 0.0001)

0.981
(0.939-
1.024, p
=0.3888)

0.805
(0.722-
0.894, p

0.0001)
0.976
(0.922-
1.035, p
= 0.4207)

[8,18.7]

[0.28,3.72]

24.00
(19.00 to
30.00)

24.00
(18.00 to
30.00)

48.00
(48.00 to
48.75)

24.00
(19.00 to
29.50)

30.00
(24.00 to
48.00)

24.00
(24.00 to
48.00)

7.00
(4.25 to
23.75)

24.00
(18.00 to
30.00)

0.971
(0.956-
0.987, p
= 0.0004)
1.065
(0.966-
1.173, p
=0.2024)
2.088
(1.471-
2.859, p
<0.0001)
0.994
(0.919-
1.074, p
=0.8813)
1.434
(1.258-
1.627, p
< 0.0001)

1.168
(1.066-

1.278, p
= 0.0008)

0.547
(0.347-
0.812, p
= 0.0052)

0.959
(0.887-
1.038, p
= 0.2963)

1.004
(0.984-
1.024, p
= 0.7258)

1.344
(0.961-
1.837, p
= 0.0736)

1.362
(1.177-
1.568, p
<
0.0001)
1.126
(1.020-
1.240, p
0.0171)
0.862
(0.558-
1.263, p
= 0.4750)

1.062
(0.977-
1.156, p
= 0.1590)

[8.7,18.7]

[0.15,14.3]

24.00
(15.00 to
30.00)

24.00
(14.00 to
30.00)

2.00
(2.00 to
2.00)

24.00
(17.00 to
36.00)

31.00
(24.00 to
48.00)

24.00
(16.00 to
30.00)

8.00
(5.00 to
24.00)

24.00
(14.00 to
30.00)

0.985
(0.971-
1.000, p
=0.0528)
1.028
(0.976-
1.076, p
=0.2584)
0.078
(NA-
1.050, p
=0.2624)
1.054
(0.963-
1.151, p
=0.2467)
1.467
(1.380-
1.559, p
< 0.0001)

0.997
(0.947-
1.048, p
= 0.8950)

0.549
(0.490-
0.614, p
< 0.0001)

0.921
(0.848-
1.002, p
=0.0517)

0.998
(0.981-
1.014, p =
0.7811)

0.070
(0.000-

0.792, p
=0.1898)

1.285
(1.207-
1.366, p
< 0.0001)

0.974
(0.926-
1.024, p
= 0.3009)

0.830
(0.739-
0.929, p

0.0014)
0.952
(0.878-
1.033, p
= 0.2295)
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Table 2 (Continued)

Urinary drain

Surgical drains

Time of

surgery
(minutes)

[30,300]

RBC
transfusion

Bleeding (mL) [0,2640]

Tranexamic
acid admin-
istration

ERAS center

ERAS 2,16
adherence

24.00
(22.00 to
48.00)

24.00
(20.00 to
36.00)

24.00
(16.00 to
30.00)

24.00
(12.00 to
48.00)

24.00
(17.00 to
32.00)

24.00
(15.00 to
28.00)

12.00
(6.00 to
24.00)

24.00
(16.00 to
30.00)

1.252
(1.209-
1.296, p
<0.0001)

1.372
(1.324-
1.423, p
<0.0001)

1.002
(1.002-

1.003, p
< 0.0001)

1.242
(1.074-
1.427, p
= 0.0028)
1.000
(1.000-
1.000, p
= 0.7483)
0.898
(0.868-
0.930, p
< 0.0001)
0.540
(0.518-
0.562, p
< 0.0001)

0.927
(0.922-

0.933, p
<0.0001)

1.068
(1.029-
1.107, p
0.0004)
1.203
(1.158-
1.249, p
<
0.0001)
1.001
(1.000-
1.001, p
0.0415)
1.089
(0.940-
1.255, p
= 0.2445)

1.015
(0.978-
1.053, p
= 0.4369)
0.573
(0.547-
0.601, p
<
0.0001)

[30,270]

[0,2640]

2,16

24.00
(24.00 to
48.00)

24.00
(24.00 to
39.75)

24.00
(18.00 to
30.00)

24.00
(24.00 to
48.00)

24.00
(20.00 to
31.00)

24.00
(18.00 to
30.00)

16.00
(6.00 to
24.00)

24.00
(18.00 to
30.00)

1.225
(1.160-
1.293, p
<0.0001)

1.377
(1.307-
1.451, p
<0.0001)

1.002
(1.001-

1.003, p
< 0.0001)

1.351
(1.160-
1.562, p
= 0.0001)
1.000
(1.000-
1.000, p
=0.5721)
0.896
(0.850-
0.944, p
< 0.0001)
0.566
(0.531-
0.603, p
< 0.0001)

0.945
(0.936-
0.954, p
< 0.0001)

1.070
(1.008-
1.136, p
0.0270)
1.300
(1.228-
1.377, p
<
0.0001)
1.001
(1.000-
1.001, p
=0.1544)

1.068
(0.910-

1.247, p
= 0.4103)

1.030
(0.973-
1.091, p
=0.3122)
0.608
(0.564-
0.654, p
<
0.0001)

[35,300]

[0,1800]

2,16

24.00
(20.00 to
48.00)

24.00
(18.00 to
36.00)

24.00
(15.00 to
30.00)

6.00
(4.00 to
21.00)

24.00
(15.00 to
36.00)

24.00
(14.00 to
28.00)

12.00
(5.00 to
22.00)

24.00
(15.00 to
30.00)

1.268
(1.213-

1.327, p
< 0.0001)

1.395
(1.328-
1.467, p
< 0.0001)

1.002
(1.002-

1.003, p
< 0.0001)

0.717
(0.462-
1.051, p
= 0.1106)
1.000
(1.000-
1.000, p
=0.0938)
0.906
(0.865-
0.949, p
< 0.0001)
0.524
(0.496-
0.552, p
< 0.0001)

0.916
(0.908-
0.923, p
< 0.0001)

1.069
(1.020-
1.119, p
0.0050)
1.163
(1.105-
1.224, p
<
0.0001)
1.001
(1.000-
1.001, p =
0.0688)

0.930
(0.629-
1.316, p
= 0.6986)

1.014
(0.967-
1.063, p
= 0.5678)
0.556
(0.523-
0.590, p
<
0.0001)
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Table 2 (Continued)

Postoperative [1,17.3] 24.00 0.969 ° [1.4,17] 24.00 0.951 . [1,17.3] 24.00 0.980 °
Hemoglobin (16.00to  (0.959- (19.00to  (0.937- (14.75to  (0.968-
30.00) 0.978, p 30.00) 0.966, p 30.00) 0.993, p
< 0.0001) < 0.0001) =0.0019)
Postoperative 24.00 1.331 1.213 24.00 1.267 1.096 24.00 1.374 1.281
complications (24.00to  (1.254- (1.137- (24.00to  (1.158- (0.985- (24.00 to  (1.269- (1.181-
48.00) 1.411, p 1.293, p 48.00) 1.383, p 1.217, p 48.00) 1.484, p 1.387,p
<0.0001) < <0.0001) =0.0895) <0.0001) <
0.0001) 0.0001)
Level of care Ward 24.00 . ° 24.00 . . 24.00 . .
(16.00 to (18.00 to (14.00 to
30.00) 30.00) 28.00)
Level 1 24.00 1.164 1.091 24.00 1.146 1.065 24.00 1.181 1.113
Critical (24.00to  (1.095- (1.026- (24.00to  (1.028- (0.952- (20.00 to  (1.096- (1.033-
o care 40.00) 1.237, p 1.159, p 36.00) 1.274, p 1.188, p 40.00) 1.271, p 1.198, p
hd <0.0001) = =0.0130) =0.2624) <0.0001) =
0.0055) 0.0046)
Level 2 28.50 1.445 1.274 38.00 1.534 1.252 28.50 1.396 1.304
critical (23.75to0  (1.184- (1.035- (24.00to  (1.118- (0.898- (22.25to0  (1.074- (0.997-
care 48.00) 1.743, p 1.548, p 48.00) 2.044, p 1.693, p 48.00) 1.776, p 1.671, p
=0.0002) = =0.0053) =0.1633) =0.0092) =
0.0182) 0.0435)
Postoperative 24.00 1.272 1.074 24.00 1.269 1.072 24.00 1.262 1.078
RBC (24.00to  (1.204- (1.010- (24.00to  (1.174- (0.974- (24.00to  (1.168- (0.994-
transfusion 48.00) 1.343, p 1.142, p 48.00) 1.369, p 1.179, p 48.00) 1.362, p 1.167, p
<0.0001) =0.0225) <0.0001) =0.1519) <0.0001) =0.0680)
LOS [1,30] 24.00 1.014 ° [1,30] 24.00 1.014 ° [1,30] 24.00 1.014 °
(16.00to  (1.011- (18.00 to  (1.010- (14.00to  (1.011-
30.00) 1.016, p 30.00) 1.017, p 30.00) 1.017, p
< 0.0001) < 0.0001) < 0.0001)

ASA, American Society of Anesthesiologists; BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; RBC, Red blood cell; ERAS, Enhanced recovery after surgery; ICU, Intensive
care unit; LOS, Length of stay; THA, total hip arthroplasty; TKA, total knee arthroplasty.

The Level of care after surgery was defined as: Surgical Ward/ Post-anesthetic care unit (Level 0): Normal ward care without Level 1 or 2 capabilities. Critical care Level 1: May
include advanced cardiorespiratory monitoring (e.g., invasive arterial/central venous monitoring) and basic organ support (e.g., noninvasive ventilation and inotropic/vasoactive drug
administration) Critical care Level 2: Includes advanced organ support, for example, invasive ventilation and renal replacement therapy.
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Table 3  Postoperative mobilization after surgery grouped by time after mobilization.

Age
[18,63]

(63,71]

(71,76]

(76,95]
Sex

Female
Male

BMI

[15.9,25)
[25,30)

[30,35)

[35,110)
ASA

Score

ASA 1

ASA 2

ASA 3

ASA 4

Ex-
smoker

Smoker

1090
(25.8%)
1239
(29.3%)
902
(21.4%)
991
(23.5%)

2435
(57.7%)
1787
(42.3%)

620
(15.2%)
1640
(40.1%)
1251
(30.6%)
581
(14.2%)

293
(6.9%)
2882
(68.3%)
1023
(24.2%)
23
(0.5%)

706
(16.7%)
503
(11.9%)

445
(23.8%)
523
(28.0%)
422
(22.6%)
481
(25.7%)

1121
(59.9%)
750

(40.1%)

301
(16.4%)
701
(38.1%)
536
(29.1%)
302
(16.4%)

95
(5.1%)
1219
(65.2%)
538
(28.8%)
19
(1.0%)

290
(15.5%)
192
(10.3%)

Ref.

1.03
[0.89;1.20]
1.15
[0.98;1.34]
1.19
[1.02;1.39]

Ref.

0.91
[0.82;1.02]

Ref.

0.88
[0.75;1.04]
0.88
[0.74;1.05]
1.07
[0.88;1.30]

Ref.

1.30
[1.03;1.67]
1.62
[1.26;2.10]
2.54
[1.31;4.89]

0.89
[0.77;1.04]
0.83
[0.69;0.99]

Ref.

0.664

0.095

0.029

Ref.

0.102

Ref.

0.128

0.153

0.494

Ref.

0.028

0.001
0.006

0.137

0.038

630
(41.0%)
367
(23.9%)
234
(15.2%)
307
(20.0%)

666
(43.3%)
872

(56.7%)

328
(21.9%)
665
(44.5%)
361
(24.1%)
142
(9.5%)

176
(11.5%)
1019
(66.3%)
329
(21.4%)
13
(0.8%)

290
(18.9%)
268
(17.5%)

264
(35.6%)
173
(23.3%)
143
(19.3%)
162
(21.8%)

369
(49.7%)
373
(50.3%)

189
(26.0%)
290
(39.9%)
165
(22.7%)
82
(11.3%)

57
(7.7%)
467
(62.9%)
205
(27.6%)
13
(1.8%)

135
(18.2%)
107
(14.5%)

Ref.

1.13
[0.89;1.42]
1.46
[1.13;1.88]
1.26
[0.99;1.60]

Ref.

0.77
[0.65;0.92]

Ref.

0.76
[0.60;0.95]
0.79
[0.61;1.03]
1.00
[0.72;1.39]

Ref.

1.41
[1.03;1.96]
1.92
[1.36;2.73]
3.07
[1.33;7.13]

0.91
[0.72;1.15]
0.78

[0.61;1.00]

Ref.

0.319

0.004

0.059

Ref.

0.004

Ref.

0.016

0.077

0.987

Ref.

0.030

0.001
0.009

0.443

0.053

460
(17.1%)
872
(32.5%)
668
(24.9%)
684
(25.5%)

1769
(65.9%)
915
(34.1%)

292
(11.2%)
975
(37.6%)
890
(34.3%)
439
(16.9%)

117
(4.4%)
1863
(69.4%)
694
(25.9%)
10
(0.4%)

416
(15.5%)
235
(8.8%)

181
(16.0%)
350
(31.0%)
279
(24.7%)
319
(28.3%)

752
(66.6%)
377

(33.4%)

112
(10.1%)
411
(36.9%)
371
(33.3%)
220
(19.7%)

38
(3.4%)
752
(66.6%)
333
(29.5%)
6
(0.5%)

155
(13.7%)
85
(7.5%)

Ref.

1.02
[0.83;1.26]
1.06
[0.85;1.33]
1.18
[0.95;1.47]

Ref.

0.97
[0.84;1.12]

Ref.

1.10
[0.86;1.41]
1.09
[0.85;1.40]
1.31
[1.00;1.72]

Ref.

1.24
[0.86;1.83]
1.47
[1.01;2.20]
1.86
[0.59;5.43]

0.85
[0.70;1.04]
0.83
[0.64;1.07]

Ref.

0.856

0.599

0.125

Ref.

0.679

Ref.

0.455

0.515

0.053

Ref.

0.256

0.046

0.280

0.119

0.154

‘|e 12 elDJeD-ZapURUIDS Y “e0daPYY D Uoydjaw-sanodiy



L9

Table 3 (Continued)

Frailty

Hyper-
ten-
sion

Ischemic
heart
dis-

ease
Heart
failure
Cirrho-
sis
Stroke

Atrial
fibril-
lation
COPD

Chronic
kidney
dis-
ease
Periph-
eral
vascu-
lar

dis-
ease

Demen-
tia

3.0
[2.0;3.0]
2483
(72.6%)

229
(6.7%)

109
(2.6%)
35
(1.0%)
196
(5.7%)
281
(6.7%)

488
(14.3%)
219
(6.4%)

181
(4.3%)

45
(1.1%)

Preoperative 14.1

Hemoglobin [13.2;15.0]

Preoperative 0.8

creati-
nine
Preop-
erative
RBC

[0.7;1.0]

1(<
0.1%)

3.0
[2.0;4.0]
1131
(73.3%)

127
(8.2%)

47
(2.5%)
17
(1.1%)
91
(5.9%)
135
(7.2%)

202
(13.1%)
109
(7.1%)

99
(5.3%)

21
(1.1%)

14.0
[13.0;14.9]
0.8
[0.7;1.0]

6
(0.3%)

1.06
[1.01;1.12]
1.04
[0.91;1.19]
1.25
[1.00;1.57]
0.97
[0.68;1.37]
1.08
[0.59;1.92]
1.03
[0.80;1.33]
1.09
[0.88;1.35]
0.91
[0.76;1.08]
1.11
[0.87;1.41]
1.25
[0.97;1.60]
1.06
[0.62;1.76]
0.94
[0.90;0.97]
1.06
[0.91;1.24]
12.15

[2.00;314.42]

0.031

0.566

0.053

0.883

0.788

0.803

0.424

0.274

0.380

0.087

0.833

0.001

0.466

0.005

3.0
[2.0;3.0]
755
(68.1%)

69
(6.2%)

39
(2.5%)
13
(1.2%)
67
(6.0%)
92
(6.0%)

183
(16.5%)
59
(5.3%)

70
(4.6%)

9 (0.6%)

14.4
[13.4;15.3]
0.8
[0.7;1.0]

0 (0.0%)

3.0
[2.0;4.0]
371
(66.4%)

48
(8.6%)

17
(2.3%)
6
(1.1%)
39
(7.0%)
55
(7.4%)

78
(14.0%)
43
(7.7%)

33
(4.4%)

11
(1.5%)

14.1
[13.0;15.0]
0.8
[0.7;1.0]

6
(0.8%)

1.15
[1.06;1.24]
0.93
[0.75;1.15]

1.42
[0.96;2.07]

0.91
[0.50;1.59]
0.93
[0.32;2.39]
1.17
[0.77;1.75]
1.26
[0.89;1.78]

0.82
[0.61;1.09]
1.48

[0.98;2.23]

0.98
[0.63;1.48]

2.55
[1.04;6.42]

0.89
[0.84;0.94]
1.02
[0.72;1.45]

]

0.001

0.481

0.079

0.737

0.881

0.460

0.196

0.176

0.061

0.920

0.041

<0.001

0.924

3.0
[2.0;4.0]
1728
(74.7%)

160
(6.9%)

70
(2.6%)
2
(1.0%)
129
(5.6%)
189
(7.0%)

305
(13.2%)
160
(6.9%)

111
(4.1%)

36
(1.3%)

14.0
[13.1;14.9]
0.8
[0.7;0.9]

1(<
0.1%)

3.0
[3.0;4.0]
760
(77.3%)

79
(8.0%)

30
(2.7%)
11
(1.1%)
52
(5.3%)
80
(7.1%)

124
(12.6%)
66
(6.7%)

66
(5.8%)

10
(0.9%)

13.9
[13.0;14.8]
0.8
[0.7;1.0]

0
(0.0%)

1.00
[0.93;1.08]
1.15
[0.97;1.38]

1.18
[0.89;1.55]

1.02
[0.65;1.56]
1.19
[0.55;2.42]
0.95
[0.67;1.31]
1.01
[0.76;1.32]

0.95
[0.76;1.19]
0.97

[0.72;1.30]

1.44
[1.05;1.96]

0.67
[0.31;1.30]

0.97
[0.92;1.02]
1.07

[0.90;1.28]

. Lse]

0.963

0.111

0.259

0.920

0.650

0.748

0.955

0.659

0.840

0.025

0.242

0.187

0.451
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Table 3 (Continued)

Gen-
eral
anes-
thesia
Epidu-
ral
anes-
thesia

Regional
anes-
thesia
Local
anes-
thesia
Spinal
anes-
thesia

Intrathe-
cal
mor-
phine
Uri-
nary
drain
Surgi-
cal
drains
Time of
surgery
Tourniquet
time
Intra-
opera-
tive
RBC
Bleeding

310 146 1.07
(7.3%) (7.8%) [0.87;1.31]
184 202 2.66
(4.4%) (10.8%)  [2.16;3.27]
614 311 1.17
(14.5%) (16.6%)  [1.01;1.36]
199 34 0.38
(4.7%) (1.8%) [0.26;0.54]
3911 1718 0.89
(92.6%) (91.8%) [0.73;1.09]
258 177 1.63
(6.6%) (10.3%)  [1.33;1.99]
827 561 1.76
(19.6%) (30.0%)  [1.55;1.99]
2802 1488 1.97
(66.4%) (79.5%)  [1.73;2.24]
90.0 90.0 1.01
[72.0;110.0] [75.0;120.0] [1.00;1.01]
78.0 80.0 1.01
[63.0;92.0] [68.0;99.0] [1.01;1.01]
35 25 1.62
(0.8%) (1.3%) [0.96;2.71]
200.0 200.0 1.00

[100.0;350.07100.0;350.0]1.00;1.00]

0.527

0.000

0.038

0.001

0.272

0.001

0.000

0.000

0.001

0.001
0.072

0.789

177 81 0.94
(11.5%) (10.9%) [0.71;1.24]
30 30 2.12

(2.0%) (4.0%) [1.26;3.56]
93 63 1.44

(6.0%) (8.5%) [1.03;2.01]
12 2 0.37

(0.8%) (0.3%) [0.05;1.36]
1371 668 1.10
(89.1%) (90.0%) [0.83;1.47]
98 60 1.28

(7.1%) (9.0%) [0.91;1.79]
311 222 1.68
(20.2%) (29.9%)  [1.38;2.06]
896 558 2.17
(58.3%) (75.2%)  [1.79;2.64]
90.0 90.0 1.01

[70.0;110.0] [75.0;118.0] [1.00;1.01]

25 22 1.85
(1.6%) (3.0%) [1.02;3.31]
300.0 300.0 1.00

[200.0;500.0]200.0;500.0]1.00;1.00]

0.681

0.005

0.033

0.147

0.523

0.150

0.001

0.001

0.001

0.041

0.963

133 65 1.17
(5.0%) (5.8%) [0.86;1.59]
154 172 2.95
(5.7%) (15.2%) [2.35;3.72]
521 248 1.17
(19.4%) (22.0%) [0.98;1.38]
187 32 0.39
(7.0%) (2.8%) [0.26;0.56]
2540 1050 0.75
(94.6%) (93.0%) [0.57;1.00]
160 117 1.86
(6.3%) (11.1%) [1.45;2.39]
516 339 1.80
(19.2%) (30.0%) [1.54;2.11]
1906 930 1.91
(71.0%) (82.4%) [1.60;2.27]
90.0 95.0 1.01
[75.0;110.0] [80.0;120.0] [1.00;1.01]
78.0 80.0 1.01
[63.0;92.0] [68.0;99.0] [1.01;1.01]
10 3 0.74
(0.4%) (0.3%) [0.16;2.46]
150.0 120.0 1.00

[50.0;300.0] [50.0;300.0] [1.00;1.00]

0.310

0.000

0.074

0.001

0.053

0.001

0.001

0.001

0.001

0.001
0.643

0.088
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Table 3 (Continued)

Tranexamic 3203 1292 0.70 < 1108 483 0.70 < 2095 809 0.70 <
acid adminis- (76.3%) (69.2%) [0.62;0.79] 0.001 (72.8%) (65.1%) [0.58;0.84] 0.001 (78.4%) (71.8%) [0.60;0.83] 0.001
tration
ERAS center 1406 152 0.18 0.000 517 60 0.17 0.000 889 92 0.18 0.000
(33.3%) (8.1%) [0.15;0.21] (33.6%) (8.1%) [0.13;0.23] (33.1%) (8.1%) [0.14;0.22]
ERAS mean 9.0 8.0 0.80 < 9.0 7.0 0.82 < 9.0 8.0 0.79 <
compliance [7.0;11.0] [6.0;9.0] [0.78;0.82] 0.001 [7.0;11.0] [6.0;9.0] [0.79;0.85] 0.001 [8.0;11.0] [6.0;9.0] [0.77;0.82] 0.001
Postoperative 11.6 11.3 0.91 < 11.6 11.2 0.85 < 11.6 11.4 0.95 0.027
hemoglobin, [10.6;12.6] [10.3;12.4] [0.88;0.94] 0.001 [10.5;12.7] [10.0;12.3] [0.80;0.90] 0.001 [10.6;12.5] [10.4;12.4] [0.91;0.99]
g.dL"’
(mean, IQR)
Postopera- 403 270 1.60 < 150 122 1.82 < 253 148 1.45 0.001
tive (9.5%) (14.4%) [1.35;1.88] 0.001 (9.8%) (16.4%) [1.41;2.35] 0.001 (9.4%) (13.1%) [1.17;1.80]
complications
Moderate to 193 154 1.87 < 85 64 1.61 0.006 108 90 2.07 <
severe post- (4.6%) (8.2%) [1.50;2.33] 0.001 (5.5%) (8.6%) [1.15;2.26] (4.0%) (8.0%) [1.54;2.76] 0.001
operative

complications
Postoperative

care:
Ward 3984 1708 Ref. Ref. 1468 692 Ref. Ref. 2516 1016 Ref. Ref.
(94.4%) (91.3%) (95.4%) (93.3%) (93.7%) (90.0%)
ICU level 1 227 146 1.50 < 66 44 1.42 0.087 161 102 1.57 0.001
(5.4%) (7.8%) [1.21;1.86] 0.001 (4.3%) (5.9%) [0.95;2.09] (6.0%) (9.0%) [1.21;2.03]
ICU level 2 11 17 3.59 0.001 4 (0.3%) 6 3.14 0.081 7 11 3.86 0.005
(0.3%) (0.9%) [1.68;7.97] (0.8%) [0.87;12.82] (0.3%) (1.0%) [1.50;10.68]
Postopera- 240 198 1.96 < 106 103 2.18 < 134 95 1.75 <
tive (5.7%) (10.6%) [1.61;2.39] 0.001 (6.9%) (13.9%) [1.63;2.90] 0.001 (5.0%) (8.4%) [1.33;2.29] 0.001
RBC
LOS 4.0 5.0 1.03 < 4.0 5.0 1.03 < 4.0 5.0 1.02 <
[3.0;6.0]1 [4.0;7.0] [1.02;1.04] 0.001 [3.0;6.0] [4.0;7.0] [1.01;1.04] 0.001 [3.0;6.0] [4.0;7.0] [1.01;1.04] 0.001

ASA, American Society of Anesthesiologists; BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; RBC, Red blood cell; ERAS, Enhanced recovery after surgery; ICU, Intensive
care unit; LOS, Length of stay; THA, total hip arthroplasty; TKA, total knee arthroplasty.

The Level of care after surgery was defined as: Surgical Ward/ Post-anesthetic care unit (Level 0): Normal ward care without Level 1 or 2 capabilities. Critical care Level 1: May
include advanced cardiorespiratory monitoring (e.g., invasive arterial/central venous monitoring) and basic organ support (e.g., noninvasive ventilation and inotropic/vasoactive drug
administration) Critical care Level 2: Includes advanced organ support, for example, invasive ventilation and renal replacement therapy.
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to the wound is a simple and safe technique for the treat-
ment of postoperative pain; despite that, its use in patients
included in POWER.2 was less than 4%, mainly patients
undergoing TKA, while only 14 (0.6%) patients undergoing
THA received LIA, so this substudy cannot provide new evi-
dence in these patients.

Both the use of surgical drains and urinary drains were
discouraged in the ERAS guidelines,* and both of them
were associated with an increase in hours until mobiliza-
tion in POWER2. A 2019 meta-analysis showed that urinary
catheterization during THA/TKA can increase postopera-
tive urinary tract infection without reducing the incidence
of postoperative urinary retention risk ratio.?’ The results
of this substudy reinforce the ERAS recommendations,?'
it is logical that unselected urinary catheterization does
not provide benefits and delays mobilization. Similarly,
postoperative treatment in intensive care units delayed
mobilization in patients in our study.

Our study has certain limitations: although LOS in sev-
eral countries has been reported to be short,?? the aim is to
improve recovery to be able to go directly home and not via
another institution.??

Our study shows that although mobilization was early
in most cases, it was not related to reduced LOS, even
in patients without complications (Fig. 3). Nor have we

Patients with mod to severe
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Scatter plot. Relation between hours of mobilization and length of stay (LOS) stratified by postoperative complications.

evaluated whether early mobility was associated with the
participation of physiotherapists or rehabilitation physi-
cians in the process. Finally, this study was not specifically
designed to assess the causes of delayed mobilization, so
there are certain circumstances such as orthostatic hypoten-
sion, postoperative pain or urinary retention that were not
evaluated and are nonetheless important.?*

Conclusions

The majority of patients with THA and TKA are mobi-
lized early in Spanish hospitals. Early time to mobilization
was associated with the compliance with ERAS protocols,
preoperative hemoglobin and LIA, and with the absence
of a urinary catheter, surgical drains, epidural analgesia
and postoperative complications. The perioperative ele-
ments that are associated with early mobilization are mostly
modifiable, so there is room for improvement in patients
undergoing THA/TKA.

Funding

Support was provided solely from institutional and/or
departmental sources. The POWER.2 study and this sub-
study were supported by the Spanish Perioperative Audit

70



Brazilian Journal of Anesthesiology 2023;73(1):54-71

and Research Network (REDGERM) <www.grupogerm.es>.
REDGERM had no role in study design, data collection, data
analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the
study and had final responsibility for the decision to submit
for publication.

This article is not based on a previous communication to
a society or meeting.

Conflicts of interest

JRM reports personal fees from Edwards Lifesciences, Fre-
senius Kabi, MSD and Dextera Medical outside the submitted
work; CA reports personal fees from Fresenius Kabi and
Octapharma outside the submitted work; MVD reports per-
sonal fees from MSD, Pfizzer, Astellas, Ferrer y Fresenius
Kabi outside the submitted work; JVL reports personal fees
Edwards Lifesciences, Fresenius Kabi and Biomerieux out-
side the submitted work. RGF, NAE, DGR, LCM, LHB, BNA,
JMRR and AAM nothing to disclose.

Acknowledgements

We are willing to make the data, analytical methods,
and study materials available to other researchers. Such
material will be available upon request to the author of
correspondence.

Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi: https://doi.org/10.
1016/j.bjane.2021.05.008.

References

1. Sloan M, Premkumar A, Sheth NP. Projected Volume of Primary
Total Joint Arthroplasty in the U.S., 2014 to 2030. J Bone Joint
Surg Am. 2018;100:1455-60.

2. Kehlet H. Enhanced Recovery After Surgery (ERAS): good
for now, but what about the future? Can J Anaesth.
2015;62:99-104.

3. Vendittoli P-A, Pellei K, Desmeules F, et al. Enhanced recovery
short-stay hip and knee joint replacement program improves
patients outcomes while reducing hospital costs. Orthop Trau-
matol Surg Res. 2019;105:1237-43.

4. Wainwright TW, Gill M, Mcdonald DA, et al. Consensus statement
for perioperative care in total hip replacement and total knee
replacement surgery: Enhanced Recovery After Surgery (ERAS®)
Society recommendations. Acta Orthop. 2020;91:3-19.

5. Tayrose G, Newman D, Slover J, et al. Rapid mobilization
decreases length-of-stay in joint replacement patients. Bull
Hosp Jt Dis. 2013;71:222-6.

6. Ripollés-Melchor J, Abad-Motos A, Diez-Remesal Y, et al. Associ-
ation Between Use of Enhanced Recovery After Surgery Protocol
and Postoperative Complications in Total Hip and Knee Arthro-
plasty in the Postoperative Outcomes Within Enhanced Recovery
After Surgery Protocol in Elective Total Hip and Knee Arthro-
plasty Study (POWER2). JAMA Surg. 2020;155:196024.

VAl

7. Ripolles-Melchor J, Abad-Motos A, Logrono-Egea M, et al.
Postoperative Outcomes Within Enhanced Recovery After
Surgery Protocol in Elective Total Hip and Knee Arthroplasty.
POWER.2 Study: Study Protocol for a Prospective, Multicen-
tre, Observational Cohort Study. Turkish J Anaesthesiol Reanim.
2019;47:179-86.

8. von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
Statement: guidelines for reporting observational studies. Int J
Surg. 2014;12:1495-9.

9. Soffin EM, Yadeau JT. Enhanced recovery after surgery for pri-

mary hip and knee arthroplasty: A review of the evidence. Br J

Anaesth. 2016;117:iii62-72.

Rockwood K, Song X, MacKnight C, et al. A global clini-

cal measure of fitness and frailty in elderly people. CMAJ.

2005;173:489-95.

Chen AF, Stewart MK, Heyl AE, et al. Effect of immediate post-

operative physical therapy on length of stay for total joint

arthroplasty patients. J Arthroplasty. 2012;27:851-6.

Hansen TB, Bredtoft HK, Larsen K. Preoperative physical opti-

mization in fast-track hip and knee arthroplasty. Dan Med J.

2012;59:A4381.

Jans O, Jorgensen C, Kehlet H, et al. Role of preoperative

anemia for risk of transfusion and postoperative morbid-

ity in fast-track hip and knee arthroplasty. Transfusion.
2014;54:717-26.

Petersen MK, Madsen C, Andersen NT, et al. Efficacy of mul-

timodal optimization of mobilization and nutrition in patients

undergoing hip replacement: a randomized clinical trial. Acta

Anaesthesiol Scand. 2006;50:712-7.

Kearney B, To J, Southam K, et al. Anaemia in elective

orthopaedic surgery - Royal Adelaide Hospital, Australia. Intern

Med J. 2016;46:96-101.

Goodnough LT, Maniatis A, Earnshaw P, et al. Detection, evalua-

tion, and management of preoperative anaemia in the elective

orthopaedic surgical patient: NATA guidelines. Br J Anaesth.
2011;106:13-22.

Abad-Motos A, Ripolles-Melchor J, Jerico C, et al. Patient Blood

Management for primary hip and knee replacement. A survey

among POWER.2 study researchers. Rev Esp Anestesiol Reanim

(Engl Ed). 2020;67:237-44.

Li C, Qu J, Pan S, Qu Y. Local infiltration anesthesia versus

epidural analgesia for postoperative pain control in total knee

arthroplasty: a systematic review and meta-analysis. J Orthop

Surg Res. 2018;13:112.

Andersen LO, Kehlet H. Analgesic efficacy of local infiltration

analgesia in hip and knee arthroplasty: a systematic review. Br

J Anaesth. 2014;113:360-74.

Ma Y, Lu X. Indwelling catheter can increase postoperative uri-

nary tract infection and may not be required in total joint

arthroplasty: a meta-analysis of randomized controlled trial.

BMC Musculoskelet Disord. 2019;20:11.

Wald HL, Ma A, Bratzler DW, Kramer AM. Indwelling urinary

catheter use in the postoperative period: Analysis of the

national surgical infection prevention project data. Arch Surg.
2008;143(6):551-7.

Kehlet H. Fast-track hip and knee arthroplasty. Lancet (London,

England). 2013;381:1600-2.

Cram P, Landon BE, Matelski J, et al. Utilization and Short-

Term Outcomes of Primary Total Hip and Knee Arthroplasty in

the United States and Canada: An Analysis of New York and

Ontario Administrative Data. Arthritis Rheumatol (Hoboken,

NJ). 2018;70:547-54.

. Kehlet H. History and future challenges in fast-track hip and

knee arthroplasty. Orthopade. 2020;49:290-2.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.


http://www.grupogerm.es
https://doi.org/10.1016/j.bjane.2021.05.008
https://doi.org/10.1016/j.bjane.2021.05.008
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00229-3/sbref0120

Brazilian Journal of Anesthesiology 2023;73(1):72-77

Brazilian Journal of

2 ANESTHESIOLOGY

Brazilian Journal of

s AN ES THESIOLOGY

de Anestesiologia

ORIGINAL INVESTIGATION

Bilateral versus unilateral erector spinae plane block Ky

Check for

for postoperative analgesia in laparoscopic
cholecystectomy: a randomized controlled study

Sevim Cesur ©°, Hadi Ufuk Yoriikoglu © 2*, Can Aksu®, Alparslan Kus®
a Bitlis Tatvan State Hospital, Clinic of Anesthesiology and Reanimation
b Kocaeli University, School of Medicine, Department of Anesthesiology and Reanimation, Kocaeli, Turkey

Received 12 May 2020; accepted 2 April 2021
Available online 28 April 2021

KEYWORDS Abstract
Nerve Block; Introduction: Laparoscopic cholecystectomy (LC) is the common surgical intervention for
Ultrasound Imaging; benign biliary diseases. Postoperative pain after LC remains as an important problem, with two
Erector Spinae Plane components: somatic and visceral. Trocar entry incisions lead to somatic pain, while peritoneal
Block; distension with diaphragm irritation leads to visceral pain. Following its description by Forero
Laparoscopic et al., the erector spinae plane (ESP) block acquired considerable popularity among clinicians.
Cholecystectomy; This led to the use of ESP block for postoperative pain management for various operations.
Analgesia Materials and methods: This study was conducted between January and June 2019. Patients
aged between 18 and 65 years with an American Society of Anesthesiologists (ASA) physical
status I-1l, scheduled for elective laparoscopic cholecystectomy were included in the study. All

the patients received bilateral or unilateral ESP block at the T8 level preoperatively according
to their groups.

Results: There was no significant difference between the groups in terms NRS scores either
at rest or while coughing at any time interval except for postoperative 6™ hour (p = 0.023).
Morphine consumption was similar between the groups but was significantly lower in group B at
12 and 24 hours (p = 0.044 and p = 0.022, respectively). Twelve patients in group A and three
patients in group B had shoulder pain and this difference was statistically significant (p = 0.011).
Discussion: In conclusion, bilateral ESP block provided more effective analgesia than unilateral
ESP block in patients undergoing elective LC. Bilateral ESP block reduced the amount of opioid
consumption and the incidence of postoperative shoulder pain.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Laparoscopic cholecystectomy (LC) is the common surgical
intervention for benign biliary diseases. Postoperative pain
after LC remains as an important problem,’ with two com-
ponents, somatic and visceral. Trocar entry incisions lead
to somatic pain, while peritoneal distension with diaphragm
irritation causes visceral pain.?

Following its description by Forero et al.,* the erector
spinae plane (ESP) block acquired considerable popularity
among clinicans for its effectiveness, ease of application,
and relatively low risk of complications. This has led to the
use of ESP block for postoperative pain management for
various operations.*

In contrast to many other interfacial plane blocks, there
is some evidence that the ESP block is effective both against
visceral and somatic pain.® Several studies have shown that
the ESP block provides adequate postoperative analgesia
for LC.%7 However, it is unclear whether the block needs
to be performed bilaterally, as some authors believe that
the major component of postoperative pain after LC derives
from the tissue trauma during gall bladder resection that
can be prevented using a unilateral regional anesthesia
technique.®

The aim of the study was to compare the analgesic effi-
cacy of unilateral versus bilateral ESP block in patients
undergoing LC. The primary outcome measure was morphine
consumption at the postoperative 24™ hour. Secondary out-
come measure was to compare pain scores, incidences of
shoulder pain, nausea and vomiting, and patient’s satisfac-
tion.

Methods

This study was conducted between January and June 2019.
It was approved by the Kocaeli University Clinical Trials
Ethical Committee (KIA 2018/488) and registered with clini-
caltrials.gov (NCT03781687). Written informed consent was
obtained from the patients.

Patients aged between 18 and 65 years, with an Ameri-
can Society of Anesthesiologists (ASA) physical status I-lII,
and scheduled for elective laparoscopic cholecystectomy
were included in the study. Patients with obesity (body mass
index > 35 kg.m2), infection of the skin at the site of nee-
dle puncture area, known allergies to any of the study drugs,
coagulopathy, recent use of opioid drugs, or inability to com-
municate with the investigators were excluded from the
study.

Patients were randomly allocated to two groups: Group
A (Unilateral) and Group B (Bilateral). The sequence was
done using www.random.org and the allocation sequence
was concealed in sealed opaque envelops, which indicated
the treatment to be assigned to the patient. All the patients
received preoperative bilateral or unilateral ESP block at
the T8 level preoperatively according to their groups. All
the blocks have been done 20 minutes before the surgery in
a separate block room. All blocks were performed by expe-
rienced anesthesiologists with no involvement in patients’
perioperative follow-up and data collection processes.

Lab~
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Figure 1  Ultrasound image of erector spinae plane block.
ESM, erector spinae muscle.

ESP technique

All patients were premedicated with midazolam 0.03
mg.kg! IV (intravenous). Blocks were performed in the
prone position with standard monitoring. An Esaote My Lab
6 US machine (Florence, Italy) with a convex probe (1-8
MHz) and a 22G, 80-mm, insulated facet type needle (B
Braun Sonoplex, Melsungen, Germany) were used for all
block applications.

After appropriate skin disinfection, the probe was placed
longitudinally 3 cm lateral to the T8 level. Following identi-
fication of the transverse process and erector spinae muscle,
the needle was inserted with in-plane approach from cranial
to caudal direction (Fig. 1). Bupivacaine 0.25% (20 mL) was
administered on the right side in group A patients and bilat-
erally at the T8 level in group B patients. The spread of the
injectate beneath the erector spinae muscle was visualized
in both the cranial and caudal directions.

General anesthesia

Following monitoring of SpO,, ECG and noninvasive blood
pressure, anesthesia was induced with propofol (2-3
mg.kg"), fentanyl (1 mcg.kg') and rocuronium (0.6
mg.kg"). Desflurane in combination with nitrous oxide in
oxygen at a ratio of 2:1 was used for anesthesia mainte-
nance. Pneumoperitoneum was created with carbon-dioxide
and maintained at a range of 10-12 mm Hg. At the end of
the surgery, tramadol 100 mg and paracetamol 1 g IV were
administered. Ondansetron 8 mg IV was also administered
to prevent postoperative nausea and vomiting.

Patients were also provided with a patient controlled
analgesia (PCA) device containing 0.5 mg.mL"' morphine set
to deliver a 1 mg bolus dose, with an 8-minute lock out
time and an 1-hour limit of 6 mg. Rescue analgesia using
tenoxicam 20 mg IV was planned if NRS was > 3.
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Table 1 Demographic data.

Age (year) 52.2 £12.5
Sex (M/F) 13/32

Height (cm) 163.68 + 8.44
Weight (kg) 77.17 + 15.26
ASA status (I/11) 24/21
Duration of surgery (min) 64.55 + 15.44

53.31 £ 10.17 0.868
14/31 0.819
163.35 £ 8.25 0.977
81.2 £ 14.15 0.242
23/22 0.834
69 + 21.91 0.420

Data are presented as mean + SD and patient numbers.

Table 2 NRS scores in rest and while coughing at the postoperative 15t, 6™, 12t 24t hour.

NRS scores in rest

15t hour 2.00 (0.00-4.00)
34 hour 2.00 (0.00-2.00)
6™" hour 1.00 (0.00-2,00)
12t hour 0.00 (0.00-1.00)
24 hour 0.00 (0.00-1.00)
NRS scores while coughing

15t hour 2.00 (1.00-5.00)
34 hour 2.00 (1.00-4.00)
6" hour 1.00 (0.00-2.00)
12t hour 0.00 (0.00-2.00)
24t hour 0.00 (0.00-1.00)

2.00 (1.00-4.00) 0.889
1.00 (0.00-2.00) 0.334
1.00 (0.00-2.00) 0.643
0.00 (0.00-1.50) 0.505
0.00 (0.00-1.00) 0.809
3.00 (2.00-4.00) 0.440
2.00 (0.00-2.50) 0.228
0.00 (0.00-1.50) 0.048°
0.00 (0.00-2.00) 0.442
0.00 (0.00-1.00) 0.909

Data are presented as median (25-75 percentile).
a p < 0.05, (Mann-Whitney U test).

Morphine consumptions and NRS scores both at rest and
while coughing were recorded at postoperative hours 1,
3, 6, 12 and 24. The incidences of shoulder pain, nausea,
and vomiting in the postoperative first 24 hours were also
recorded. Patients were asked if they were satisfied with the
anesthesia technique using a 6-point satisfaction score sys-
tem (0 = not at all satisfied, 5 = very satisfied) and whether
or not they would choose this technique again. A blinded
pain nurse performed postoperative follow-up of patients
and collected the data. Analyses of all data were performed
by other researchers that were blinded to the groups.

Statistical analysis

In a previous study conducted in our clinic, mean mor-
phine consumption among patients undergoing unilateral
ESP block for LC at the T8 level was 7.5 + 5.8 mg (6).
We calculated that for 80% power and an error of 0.05, the
required sample size to detect a 40% difference in morphine
consumption at 24 hours after the surgery would 43 patients
per group. We finally included 46 patients in each group in
case of dropouts.

All statistical analyses were performed using the IBM
SPSS for Windows version 20.0 (IBM Corp., Armonk, NY, USA)
software. Kolmogorov-Smirnov test was used to assess the
assumption of normality.

Continuous variables were presented depending on nor-
mal distribution with either mean + standard deviation
or (in case of no normal distribution) median (25%"-75%"

percentile). Categorical variables were summarized as
counts (percentages). Comparisons of continuous variables
between groups were carried out using independent samples
t-test/ Mann-Whitney U test, whichever was appropriate.
Association between two categorical variables was exam-
ined by Chi-square test. A value of p < 0.05 was considered
statistically significant.

Results

Figure 2 shows the Consort diagram of enrollment for this
study. Ninety-two patients were randomly assigned to either
group A or B. Two patients were excluded from the study.
One patient refused to undergo block after the enrollment
and one patient was excluded due to conversion to open
cholecystectomy.

The groups were comparable in terms of demographic
data and duration of surgery (Table 1).

There was no significant difference between the groups
in terms NRS scores either at rest or while coughing at any
time interval except for the postoperative 6™ hour (p =
0.023) (Table 2). Morphine consumption was similar between
the groups but was significantly lower in group B at 12 and
24 hours (p = 0.044 and p = 0.022, respectively) (Table 3).
Twelve patients in group A and three patients in group B had
shoulder pain, and this difference was statistically signifi-
cant (p = 0.011) (Table 4). Nausea and vomiting were similar
between the groups (Table 4).
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Consort flow diagram.

Table 3 Morphine consumptions at the postoperative 1%¢, 6™, 12t 24t hour.

Morphine consumption (mg)

15t hour 1.11 £ 0.57
3 hour 2.77 £ 1.67
6t hour 4.95 + 3.32
12t hour 6.68 + 4.86
24% hour 8.28 +£5.79

1.15+0.79 0.280
2.73 £2.01 0.617
3.82 £2.87 0.431
5.08 &+ 3.37 0.044*
6.08 + 3.66 0.022*

Data are presented as mean =+ SD.
* 0.05, (Mann-Whitney U test).

No complications related to block procedures were
observed.

Discussion

The study findings showed that the bilateral ESP block
reduced total morphine consumption at postoperative hours
12 and 24, while total morphine consumption decreased by
26% compared to the unilateral block. Furthermore, bilat-
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eral ESP block reduced the incidence of shoulder pain (p =
0.011).

Laparoscopic technique for cholecystectomy is becoming
more popular than open technique as it leads to less surgical
trauma, better tissue healing, and faster recovery. Although
it is a minimally invasive surgery, pain after LC still stands as
a problem to solve and has multiple components like surgical
manipulations, visceral pain, subdiaphragmatic irritation.’
There is also a somatic component due to abdominal tho-
racars. The PROSPECT Working Group recommends the use
of non-steroidal inflammatory drugs (NSAIDs), paracetamol
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Table 4

Shoulder pain, n

Incidences of shoulder pain, nausea and vomiting,
and patients’ satisfaction scores.

(%)
Yes 12 (80.0) 3(20.0) 0.0112
No 33 (44.0) 42 (56.0)
Nausea, n (%)
Yes 11 (57.9) 8 (42.1) 0.441
No 34 (47.9) 37 (52.1)
Vomiting, n (%)
Yes 7 (58.3) 5 (41.7) 0.756
No 38 (48.7) 40 (51.3)
Satisfaction
scores, n (%)
0 0 (0.0) 0 (0.0) 0.955
1 2 (4.4) 2 (4.4)
2 2 (4.4) 0 (0.0)
3 4 (8.9) 6 (13.3)
4 8 (17.9) 8 (17.9)
5 29 (64.4) 29 (64.4)
Total 45 (100.0) 45 (100.0)

Data are presented number of patients and %.
@ p < 0.05, (Chi-square test).

and local anesthetic infiltration to the port insertion site for
routine analgesia, and opioid drugs for rescue analgesia.”
However, according to the results of a recently published
meta-analyses about the pharmacological methods used for
analgesia after LC, effectiveness of paracetamol and NSAIDs
has low quality of evidence while intravenous ketamine, opi-
oids and pregabalin has moderate to high quality evidence.’
Either way, regional anesthesia techniques should be per-
formed as a component of multimodal analgesia to prevent
inadequate treatment of postoperative pain, if possible.'
Studies have investigated the use of the transversus abdo-
minis plane (TAP) block with different techniques in LC."""?
However, the results are inconsistent. With the TAP block,
cutaneous fibers and sometimes also parietal components
of the parietal peritoneum are blocked. This technique is
therefore not effective for visceral pain, and its use is still
controversial.

Thoracic paravertebral block (TPVB) may be another
alternative regional anesthesia technique for postoperative
analgesia. Studies have reported the successful use of bilat-
eral TPVB with both US guidance and nerve stimulation in
LC."™" However, TPVB is an advanced technique, either
with US guidance or with nerve stimulation, because of the
proximity of the pleura to the paravertebral space and the
potential risk of hemodynamic complications. This particu-
larly accounts for the popularity of the ESP block and its use
by many clinicians as a replacement for TVPB. The ESP block
affects both visceral and somatic pain fibers.> On the other
hand, lower potential risks of complications make this tech-
nique preferable for LC. Tulgar et al.” reported that bilateral
ESP block at the T9 level provided effective analgesia in LC.
Similarly, a previous study from our clinic, showed that ade-
quate analgesia was provided with unilateral ESP block at

the T8 level.® Additionally, effective analgesia with bilat-
eral ESP block after LC in pediatric patients has also been
reported in literature."

In laparoscopic abdominal surgeries, nerve fibers respon-
sible for the somatic pain arises from T6-L2, and visceral
pain derives from the structures involved in the surgery.?
According to cadaver studies of ESP block, the injection of
20 mL of drug may result in a widespread from T1 to L1."6"7
De Cassai et al.'® reported that the injection spread in the
ESP block requires different volumes of injection according
to the site of injection. In the thoracic region 3.3 (radi-
ological studies) and 3.5 (cadaveric dissection) mL were
needed when ESP block was performed, 5 mL of injectate
was needed to cover a vertebral level in the lumbar region.

It is expected that performing ESP block at T8 with 20
mL of local anesthetic will be sufficient for laparoscopy.
However, the major component of postoperative pain after
LC may be tissue trauma during gall bladder resection
that can be prevented with a unilateral regional anesthe-
sia technique.® In this study, patients were satisfied with
the analgesia provided by unilateral injection. Nevertheless,
bilateral ESP block was more effective than unilateral injec-
tion. Bilateral block may be painful for some patients, but
bilateral ESP block can be performed with a single needle
entry from the midline to reduce this pain."

High pneumoperitoneum pressures may increase the inci-
dence of postoperative shoulder pain.'® Aspirating residual
gas at the end of the operation has also been shown to
reduce postoperative shoulder pain.'® In this study, pneu-
moperitoneum was maintained at a range of 10-12 mm Hg.
Pneumoperitoneum gas was aspirated after completion of
the operative procedures. A previous study from our clinic,®
reported that unilateral ESP block reduced postoperative
shoulder pain, and the present study shows that bilateral ESP
block is more effective in reducing postoperative shoulder
pain.

There are a number of limitations to this study. No sham
block was performed on at the contralateral side in the uni-
lateral group patients, and the placebo effect is unclear. As
discussed previously, the mechanism of the ESP block still
remains unclear. It has also been reported that unilateral
ESP block may result in bilateral sensory blockade,?® and
performing sham block on the contralateral side would have
affected the drug spread or concentration.

In conclusion, bilateral ESP block provided more ade-
quate analgesia than unilateral ESP block in patients
undergoing elective LC. Bilateral ESP block also reduced the
amount of opioid consumption and the incidence of postop-
erative shoulder pain.
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KEYWORDS Abstract

Ketamine; Background: There has been a growing interest in the use of ketamine following orthopedic
Post-operative pain; surgeries. We hypothesized that low dose intravenous ketamine during surgery would help in
Orthopedic mobilization following total knee replacement (TKR) in oncology patients as assessed by the
rehabilitation timed to up and go (TUG) test at 72 hours post-surgery. Our secondary objectives were to
surgery; compare the opioid requirement at the end of 72 hours, pain scores, satisfaction with pain
Total knee management, adverse effects, range of joint movement achieved in the post-operative period
replacement and the functional recovery at the end of 1 month.

Methods: After the ethics commitee approval, registration of the trial with the Clinical Trial
Registry - India (CTRI), and informed consent, this double-blinded trial was conducted. Using
computer generated randomization chart, an independent team randomized the patients into
ketamine group which received at induction, a ketamine bolus dose of 0.5 mg.kg"! before
the incision followed by 10 ug.kg'min"" infusion which was maintained intraoperatively till
skin closure and the saline group received an equivalent volume of saline. Postoperatively,
patient controlled morphine pumps were attached and the pain score with morphine usage were
recorded for 72 hours. The TUG tests and range of motion were assessed by the physiotherapists
until 72 hours.
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Results: Fifty-two patients were enrolled in the trial. Demographics were comparable. No sig-
nificant intraoperative hemodynamic changes and post-operative adverse events were noted
between the groups. A decrease in the TUG test, along with decreased opioid usage with a
better range of movements was noted in the ketamine group, but this was not statistically
significant. Day of discharge, patient satisfaction score, and functional recovery assessed by
Oxford Knee Score (OKS) were comparable between the groups.

Conclusion: In conclusion, low dose intraoperative ketamine infusion does not provide clinical
benefit in perioperative pain management and postoperative rehabilitation following total knee
endoprosthetic replacement in oncology.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction and rationale

A pain-free postoperative period is imperative follow-
ing total knee replacement (TKR) surgeries as it aids in
early rehabilitation and faster recovery." Currently avail-
able analgesic interventions during TKR include epidural
analgesia, peripheral nerve block and opioids.? Epidural
analgesia has failed to gain popularity because of incidences
of hypotension, urinary retention, pruritis, motor weak-
ness and increased transfusions and fluid requirements.>*
The use of opioids through intravenous patient-controlled
analgesia (IV PCA) is associated with side effects includ-
ing nausea, vomiting, constipation, sedation, and urinary
retention’. Intra-articular local anesthetic infiltration has
not gained popularity in our hospital. Additionally, periph-
eral nerve blocks are not favored as there is the risk of
femoral quadriceps weakness leading to increased risk of
fall. There are documentations of few cases of neuritis
and femoral neuropathy following peripheral blocks. All of
which can affect postoperative rehabilitation.® Hence, arose
a need to have a suitable multi-modal analgesic regimen for
these patients.

Ketamine, an N-methyl-D-aspartate (NMDA) receptor
antagonist, has been used in few orthopedic surgeries,
including knee and spine surgeries, with results suggesting a
decrease in opioid requirement perioperatively. The litera-
ture is inconclusive about the optimum dose and duration for
the continuation of ketamine infusion in the peri-operative
period.”8 Also, there is a lack of data on whether ketamine is
equally effective in endoprosthetic knee replacement surg-
eries, which involve a longer procedure with more soft tissue
and neurovascular dissection. Here, normal soft tissues are
excised to achieve negative surgical margins resulting in
large structural defects which are reconstructed by tumor
endoprosthesis.’ As tissue handling and trauma is maxi-
mum during any surgery, we aimed to study the benefit of
intraoperative use of ketamine in rehabilitation following
endoprosthetic TKR, and we hypothesized that a low dose
of intravenous ketamine during surgery would help in mobi-
lization following endoprosthetic TKR in oncology patients
as assessed by the timed to Up and Go (TUG) test.” %"

Our primary objective was to compare functional recov-
ery using the TUG test at the end of 72 hours. Our secondary
objectives were to compare the opioid requirement at the
end of 72 hours, pain scores, satisfaction with pain mana-
gement, the incidence of adverse effects and range of joint

movement achieved in the postoperative period. We also
compared the functional recovery at the end of one month.

Methods

This prospective double-blinded randomized control trial
was conducted in our hospital from September 2017 till
October 2018. After the Institutional Ethics Committee
approval [IEC approval number: IEC/0817/1855/002], the
trial was registered with the clinical trial registry of India
[CTRI/2015/08/006130] and written informed consent was
obtained from each patient/guardian. Patients with Ameri-
can Society of Anesthesiologists (ASA) physical status | and
Il, aged above 13 years undergoing total knee replacement
for oncological indications were included. Patients under-
going reconstructive surgery with major plastic flaps or
on preoperative opioid/drug abuse, on chronic pain med-
ications, with preoperative pathological fracture, muscle
weakness of affected limb leading to limitation to mobil-
ity, pregnant patients, patients with contraindications to
ketamine such as raised intracranial pressure, glaucoma
medications, raised intraocular pressure, history of vertigo,
auditory/visual hallucinations, or on antipsychotic med-
ications were excluded. Postoperative exclusion criteria
included intraoperative common peroneal nerve damage
and postoperative ventilation or hemodynamic instability
preventing mobilization for more than 24 hours.

Previous observations by the physiotherapy team
revealed that patients after endoprosthetic TKR in oncol-
ogy patients with standard analgesic protocol at our center,
take an average of 142 seconds at 72 hours to complete
the TUG test. The standard analgesic protocol at our center
includes the use of intraoperative opioid along with post-
operative morphine PCA pumps (1 mg bolus and 10-minute
lockout interval), and either intravenous (IV) paracetamol
or diclofenac. Group sample sizes of 20 each was required
with 80% power with mean difference of 35.5 (25% reduction
in TUG Day 3) and with a significance level (alpha) of 0.05.
Permitting a 30% drop out (for postoperative exclusion), 52
was taken as sample size.

Patients were preoperatively educated in the use of
patient controlled analgesia (PCA) pumps and familiarized
with the use of the Numeric Rating Scale (NRS; 0 to 10
scale where 0 = no pain and 10 = worst pain imaginable) for
rating their postoperative pain at rest and movement. On
the morning of the surgery, patients were randomized into
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Assessed for eligibility (n=102)

SCREEN FAILURES (n=47)
Pathological fracture (n=9)
Fixed flexion deformity (n=5)
Age <13 (n=8)
Deranged laboratory values (n=2)
Comorbidities (n=4)
Chronic analgesics (n=2)

Consented (n=55)

Declined to participate (n= 8)

| Reconstruction /vascular graft planned (n=9)

PRE-OPERATIVE EXCLUSION (n=3)

Plastic reconstruction needed on
reassessment (n=1)

Violation of protocol (n=1) *

Case postponed (n=1)

| Randomized (n=52 ) |

Saline group
Allocation (n=26)
Received (n=26)

Intraoperative exclusion (n=1)

Analysed (n=25 )

Ketamine group
Allocation (n=26)
Received (n=26)

Intraoperative exclusion (n=2)

|

Analysed (n=24 )

* Femoral nerve block given before the induction of anaesthesia

Figure 1

ketamine group or saline group. A team of residents, who
were not part of the research team, randomized patients in
accordance with computer generated randomization chart.
This group prepared the study drug, labeled, and handed
over the syringes to the concerned anesthesiologist. This
ensured that the theatre team, patients, and the study team
were blinded to the nature of the study drug. The ketamine
group received at induction, a bolus dose of 0.5 mg.kg™" fol-
lowed by 10 pg.kg'.min"! infusion, while the saline group
received equivalent volume of saline.

Induction of general anesthesia and intraoperative mana-
gement was standardized. Upon arrival in the operating
room, baseline parameters - i.e., heart rate (HR), blood
pressure (BP), oxygen saturation were noted. In addition,
electrocardiogram was continuously monitored. Patients
were induced with either propofol 2-3 mg.kg™" or thiopen-
tone sodium 5-7 mg.kg"' intravenously; the need for
neuromuscular blockade and airway management were
decided as per the theatre anesthesiologists. Intraoperative
analgesia included fentanyl 2 wg.kg' IV at induction, fol-
lowed by morphine, 0.1 mg.kg™" (lean body weight) IV after
30-45 minutes. If needed, fentanyl 1-2 pg.kg™' could be
repeated as and when required. The study drug bolus was
administered after the airway was secured and was followed

CONSORT Flow Diagram.

by infusion as per instruction given by the unblinded team.
The study drug was continued till the completion of skin
closure. The procedures were performed by the same sur-
gical team. Perioperatively, steroids, tranexamic acid, and
peri-articular anesthetic injections were not used. A single
negative suction drain was inserted in all patients.

At the end of surgery, injection paracetamol 500 mg-1g
(> 50 kg: 1 g, 45-50 kg: 750 mg, less than 45 kg: 15 mg.kg™
maximum of 500 mg) was given intravenously. In the
postanesthesia care unit (PACU), the PCA pump with mor-
phine was initiated with a standard setting of 1 mg bolus and
lockout interval of 10 minutes. All patients were followed
up by acute pain service (APS) and resting pain assessed
using NRS scale. The worst pain during exercise was recorded
by the physiotherapist at the end of each exercise session.
Adverse effects were recorded as follows at 24, 48, and
72 hours. Vomiting was recorded at 24, 48, 72 hours as per
vomiting score (0: no nausea, no vomiting; 1: nausea alone;
2: one episode of emesis; and 3: two or more episodes of
emesis).'? Sedation was assessed using the 6-point Ramsay
sedation scale (in which 1 = awake, anxious, agitated, rest-
less; and 6 = asleep, no response to light glabellar tap or
loud auditory stimulus)."
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Table 1 General demographics.

Age (years)?
Sex Male (n%)°

Female (n%)®
Weight (kilograms)?
ASA ASA | (n%)°

ASA I (n%)P

19.42 + 6.09 24.62 + 11.47
14 (53.8%) 15 (57.7%)

12 (46.2%) 11 (42.3%)
51.52 & 11.67 54.98 + 12.11
24 (92.3%) 25 (96.2%)

2 (7.7%) 1 (3.8%)

ASA, American Society of Anesthesiologists physical status.
@ Values as mean =+ standard deviation.

b Number (percentages within the group); p < 0.05 is considered significant.

Table 2 Intraoperative details.

Preoperative chemotherapy (n%)? 21 (80.8%) 16 (61.6%) 0.2
Heart rate After bolus 78 [64.50-88] 75.50 [64.50-95] 0.8
(beats/min)® At end of infusion 80.50 [72-97.50] 90 [80-97.25] 0.07
Systolic blood After bolus 100 [94.50-110.25] 100 [92.75-117.25] 0.3
pressure (mmHg)® At end of infusion 110 [101.50-117.25] 111 [101.50-125] 0.3
Diastolic blood After bolus 60 [50-65.75] 57.50 [50-70.25] 0.4
pressure (mmHg)® At end of infusion 65 [55-71.75] 67.50 [57.50-77] 0.4
Duration of surgery (minutes)© 100.74 + 6.99 106.4 + 12.11 0.1
Blood loss (milliliters)© 726.92 + 360.62 890.38 + 470.32 0.2
Length of resection (centimeters)© 16.38 + 4.18 16.33 + 4.40 0.7

p < 0.05 is considered significant.
@ Number (percentages within the group).
b values as Median [Inter-quartile range].
¢ Values as mean =+ standard deviation.

Unpleasant feelings like hallucinations (auditory/visual),
dizziness, nightmares were recorded on a score from 1-5,
5 = worst imaginable.' At 30-day follow-up in the out-
patient department, details of ongoing pain killers and
functional recovery were recorded on Oxford Knee Score
(OKS), which is a validated 12-item knee questionnaire
that scores patients from 12 (best possible) to 60 (worst
possible).” The scale is available in English language and
was administered by the investigator and patients’ replies
recorded.

The TUG measured the time it takes a patient to rise from
an armed chair (at least up to knee length for the given
patient), walk 3 meters, turn, and return to sitting in the
same chair.'® Patients were instructed to walk as quickly as
they feel safe and comfortable. The use of the arms of the
chair was permitted to stand up and sit down. A stopwatch
was used to measure the time to complete the TUG within
the nearest one-tenth of a second. Walking aids, if needed,
were allowed for patients in the immediate postoperative
period (24-48 hours) only.

All the raw data were entered and analyzed using
SPSS Statistics version 25 software. Demographic data were
expressed as mean =+ standard deviation (age, weight,
height, duration of surgery, anesthesia, or proportion (sex
and ASA physical status). The continuous data were ana-
lyzed using Student’s independent t-test when normally
distributed (fentanyl use, morphine use, degrees of move-

ment), and with Mann-Whitney U test if otherwise (Heart
rate [HR], blood pressure [BP], minimum alveolar concentra-
tion [MAC] and pain scores). All the analyses were two-tailed
and the confidence level was 95%; p < 0.05 was considered
statistically significant.

Results

A total of 102 patients were screened and 52 patients were
randomized; 49 were included for the final TUG analysis,
refer to consort diagram (Fig. 1). The general demographics
such as age, gender, weight, ASA physical status, duration of
surgery and anesthesia were comparable between the two
groups (Tables 1 and 2). We found that the functional recov-
ery assessed using TUG test at end of 72 hours was better
in the ketamine group with 103.25 + 30.04 seconds as com-
pared to the saline group with 125.91 + 49.32 seconds. But
this finding was not statistically significant (p = 0.1). The
results of the TUG tests on each postoperative day along
with degrees of flexion achieved are shown in Table 3. The
comparison of perioperative opioid requirement is enumer-
ated in Table 4. Interventions were required intraoperatively
for six patients for tachycardia and hypertension (2 in the
saline group and 4 in the ketamine group). No statistical
difference was seen in this regard. There was no discontinu-
ation of the study drug due to any hemodynamic instability
intraoperatively. The postoperative pain scores at rest and
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Table 3  Postoperative assessment of rehabilitation.

TUG at 24 h (s)? 170.58 + 52.89 135.55 £+ 55.12 0.2
TUG at 48 h (s)? 139.92 + 47.69 140.64 + 64.34 0.8
TUG at 72 h (s)? 125.91 £+ 49.32 103.25 + 30.04 0.1
Maximum flexion at 24 h (?)? 47.08 + 19.12 51.25 £ 17.98 0.6
Maximum flexion at 48 h ()2 68.00 + 20.57 72.92 4+ 24.53 0.3
Maximum flexion at 72 h (?)2 74.64 + 18.96 81.15 + 16.35 0.3

TUG, timed to Up and Go test.
p < 0.05 is considered significant.
@ Values as mean + standard deviation.

Table 4 Perioperative opioid usage.

Intraoperative fentanyl usage (pg)? 213.25 + 76.75 205.00 + 86.12 0.7
Postoperative morphine usage at 2 h (mg)? 4.38 £+ 3.07 4.11 £+ 3.19 0.6
Post-operative morphine usage at 24 hours (mg)? 32.13 £ 19.99 28.52 + 20.84 0.6
Postoperative morphine usage at 48 h (mg)? 48.64 + 27.19 48.01 4+ 30.32 0.6
Postoperative morphine usage at 72 h (mg)? 67.59 + 40.58 61.34 &+ 32.93 0.5

g, micrograms; mg, milligrams.
p < 0.05 is considered significant.
@ Values as mean =+ standard deviation.

Table 5  Assessment.

Preoperative Overall 25 [24-26] 26 [22-27] 0.8
OKS? Received preoperative chemotherapy 25 [24-26] 27 [25-28] 0.07
No preoperative chemotherapy 26 [23-27] 22 [21-24] 0.1
Postoperative Overall 34 [32-36] 33 [30-36] 0.7
OKS? Received preoperative chemotherapy 34 [33-37] 35 [33-36] 0.8
No preoperative chemotherapy 34 [31-35] 30 [29-32] 0.1
Day of discharge (days)” 6.35 +1.79 5.78 + 1.41 1.0
Patient satisfaction score® 4 [3-4] 4 [4-4] 0.5

OKS, Oxford Knee Score.
@ Values as Median [Inter-quartile range].
b Values as mean =+ standard deviation; p < 0.05 is considered significant.
€ On a Likert scale of 1-5 where 1 = very unsatisfied, and 5 = very satisfied.

during exercise were comparable between the two groups.
Figure 2 shows the trend of postoperative pain scores during
exercise. The median pain score at 24 hours during exercise
was 7 [5-8] in the saline group and 5 [4-7.5] in the ketamine
group (p = 0.2). No significant postoperative adverse events
such as nausea, vomiting, sedation, and dysphoric symptoms
were noted between the groups. Day of discharge, patient
satisfaction score and functional recovery assessed by OKS at
one month follow up were comparable between the groups
(Table 5).

Discussion

From this study we found that intraoperative intravenous
ketamine infusion at 10 pg.kg'.min" following a bolus
of 0.5 mg.kg"' did not improve post-operative rehabilita-

tion following endoprosthetic TKR in oncology. Though the
ketamine group had a better performance with respect to
the TUG test at the end of 72 hours, the difference was not
statistically significant.

The difference in knee replacement done for tumors
as compared to the conventional ones are that the part
of the bone involved (femur or tibia) by the tumor is
removed, keeping a safe margin with a cover of overlying
muscles,'® while in conventional TKR, only the articular sur-
face is removed and replaced.” In tumour reconstruction,
emphasis is placed on safe resection and reconstruction is
secondary with the ligaments (collateral and cruciate) sacri-
ficed in order to achieve complete resection. Postoperative
rehabilitation is a challenge in tumor reconstruction. In dis-
tal femur reconstruction patients can be started on full
weight bearing and gradual knee flexion. In proximal tibia
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Figure 2 Boxplot of pain score after exercise.

reconstruction, the patients although started on full weight
bearing, are advised to delay knee bending up to 6 weeks
in order to protect the ligament reconstruction.® Neverthe-
less, despite the site of tumor, we presumed that the better
functional scores at 48-72 hours could be translated in bet-
ter prolonged rehabilitation which is most needed following
these surgeries due to extensive tissue dissection. Hence,
a review of functional recovery was done again at the end
of one month for all trial patients. We found no difference
between the two groups with respect to functional recovery
as assessed by OKS.

Previous studies'®~?' suggest that perioperative use of
ketamine may benefit in postoperative rehabilitation. Adam
et al.” had demonstrated better knee flexion in the study
group which was statistically significant when ketamine was
used along with continuous femoral nerve block. In the
above trial, the ketamine infusion was continued 48 hours
postoperatively at 1.5 pg.kg'.min after an intraopera-
tive infusion run at 3 wg.kg'.min" with no serious adverse
effects. Two continuous infusions along with a PCA pump for
post-operative pain management can be seen as cumber-
some and not practical in all scenarios. The role of ketamine
in preventing or reducing central sensitization due to tis-
sue damage has been well established.?”% Since the tissue
damage is maximum during the intra-operative period of any
surgery, we rationalized that ketamine infusion during this
period should work. In our trial, the ketamine group con-
sistently had better degree of flexion on all assessments
postoperatively till 72 hours, although this was not statis-
tically significant.

Similarly significant opioid sparing and analgesic effects
have been observed with ketamine infusion in orthopedic
surgeries and many of these studies'®?*-?’ continued the
ketamine infusion postoperatively for varied periods of time
with a maximum recorded duration of 48 hours and at differ-
ent dosages. There remains a chance of dosing errors with
continuous infusions,?® and hence as a policy ketamine infu-
sions are not used inpatient wards at our hospital. Cengiz
et al.?® had recorded a reduction of morphine consump-
tion up to 45% with an intraoperative ketamine infusion at
6 pg.kg'.min"! in total knee replacement surgeries. In our
trial, the intraoperative fentanyl (205.00 + 86.12 pg vs.
213.25 £ 76.75 pg) and the first 24 hours postoperative mor-
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phine requirement (28.52 + 20.84 mg vs. 32.13 & 19.99 mg)
recorded in the ketamine group were lower though not sig-
nificant. Similarly the pain scores in ketamine group was
lower than of saline group and of a different severity (mod-
erate versus severe in case of saline, however this was not
statistically significant). Similar to the other trials,'®?>%¢
there were no adverse effects of ketamine such as hallu-
cinations and delusions observed postoperatively. Thus, the
question on the role of continuing ketamine infusion into
the postoperative period to obtain opioid sparing with better
analgesic effects and to improve rehabilitation still remains.
The intraoperative hemodynamic parameters were higher,
though not significant, in the ketamine group; whether this
is attributable to the increase in blood loss of around 150 ml
in the ketamine group, is speculative (Table 1).

Postoperative rehabilitation after TKR surgeries have
been assessed using 2-minute walk tests, passive and active
knee motion, performance measures such as TUG, IALS (lowa
level of assistance scale) and patient reported outcome
measures (PROM)."" We chose TUG test for our assessment.
It is one of the most commonly used performance assess-
ment tools. TUG test is quicker, less resource intensive and
does not rely on clinician’s perception and studies show
that PROMs are less reliable than performance measures in
the immediate post-surgery period.?” The literature shows
that TUG test has predictive values on both short*° and long
term'" functional recovery following arthroplasties. Studies
suggest that preoperative and acute TUG test is a better
predictor of long-term functional outcome on the 6-minute
walk test when not adjusted for age, sex, and preoperative
functional outcomes. Bade et al."" also propose that post-
operative day 2 range of motion is not a better predictor of
long-term functional outcome following total knee arthro-
plasties for osteoarthritis as against pre-operative ROM.
Nevertheless, does this finding apply to TKR with endopros-
thesis performed for oncosurgeries is something that needs
to be evaluated with a larger sample.

We used the OKS for the PROM assessment.>' We found
that the cohort of patients who underwent pre-operative
chemotherapy had better pain relief and they performed
well on the pre-operative OKS (26 [24-27] in patients who
received preoperative chemotherapy vs 22 [21-26]) though
there was no statistical significance on this (p = 0.3). Postop-
eratively, as expected, at one month follow up, the cohort
which received preoperative chemotherapy had a median
OKS of 35 [33-36] as compared to the non-receivers 32
[30-34] (p = 0.007). Items, such as ability to kneel and feel-
ing of sudden ‘‘give way’’ were not applicable to all the
patients. Literature shows that preoperative chemotherapy
can lead to decrease in inflammation of tissues surround-
ing the tumors leading to actual reduction of the size of the
lesion while responders to chemotherapy were found to have
decrease or complete remission of pain and a decreased
vascularity of the tumor. This could translate into better
surgical margins and hence outcomes.*?

There were limitations to the trial, ketamine infusion was
restricted to the intraoperative period when tissue handling
and trauma is maximum. The impact of this intervention was
assessed by clinical parameters inclusive of rehabilitation
and pain scores. We could have also looked at inflamma-
tory markers to have a complete understanding of the role
ketamine played in the body’s response to surgical trauma.
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In summary, we infer that intraoperative intravenous
ketamine infusion at 10 pg.kg'.min"' following a bolus of
0.5 mg.kg™"' does not improve postoperative rehabilitation
following total knee endoprosthetic replacement surgeries
in oncological settings.
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KEYWORDS Abstract
Laparoscopy; Backgraund: This prospective observational cohort study aimed to investigate the relationship
Pain management; between preoperative anxiety levels and postoperative pain and analgesic requirement in
Postoperative pain; patients undergoing laparoscopic sleeve gastrectomy.
Preoperative anxiety Methods: Forty two female patients with body mass index > 35, who underwent laparoscopic

sleeve gastrectomy for treatment of obesity were included in the study. Spielberger's state and
trait anxiety scales were used in this study. Demographic data of the patients, anesthetic and
analgesic drugs during the surgery, pain levels measured with verbal analog scale at the postoper-
ative 15¢, 4™ 12 and 24™ hour, sedation levels measured with the Ramsay sedation scale, and
the amount of analgesic consumed were recorded. Anesthesiologist, surgeon, and patient were
not informed of the anxiety level results. The relationship between preoperative anxiety and
postoperative pain and analgesic consumption was evaluated by Spearman’s correlation analysis.
Stepwise multiple linear regression analysis was applied. Normal Distribution control was per-
formed by applying the Shapiro-Wilk test to residual values obtained from the final model.
Results: There was no relationship between trait anxiety level and postoperative pain and analge-
sic consumption. A correlation was found between state anxiety level and pain level up to 24 hours
and analgesic consumption (p < 0.05). According to the obtained model it had been observed that
the university graduates consumed more analgesic compared to other education level groups.
Conclusion: In this study, a relationship was found between preoperative state anxiety level and
24-hour pain scores and analgesic consumption in patients who underwent laparoscopic sleeve
gastrectomy under general anesthesia.
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Introduction

Preoperative anxiety is a psychological problem that exists
in patients before surgery. It, is used to express anxiety asso-
ciated with the planned surgery and/or after the surgery,
and its incidence is reported to be approximately 11
—80%."2 Similarly, there are studies reporting that concomi-
tant psychiatric problems, such as anxiety disorder, may be
as high as 48% in patients undergoing bariatric surgery.>*

Studies examining the relationship between preoperative
anxiety level and postoperative pain report conflicting
results. Various studies have reported that high preoperative
anxiety levels increase postoperative pain and analgesic
consumption in patients undergoing operations, such as
orthopedic surgery, laparoscopic cholecystectomy, abdomi-
nal hysterectomy, and breast surgery.”~'® On the other
hand, there are studies showing that there is no relationship
between preoperative anxiety level and postoperative
pain.'”~2" During our literature review, we did not find any
study examining the relationship between preoperative anx-
iety levels and postoperative pain in patients undergoing
laparoscopic bariatric surgery. The relationship between
anxiety and postoperative pain and analgesic consumption
could be revealed more clearly in this patient group with a
detailed preoperative psychological assessment and low
postoperative pain expectation compared to open surgery.

The aim of this study was to investigate the relationship
between preoperative anxiety levels and postoperative pain
and analgesic requirement in patients undergoing laparo-
scopic sleeve gastrectomy.

Methods

This study was carried out in accordance with the Declara-
tion of Helsinki. After obtaining permission from the Clini-
cal Research Ethics Committee (approval no KA17 / 24,
Turkey, 12.04.2017), this study was conducted with 42
female patients aged between 18 and 65 years, who under-
went laparoscopic sleeve gastrectomy, with an American
Society of Anesthesiologists (ASA) physical status < Ill, body
mass index (BMI) > 35, as a prospective, double-blind, and
single-center observational cohort study, and was also reg-
istered in the Clinicaltrials.gov clinical trials registry
(n°NCT04432558). Written informed consent was obtained
from all patients. The STROBE (Strengthening of Reporting
of Observational Studies in Epidemiology) guidelines were
followed when reporting this study. As preoperative anxiety
levels of female patients were found to be higher compared
to male patients in various studies, we preferred to con-
duct the study in female patients in order to eliminate the
difference arising from gender.?>?3 Patients with any psy-
chiatric or neurological disease, those who used psychiatric
drugs (antidepressants, anxiolytics), chronic alcohol users,
those who were allergic to the drugs used in the study, and
illiterate patients were excluded from the study.

The state (STAI-1) and trait (STAI-Il) anxiety scales, which
were developed by Spielberger et al. in 1970, were used to
measure preoperative anxiety. This scale is a 4-point Likert
self-report scale consisting in a total of 40 items, 20 of which
allocated in the state (STAI-1) and 20 in the trait (STAI-II) anx-
iety subscales. In particular, STAI-l measures the current
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state of anxiety and the STAI-Il, the general state of anxiety.
All items are followed by a 4-point scale rating the fre-
quency of feelings from “not at all” to “very much” and
scoring from 1 to 4. The score ranged from 20 to 80 points,
and higher scores indicated higher levels of anxiety.’* The
questionnaire form was given to the patients in a closed
envelope by the anesthesiologist on the date of their preop-
erative examination, and they were asked to open the enve-
lope and answer the questions one day before the operation
between 9.00 and 10.00 ppm. When the patient was dis-
charged, the envelope was delivered to the anesthesiolo-
gist. The total scores were calculated with the manual
scoring system and recorded on the form. If a patient did not
respond to more than three statements, the filled-out form
was planned to be considered invalid. The anesthesiologist,
surgeon and patient all were unaware of the preoperative
anxiety score before the discharge of the patient.

Demographic data including age, height, body weight, BMI,
ASA physical status, and schooling (Primary School = Low, Sec-
ondary-High School = Middle, University = High) of the patients
who were taken to the operating room were recorded. Follow-
ing standard monitoring, which included electrocardiography
(ECG), noninvasive blood pressure, body temperature, and
peripheral oxygen saturation (Sp02), standard anesthesia pro-
tocol was applied to all patients. After anesthesia induction
with intravenous (V) 0.02 mg.kg~" midazolam, 1 gr.kg™" fen-
tanyl, 2 mg.kg~" propofol, endotracheal intubation was pro-
vided with 1 mg.kg™" rocuronium. A 2—3% concentration of
sevoflurane in oxygen and nitrous oxide (50—50%) was used for
maintenance of anesthesia. After the operation started,
10 mg.kg™' paracetamol was administered via intravenous
infusion for 15 minutes for analgesia and 1 mg.kg—1 tramadol
HCL was administered via intravenous bolus at the end of the
operation. For postoperative nausea/vomiting prophylaxis,
10 mg metoclopramide and 8 mg ondansetron were adminis-
tered via IV injection. Ideal body weight was taken into consid-
eration while adjusting drug doses. The number of analgesic
drugs used during the operation and the duration of the opera-
tion were recorded.

During the preoperative evaluation, the patients were
informed about patient-controlled analgesia (PCA). For
postoperative analgesia, tramadol HCL was prepared as
2 mg.mL™" in 100 mL isotonic saline solution. After the
patient was awakened, PCA was initiated with 10 mg.h™"
infusion, 20 mg bolus, 15-minute lockout interval, and a 4-
hour limit of 200 mg while leaving the operating room
according to the modified Aldrete criteria.?” In the postoper-
ative period, patients were followed up in the post-anesthe-
sia care unit and were transported to the service within 1
—3 hours. The verbal analog scale (VAS, 0 = no pain, and
10 = unbearable pain) was used to evaluate the pain level at
the 1%, 4™ 12 and 24" postoperative hours, and the Ram-
say sedation scale was used to evaluate the sedation level.?
If the VAS pain score was > 4, and 4 hours had passed from
the first paracetamol dose, 10 mg.kg™" paracetamol IV infu-
sion was administered, if 4 hours had not passed, diclofenac
sodium 1—3 mg.kg™" intramuscular (IM) was administered
and the VAS score was reevaluated after 1 hour. The maxi-
mum daily dose of diclofenac sodium was administered not
exceeding 150 mg and the paracetamol dose not exceeding
4 g. The amount of analgesic administered for 24 hours in
the postoperative period was recorded.
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Table 1 - Demographic characteristics of the participants.

Age (years)

18-35 22 52.3
3650 14 33.3
51-65 6 14.2
Schooling

Low (Primary school) 11 26.1
Middle (Middle and high school) 15 35.7
High (University) 16 38.0
BMI

35-42 20 47.6
43-50 17 40.4
51-58 4 9.5
59—-65 1 2.3
Time (min)

0-120 27 64.2
121-240 14 333
241-360 1 2.3

BMI, Body mass index (kg.m~2).

Table 2 - Relationship between state and trait anxiety
scores with VAS and analgesic consumption.

STAI  r=0.378  r=0.416 r=0.436
p=0.014  p=0.006 p = 0.004
STAFIl  r=0.169  r=0.160 r=0.165
p=0.284  p=0.160 p=0.297

r, Spearman’s correlation coefficient; VAS, verbal analog scale;
STAI-I, state anxiety score; STAI-II, trait anxiety score.

During or after surgery, if the heart rate was < 50, IV atro-
pine (10 ngr.kg~") was administered, if the heart rate was >
100 beats.minute™" or if the blood pressure was 20% above

10

the basal blood pressure value, fentanyl (50 ngr IV) was
administered, if the Ramsay score exceeded 4 in the postop-
erative period, the tramadol HCL infusion rate was reduced
by half and reevaluation was planned after 30 minutes.

Statistical analysis

Statistical analysis of the data obtained in the study was car-
ried out with the IBM SPSS Statistics for Windows, Version
25.0 (Released 2017, Armonk, NY: IBM Corp.) package pro-
gram. A power analysis based on correlation analysis was
used to determine the linear relationship between postoper-
ative pain and analgesia consumption and anxiety level.
Stepwise multiple linear regression analysis was applied,
and normal distribution control was performed by applying
Shapiro-Wilk test to residual values obtained from the final
model.

At least 37 volunteers were calculated as being sufficient to
find a significant linear relationship between the two variables
at a large class effect size (r = 0.50) by using two-way hypothe-
sis testing with 90% power at the 0.05 Type-I error level.

Results

A total of 42 female patients were included in the study.
Demographic data including age, height, body weight, BMI,
and schooling (Primary School = Low, Secondary-High
School = Middle, University = High) are summarized in
Table 1. No statistically significant difference was found
between demographic data and anxiety scores (STAI-I, 1) in
the analysis performed with Spearman’s correlation analysis.

A correlation was found between the state anxiety level
and VAS values at the 24™ hour, and the total tramadol dose
at the 24" hour (Table 2, Figs. 1 and 2). However, no rela-
tionship was found between the trait anxiety level and VAS
values and analgesic consumption (Table 2).

6 * * L 2
=
N
")
<
S | e
2
R?=0,202/p=0,003
0 * L 4 * *® 4 * L 2
20 30 40 S0 60 70
STAI-I
Figure 1  Verbal analog scale values at the 24™ hour with STAI-I. STAI-1, state anxiety score; VAS, verbalanalog scale.
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Total dose of tramadol

R?=0,149/p=0,012

40

70

STAI-I

Figure 2  Total dose of tramadol consumed at the 24" hour with STAI-I. STAI-1, state anxiety score.

Age, BMI, operation time, STAI-I, STAI-Il variables were
used numerically in their original scales.

Schooling was taken as a 2-class categorical variable and
coded as 0 (1+2) — 1 (3).

Using these variables, in the Multiple Stepwise Linear
Regression analysis applied for the Total Tramadol (mg) vari-
able, firstly the Age variable was entered into the model
(p = 0.009), and then the model was completed with STAI-I
(p=0.013).

According to the obtained model, a 1-year increase in the
age variable caused a decrease of 2.973 mg in analgesic con-
sumption, while a 1-unit increase in the STAI-I level resulted
in a 2.464 mg increase in analgesic consumption (Table 3).

In the analysis for pain scores (VAS Total), only education
level was included in the model (p = 0.034).

According to the obtained model it had been observed
that the university graduates consumed an average of
3.677 mg more analgesic compared to other schooling groups
(Table 4).

Discussion

With this prospective observational cohort study, a correla-
tion was found between the preoperative STAI-I level mea-
sured the night before the operation and the pain level at

Table 3  Relationship between state anxiety scores and age
with analgesic consumption (total tramadol).

(Constant) 381.272 57.546 < 0.001
Age -2.973 1.077 0.009
STAI-I 2.464 0.941 0.013

the postoperative 24™ hour and analgesic consumption in
patients who underwent laparoscopic sleeve gastrectomy
for obesity.

Every patient who is scheduled for surgery experiences
anxiety as a physiological and psychological response. The
level of anxiety can vary depending on various factors.
Although the results of the studies are contradictory, it has
been stated that age, gender, characteristics of surgery, ASA
physical status, past operational experience, education
level, personality, marital status, occupation, health insur-
ance, approach to the disease, cultural and religious beliefs
are factors affecting the preoperative anxiety
level 8% 11:17:20.26 |n oyr study, a decrease was observed in
analgesic consumption with increasing age. This decrease
due to the increase in age was attributed to the fatalistic
perspective that develops in advanced ages due to cultural
and religious beliefs in our society, and patients' reluctance
to ask for analgesics because of their comorbidities due to
the fear of drug side effects. In addition, in our study, uni-
versity graduates were observed to consume more analgesics
than other level of education groups. In another study; the
identifiers of patient satisfaction in pain management after
day surgery were investigated, and they were stated as low
preoperative pain, no preoperative analgesic consumption,
high expected post-operative pain, and low education
level.”’

It has been stated that preoperative anxiety facilitates
the activation of the entorhinal cortex of the hippocampal

Table 4 - Relationship between VAS and schooling.

(Constant) 13.105 1.238 < 0.001
Schooling 3.677 1.674 0.034

(R?=128.8%, p=0.001)
STAI-1, State anxiety score; R%, Multiple Stepwise Linear Regres-
sion’s determination coefficient.
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(R?=10.8%, p=0.034)
R2, Multiple Stepwise Linear Regression’s determination coeffi-
cient; VAS, verbal analog scale.
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formation and causes the pain threshold to be lowered and
the pain intensity to be perceived as more than it actually
is. By showing that there is a positive relationship between
postoperative pain and anxiety, it has been reported that
increased anxiety and fear cause an increase in pain severity
and the need for opioids after surgery, and that patients try
to overcome anxiety and tension in this way. '>'®

High levels of pain and anxiety, especially in obese
patients, can stimulate the neuroendocrine system and
cause cardiac complications, respiratory system problems,
increase in gastrointestinal symptoms such as nausea and
vomiting, and increase in postoperative mortality and mor-
bidity due to the immune system being affected.?®~>"

Bayrak et al.'® reported that patients who had laparo-
scopic cholecystectomy with high anxiety scores measured
by the Spielberger anxiety scale had dissatisfaction with
intraoperative unstable hemodynamic parameters (arterial
pressure, heart rate, peripheral oxygen saturation),
increased postoperative pain, and analgesic consumption. In
another study, patients with preoperative state anxiety
score above 45 and who had cesarean section with general
anesthesia had higher pain levels in the first 12 hours, but no
correlation was found with analgesic consumption.” In a
study conducted by Kain et al® on patients who underwent
abdominal hysterectomy, they stated that state anxiety was
associated with the patient's sudden postoperative pain, and
it was even a positive predictor of postoperative pain. In
their study, in which they compared preoperative benzodi-
azepine with placebo and evaluated cortisol, interleukin 6,
T and B lymphocyte values, they stated that the consump-
tion of painkillers decreased within the first four hours after
the operation and did not change in total, and they attrib-
uted this to the increased pain in abdominal surgeries.?’
Yilmaz et al.?" could not find a relationship between preop-
erative and postoperative anxiety levels and postoperative
pain levels and analgesic need in their study on septoplasty
operations, and they attributed this to low pain due to the
minor surgery. Possible reasons for the contradictory results
in various studies may be the type of surgery performed,
duration of surgery, type of anesthesia, patient groups, and
the postoperative analgesia protocol applied. Since this
study was a laparoscopic surgery, VAS values may have been
found to be low in the first 24 hours. Patients' attitudes
toward drugs may also be effective in consumption of anal-
gesics. Although some patients experience pain due to side
effects or fear of addiction, some patients may overuse
analgesics because they fear pain or restlessness.'" Such sit-
uations may make it difficult to determine the relationship
between anxiety, pain, and analgesic consumption. In a
study conducted on 1.416 non-cardiac and non-brain surgery
patients, the anxiety level measured by the Amsterdam Pre-
operative Anxiety and Information Scale, not the anxiety
level measured by STAI, was found to be more sensitive in
predicting postoperative pain; however, it was stated that
female gender, young age, preoperative pain score, type of
surgery and size of incision are independent predictors of
severe postoperative pain.'”” In addition, another study
stated that measurements with STAI-I and Il were based on
subjective anxiety and pain complaints rather than physical
indicators, and the evaluation of preoperative pain was rec-
ommended for future studies.”> " In a study comparing the
scales, it was stated that high values measured by the Pain
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Catastrophizing Scale (PCS) may be an indicator of higher
postoperative pain scores without increasing opioid use.®

This study has several limitations. First, the fact that the
preoperative pain, postoperative anxiety score and PCS
score were not assessed and this may have caused self-
reporting bias (when the patient ranks his anxiety higher
than the average person with the same amount of anxiety).
The lack of correlation between trait anxiety and pain may
be explained by the fact that the available evidence is not
strong enough to exclude a consistent self-report bias of
patient responses to the criteria used in the study, rather
than a causal relationship. The subjective nature of the
measurements may have caused a lack of power. Second,
preoperative anxiety and postoperative pain assessments
were based on self-reporting and not on clinical diagnoses.
Objective evaluations could be achieved in patients with
measurement of cortisol and noradrenaline in saliva and
blood, changes in blood pressure and heart rate, grimace
and muscle tone. The third limitation was that patients
completed the tests on their own. This problem can be
overcome by filling it in by an anesthesia or psychiatrist
1 day before surgery. Thus, newly developed depression
can also be diagnosed. Finally, the small number of patients
is also a limiting factor in this study.

Conclusion

In this study, no correlation was found between the preoper-
ative trait anxiety score level and postoperative pain and
analgesic consumption in patients who underwent laparo-
scopic sleeve gastrectomy under general anesthesia. How-
ever, a significant relationship was found between the state
anxiety level and 24-hour analgesic consumption. We con-
clude that these results may contribute to postoperative
pain management in patients undergoing laparoscopic
sleeve gastrectomy.
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KEYWORDS Abstract

Airway management; Background: Postoperative cough may occur after tracheal intubation, but it is indistinct which
Topical anesthesia; drug is best at diminishing these events. Additionally, airway reflexes are commonly accompa-
Intubation, nied by severe hemodynamics responses during emergence.

intratracheal; Objectives: To evaluate the role of topical airway anesthesia on immediate post-extubation
Cough; cough/bucking and extubation time.

Anesthesia recovery Methods: Randomized clinical trials from MEDLINE, EMBASE, CENTRAL, and LILACS published
period; until December 23, 2020 were included. Our primary outcome was postoperative cough/bucking
Airway extubation incidence which was compared between local anesthetics and controls. Extubation times were

likewise considered. Predisposition appraisal and subgroup, affectability investigations were
likewise performed.

Results: The pooled analysis found a 45% reduction in cough incidence after treatment with
topical airway local anesthetic (RR = 0.55; 95% Cl: 0.42 to 0.72; p < 0.001). The number needed
to treat (NNT) was 4.61. The intervention showed no differences in reduction of the extubation
time (mean difference = -0.07; 95% Cl: -0.14 to 0.28; p = 0.49).

Conclusion: Topical airway anesthesia demonstrated better than placebo or no medication in
reducing immediate post-extubation cough/bucking. Further studies could have this objective
to combine the different ways to perform better outcomes for patients.

© 2021 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

* Corresponding author.
E-mail: thiagosakae@gmail.com (T.M. Sakae).

https://doi.org/10.1016/j.bjane.2021.03.016
© 2021 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.bjane.2021.03.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2021.03.016&domain=pdf
https://orcid.org/0000-0002-0603-3685
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:thiagosakae@gmail.com
https://doi.org/10.1016/j.bjane.2021.03.016
http://creativecommons.org/licenses/by-nc-nd/4.0/

T.M. Sakae, R.L. Souza and J.C. Brandao

Introduction

The procedures of intubation and extubation are known
to cause pain and discomfort. Postoperative cough, sore
throat, hoarseness of voice and laryngospasm are kinds of
distressing sequelae after tracheal intubation. In any case,
it is hazy which drug is best at diminishing these events.
Additionally, airway reflexes are commonly accompanied by
severe hemodynamic responses during emergence. '

Perioperative respiratory adverse events (mainly buck-
ing and coughing) frequently occur during extubation and
may lead to negative outcomes, increasing morbidity and
mortality of patients. These events can trigger nega-
tive pressure pulmonary edema, an abrupt increase in
intraocular, intrathoracic, intraabdominal, and intracranial
pressure.> 8

Several techniques have been applied to attenuate extu-
bation reaction during rise as intravenous (IV) medications
(local anesthetics, opioids, dexmedetomidine),’ " jelly
medications on endotracheal tube cuff (lidocaine, corti-
costeroids, water-soluble lubrication, vegetable gum),>%'?
local anesthetics intracuff (local anesthetic, alkalin-
ized or not),”*"® nebulized anesthetics or laryngotra-
cheal topicalization’*#81%-2" with anesthetics (local or
others),?%?2 translaryngeal injection, and/or airway nerve
blocks.?

Topical local anesthetic administration reduces the risk
of perioperative respiratory adverse events in elective endo-
tracheal intubation. Be that as it may, conclusive proof
of its adequacy stays subtle, due, to some degree, to the
wide inconstancy in the procedure for showering topical
anesthetic.>¢%

Local anesthetic jelly could have lubricating properties to
limit the potential harm to the tracheal mucosa and stifling
bucking. Its job in avoidance of postoperative cough, sore
throat, and hoarseness is not effective.?

Considering assessing the viability of topical airway anes-
thesia has yielded opposing outcomes. A few investigations
have shown great viability of this technique in prevent-
ing laryngospasm, sore throat, cough, and agitation as
well.'-3'822 |n any case, others found that there is no profit
by topical anesthesia and even report an expanded incidence
of perioperative airway complications brought about by the
incitement from the spray itself.%2526

The target of this investigation is to assess the role of top-
ical airway anesthesia on immediate postoperative coughing
and extubation time.

Methods

Search methods for identification of reviews

To search in MEDLINE papers with terms: (1) topical
anesthesia OR topical airway anesthesia; (2) anesthe-
sia, local/methods OR Anesthetics, Local OR Lidocaine;
(3) Intubation OR Intubation, Intratracheal/methods OR
Intubation, Intratracheal/adverse effects OR Airway Mana-
gement/methods OR Extubation OR Cough; (4) 1 AND 2 AND
3. The period searched was between (1966/01/01[Date -
Entry]: 2020/12/23[Date - Entry]).
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The procedure of information extraction was performed
utilizing a convention adjusted from PRISMA statement,
counting the investigation, identification information, time
of the examination conduction, structure, inclusion and
exclusion criteria, demographic characteristics, outcomes
measures, statistical analysis, and limitations (Fig. 1).

We looked at the Cochrane Central Register of Con-
trolled Trials (CENTRAL); MEDLINE (1966 to December 2020);
EMBASE (1974 to December 2020); and LILACS (1982 to
December 2020). We utilized the referred MeSH and free
text terms to search MEDLINE and CENTRAL.

Criteria for considering reviews for inclusion

Two review authors autonomously checked on and chose
preliminaries from the list items, and surveyed reads for
appropriateness, methodology, and quality. Zones of contra-
diction or vulnerability were arbitrated by different agents.
The agreement between two autonomous analysts during
the full-content audit was viewed as excellent (k = 0.89;
95% Cl: 0.82 to 0.96)

The independent variables were the type of local
anesthetic, dose, and treatment period. The outcomes
researched were incidence of emergence cough/bucking
and extubation time.

For studies to be remembered for the meta-analysis, they
needed to meet the accompanying criteria: (1) they had to
be a clinical trial design; (2) they needed to look at least
two groups (local anesthetic vs. control); and (3) they had
proportions/relative risk/mean with relating 95% Cls, or with
adequate information for calculation.

No confinements were set for members’ ages or definition
of cough as used in individual studies. Studies with laryngeal
mask airways, nasal intubation, and airway nerve block were
excluded.

Data collection and analysis

We analysed data using RevMan5.0 software. We pooled
the included investigations to yield the relative risks of
severe/moderate cough with 95% confidence intervals (CI)
or standard errors.

Selection of reviews

Data extraction and management

Data were extracted using a standardized form. Informa-
tion extracted included: type of design study; age and
gender of members; number of members; randomization
strategy; type of surgery; surgery duration; ASA (Ameri-
can Society of Anesthesiologists) physical status; incidence
and grade of cough during extubation; time to extubation;
improvements in parameters: local anesthetic compared
with placebo or other drug groups; laryngospasm; airway
obstruction severity; adverse events. The GRADE (Grading
of Recommendations, Assessment, Development and Eval-
uations) tool was adopted to evaluate the studies quality
of evidence. All the studies presented a moderate to high
GRADE certainty ratings. All the studies were clinical tri-
als, most part with double blind evaluation. The extubation
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Figure 1

times results demonstrate a low heterogeneity and risk of
bias. The indirectness was not a problem because the inter-
vention is low cost, accessible, and has a little execution
difficulty.

Assessment of methodological quality of included
reviews

Data synthesis
We introduced all point gauges as means + SE or risk
ratios (RR). We utilized forest plots to show the results. For
dichotomous factors, we determined a fixed-effect risk ratio
(RR) with 95% confidence intervals (Cl) for individual studies.
We measured heterogeneity among the pooled estimates
by utilizing the I>. We performed affectability investigations
contrasting random-effects and fixed-effect models. Poten-
tial for publication bias was assessed using the Egger test,
Higgins test, and funnel plots (Fig. 2).%

Flowchart of study selection.

Results

The electronic database looked through of 350 articles.
There were 15 articles®*%14-16.28-36 that met the inclusion
criteria and were included in the analysis (Fig. 1). The fea-
tures of the included studies are introduced in Table 1.
Articles or studies with unpublished or ongoing studies were
not included in this meta-analysis.

Incidence of immediate post-extubation
cough/bucking

A random effect model was utilized for the examination
because high heterogeneity existed among the studies (Tau?
=0.15; p < 0.0001; 1> = 74.0%). The pooled analysis found a
45% reduction in cough incidence after treatment with topi-
cal airway local anesthetic (RR = 0.55; 95% Cl: 0.42 to 0.72;
z=4.32; p<0.001) (Fig. 3).The absolute risk reduction (ARR)
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Table 1 Description of the studies included in meta-analysis.

Arslan 2013 54 87.0 I-11 16.4 + 4.4 Laryngeal Sevoflurane 1 - Lidocaine 10% No reduction in cough
microsurgery spray incidence and
laryngospasm. Agitation
lower in lidocaine group.
14.9 +5.3 2 - Saline spray
Bousselmi 2014 80 Sex ratio 1.2 |-l 82 + 34 Not described Propofol 1 - Saline instillation Reduction in cough
to 2.3 + Remifentanil + saline cuff incidence and sore
throat.
80 + 42 2 - Saline
instillation
+ lidocaine cuff
72 £+ 32 3 - Lidocaine
instillation
+ saline cuff
76 + 36 4 - Lidocaine
instilla-
tion + lidocaine
cuff
D’Aragon 2013 116 0% I-11 30-120 Elective Desflurane 1 - 4% lidocaine 4 mL  Reduction in cough
gynecologic spray + lidocaine cuff incidence (NNT 3.05). No
procedure influence in sore throat.
All female 2 - 4% lidocaine
4 mL
spray + NS cuff
3 - NS spray
+ lidocaine cuff
4 - NS spray
+ NS cuff
Diachun 2001 46 Not -1l Not described  Non ear, nose Isoflurane 1 - Lidocaine 2% TT Reduction in cough
described and throat 2 mg.kg! spray incidence.
surgery
+N20 2 - Saline 4 mL
3 - Nothing
Dutta 2016 45 42.2 1= Not described  Not decribed Sevoflurane 1 - Lidocaine 10% TT No reduction in cough
1.5 mg.kg™! and extubation time
2-NSi.v +NS
spray
3-Dex0.3
ug. kg + NS
spray
Fang 2018 52 25.0 I-Il Until 4 hours Thyroidectomy  Propofol 1 - Ropivacaine 0,75%  Reduction in cough. No
+ Remifentanil 6 mL influence on sore throat
and extubation time.
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Table 1 (Continued)

Gupta 2006 50
Jee 2003 75
Lee 2011 55
Li 2016 322

Paltura 2018 64

Shabnum 2017 60

Not
described

70.6

61.8

56.5

45.3

61.6

Not described

Not described

Not described

106.8 + 44.7

123.4 £55.9

103.6 + 40.8

289+7.2

30.1+£7.9
90.7 + 23.6

86.9 + 30.3

20 to 25 min

240 + 18.67

Carotid
endarterec-
tomy

Orthopaedic,
plastic, lower
abdominal

surgery

Laryngeal
microscopic
surgery

Urology,
otolaryngology,
ophthalmo-
logic,
orthopedic

Suspension
laryngoscopy
for benign
laryngeal
diseases

Craniotomies

Volatile

Enflurane

Sevoflurane
+N20

Sevoflurane

Sevoflurane

Isoflurane

2 - Saline 6 mL

1 - Lidocaine 4% 4 mL

T

2-NS4mLTT
1 - No drug

2 - Lidocaine

2% TT 1 mg.kg™
spray 5 min

before

extubation

3 - IV lidocaine

1 mg.mL"

1 - Lidocaine 10% TT
1.5 mg.kg™!

2 - No treatment
Lidocaine 2% TT
4 mg.kg!

Saline 0,9%

4 mL

1 - Lidocaine 10%
spray 7 puffs

2 - Lidocaine

2% 1 mL

(cotton swap)

3 - Control

(nothing

applied)

1 - IV Lignocaine 2%
1.5 mg.kg™" +
intratracheal placebo

Reduction in cough.

Reduction in number of
coughs (5 and 10 min).

No reduction in cough
incidence, reduction in
number of coughs.

Reduction in cough,
laryngospasm,
desaturation. No
influence on extubation
time.

No reduction in cough
incidence and extubation
time. Agitation lower in
lidocaine spray group.

Reduction in cough
incidence. No influence
in extubation time.
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Table 1 (Continued)

Soltani 2002 204

Yamasaki 2013 60

Zamora Lozano 78
2007

57.8

45.0

48.7

244.5 + 16.08

265 + 18.17

45+ 0.6

124 £ 52

226 + 54
60-120 min

Cataract Halothane
surgery +N20
Tympanoplasty  Propofol

+ Remifentanil

General, Volatile
gynaecology,

orthopedic,

ophtalmologi-

cal, plastic,

urological

2 intratracheal
lignocaine 2%

1.5 mg.kg ™" + IV
placebo

3-IV+
intratracheal
placebo

1 - lidocaine 10%
spray distal end ETT

2 - lidocaine

10% spray
laryngopharyn-
geal

structures

3 - 2% lidocaine
jelly ETT

4 -i.v.

Lignocaine 2%

1.5 mg.kg" at
the end of
surgery

5 - 2% lidocaine
intracuff

6 - normal

saline end ETT

1 - Lidocaine 4% 3 mL
transtracheal

2 - No medication
1 - Lidocaine 2% TT
5mL

2 - Lidocaine
2% IV 5 mL

3 - Saline 0,9%
5mL

4 - Lidocaine
2% 5 mL
intracuff

I.V. lidocaine promotes
reduction in cough
incidence. No influence
in extubation time.

Reduction in
cough/severe cough.

Reduction in cough.

oepuelg "D'[ PUE BZNOS Y ‘BXeS WL
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Figure 2 Funnel plot.
Topical airway anesthesia Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Arslan 2013 9 27 8 27 6.0% 1.13[0.51, 2.48] T
Bousselmi 2014 B 20 16 20 B.7% 0.383[0.15, 0.76] I
CAragon 2013 i 29 20 29 6.9% 0.35[0.18,0.70] I
Diachun 2001 4 15 14 16 5.5% 0.30[013,0.72] —_—
Ctta 2016 5} 15 7 148 5.8% 0.86[0.38,1.95] ——
Fang 2018 9 26 20 26 8.0% 0.45[0.25 0.79] =
Gupta 2006 13 25 21 25 9.6% 0.62[0.41,0.84] ==
Jee 2003 21 25 25 25 11.7% 0.84 [0.70, 1.01] -
Lee 2011 23 28 27 27 M.T% 0.83[0.69, 0.99] -
Li 2016 7 160 21 162 5.7% 0.34[0.15, 0.77] .
Paltura 2013 2 22 7 2 2.7% 027 [0.06,1.17] T
Shabnum 2017 T 20 1 20 B.6% 0.64 [0.31,1.30] =T
Yamasaki 2013 8 li] 18 a0 T1% 0.44[0.23, 0.86] —
Zamara Lozano 2007 5 19 13 20 5.8% 0.40[0.18, 0.92] ——
Total (95% CI) 461 463 100.0% 0.55[0.42,0.72] 0
Total events 127 228
Heterageneity: Tau®= 0,15, Chi*= 49.91, df= 13 (P =< 0.00001); F= 74% :u o1 u=1 1’13 100:

Testfor overall effect: Z= 4.32 (F = 0.0001) Favours experimental Favours control

Figure 3  Incidence of immediate post-extubation cough/bucking.

was 21.7%. The number needed to treat (NNT) was 4.61. This
analysis included 924 patients in all studies.

rate of periextubation cough/bucking in comparison with
either placebo or no medication. It also demonstrated that
the local anesthetics used as tracheal or topical application
did not influence on the extubation time as well.

There is a meaningful relationship between frequency of
cough and the first-hour sore throat."3>3¢ There are sev-
eral morbid and physiological outcomes of development
emergence coughing and they have prompted numerous
examinations looking at changed drugs to diminish peri-
extubation coughing. Lam and colleagues'® meta-analysis
found that intracuff lidocaine significantly decreased post-
operative coughing when contrasted and control groups,
fundamentally the same as our discoveries. Also, Rajendram
et al.’’ meta-analysis determined the intracuff lidocaine
to be the most effective at preventing peri-extubation
coughing and IV lidocaine was the least effective, among

Extubation time

We further examined the influence of the topical airway
local anesthetic in the extubation time. In this analysis, we
used a fixed effect because of low heterogeneity (Chi? =
1.94; p = 0.75; 12 = 0.0%). The intervention showed no dif-
ferences in reducing the extubation time (mean difference
=-0.07; 95% Cl: -0.14 to 0.28; z = 0.69; p = 0.49) (Fig. 4).
This second analysis included 512 participants in all studies.

Discussion

This systematic review demonstrated that the local anes-
thetics used as topical tracheal would do well to diminish the

other IV medications. In other recent meta-analyses, Tung
et al.’® found that lidocaine altogether diminished postoper-
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TopicalPeriglottic Anest Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Dutta 2016 7.2 1.37 15 7.78 1.96 15 3.0% -0.488[1.79 0.63]
Fang 2018 19.46 10.08 26 1869 995 26 01% 077 [4.67 6.21) T
Liz201e 18.6 7r 160 213 89 162 0.0% -270[14.71, 8.31) T
Shahnum 2017 18.3 3.4 20 201 442 20 07% -0.80[-3.24, 1.64] h
Soltani 2002 Th 0.5 34 75 02 34 861%  010[011, 0,31 .
Total (95% Cly 255 257 1000% 0.07 [-0.14,0.28]
Heterogeneity: Chi*=1.94, df= 4 (P=0.75); F=0% |

Test for averall effect 2= 0,69 (P = 0.49)

Figure 4

ative coughing when contrasted and control groups, like our
discoveries as well. In our study we also found local anes-
thetics to be likely very effective in reducing emergence
cough.

Topical airway anesthesia is not a recent strategy. Franz
Kuhn (1866-1929), a German surgeon, made a noteworthy
viable and logical commitment towards the advancement
of modern anesthesia and emergency medicine. In 1900,
he had developed a metallic endotracheal tube. Kuhn per-
formed tracheal intubation using this method in the alert
patient, utilising local anaesthesia - with cocaine - of the
upper aviation routes, or under general anesthesia with
chloroform.3®

The impact of site-coordinated topical airway local anes-
thetic, splashed by an atomizer straightforwardly onto
supraglottic, glottis, and subglottic zones, even direct
vision, has a wide variability, and it should be seen as a
peripheral blockade. The various strategies for lidocaine
spray may significantly affect results. To accomplish ideal
impact of topical airway anesthesia, spray over supraglottic,
glottis, and subglottic regions is suggested.>>°

It is known that surgical stimuli are not constant during
operation. Imagining a graph of surgical stress, the intuba-
tion is considered one of the greatest nociceptive stimuli
in the perioperative period. This is the reason for using
high bolus doses of intravenous agents such as opioids in
anesthetic induction. The plasma concentration of an intra-
venous anesthetic should be titrated to match the need of
individual patient.“

The conveyance of a spray under direct vision permits
focused on the inclusion of key laryngeal structures, as well
as subglottic applications. The use of an atomizer seems
to be important when compared to the administration via
trachea. It seems to be a more effective option to nonat-
omized conveyance because atomized particles are little,
spread a huge surface zone, and may better hold fast to
endotracheal layer bringing about progressively powerful
medication assimilation. Therefore, the electrical charge
of the atomized particle contributes to increased spread
throughout the respiratory tract.? 2441

There are other described ways of topicalization for an
application that includes the blind instillation of lidocaine
to the back of the mouth, administration directly down the
tracheal tube and nebulization. Lidocaine applied indiscrim-
inately into the rear of the mouth has appeared to convey
answer to key laryngeal structures in youngsters, yet it
is probably going to be less solid than application under
direct vision and far-fetched to anesthetize the subglottic
district.>%41
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The use of nebulization is probably going to be less aggra-
vated to the airway than an application with a splash and
might be of advantage in methodology requiring a wide dis-
persion of local anesthesia (e.g., flexible bronchoscopy or
fibreoptic intubation), as nebulization enhances the spread
of much smaller droplets to the peripheral airways, but neb-
ulization cannot target the local anesthetic to a particular
area, delay the time to administer and the dose delivered is
still unknown (because part of it could escape exhales).®*

The use of topical airway anesthesia had a little influence
on extubation time. This keeps the developing patient’s
tidal volumes well without troublesome rise airway reflexes,
which allows employing a ventilator pressure support mode
or handbag assisted ventilation.**"3342 On the other hand,
another meta-analysis®® confirmed that both alkalinised
and non-alkalinised intracuff fundamentally delayed spon-
taneous ventilation time. To what extent intracuff lidocaine
expanded the extubation time was not analysed, yet in the
event that the objective was productive turnover of the
working room, at that point intracuff lidocaine would not
be a suggested decision.*

Besides the reduction in perioperative
cough,1‘3’14’15’28‘31'33’39’42 sore throat1,15,19 and
laryngospasm,’  oropharyngeal instillation of local

anesthetic attenuates the cardiovascular responses to
intubation”.10:31-344445 and postoperative throat pain with-
out influence patients recovery.>*'43° D’Aragon et al.,
in a multivariate analysis, watched the use of lidocaine
spray diminished the rate of cough at extubation (odds
ratio = 0.256; p < 0.001). In the same study, the utilisation
of intracuff alkalinized lidocaine did not affect the event
of cough (p = 0.471). They found a number need to treat
(NNT) with lidocaine spray of 3.05 patients.'

Considering the efficacy of airway topical anesthesia
against an important nociceptive stimulus of the endotra-
cheal tube, we can consider it as regional anesthesia. The
use of local anesthesia is a generally common part of any
perioperative multimodal analgesia or improved recuper-
ation after medical procedure (ERAS) pathway.*> With the
assortment of local strategies accessible and the adaptabil-
ity of these methods in regards to various surgeries, regional
anesthesia/analgesia particularly positions the anesthesi-
ologist to have a noteworthy effect in the decrease of
narcotics in the perioperative period.**4’

The lengh of action of topical laryngeal local anesthetic
may depend on the type and concentration used. Most of the
studies included in this meta-analysis used lidocaine. Lido-
caine has a fast onset of action when injected into tissue
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at normal physiological pH. Lidocaine has a term of activ-
ity of 1-2 hours when used for different regional anesthesia
strategies. Other options with longer effect should be con-
sidered to reduce the incidence of cough/bucking and others
perioperative respiratory adverse events, especially in surg-
eries with longer anesthesia times." 8394849

An infusion of the local anesthetic lidocaine is ordinarily
utilised as an aid to control intraoperative nociception and
postoperative pain. When used in nerve blocks or regional
anesthesia, local anesthetics produce antinociception by
either repressing excitation of nerve endings or by blocking
conduction of activity possibilities in peripheral nerves. A
balanced technique of multimodal general anesthesia pred-
icated on picking a mix of specialists, including regional
anesthesia, that demonstrated at various focuses in the noci-
ceptive framework to control nociception intraoperatively
and pain postoperatively. Since these specialists additionally
decline excitement, the portions of hypnotics inhaled ethers
needed to control unconsciousness are diminished.>">’

Anesthesiologists adopt a few techniques to dimin-
ish pointless narcotic use, narcotic opioid-related adverse
events, and reactions in the perioperative period. Mul-
timodal analgesia, upgraded recuperation pathways, and
regional anesthesia are key apparatuses as we move in the
direction of ideal narcotic stewardship and the perfect of
compelling absense of pain without unwanted sequelae.*

While the multimodal approach seems to raise the advan-
tage to symptom proportion, a rational strategy for include
the topical airway anesthesia is proposed. With the assort-
ment of local methods accessible and the adaptability of
these strategies in regard to various surgeries, regional
anesthesia/analgesia of pain remarkably positions the anes-
thesiologist to have a noteworthy effect in the decrease of
anesthetic consumption and narcotics in the perioperative
period. 46>

The main limitation of this study is that cough/bucking
and coughing severity may be a subjective interpreta-
tion, raising the issue of between inter-observer variability
and bias. Even though contrasting and ‘‘nothing’’, or no
medicine may bring up issues of result appraisal inclina-
tion with regards to surveying a subjective outcome, most
of the studies utilised blinded assessors apart from the
primary anesthesiology group. Another restriction is the
enormous level of heterogeneity in medication dosage. This
heterogeneity may change the watched impact, particularly
whenever included examinations used subtherapeutic doses.
We endeavored to outline this impact by leading a subgroup
investigation using low, middle, and high doses, however it
was not possible due to the sparsity of information.

Considering the choice of local anesthetic, it can inter-
fere with the outcome of cough and postoperative sore
throat. There is a need for more studies to show the dif-
ference between the different local anesthetics and drugs,
and if there are worse adverse events or outcomes to eval-
uate better interventions. Magnesium sulphate, liquorice,
and steroids seem most effectively prevented postoperative
sore throat at 24 hours." Also, there are others confounding
factors such as total intravenous anesthetic (TIVA) versus
volatile, the cumulative rank of opioids effects, tracheal
tube size and cuff type, all of which we couldn’t evaluate
because of lack of information. Several reasons may exist
for the distinction in consequences of various researches,

including diverse statistical methods and models for study
consideration and avoidance.* %7

All study medications exhibited superior to placebo or
no medication in diminishing peri-extubation cough, but
further studies could have this objective to combine the
different ways to perform this kind of anesthesia, such as
opioid use, other adjuvant anesthetics, hemodynamics data,
and other local anesthetics.

Conclusion

This systematic review showed that the local anesthetics
used as topical application would be advised to reduce
the frequency of immediate post-extubation cough/bucking
in comparison to either placebo or no medication. It also
demonstrated that the local anesthetics used as topical tra-
cheal application had better odds to reduce the extubation
time as well. The NNT found was 4.61.
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Abstract  Sugammadex is a distinctive neuromuscular reversal drug that acts by encapsulating
the neuromuscular relaxant molecule and dislodging it from its site of action. Sugammadex has
been approved for pediatric patients over 2 years of age. Although arrhythmias have been
reported, there is no report of adverse effects in healthy children, such as severe bradycardia
requiring intervention. We report two cases of severe bradycardia immediately after the admin-
istration of sugammadex in healthy children. Our aim is to alert to the occurrence of one of the
most severe adverse effects of sugammadex, in the healthy pediatric population as well.

© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.07).

Introduction

Sugammadex is a modified y-cyclodextrin, regularly used
to effectively reverse the neuromuscular blockade
induced by rocuronium and vecuronium.' Sugammadex
acts by encapsulating rocuronium or vecuronium mole-
cules, dislodging them from the neuromuscular junction
and, consequently, reversing neuromuscular blockade.
Since the inception of sugammadex in clinical practice,
mild and transient adverse effects have been described,
and severe adverse effects such as bradycardia followed
by cardiac arrest have been reported in adults. Arrhyth-
mias (3" degree atrioventricular block, QT interval pro-
longation, persistent bradycardia, coronary vasospasm),

* Corresponding author.
E-mail: erica.vg.carvalho@gmail.com (E.V. Carvalho).

https://doi.org/10.1016/j.bjane.2021.12.011

hypersensitivity and anaphylaxis are among the most
prominent severe side effects reported.’

In the pediatric population, sugammadex has been
approved for patients above 2 years of age, and there are
already some studies focusing on the adverse effects of
sugammadex in pediatric patients. In most cases, severe bra-
dycardia occurred in patients presenting cardiac comorbid-
ities.* Conversely, we describe two case reports of healthy
pediatric patients in which, despite complying with drug
administration recommendations, severe bradycardia was
diagnosed and reversed only after treatment with atropine.

Case reports

Informed consent for publication was obtained from the
parents.

0104-0014/© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Case 1

Three-year-old female patient, weighing 17 kg, ASA (Ameri-
can Society of Anesthesiologists) physical status I, scheduled
for cleft lip and palate repair.

After standard ASA monitoring (pulse oximetry, noninva-
sive blood pressure, continuous ECG, temperature, and cap-
nography), train-of-four neuromuscular blockade monitoring,
bispectral index and urinary output, general anesthesia was
induced with intravenous administration of fentanyl 3 mcg.
kg™, propofol 3 mg.kg™', and rocuronium 0.6 mg.kg".
Amoxicillin and clavulanic acid (30 mg.kg™" intravenously)
were administered as antibiotic prophylaxis. Dexamethasone
(0.15 mg.kg~" intravenously) was administered to prevent
nausea and vomiting, and ketorolac (0.5 mg.kg™" intrave-
nously) was administered as a multimodal analgesia compo-
nent. Anesthesia was maintained with a mixture of oxygen
and sevoflurane. Boluses of fentanyl (10 mcg) and rocuro-
nium (3 mg) were administered 70 minutes after anesthesia
induction. Before wound closure, the remaining multimodal
analgesia components (paracetamol 260 mg and tramadol
35 mg both intravenously) and ondansetron 1.7 mg were
administered intravenously. The surgery lasted circa 3 hours,
was uneventful, and the patient remained hemodynamically
stable (Heart Rate [HR] between 103 and 121 beats per min-
ute (bpm) and Mean Arterial Pressure [MAP] between 60 and
62 mmHg). After observing a train-of-four ratio below 0.9,
34 mg (2 mg.kg™") of sugammadex was administered intrave-
nously in the following dilution: 100 mg diluted in 10 mL of
saline (10 mg.mL™"). Immediately after administration,
marked bradycardia of 53 bpm (Fig. 1), without hemody-
namic consequences was observed, and was reversed after
the administration of 0.35 mg of atropine. The trachea was
extubated uneventfully. The patient was sent to the Posta-
nesthetic Care Unit (PACU) and was discharged after criteria
were met, without any complications registered.

Case 2

Six-year-old male patient, weighing 21 kg, ASA | scheduled for
ureter cystoscopy. Standard ASA monitoring (pulse oximetry,
non-invasive blood pressure, continuous electrocardiogram,
temperature, and capnography), train-of-four neuromuscular
blockade monitoring, bispectral index, and urine output was
followed. General anesthesia was induced with intravenous
administration of fentanyl 2 mcg.kg™", propofol 3 mg.kg™
and rocuronium 0.6 mg.kg~'. The patient developed an

episode of bronchospasm with oxygen desaturation and brady-
cardia (Fig. 2), that was treated with manual ventilation, sev-
oflurane, inhaled salbutamol plus ipratropium bromide and
intravenous hydrocortisone. Anesthesia was maintained with
a mixture of oxygen and sevoflurane. Approximately 20
minutes before the end of surgery, paracetamol (320 mg) and
ketorolac (10 mg) were administered intravenously for post-
operative analgesia. Ondansetron (2 mg) was administered
intravenously for nausea and vomiting prophylaxis. The sur-
gery was uneventful with the patient hemodynamically stable
(MAP 67-70 mmHg and HR 90-106 bpm). After observing
train-of-four ratio below 0.9, 42 mg of sugammadex IV (2 mg.
kg™") in the following dilution were administered: 100 mg
diluted in 10 mL of saline (10 mg.mL™"). After the administra-
tion, bradycardia (55 bpm) with hemodynamic changes (PAM
~ 50 mmHg) was observed and reverted after the administra-
tion of 0.45 mg of atropine (Fig. 2). Minutes after resolution,
and 90 minutes after the event, blood was drawn for measur-
ing tryptase (both resulted negative). Extubation was
uneventful and the patient remained at the PACU until dis-
charge criteria were met, uneventful and without other
adverse effects associated with sugammadex.

Discussion

The purpose of these case reports is to alert to the occur-
rence of one of the most concerning adverse effects associ-
ated with sugammadex, severe bradycardia in the healthy
pediatric population. There have been cases reported of
profound bradycardia culminating in asystole in adults, thus
bradycardia is well recognized as a potential adverse effect
of sugammadex by the manufacturer.? However, despite the
time relationship between sugammadex and bradycardia, no
specific pharmacological or physiological mechanism of
action has been suggested or established.® Thus, the only
recommendation is to inject sugammadex quickly (10 sec-
onds) and in a single bolus. In addition, in the case of the
pediatric population, the manufacturer recommends dilut-
ing sugammadex up to 10 mg.mL~" to enhance the accuracy
of the dose administered.?

Moreover, large-scale studies focusing on this issue are
scarce and virtually non-existent in the pediatric popula-
tion. In 2020, Alsuhebani et al.* reported a study that
included 221 children in which sugammadex was adminis-
tered for neuromuscular blockade reversal. Bradycardia was
registered in 18 patients, of whom 7 presented cardiac
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square represents bradycardia after administration of sugammadex.

comorbidities. None of the patients required pharmacologi-
cal treatment to reverse bradycardia and no clinically signif-
icant changes in blood pressure were observed. However,
this adverse effect may not always resolve spontaneously,
and it may require pharmacological treatment to avoid it
evolving to severe arrhythmia or cardiac arrest.

In addition to this adverse effect, anaphylaxis following
sugammadex administration has also been described,? so in
Case 2, given the simultaneous hypotension, anaphylaxis
was cogitated as a differential diagnosis, and therefore
serum tryptase was measured. As serum tryptase levels
were negligible (in both samples) and hemodynamic instabil-
ity reversed after atropine administration, we excluded the
diagnosis of anaphylaxis.

Hence, in the absence of further studies on bradycardia
in the healthy pediatric population, the clinical report of
these cases is an important and valuable source of informa-
tion. The adverse effect described in these two patients was
reported to the manufacturer, and also to the National Medi-
cine and Health Product Authority (INFARMED), the agency
responsible for pharmacovigilance in Portugal.

Conclusion

Even when administered at the appropriate dose and accord-
ing to the manufacturer's recommendations, sugammadex
can effectively cause severe bradycardia associated with
hemodynamic instability in healthy children, and that may
not easily reverse without adequate pharmacological

103

14:40 14:50

15:00

15:10 15:20 15:30

HR and SpO, during the intraoperative period. The black square represents bronchospasm at induction, and the red

treatment. Therefore, more studies are required in this spe-
cific population.

Learning points

Bradycardia is a well-known adverse effect of sugamma-
dex administration.

More studies focusing on this adverse effect in the pediat-
ric population are required.
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KEYWORDS Abstract The regional techniques for axillary analgesia are well established. However, few
Axilla; studies have investigated surgical anesthesia. In this report, extensive debridement of axil-
Brachial plexus lary necrotizing fasciitis, including the posteromedial region of the right arm, performed under
blocks; exclusive regional anesthesia in a patient with probable difficult airway is described. The proce-

dure was accomplished under a Serratus Plane Block (SPB) and supraclavicular brachial plexus
block, guided by ultrasound, and with venous sedation. We observed satisfactory anesthesia 15
minutes after the intervention, efficient intraoperative pain control and within the following
24 hours. Surgical axilla anesthesia is feasible with the described blocks.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Case reports;
Intermediate back
muscles;

Regional anesthesia;
Thoracic wall

Introduction on the performance of these blocks for anesthetic purposes,
especially for axillary surgeries. The axilla is a region of intri-

Interfacial thoracic blocks, including Erector Spinae Plane ~ cate anatomy and innervation, which makes it challenging

(ESP), pectoral (PECS | and II), and Serratus Plane Blocks ~ to induce surgical anesthesia in this compartment. '

(SPB), are established analgesic techniques for thoracic, In the present report, the combination of the SPB

breast and axilla surgeries and are less invasive alternatives ~ and supraclavicular brachial plexus block (BPB), guided

to Thoracic Epidural (TEB) and Thoracic Paravertebral Blocks ~ PY ultrasogn'd, was“p.roposgd to address extensive ale-
(TPVB)."-* However, in the literature, there is no consensus ~ '@ry necrotizing fasciitis, which included the posteromedial
region of the right arm, in a probable difficult airway sce-

nario.
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A, Sonoanatomy of the serratus plane block (LDM, Latissimus Dorsi Muscle; SAM, Serratus Anterior Muscle). B, Image

after surgical debridement. C, Sonoanatomy of supraclavicular brachial plexus block (BP, Brachial Plexus; SCA, Subclavian Artery).

Case report

Voluntary and informed consent was provided by the patient
for the inclusion of his data in this report. The patient was a
55-year-old male with a height of 1.75 m and weight of 82 kg;
he had diabetes mellitus type Il and took 500 mg of met-
formin/day. The patient was referred to the operating room
for emergency surgical debridement with diffuse necrotizing
fasciitis and multiple abscesses in the right axilla, which had
been ongoing for 10 days due to a probable complication of
suppurative hidradenitis (Fig. 1A). The patient had reported
fasting for 8 hours. The physical examination revealed that
he was conscious, eupneic, and hemodynamically stable.
The airway examination revealed that the patient had a
Mallampati score of IV, mouth opening of less than 4cm,
upper lip bite test class of Il and thyromental distance of
less than 6cm. The axillary inspection showed extensive
necrotizing fasciitis affecting the entire anatomical pyra-
mid, extending to the edges of the pectoral muscles and the
posteromedial face of the right arm. The laboratory tests
showed leukocytosis of 15,000 cell.mm= with deviation,
PCR 259 mg.dL", hyperglycemia of 280 mg.dL™ (corrected to
170 mg.dL™" with 10 IU of regular insulin) and arterial gasom-
etry showing adequate peripheral perfusion. After standard
monitoring, antibiotic therapy with 400 mg of ciprofloxacin
and 600 mg of intravenous (IV) clindamycin was instituted.
Sedation was started with 1 mcg.kg™' dexmedetomidine in a
10-minute bolus and 1 mg/kg ketamine and was maintained
with 0.7 mcg.kg™'.h"' dexmedetomidine. Spontaneous venti-
lation was maintained with O, support by a nasal catheter at
2L.min"". The blocks were guided by ultrasound (GE LOGIQ
V2®; General Eletric Company, Wauwatosa, WI) with a lin-
ear transducer (6-13 MHz). When performing the SPB, with
the patient in supine position and arm abducted, the probe
was slid distally and laterally (in sagittal orientation) from
the middle portion of the clavicle until 4™ and 5™ ribs
appeared. The probe was reoriented to the coronal plane
and tilted backward, identifying the Latissimus Dorsi Muscle
(LDM); then, the Serratus Anterior Muscle (SAM) was visual-
ized deep in relation to the LDM and superficial to the ribs.
A 50-mm needle (Locoplex® 50 mm, Vygon, Ecouen, France)
was inserted from the posterior to anterior direction in the
interfacial plane of these muscles, and 20 mL of ropivacaine

0.5% was injected (Fig. 1B). In the BPB, the transducer was
positioned in the transverse plane, proximal to the clavi-
cle. The transducer was inclined caudally to visualize the
thoracic structures (subclavian artery, 1%rib, pleura, and
brachial plexus); the plexus was noted as a collection of
hyperechoic oval structures posterior and superficial to the
artery. The needle was introduced in the same plane, and
15mL of ropivacaine 0.5% was injected (Fig. 1C). A loss of
sensitivity was observed in the lateral thorax wall of T2-Té
in the entire axilla and lateral region of the pectorals as well
as in the entire right upper limb during the pinprick test per-
formed 15 minutes after the blocks. A fibrobronchoscope,
videolaryngoscope and laryngeal mask n. 5 were prepared
in case airway rescue was needed. The procedure lasted 1
hour and 30 minutes, with satisfactory sensorial block and
RASS-2 sedation scale scores. Adjuvant therapy with 2g of
dipyrone, 30 mg of ketorolac and 4 mg of ondansetron was
administered. There were no pain complaints (score of 0 on
the visual analogue scale) within 2 hours in the PACU. Within
the following 24 hours, there were also no episodes of pain;
2 g of dipyrone was administered on a fixed schedule every
6 hours, and there was no need for opioids.

Discussion

It is well known that acute and chronic pain can develop
after breast and axilla surgery, and regional anesthesia help
prevent this. Both TPVB and TEB are traditional techniques
for regional chest anesthesia, but they are elaborate and are
associated with latent catastrophic complications.”? With
the evolution of ultrasound-guided blocks, new analgesic
techniques have emerged for this purpose. Thoracic inter-
facial blocks such as the ESP, PECS | and Il and SPB have
appeared as safer and easier alternatives to perform.’3
However, while analgesia in these regions is satisfactory,
procedures performed exclusively with peripheral nerve
anesthesia are not widely performed. The axilla is a region
of complex anatomy and innervation, and it is not simple to
induce surgical anesthesia in this compartment (Table 1)."
Anesthetic blocks were chosen to avoid general anes-
thesia because of the difficult airway condition. However,
it is known that the choice for regional anesthesia is not
always the guarantee of safety. In cases of block failure
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Table 1 Axillary anatomy.

External surface of 4 first ribs

Intercostal nerves

Long thoracic Nerve C5-C7

Lower and upper subscapular nerves C5-Cé
Subscapular nerves

Thoracodorsal nerve C8-T1

Lateral pectoral nerve C5-C7 and
medial pectoral nerve C8-T1

Intercostobrachial nerve T2- T3

Medial brachial cutaneous nerve C8-T1
Lateral cutaneous branches of intercostal
nerves T3-T9

Medial Serratus anterior muscle
Subscapularis muscle
Posterior Teres major muscle
Latissimus dorsi muscle tendon
Pectoralis major muscle
Anterior Pectoralis minor muscle
Pectoral and clavipectoral fascias
Base Axillary fascia, adipose layer, and skin
Apex Cervicoaxillary canal
Lateral Space between the humerus and the

insertions of the muscles of the
anterior and posterior walls

Source: Moore KL, Dalley AF, Agur AM. Clinically Oriented Anatomy Seventh Edition. Lippincott Williams & Wilkins; 2014. p. 851-870.

or complications, the difficult airway would need to be
addressed suddenly, adding risks to the situation. Clinicians
may choose to perform blocks in this scenario, but it is
mandatory to prepare a plan for the airway.*

PVTB induces axillary analgesia by accessing ventral tho-
racic roots, blocking the intercostobrachial and intercostal
nerves. However, for anesthetic purposes, theoretically,
there is a gap in the coverage of innervation since the medial
brachial cutaneous nerve and the medial and lateral pec-
toral, long thoracic and thoracodorsal nerves originate from
the brachial plexus." By blocking similar innervations, the
ESP also promotes good axillary analgesia. Nevertheless, the
same limitations remain as with the PVTB. De Cassai et al.
(2019) proposed the use of the SPB with brachial plexus
selective nerve blocks to prevent these issues. The authors
accessed the long thoracic, thoracodorsal, medial, and lat-
eral pectoral nerves individually, inducing anesthesia in the
region.’

Radiological and cadaveric dissection studies after SPBs
have evidenced that solutions spread to the axilla and lat-
eral thoracic wall, stimulating the reproduction of this block
in a surgical context.”? With the SPB, the accessed nerves
are responsible for most of the sensitive innervation of the
axilla (intercostobrachial and lateral cutaneous branches
of intercostal), further the long thoracic and thoracodor-
sal nerves, responsible for axillary myotomes. All these
nerves are located between the fascias of the SAM and
LDM.? Sanllorente-Sebastian et al. (2020) reported 2 cases
of axillary arteriovenous fistulas being successfully treated
under the supraclavicular BPB and SPB (between the SAM
and external intercostal muscle at the 2" rib level). In one
case, it was necessary to additionally administer mepiva-
caine in the incision.? The ability to perform the technique
in the supine position in patients with severe pain was the
reason why the SPB was chosen over the ESP. The SPB was
chosen over the PECS Il (pectorals, long thoracic, intercos-
tobrachial, and lateral cutaneous branches of intercostal
nerves are reached) because there was an infection that
extended towards the anterosuperior chest. The reason that

the BPB was performed was that the debridement extended
to the posterior arm region (radial nerve territory) and
there was a probable need to address the remaining axillary
innervation (medial and lateral pectoral nerves and medial
brachial cutaneous nerve).’

The SPB is a well-explored analgesic technique used in
axillary surgeries. However, there is still a lack of strong
evidence supporting the use of the SPB for anesthetic pur-
poses in this context. In the present case, we successfully
performed extensive axillary debridement with the SPB
and supraclavicular BPB. Clinical trials are necessary to
validate the presented conclusions as well as to deter-
mine the viability of the SPB as a unique technique in
these circumstances and the required doses for this tech-
nique.
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KEYWORDS Abstract Dural puncture is either diagnosed by unexpectedly profound response to medica-
Postdural puncture tion test dose or development of a postpartum postural headache. Epidural blood patch is the
headache; gold standard for treatment of PDPH when conservative management fails. However, postpar-
Epidural blood patch; tum headaches can be resistant to multiple epidural blood patches. In such cases, preexisting
Unintended dural intracranial processes should be considered and ruled out. We report here the unique case
puncture; of a pregnant patient who developed a resistant headache in the postpartum period related
Endovascular to an incidental intracranial aneurysm. Subsequent treatment with endovascular emboliza-
embolization; tion adequately relieved her symptoms. Early surgical consultation and a multidisciplinary
Incidental team approach involving neurology and neuroimaging is required for successful management of
intracranial aneurysm patients such as the one described here.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction PDPH.23 Lumbar epidural blood patch procedures have been

shown to provide significant symptomatic relief in up to 93%
Epidural labor analgesia complicated by Postdural Puncture ~ Of patients after first patch placement and 97% of patients
Headache (PDPH) as a result of unintended dural puncture  after asecond patch placement.” Other less common causes
is not uncommon.” Up to one third of unintended dural of postpartum headache, however, must be considered and
puncture events may go unrecognized at the time of proce- ruled out when conventional treatment for PDPH proves

dure, only later identified once the patient has developed a ineffective.
The incidence of cerebral aneurysm is about 2% in both

the general population and women of childbearing age.®

Although the etiology is often unknown, both genetic and

* Corresponding author. environmental factors are likely at play.® The majority of
E-mail: khane4@nychhc.org (E. Khan). cerebral aneurysms are located in the anterior circulation
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(80-90%), with a minority being found in the posterior
circulation.” Normal physiologic changes during pregnancy
may increase the risk of cerebral aneurysm formation, pro-
gression, and even rupture.? However, the incidence of
unruptured or incidental cerebral aneurysm during preg-
nancy is not well established.”® We present here a unique
case of refractory PDPH in a young parturient with an
incidental intracranial aneurysm treated with endovascular
embolization for ultimate symptomatic relief.

Case report

A 28-year-old gravida 5 para 5 at 40 weeks gestation pre-
sented to our labor and delivery unit in early labor, with
plans for spontaneous vaginal delivery. Her past medical
history was unremarkable, and she had reportedly received
uneventful epidural labor analgesia for her last delivery. On
admission, epidural labor analgesia was requested by the
patient and ultimately placed in the L4-L5 intervertebral
space with the patient in a sitting position. After prepar-
ing an appropriate sterile field, a 17G Tuohy needle was
used to identify and enter the epidural space using a loss-
of-resistance to saline technique. Loss of resistance was
achieved at a depth of 4.5 cm, at which time a 19G multi-
orifice epidural catheter was easily threaded and secured at
9 cm at the skin. Aseptic technique was maintained through-
out the procedure.

Following negative aspiration from the catheter and a
negative test dose with 3 mL 2% lidocaine with 1:200,000
epinephrine, an epidural infusion of 0.1% bupivacaine + 2
mcg.mL" fentanyl at 12 mL.h"" was initiated. The patient
received a 4-mL epidural bolus of this solution at the time
of infusion initiation with a 4-mL Patient Controlled Epidu-
ral Analgesia (PCEA) dose available at a 20-minute lock out.
The neuraxial blockade had reached a T4 level bilaterally
shortly after the initial bolus, at which time the infusion
rate was decreased to 2 mL.h™" with concern for intrathe-
cal catheter migration. Soon after epidural placement, the
patient began to complain of headache, though no signs of
unintended dural puncture were appreciated at that time.
The headache was occipital in location, throbbing in nature,
5-6/10 in severity and aggravated with the patient in a
head-up position. The patient exhibited no focal neurologic
deficits. Within a few hours, the patient began to report
increased labor pain with physical exam findings consistent
with a T12 level of blockade on the right side and T9 level
on the left. The asymmetrical levels of neuraxial blockade
as well as fading of the epidural block indicated a high like-
lihood that the catheter was, in fact, in the epidural space.
Thusly, a 4-mL bolus dose of the epidural infusion cocktail
was administered, and the infusion rate was increased to
10 mL.h"". The patient reported adequate relief from labor
pain but failed to see improvement in her ongoing positional
headache. Her labor course proceeded in an uneventful
manner, and she delivered a healthy newborn via uncom-
plicated, spontaneous vaginal delivery.

In the early postpartum period, the patient’s headache
increased in severity to a 7/10 and was unrelieved by
conservative management with intravenous fluids, oral anal-
gesics, and bed rest. An epidural blood patch was performed
approximately 24 hours after delivery using 15 mL of autol-

Figure 1  Left supraclinoid, paraophthalmic ICA aneurysm,
measuring approximately 9 x 6 mm.

ogous blood. The injection was performed at the L3-L4
intervertebral space, using a 17G Tuohy needle in a mid-
line approach. The patient reported transient symptomatic
relief, however the headache returned less than 24 hours
later.

A second blood patch was placed 72 hours after the first
blood patch, again using 15 mL of autologous blood, injected
at the L3-L4 intervertebral space with a midline approach.
The patient reported immediate improvement in the sever-
ity of her headache from 8/10 to 4/10 following the second
blood patch, however her symptoms again returned approx-
imately 24 hours later. Forty eight hours after the second
blood patch, a third blood patch was placed, again using
15 mL autologous blood and a 17G Tuohy needle in a mid-
line approach, however this time the injection was made
at the L4-L5 intervertebral space under fluoroscopic guid-
ance. Needle placement was confirmed with spread of dye
within the epidural space and about the nerve roots. The
patient again reported transient relief followed by recur-
rence within 24 hours. Her headache was not associated with
nausea, vomiting, or any focal neurologic deficits. No neck
rigidity or compromised cervical mobility was appreciated.
Computed Tomography Angiography (CTA) of the patient’s
head revealed an incidental left supraclinoid, paraopthalmic
aneurysm of the Internal Carotid Artery (ICA) measuring
9 x 6 mm (Fig. 1 and 2). The patient subsequently underwent
an endovascular pipeline embolization of this aneurysm
and reported sustained symptomatic relief at 48 hours post
procedure. She was discharged home on oral analgesic med-
ications as needed.

Discussion

Lumbar epidural placement is the gold standard for labor
analgesia in most developed countries and is a common prac-
tice worldwide. PDPH is a known complication of epidural
placement in this setting. The incidence of PDPH following
unintended dural puncture with a 17G needle can be as high
as 75-85%,° however it is not the only cause of postpartum
headache.'® Table 1 provides a brief summary of differential
diagnoses for headache in the postpartum period. PDPH clas-
sically presents as a frontal or occipital postural headache,
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Table 1
and appropriate workup and/or treatment.

Brief summary of differential diagnoses for headache in the postpartum period, comparing timeline, clinical indicators,

Fronto-occipital location

Postural in nature
““Throbbing’’ quality

Conservative management with
fluids, non-narcotic analgesic
medications + caffeine
Epidural blood patch for
resistant symptoms

PDPH 12 hours to 5 days following
dural puncture event
Preexisting Onset shortly after epidural

intracranial aneurysm

placement, but can present
at any time

Unrelieved by conservative
management measures for
PDPH

Cerebral angiography
Neuroendovascular surgery
consultation

Migraine or tension-type
headache

Can present at any time

Fatigue/dehydration Can present at any time

History of migraine or
tension-type headaches
Sensitivity to light and/or
sound

Preceding aura

Decreased skin turgor
Mild cognitive

Acetaminophen =+ caffeine
Trial of ergot alkaloids (i.e.,
sumatriptan) for persistent
symptoms consistent with
migraine

Intravenous fluids
Symptomatic management

symptoms/‘‘brain fog’’

Figure 2 Cerebral angiogram showing left supraclinoid,
paraopthalmic ICA aneurysm.

throbbing in nature, and can range from mild to severe
and incapacitating. The headache onset typically begins
within 12-48 hours and rarely more than 5 days after the
dural puncture event. Headache soon after epidural place-
ment is more likely related to either pneumocephalus or
preexisting intracranial pathology.'"'> Our patient, indeed,
complained of headache soon after epidural placement -
considering that a loss-of-resistance to saline technique was
used, the possibility of pneumocephalus was exceptionally
low. Although unintended, dural puncture was not recog-
nized at the time of epidural placement, a questionably high
level of neuraxial blockade after bolus dose raised suspicion
for intrathecal connection.

While the exact cause of PDPH is not entirely known, it’s
thought to be related to the decrease in cerebrospinal fluid

pressure secondary to volume loss, leading to traction on
structures within the cranium.’ The initial management of
PDPH is bed rest with supportive therapy including oral or
intravenous fluids and nonnarcotic analgesic medications.
Epidural blood patch is the standard treatment for resis-
tant PDPH and is usually offered after 24 hours of failed
conservative management.

Our patient received three blood patches, each fol-
lowed by symptom recurrence within 24 hours, suggesting
that her headache was related to a preexisting intracra-
nial aneurysm, rather than unintended dural puncture. One
explanation for this would be an increase in transmural pres-
sure within the aneurysm related to cerebrospinal fluid leak.
The transmural pressure of an aneurysm is the difference
between the Mean Arterial Pressure (MAP) and Intracranial
Pressure (ICP)."* Dural puncture can affect a clinically signif-
icant decrease in ICP, potentially even triggering the rupture
of a preexisting aneurysm. Our patient’s headache relief fol-
lowing endovascular embolization of the aneurysm supports
the increased transmural pressure hypothesis.

The existing literature on unruptured intracranial
aneurysms in pregnancy is extremely limited, and there-
fore guidelines for obstetric anesthetic management do not
exist. Epidural labor analgesia, however, is generally con-
sidered safe for patients with no evidence to suggest a
preexisting intracranial vascular anomaly. Undiagnosed neu-
rovascular conditions rarely first manifest in the postpartum
period, however thoughtful clinical evaluation and due con-
sideration of alternative diagnoses is essential in providing
timely, appropriate care to these patients.
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KEYWORDS Abstract The subscapularis plane block is an effective approach to anesthetize axillary and
upper subscapular nerves. There have been no reports regarding brachial plexus paralysis as
a potential complication to date. Described here is a case of median nerve palsy following
ultrasound-guided subscapularis plane block for awake frozen shoulder manipulation that was
performed on a 52-year-old female diagnosed with adhesive capsulitis. The patient could not
flex digits two and three, and ipsilateral inner palm numbness occurred shortly after the block
commenced, with complete resolution in the next two hours. The local anesthetics spillage
towards brachial plexus with possible partial paralysis should always be expected after sub-
scapularis plane block.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Case report;
Nerve block;
Adverse effects

Introduction ated with this plane block. We present our experience with
one case of median nerve palsy complicating SSPB for awake
frozen shoulder manipulation and investigate its possible

Subscapularis plane block (SSPB) has only been reported >
mechanism.

three times by anesthesiologists who wanted to achieve
analgesia over the shoulder region, in addition to the supras-
capular and lateral pectoral nerve blocks.' Until then, Case report
there had been no reports concerning complication associ-

A 52-year-old female patient of 50kg weight and 156 cm

height was scheduled to undergo awake frozen shoul-

* Corresponding author. der manipulation for her left shoulder’s painful adhesive
E-mail: caliptra36@gmail.com (S.M. Sumantri). capsulitis. The patient, however, refused her orthopedic sur-
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Figure 1

Scapula

A, Illustration of probe positions and needle directions for subscapularis plane block (SSPB); B, Ultrasound image of

local anesthetic (LA) deposited beneath subscapularis muscle (SSM) epimysium. Brachial plexus (BP) was seen at the medial of the
screen above axillary artery (AA). The three layers of muscle at the anterior border of subscapularis plane were coracobrachialis

(CB), pectoralis minor (P.Min), and pectoralis major (P.Maj) muscle.

geon’s reference for physical rehabilitation through shoulder
manipulation, leaving her with worsening pain and limited
shoulder movement that went untreated for two weeks.
Considering her previous history of recurrent asthma attacks
and her objection to potential complication of transient uni-
lateral phrenic nerve that might risk her respiratory status,
she refused the option of ipsilateral interscalene brachial
plexus (BP) block.

We presented an alternative interfascial plane shoulder
block consisting of combined SSPB, pectoral and suprascapu-
lar nerve block with careful explanation of its novelty and
limited evidence, earning the patient and her relative’s con-
sent. The first block given was SSPB by administering 15 ml of
1.5% lidocaine with epinephrine 0.1 mg (5 pg.mL-1), guided
by ultrasonography as described by Sondekoppam et al.’
with the illustrative probe position as shown in Figure 1A.

The probe was positioned at the axial plane of shoul-
der, where the lesser trochanter of humerus and the
subscapularis muscle were well-identified sonographically.
After local skin infiltration, a non-stimulating 100-mm-
long, 21G, short-beveled needle (Locoplex®, Vygon, Padova,
Italy) was inserted in-plane with the ultrasound probe, in
a lateral-to-medial direction. The needle was advanced
until the tip is positioned in the interfascial plane between
the coracobrachialis (CB) and subscapularis muscle (SSM).
Color Doppler real-time evaluation during needle inser-
tion is paramount to avoid unintentional puncture to the
anterior and posterior circumflex humeral arteries. It is
then advanced further, with a small amount of hydrodissec-
tion solution (normal saline) being injected carefully until
a visible spread of solution dissected SSM away from its
epimysium (Fig. 1B). After confirming the correct needle tip
position, the author then deposited the desired amount of
local anesthetics (LA) exactly beneath the SSM epimysium.

Fifteen minutes after injecting LA, before commenc-
ing with the two other blocks, the patient complained of

hypoesthesia at the lateral side of ipsilateral inner palm,
followed by the inability to flex digits two and three into
a compact fist, corresponding to proximal median nerve
palsy. After reassuring the patient that the complication
would be transient, two other blocks were given without any
significant findings. Shoulder manipulation was uneventful,
with a duration of 30 minutes. Two hours after SSPB com-
menced, symptoms of proximal median nerve palsy had been
completely remitted. During the next day’s follow-up eval-
uation by phone, the patient did not mention any complaint
nor subsequent problem related to her previous transient
median nerve palsy and was satisfied with the intervention.

Discussion

The subscapularis plane is a potential space between the
anterior aspect of SSM and pectoralis major muscle (PMM).
First described by Sondekoppam et al., this approach focuses
on subscapular (SSN) and axillary nerves (AN) as these struc-
tures are present on the ventral surface of SSM. lts clinical
significance is that these nerves provide sensory supply to
anterior and posteroinferior quadrants of the shoulder.'*
The ideal approach to achieve optimum SSN and AN
block is still debatable until recently, since there have
only been three papers describing ultrasound-guided fascial
block technique related to SSM by employing different meth-
ods. Earlier, Sondekoppam et al. and Drake et al. injected LA
over the ventral surface of SSM at the intermuscular plane
beneath PMM. Later, Tran et al. decided to put LA in the
plane between SSM and anterior glenohumeral joint cap-
sule. All authors have effectively blocked SSN and AN with
a different volume of LA; 15, 10, and 2 ml, respectively.'
Anatomically, lateral approach to SSPB with the medial
border of coracobrachialis muscle as stop demarcation line
of the needle tip can be considered safe as there is no
major structure on the needle path. Also, the presence of
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sheath towards the proximal third of the upper arm may
theoretically limit LA’s spread into BP, causing unwanted
upper extremity paralysis.® Positioning the needle tip over
the ventral surface of SSM for SSPB is presumed to cause BP
involvement as suggested by Drake et al. from their cadav-
eric dissection that showed posterior cord and radial nerve
staining following methylene blue injection.? Unfortunately,
Sondekoppam et al. did not mention any BP involvement in
their correspondence.’ Given the possibility of BP involve-
ment following SSPB from the previous approach, the author
decided to inject LA beneath the epimysium of SSM.

It is reasonable that another approach by Tran et al.
should instead be performed as it utilizes less volume of LA
that is deposited beneath SSM and separated from BP, so then
the likelihood of BP involvement would be far lower than the
author’s approach. Tran et al. performed such an approach
merely to stain the anterior capsule of shoulder joint, not
specifically targeting SSN and AN like the author did.? On
his two lightly embalmed cadaveric shoulders, Tran et al.
found that an amount of 3 ml dye could stain the main trunk
of AN dan articular branch of SSN. However, considering the
anatomical variation of nerve branches, one should care-
fully implement this limited evidence on living subjects as
no studies nor reports following said publication recommend
the practice.? Nevertheless, due to the limited evidence
of median nerve paralysis as a complication of SSPB, the
author found patient’s complete consent as lacking during
the preoperative visit, resulting in patient’s temporary dis-
appointment when the unexpected event occurred.

Drake et al. were the first to show how partial BP involve-
ment could occur as the dye might stain the posterior cord
and radial nerve as it ran in the same plane where they
deposited the injection. They found that the posterior cord
of BP ran right on the medial side of subscapularis muscle-
tendon junction at the anterior surface of the SSM, overlaid
only by subcutaneous tissue.® Apart from that, the implau-
sibility of median nerve involvement was supported by its
position, that was lateral from SSM myotendinous junction
and far anterior to the axillary artery (AA). Nevertheless,
throughout the extensive literature search, this report may
be the first to address such an unusual complication of SSPB
involving median nerve paralysis.

The first possible mechanism lies in the debatable pres-
ence of BP sheath expanding from the neck to the distal end
of the axilla, as it is vital as a proposed mechanical bar-
rier against unintentional spillage of LA from the adjacent
interfascial plane block. The conflicting BP sheath anatomy
may theoretically explain inadvertent LA spillage towards
BP, voiding the likelihood of needle positioning failure as the

author had carefully observed needle tip under ultrasound
followed by further normal saline hydrodissection to con-
firm its position beneath the fascia of SSM before injecting
LA. The second aspect of the mechanism of SSPB involving
BP paralysis is the volume of LA. There is no defined vol-
ume of LA needed for SSPB to completely cover AN and SSN
other than what Sondekoppam et al. published, but many
other fascial plane blocks were known to have a smaller
volume to reduce unintended nerve blocks other than what
was targeted.’

The causes of median nerve paralysis following SSPB
can only be hypothesized as there is an insufficient report
regarding this complication. Theoretically, it has resulted
from LA spillage towards BP from a large volume of LA injec-
tions and diffusion through adjacent thoracic structures.
Despite its nature as self-limiting perioperative morbidity,
the occurrence of BP paralysis may concern patients, in addi-
tion to increased length of stay and hospital costs. Further
cadaveric and clinical studies are needed to determine the
ideal LA technique and volume for SSPB without complicat-
ing PB paralysis.
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The anesthesiologist thoughts on
medical residency in
anesthesiology in Brazil
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Dear Editor,

The significant role of the anesthesiologist in the manage-
ment of critical patients has been comprehensively revealed
during the COVID-19 pandemic. Theory and technical skills
and leadership capacity became evident, showing the
resourcefulness that distinguishes anesthesiologists. '

However, recognition by peers, scientific societies, and
patients is a recent fact, given the anesthesiologist is classi-
cally described as the unrecognized or even hidden “hero”,”
and anesthetics is labelled by non-anesthesiologists as
straightforward procedures, merely limited to delivering
induction of amnesia and analgesia.’

In fact, the low-profile perception towards anesthesiol-
ogy practice may result on one hand from the massive
advance of the specialty observed in recent decades, lead-
ing to an extremely low incidence of anesthetic complica-
tions,> and, on the other, from the almost exclusive
dedication of anesthesiologists to perioperative medicine.

In 2010, the Helsinki Declaration on Patient Safety in
Anesthesiology clearly stated the anesthesiologist's domains
in the areas of anesthesia, intensive care, emergency, and
pain.? As such, the resourcefulness of anesthesiologists has
resulted not from the acquisition of new skills, but from the
mere opportunity to apply already acquired knowledge.

Residency in anesthesiology is a training program that will
make a general practitioner competent in the several
domains previously described. Thus, institutions/hospitals
establish training programs by defining the several skills and
knowledge residents ought to master after training comple-
tion. Anesthesiology training programs differ from one coun-
try to another.”

Anesthesiology training in Brazil lasts a minimum of three
years, comprising a 60-hour week schedule, and is regulated
by the National Commission for Medical Residency (CNRM)
with the scientific assistance of the Brazilian Society of
Anesthesiology (SBA). The learning program includes the 54
key-point content the resident must master at the end of
training.” In total, Brazilian medical residents will have com-
pleted at least circa 9300 hours of practical training before
being able to obtain the title of anesthesiology specialist.

https://doi.org/10.1016/j.bjane.2022.06.011

The resident may choose to attend an extra training year in
more specific areas of anesthesiology (fellowship) after com-
pleting the residency program, although the option is only
available in a minority of training centers.

In comparison, in the European Union (EU), anesthesiol-
ogy training lasts a minimum of five years® with a schedule
of 37 to 45 hours weekly, depending on the country.” The res-
ident will have to master the content established by the
European Board and Section of Anesthesiology program, that
includes 16 areas of knowledge divided into the four domains
of activity of the anesthesiologist. A Portuguese medical res-
ident, for example, ought to complete at least circa
10,400 hours of practical training (based on a 40-hour week
schedule).®

In practice, the difference between Brazil and the EU
regarding the duration of training is almost entirely
explained by the fact that the weekly workload of a Brazilian
medical resident is 50% greater than of an EU resident. Even
though shortening program time allows for quick training of
specialists, the heavy weekly workload may lead to greater
fatigue and a predisposition to medical error.”

After critical analysis of the Brazilian and EU training pro-
grams one can realize that the major difference between
them lies in the domain of intensive care and medical emer-
gencies. The EU program contemplates the fact that acquisi-
tion of knowledge in these two areas is crucial for training
residents. Indeed, training residents in these areas enables
them to acquire not only important skills for the anesthesia
management of critically ill patients, but also plays an
important role in the early and late clinical management of
the same patients.

A training program that encompasses intensive care and
emergency enables the resident to have broader useful med-
ical knowledge, impacts management of patients, and con-
solidates the fundamental role anesthesiologists can play in
the intensive care and emergency units in Brazil. In practice,
taking into consideration the number of weekly working
hours, introducing these two areas of knowledge would
result in a six-month increase in the duration of the Brazilian
training program.

Finally, we would like to encourage a reflection on the
Brazilian anesthesiology residency program. Considering the
role that anesthesiologists may have in Brazil, the following
issues should be addressed while elaborating a new curricu-
lar program: Should anesthesiology training be given “in
bolus or continuous infusion”? Is the implementation of a

0104-0014/© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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curriculum in the domains of intensive care and emergency
relevant to training anesthesiologists? Should the duration
of the anesthesiology training program be extended?
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Dear Editor,

Errors in anesthesia, mainly during drug administration, are
significant and common, and have been repeatedly reported
in the literature. However, even with improvement in the
anesthetic technique and safety protocols, such errors still
occur worldwide, and represent a serious health issue.

Anesthesiologists routinely choose, prepare, and adminis-
ter potent medications in a brief spam of time, and often the
decision on which drug to use is made by just one anesthesi-
ologist. Thus, the likelihood of an unintentional error is eas-
ily understandable, despite the high potential risk of
irreparable harm to the patient.

Thereby, analysis of errors in intraoperative drug admin-
istration is of major relevance for patient well-being and
safety. In view of the scenario, this study focused on under-
standing the factors related to anesthetic error in the state
of Para, Brazil, aiming to help establish processes and meas-
ures for patient protection and higher anesthetic safety.

This cross-sectional study is based on the analysis of a val-
idated electronic questionnaire. The sample consisted
of 90 anesthesiologists members of the Anesthesiology Soci-
ety of the State of Para (Saepa) in 2020. All anesthesiologists
who were members of Saepa were included in the study,
although physicians who had not paid their annual member-
ship fee and/or who did not complete data fully and ade-
quately were excluded.

Data were collected from the questionnaire based on
Erdman et al., 2016' (Table 1), which explores demo-
graphic data and the anesthetic practice profile of the
respondent.

Of the 90 respondents, 85.6% stated they had made a
medication administration error. Among those who had
made errors, most had occurred between one and five times
(94.8%). The most common error was drug exchange (51.9%)
followed by omission (23.4%). Fatigue was the most fre-
quently reported error contributing factor (53.5%), followed
by incorrect reading of the label/ ampoule (23.9%). Among
the 77 professionals who reported medication errors,
60 administered drugs erroneously in the neuraxis.

https://doi.org/10.1016/j.bjane.2022.07.004

Most anesthesiologists answered that there had been no
harm to patients (61.0%). The morning shift revealed a
higher incidence of severe errors (37.7%). The most severe
errors occurred during anesthesia maintenance (54.5%).
Concerning the time elapsed for error detection, 83.1% of
the anesthesiologists reported that the error was immedi-
ately detected. Late error detection was reported
in 12 cases (15.6%).

The study showed that most of the participant anesthesi-
ologists had already made some type of error, although most
of the reported errors resulted in minimal concerns and low
morbidity for the patients. The deaths of two patient (2.6%)
were related to medication errors.

Our findings agree with a study assessing Canadian anes-
thesiologists which revealed that 85.0% of them had already
made some kind of error. Additionally, that study reported
four deaths directly related to medication errors.? Another
study carried out in India aimed to study medication errors
reporting the events and preventive measures taken by
anesthesiologists. It revealed that more than two thirds of
respondents (75.6%, n = 740) experienced medication errors,
and 7.7% (57) reported occurrence of severe morbidity and
complications.®

The high workload of health professionals causes fatigue,
making them more prone to cognitive process failure, lead-
ing to error and, consequently, a tendency to deal with
errors individually. However, a more comprehensive analysis
reveals hidden organizational and administrative conditions
contributing to error which must be considered. Conse-
quently, in handling with error one must also include process
since the practitioner is the end of a chain and only a part of
systematic failure. Thus, the greater effort of practitioners
to avoid errors by themselves is not likely to succeed, as
implementing more secure processes and systems are also
required.

Therefore, prevention is the best method for treating
medication errors,* complying with the following measures:
reading the medication label of vials or syringes carefully
before preparing or injecting medication; improving vials
and syringe labels regarding font, size, color, and informa-
tion included; labeling syringes; avoiding, whenever possi-
ble, similar packaging and presentation of medications,
which contribute to drug exchange error; dispensing medica-
tion in pre-filled syringes, instead of ampoules (for emer-
gency or general use drugs), which should be prepared and

0104-0014/© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1 Electronic questionnaire based on Erdman et al., 2016

1. How old are you? (years)
2. What is your gender? (Male/Female)
3. How long have you been practicing anesthesia (including residency)? (years)
4. How many hours do you practice weekly?
5. What is your level of specialization?
(A) Medical residency in progress
(B) Anesthesiologist (holds specialist title)
(C) Anesthesiology Title by the Brazilian Society of Anesthesiology (SBA)
6. Have you ever made a medication error? (Yes/No)
. How many times did you make a medication error?
8. What kind of errors did you make?
(A) Omission (drug not administered/ forgotten)
(B) Drug repetition
(C) Wrong drug (administration of a drug other than the one prescribed).
(D) Wrong time (drug administered at wrong time)
(E) Wrong dosage (wrong concentration, amount, or rate of infusion)
9. Did any of the factors below contribute to the error?
(A) Distraction or fatigue
(B) Pressure to execute the procedure
(C) Misreading of the label/vial
(D) Lack of knowledge or experience with the drug
(E) Inadequate storage
(F) Wrong programming of the infusion pump
(G) Inadequate communication between anesthesiologists
(H) Others not specified
10. Have you incorrectly administered medication in the neuraxis? (Yes/No)
11. What was the worst outcome for your patient after your medication error?
(A) No harm (error did not result in change in anesthetic plane or increase in recovery time)
(B) Lower morbidity with reversible harm (increased time to tracheal extubation or postanesthetic recovery)
(C) Increased morbidity with reversible harm (invasive monitoring required for error correction)
(D) Increased morbidity with irreversible harm (myocardial infarction, cardiac arrest, or permanent neurological sequelae)
(E) Death
12. In which shift of the day did your most severe error occur?
(A) Morning
(B) Afternoon
(C) Night
(E) I don’t remember
13. At what time of the perioperative period did your most severe error occur?
(A) In the preanesthetic period
(B) During induction of anesthesia (or early intraoperative period)
(C) During anesthesia maintenance
(D) During tracheal extubation (or just before tracheal extubation)
(E) In the postoperative period
14. How long did it take to detect your most severe error?
(A) Immediate detection
(B) Late detection
(C) Suspected, unconfirmed error

~

Source: Authors.
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age.” Accordingly, medication errors related to practitioner ~ The authors declare no conflicts of interest.
fatigue will be minimized.
Despite its relevance, the study has limitations, as data
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Dear Editor,

Anesthesiology residents are historically at high risk of burn-
out syndrome,” and we hypothesized that the Coronavirus
Disease 2019 (COVID-19) pandemic could worsen this sce-
nario. Burnout is a global concern?? that could reduce resi-
dents’ ability to cope with stress and is associated with
other mental disorders." We performed a study to determine
the prevalence of burnout risk among anesthesiology resi-
dents in Brazil during the second wave of the COVID-19 pan-
demic. The secondary objective was to recognize factors
that could correlate to the risk of developing burnout. Iden-
tifying these factors could lead to building more resilient
training centers.

This survey-based nationwide cross-sectional observa-
tional study measured burnout risk among anesthesiology
residents in Brazil using the Oldenburg Burnout Inventory
(OLBI). We collected data through a multi—modal non-prob-
ability online survey using both river (social media) and
panel (Brazilian Society of Anesthesiology’s mailing list)
sampling from January 12 to March 2, 2021. All three years
of in-training anesthesiologists were invited to participate.
Ethical approval was obtained from the institutional review
board at Fundacao ABC/FMABC before the study started
(CAAE number 39505120.7.0000.0082). The study protocol
and report followed the STROBE statement. The survey
included the Oldenburg Burnout Inventory (OLBI) and 24
additional questions. OLBI’s measurement was validated in
order to quantify the risk of burnout based on two dimen-
sions: exhaustion and disengagement. The cultural adapta-
tion and validation of OLBI for the Brazilian population
resulted in an instrument with 13 questions.* We assumed
that a proper cut-off to determine burnout risk should have
clinical meaning. A relevant clinical relationship has been
previously described by Peterson et al.,? who identified that
values of OLBI beyond their national validation mean could
prospectively predict future long-term sickness absence. In

“Institutional Research Board Certificate of Ethical Approval:
39505120.7.0000.0082. Study registry: ISRCTN61736991

https://doi.org/10.1016/j.bjane.2022.08.001

parallel, we used the national mean of OLBI as cut-off, as
determined by the Brazilian validation. The mean scores
found in the Brazilian validation study were 2.33 for exhaus-
tion and 2.4 for disengagement.” Thus, the OLBI’s cut-off
level 4.73 was defined by adding both dimensions’ means.
Residents were considered “at-risk” of developing burnout
when their score was beyond 4.73, while scores simulta-
neously beyond the mean for exhaustion and disengagement
defined “high risk” of burnout. The following 24 questions of
the survey were designed to potentially define factors corre-
lated with the risk of burnout. We tried to minimize sam-
pling bias by inviting residents through methods that
allowed participation from all country regions. Lack of vali-
dation of the correlation questions was minimized by the
input of variables from previous burnout literature. Since
the answers relied on a non-probabilistic sampling method,
no statistical power calculation was determined. Standard
descriptive statistics were used to summarize the results.
Baseline characteristics were compared to the target popu-
lation with a two-sample test of proportion. All 24 correla-
tion questions were analyzed by two logistic regressions,
one with the binary outcome “at-risk” and the other with
the binary outcome “high risk” of burnout. Significant
results from those regressions were included in a final multi-
ple linear regression model with the OLBI score as the
dependent variable. Beta coefficients were calculated to
standardize the correlations. Beta coefficients above or
equal to 0.2 were considered to determine the strength of
correlation as moderate to strong, while we assumed values
below 0.2 as weaker correlations. Semipartial coefficients of
determination were calculated to determine the percentage
of association between the OLBI score and each potential
predictor. Statistical significance was considered at the level
of 0.05 for two-sided hypothesis testing, and confidence
intervals were set at 95%. Data were analyzed with STATA
17.0 (StataCorp, 2021). Participants who did not complete
all forms were excluded from the analysis.

Answers were completed by 205 participants. The survey
completion rate was 91.5%, given that 224 guests signed the
e-consent, and the response rate was 9.3%, considering a
target population of 2205 residents. The age of participants
was 29.9+3.12. Assuming an equal distribution of residents
by training year in the target population (33%), there was no
significant difference from our sample. Female participants
accounted for 107 (52.2%) residents. All regions of Brazil
were represented with a similar proportion to the residents’
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Table 1

Multiple linear regression for total OLBI score as the dependent variable.

Access to COVID-19 tests Yes 119 (58.0%) 5.06+0.92
through the resi- No 86 (42.0%) 5.61+0.86
dency program

Alcohol consumption Yes 159 (77.6%) 5.17+0.93

No 46 (22.4%) 5.70+0.84

Institutional COVID-19 Yes 157 (76.6%) 5.16+0.91
prevention protocol No 48 (23.4%) 5.70+0.91

Age 29.9 +3.12 5.29+0.93

Relocation to COVID-19 Yes 90 (43.9%) 5.26+0.93
ICU/ward No 115 (56.1%) 5.31+0.95

Year of residency 1 87 (42.4%) 5.23+0.90

2 70 (34.1%) 5.31+0.99
3 48 (23.4%) 5.36+0.92

Felt coerced or pushed Yes 99 (48.3%) 5.52+0.85
to assist patients No 106 (51.7%) 5.08+0.97
with COVID-19

Considered abandoning Yes 49 (23.9%) 5.78+0.90
the anesthesiology No 156 (76.1%) 5.14+0.89

training due to the
pandemic

—0.27 —0.52 (-0.74 to —0.29) 0.072 <0.001*
—0.22 —0.49 (-0.75 -0.29) 0.044 <0.001?
—-0.19 —0.43 (—0.69 to —0.17) 0.037 0.001%
—-0.18 —0.05 (—0.09 to —0.01) 0.027 0.005%
—-0.15 —0.29 (-0.52 to —0.06) 0.020 <0.001%
0.05 0.97 (—0.15t0 0.35) 0.002 0.446
0.1 0.26 (—0.02 to —0.54) 0.011 0.071
0.18 0.33 (0.10-0.56) 0.028 0.005%
0.29 0.64 (0.38-0.90) 0.080 <0.001%

Number of observations: 205; R? = 0.334; F=10.90; p < 0.0001.

B, Beta coefficient represents standardized correlations; g > 0.2 determined moderate to strong correlation. Coef, Regression Coefficient;
95% Cl, 95% Confidence Intervals; Semipartial R?, represents the proportion of variance in OBLI score that a single variable can explain.

2 p-value < 0.05.

in-training national distribution, except for a higher propor-
tion in the Southeast region (73.2% in a target population of
61.9%). The prevalence of anesthesiology residents at-risk of
developing burnout was 73.2%, while it was 57.1% for high
risk. During the outbreak of the COVID-19 pandemic, data
collected from medical residents in Brazil by Mendonga
et al.” showed a 48.6% risk of developing burnout. Compared
to our result of 73.2%, it is possible that anesthesiology resi-
dents could possibly be at higher risk of burnout than other
medical residents in Brazil. While regarding high risk, a study
conducted among Brazilian anesthesiology residents in 2018
showed that 29.72% of participants were at high risk of
developing burnout.’ Compared to our observation of 57.1%,
an increase in the high risk of developing burnout in anesthe-
siology residents during the COVID-19 pandemic could be
assumed.

Access to diagnostic testing of COVID-19 provided by the
residency program was the most important protective factor
against burnout risk (Table 1), accounting for 7.2% of its vari-
ance. On the other direction, having considered abandoning
the anesthesiology training due to the pandemic was the
main contributor to burnout risk (Table 1), accounting for 8%
of OBLI variation. Such characteristic was also observed
among neurosurgery residents in the USA.? It is likely that
the desire to quit anesthesiology training should signal the
need for support.

Interpretation of these results should consider that the
non-probabilistic sampling could compromise generalizabil-
ity. A low response rate could imply high non—response bias,
although the population demographic was similar to the
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target population in most possible comparisons. Also, the
lack of validation of the correlation questions could repre-
sent imprecision in participants’ answers.

In conclusion, anesthesiology residents’ risk of burnout in
Brazil during the second wave of the COVID-19 pandemic
was critical. Providing access to COVID-19 testing was corre-
lated with protection, whereas the desire to quit training
was associated with increased risk. Acknowledging the high
prevalence and factors related to burnout risk could support
training centers’ decision-making.
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