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Background:Difficult intravenous access (DIVA) is a common problem in Emergency Departments (EDs), yet the
prevalence and clinical impact of this condition is poorly understood. Ultrasound-guided peripheral intravenous
catheter (USGPIV) insertion is a successful modality for obtaining intravenous (IV) access in patients with DIVA.
Objectives: We aimed to describe the prevalence of DIVA, explore how DIVA affects delivery of care, and deter-
mine if nurse insertion of USGPIV improves care delays among patients with DIVA.
Methods: We retrospectively queried the electronic medical record for all ED patients who had a peripheral IV
(PIV) inserted at a tertiary academic medical center from 2015 to 2017. We categorized patients as having
DIVA if they required ≥3 PIV attempts or an USGPIV. We compared metrics for care delivery including time-to-
IV-access, time-to-laboratory-results, time-to-IV-analgesia, and ED length of stay (LOS) between patients with
andwithout DIVA.We also compared thesemetrics in patients with DIVAwith a physician-inserted USGPIV ver-
sus those with a nurse-inserted USGPIV.
Results: A total of 147,260 patients were evaluated during the study period. Of these, 13,192 (8.9%) met criteria
for DIVA. Patients with DIVA encountered statistically significant delays in time-to-IV-access, time-to-
laboratory-results, time-to-IV-analgesia, and ED LOS compared to patients without DIVA (all p< 0.001). Patients
with nurse-inserted USGPIVs also had statistically significant improvements in time-to-IV-access, time-to-
laboratory-results, time-to-IV-analgesia, and ED LOS compared to patients with physician-inserted USGPIVs
(all p < 0.001).
Conclusion: DIVA affects many ED patients and leads to delays in PIV access-related care. Nurse insertion of
USGPIVs improves care in patients with DIVA.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Establishing peripheral intravenous (PIV) access is vital to the man-
agement of acutely ill patients [1]. Over half of all emergency depart-
ment (ED) patients will require a PIV during their visit [2,3]. When the
traditional methods of PIV insertion fail, patients are said to have a con-
dition known as difficult intravenous access (DIVA) [4-7]. Patients with
DIVA in the ED setting are often subjected tomultiple repeated percuta-
neous punctures to establish intravenous (IV) access, and some will go
ick@uw.edu (A.E. Amick),
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nal of Emergency Medicine, h
on to require more advanced vascular access “rescue” procedures such
as external jugular catheters (EJs), ultrasound-guided peripheral IV
catheters (USGPIVs), and even central venous access devices (CVADs)
[6,8-10]. DIVA is associated with increased risk of complications, lower
patient satisfaction, and increased CVAD utilization [7-9,11-15].

The epidemiology of DIVA remains poorly understood [11,15,16].
To date, there are very few studies that explore the prevalence of
DIVA, and consequently the scope and impact of DIVA remain ill
defined [4,6,11,15-17]. ED patients often require prompt IV access for
evaluation and management, including for laboratory testing, diagnos-
tic studies, and therapeutic interventions. DIVA has been linked to
delays in establishing IV access, but associations between DIVA and
other important markers of efficiency and ED throughput have yet to
be established [11,18].
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Despite limited evidence on the prevalence and impact of DIVA,
many EDs have created programs to address this issue. Increasingly,
USGPIV insertion has become the preferred “rescue” procedure to ob-
tain access in patients with DIVA [5,8,19-23]. USGPIV training programs
for physicians and nurses have been shown to improve success rates, re-
duce pain scores, improve patient and provider satisfaction, and reduce
utilization ofmore invasive access devices such as CVADs [7,9,12-14,24].
Nurse-led USGPIV training initiatives have decreased the need for phy-
sician involvement in obtaining access [8,13,23,25,26]. However, the
data on whether USGPIV improves time-to-IV-access have been contra-
dictory, and multiple systematic reviews have concluded that more ev-
idence is needed to determine if USGPIV improves time-to-successful
cannulation, or other downstream clinical events [5,21,27,28].

In this study, we explored DIVA in the ED setting. The aim of this
study was to examine the prevalence of DIVA at our institution, and to
determine how DIVA affects delivery of care across multiple domains.
We hypothesized that patients with DIVA in our ED suffered significant
delays in care compared with a non-DIVA cohort. A secondary aim was
to evaluate how delivery of care among patients with DIVA differed
when USGPIVs were inserted by trained nurses compared to when
USGPIVs were inserted by physicians. Prior to and continuing during
the time period of this study, our institution had developed a nurse-
led USGPIV training program. USGPIVs were inserted on patients with
DIVA by either trained nurses or physicians. If an USGPIV-trained
nurse was available when a patient with DIVA was identified, they
would insert the USGPIV. If an USGPIV-trained nurse was not available,
then the task would fall to the physician. Physicians were often manag-
ing multiple competing priorities and wouldn't always readily be avail-
able to do the procedure. Thus, we hypothesized that patients who
received a nurse-inserted USGPIV would experience quicker IV access
and reduced downstream delays in care when compared to patients
who had their USGPIV inserted by a physician.

2. Materials and methods

We performed a retrospective cohort study of all patients requiring
PIV access during an ED visit to a large urban academic tertiary care hos-
pital between January 1, 2015 and December 31, 2017. We evaluated
the prevalence of DIVA among all patients who required PIV access
over the study period. We then explored how the DIVA and non-DIVA
cohorts differed with regards to delivery of care across several domains
including time-to-IV-access, time-to-laboratory-results, time-to-IV-an-
algesia, and ED length of stay (LOS). We performed a subset analysis
of all patients with DIVA who received an USGPIV and compared these
outcomes among patients who received a nurse-inserted USGPIV to
those who received a physician-inserted USGPIV. The Northwestern
University Institutional Review Board approved this study.

2.1. Procedure

We used our institutional Enterprise Data Warehouse (EDW) to
search for all patients (age ≥ 18) evaluated in our ED who required
PIV insertion during the study period. The EDW is a computer-based
system that uses Structured Query Language syntax to obtain demo-
graphic and clinical information derived from the electronic medical re-
cord (EMR) [29]. Patients with DIVA were defined as those who
received a traditional PIV with ≥3 attempts (i.e., at least 2 failed at-
tempts) or an USGPIV, a common classification used in other studies
[6,15,18,27,30-37]. Patients without DIVA were defined as those who
received a traditional PIV with ≤2 PIV attempts. At our institution, pa-
tientsmust meet criteria for DIVA to qualify for USGPIV insertion, either
due to two or more failed traditional PIV attempts or lack any palpable
or visible veins suitable for peripheral cannulation. Thus, all patients
who received an USGPIV were categorized as patients with DIVA. Pa-
tients were categorized by the first successful IV placed in the ED, thus
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patients who had multiple IVs inserted were classified as DIVA or non-
DIVA based upon the first IV inserted.

Our EDW search queried demographic and clinical information
including age, sex, Emergency Severity Index (ESI), date/time of ED
arrival, date/time of initial (first) PIV insertion, method of initial
PIV insertion, practitioner who performed PIV insertion (physician
vs. nurse), number of PIV attempts, date/time of initial laboratory
results, date/time of initial IV analgesia (including IV morphine,
hydromorphone, fentanyl, ketorolac and metoclopramide [used
frequently for migraine]), and date/time of ED departure. Of note,
at our institution, usual practice is to routinely collect blood for lab-
oratory studies during the course of IV insertion to prevent repeated
venipunctures andmitigate patient pain. Regarding the ESI, our insti-
tution assigns each patient a score at ED triage using ESI version 2, a
validated five-level tool used to prioritize evaluation and treatment
in the ED based on acuity (1 = most urgent, 5 = least urgent) [38].
In accordance with our ED protocols, nurses routinely document
details about IV insertion in the EMR. This includes documentation
of each IV attempt, the exact date and time, whether the attempt
was successful or not, the method of each IV attempt (traditional IV
vs. USPGIV) and the practitioner who performed each IV attempt
(nurse vs. physician). This data could thus be extracted through the
EDW search. Patients with incomplete documentation about the
time, type, and/or number of IV attempts associated with the IV
access were excluded from further evaluation.

2.2. Measurement

Our outcomemeasures were time-to-IV-access, time-to-laboratory-
results, time-to-IV-analgesia administration, and ED LOS. Time mea-
surements were all initiated from the documented patient arrival time
(i.e. the time of ED check-in). The end points were as follows: docu-
mented time of a functional IV for time-to-IV-access, time the laboratory
values were marked as resulted for time-to-laboratory-results, docu-
mented time of medication administration for time-to-IV-analgesia,
and documented time of patient departure from the ED, either due to
transfer, admission, or discharge, for LOS. Only patientswhohad labora-
torywork obtained or patientswho received IV analgesia in the EDwere
included in the analyses pertaining to these outcomes.

We first compared these time-based outcomes between patients
with DIVA and patients without DIVA. Subsequently, we performed a
subset analysis of patients with DIVA who received USGPIVs and com-
pared these same outcomes among patients with nurse-inserted vs.
physician-inserted USGPIVs.

2.3. Statistical analysis

We report descriptive summaries of collected data as medians with
interquartile ranges (IQRs) for continuous data (based on the distribu-
tions being nonparametric) and as counts and frequencies (%) for cate-
gorical data. We used the Wilcoxon Rank Sum test to compare median
times for time-to-IV-access, time-to-laboratory-results, time-to-IV-an-
algesia, and ED LOS between patients with and without DIVA, and for
our DIVA subset analysis comparing nurse-inserted USGPIVs to
physician-inserted USGPIVs.

All time variable data had highly skewed distributions with long
delay times. Therefore, we also decided to dichotomize each time out-
come and compare the percentage of patients that fell on either side
of a chosen metric so multivariate analysis could be performed and
odds ratios (OR) generated. Because there are no agreed upon target
metrics for our outcomes of time-to-IV-access, time-to-laboratory-re-
sults, time-to-IV-analgesia, or ED LOS, we chose metrics that we felt
would constitute reasonable clinical goals in each of the time-based out-
comes. The timepointswere as follows: time-to-IV-access - 2 h, time-to-
laboratory-results - 2 h, time-to-IV-analgesia - 2 h, and ED LOS - 6 h.We
used the Pearson's chi-squared test to compare the percentage of



Table 2
Number and Percent of Patients with Difficult Intravenous Access (DIVA) and Patients
without DIVA with Time-based Outcomes Exceeding 2 Hours for IV Insertion, Laboratory
Results, and Time to IV Analgesia and 6 Hours for Emergency Department Length of Stay
(LOS). P < 0.001 for all 4 comparisons.

Outcome Patients without
DIVA
N = 134,068

Patients with
DIVA
N = 13,192

Time to IV > 2 Hours, No. (%) 21,489 (16.0) 4975 (37.7)
Time to Laboratory Results >2 Hours,
No. (%)

21,820 (16.8) 4512 (34.6)

Time to IV Analgesia >2 Hours, No. (%) 29,709 (63.3) 4578 (72.8)
LOS > 6 Hours, No. (%) 60,293 (45.0) 7790 (59.1)
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patients above and below these metrics for each time-based outcome
between patients with and without DIVA, as well as between nurse-
inserted and physician-inserted USGPIVs.We also performed amultiple
logistic regression analysis on each of the time-based outcomes com-
paring patients with and without DIVA, as well as between nurse-
inserted and physician-inserted USGPIVs, controlling for age, sex, ESI,
and year the evaluation was performed (i.e., 2015, 2016 or 2017
which served as the reference). Age and ESI were categorized into
groups for ease of interpretation (age < 36 years old [reference],
36–50, 51–64, 65–75, >75; and ESI level 1–2 [reference] and level 3–5).

3. Results

A total of 150,710 ED patients were identified in which PIV access
was obtained during the study period. There were 3405 (2.3%) patients
excluded due to age (< 18) or incomplete documentation regarding the
time, type, and/or number of PIV attempts, resulting in 147,260patients.
Of these, 13,192 (8.9%) qualified as patients with DIVA and 134,068
(91.1%) were patients without DIVA. Table 1 shows the baseline patient
characteristics.

Patients with DIVA experienced statistically significant delays in all
four outcomes compared to patients without DIVA. Median time-to-
IV-access was 0.56 h (IQR 0.31–1.25) for patients without DIVA com-
pared to 1.40h (IQR 0.60–2.86) for patients with DIVA (p< 0.001). Me-
dian time-to-laboratory-results was 0.93 h (IQR 0.66–1.48) for patients
without DIVA and 1.36h (IQR 0.83–2.60) for patients with DIVA
(p < 0.001). Median time-to-IV-analgesia was 2.73 h (IQR 1.47–5.21)
for patients without DIVA and 3.47 h (IQR 1.84–7.85) for patients with
DIVA (p < 0.001). Finally, median ED LOS was 5.65 h (IQR 4.10–7.72)
for patients without DIVA and 6.63 h (IQR 4.93–8.90) for patients with
DIVA (p < 0.001). Table 2 shows the number of patients with andwith-
out DIVAwhose time-based outcomes exceeded 2 h for IV insertion, lab-
oratory results, and IV analgesia, and 6 h for ED LOS.

Table 3 shows themultiple logistic regression analysis for each time-
based outcome. Patients with DIVA had significantly higher odds of care
delays compared to patientswithout DIVA for all 4 outcomes. Increasing
agewas an independent predictor of delays in care. Additionally, lowESI
(higher acuity) was associatedwith lower odds of care delays except for
with the time-to-IV-analgesia outcome where the odds were higher.
Table 1
Demographic and Clinical Data for Patients with Difficult Intravenous Access (DIVA) and
Patients without DIVA Who Presented to the Emergency Department for Care During
the Study. USGPIV=Ultrasound-Guided Peripheral Intravenous Catheter.

Characteristic Patients without
DIVA
N = 134,068

Patients with
DIVA
N = 13,192

Age, No. (%)
18–35 40,922 (30.5) 2509 (19.0)
36–50 30,696 (22.9) 2981 (22.6)
51–64 29,375 (21.9) 3426 (26.0)
65–75 17,782 (13.3) 2256 (17.1)
>75 15,293 (11.4) 2020 (15.3)

Female, No. (%) 77,557 (57.9) 7593 (57.6)
Male, No. (%) 56,511 (42.1) 5599 (42.4)

Emergency Severity Index, No. (%)
Level 1–2 65,105 (48.6) 4317 (32.7)
Level 3–5 68,963 (51.4) 8875 (67.3)

Method of IV Access, No. (%)
≤ 2 PIV Attempts 134, 068 (100) -
≥ 3 PIV Attempts - 7376 (55.9)
USGPIV Insertion - 5816 (44.1)
Patients Receiving Laboratory Studies,
No. (%)

129,911 (96.9) 13,030 (98.7)

Patients Receiving IV Analgesia, No. (%) 46,927 (35.0) 6283 (47.6)
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A total of 5816 patients in our cohort received an USGPIV, of which
3653 were nurse-inserted and 2163 were physician-inserted. Table 4
shows the baseline patient characteristics. Patients with nurse-
inserted USGPIVs had statically shorter delays in all four outcomes com-
pared to patients with physician-inserted USGPIVs. Median time-to-IV-
access was 1.64 h (IQR 0.79–3.08) for nurse-inserted USGPIVs and
2.51 h (IQR 1.46–4.07) for physician-inserted USGPIVs (p< 0.001). Me-
dian time-to-laboratory-results was 1.53 h (IQR 0.93–2.78) for nurse-
inserted USGPIVs and 2.18 h (IQR 1.26–3.60) for physician-inserted
USGPIVs (p < 0.001). Median time-to-IV-analgesia was 3.46 h (IQR
1.78–7.23) for nurse-inserted USGPIV and 3.49 h (IQR 2.15–7.15) for
physician-inserted USGPIV (p < 0.001). Finally, median ED LOS was
6.60 h (4.88–8.97) for nurse-inserted USGPIV and 6.95 h (5.33–9.20)
for physician-inserted USGPIV (p < 0.001). Table 5 shows the number
of patients with nurse-inserted USGPIV and physician-inserted
USGPIV whose time-based outcomes exceeded 2 h for IV insertion, lab-
oratory results, and IV analgesia, and 6 h for ED LOS.

The multiple regression analysis confirmed these significant find-
ings. All four time-based outcomes were better for nurse-inserted ver-
sus physician-inserted USGPIVs. For USGPIV inserted by nurses, the OR
was 0.42 (95% CI, 0.38–0.47) for time-to-IV insertion >2 h, 0.49 (95%
CI, 0.44–0.55) for time-to-laboratory-results >2 h, 0.68 (95% CI,
0.57–0.81) for time-to-IV-analgesia >2 h, and 0.79 (95% CI, 0.71–0.88)
for ED LOS > 6 h.
4. Discussion

Establishing IV access is a critical component of ED care, yet theprev-
alence is underexplored in the ED setting. To our knowledge,we present
the largest study to date evaluating the prevalence of DIVA among ED
patients.We used themost common definition of DIVA to aid in compa-
rability across the literature [8,22,23,39-41]. Our finding of 8.9% preva-
lence is consistent with prior studies that reported DIVA prevalence
ranging from 8 to 16.3% [6,15,18,42]. However, these studies have
been limited by relatively small sample sizes. Further defining the prev-
alence of DIVA in the ED not only establishes the scope of the problem,
but also may help to inform the scale of future interventions aimed at
mitigating this condition.

To our knowledge, this is the first study to directly compare out-
comes in evaluation, management, and throughput between DIVA and
non-DIVA cohort. While DIVA is known to result in poor patient out-
comes and CVAD utilization [9,14,43], the association between delays
in care and DIVA is less understood. Our study demonstrates that
DIVA is not only associated with significant delays in obtaining IV ac-
cess, but we also found significant downstream delays in laboratory
testing, parenteral analgesic administration, and increased ED LOS.
These delays have far reaching implications for patients with DIVA.
Due to the high prevalence of pain in emergency department patients,
analgesia is an important component of emergency care for patient sat-
isfaction, symptom management, and mitigation of more serious pain-
related complications such as delirium [44-46]. Delays in obtaining



Table 3
Multiple Logistic Regression Comparing Patients with Difficult Intravenous Access (DIVA) and Patients without DIVA for Time to IV, Time to Laboratory Results, Time to IV Analgesia, and
Length of Stay Controlling for Age, Sex, Emergency Severity Index (ESI), and Year of Evaluation. References (Patients without DIVA, Age 18–35 Years Old, ESI 3–5, Year 2017).

Covariate Time to IV Insertion > 2 Hours,
Odds
Ratio (95% Confidence Interval)

Time to Laboratory
Results > 2 Hours,
Odds Ratio (95% Confidence Interval)

Time to IV Analgesia > 2 Hours,
Odds
Ratio (95% Confidence Interval)

Length of Stay > 6 Hours,
Odds
Ratio (95% Confidence
Interval)

Patients with DIVA 3.79 (3.64–3.94)⁎ 3.18 (3.05–3.31)⁎ 1.45 (1.37–1.54)⁎ 1.71 (1.65–1.78)⁎
Age (years)
36–50 1.14 (1.10–1.19)⁎ 1.10 (1.06–1.14)⁎ 1.02 (0.98–1.07) 1.34 (1.31–1.38)⁎
51–64 1.22 (1.18–1.27)⁎ 1.20 (1.15–1.25)⁎ 1.28 (1.21–1.35)⁎ 1.48(1.44-1.53)⁎
65–75 1.07 (1.02–1.12)⁎ 1.04 (1.00–1.09) 1.67 (1.57–1.78)⁎ 1.50 (1.45–1.55)⁎
>75 0.98 (0.93–1.03) 0.99 (0.95–1.05) 2.09 (1.93–2.26)⁎ 1.41 (1.36–1.46)⁎

Male 0.99 (0.96–1.01) 0.98 (0.95–1.01) 0.90 (0.86–0.93)⁎ 0.92 (0.90–0.94)⁎
Emergency Severity
Index

Level 1–2
0.44 (0.43–0.45)⁎ 0.41 (0.40–0.42)⁎ 1.18 (1.14–1.23)⁎ 0.93 (0.91–0.95)⁎

Year
2015 1.64 (1.60–1.70)⁎ 1.90 (1.84–1.97)⁎ 0.87 (0.83–0.91)⁎ 1.07 (1.04–1.10)⁎
2016 1.34 (1.29–1.38)⁎ 1.43 (1.38–1.49)⁎ 0.88 (0.84–0.92)⁎ 0.91 (0.89–0.94)⁎

⁎ P < 0.005.

Table 4
Demographic and Clinical Data for Patients with Difficult Intravenous Access who had
Ultrasound-guided IVs Inserted by Nurses (USGPIV-by-RN) Versus Physicians (USGPIV-
by-MD) During the Study. USGPIV=Ultrasound-Guided Peripheral Intravenous Catheter.

Characteristic USGPIV-by-RN
N = 3653

USGPIV-by-MD
N = 2163

Age, No. (%)
18–35 775 (21.2) 447 (20.7)
36–50 940 (25.7) 512 (23.7)
51–64 950 (26.0) 552 (25.5)
65–75 569 (15.6) 368 (17.0)
>75 419 (11.5) 284 (13.1)

Female, No. (%) 2112 (57.8) 1265 (58.5)
Male, No. (%) 1541 (42.2) 898 (41.5)

Emergency Severity Index, No. (%)
Level 1–2
Level 3–5

2348 (64.3)
1305 (35.7)

1480 (68.4)
683 (31.6)

Patients Receiving Laboratory Studies, No. (%) 3604 (98.6) 2148 (99.3)

Patients Receiving IV Analgesia, No. (%) 1738 (47.6) 1164 (51.8)

Table 5
Number and Percent of Patients with Difficult Intravenous Access who had Ultrasound-
guided IVs Inserted by Nurses (USGPIV-by-RN) Versus Physicians (USGPIV-by-MD) with
Time-based Outcomes Exceeding 2 Hours for IV Insertion, Laboratory Results, and Time
to IV Analgesia and 6 Hours for Emergency Department Length of Stay (LOS). P < 0.001
for all 4 comparisons.

Outcome USGPIV-by-RN
N = 3653

USGPIV-by-MD
N = 2163

Time to IV > 2 Hours, No. (%) 1537 (42.1) 1337 (61.8)
Time to Laboratory Results >2 Hours, No. (%) 1384 (38.4) 1162 (54.1)
Time to IV Analgesia >2 Hours, No. (%) 1245 (71.6) 915 (78.6)
LOS > 6 Hours, No. (%) 2143 (58.7) 1380 (63.8)
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laboratory results have been associated with increased ED LOS, and in-
terventions that improve these delays have been shown to reduce ED
LOS, as well as decrease diversion days, and improve patient-
throughput [47]. Increased ED LOS is associated with increased mortal-
ity, inpatient LOS, inpatient costs, and patient adverse events [48-50].
These findings associating care delays with poor patient outcome un-
derscore the importance of DIVA in the ED, and highlight opportunities
to advance care by effectively addressing this prevalent condition.
4

Additionally, our study shows that nurse-inserted USGPIVs are asso-
ciated with more efficient care compared to physician-inserted
USGPIVs. Prior studies have reported on the use of physician-inserted
USGPIV as a “rescue” procedure when attempts to obtain traditional
IV access have failed [14,37,39]. More recently, nurse‑led USGPIV pro-
grams have shown success, and have reduced the need for physician in-
tervention [8,13,23,24,26,41,51-54]. Reports on whether USGPIV
programs (physician or nurse) lead to reduced time-to-access have
been mixed [5,8,21,27,55], and studies exploring downstream care de-
lays are even more limited [11,56]. However, our study is the first to
compare delivery of care with nurse- vs. physician-inserted USGPIVs,
and suggests that empowering nurses to place USGPIVs can expedite
care for patients with DIVA, potentially mitigating the serious conse-
quences associated with care delays. The differences observed between
nurse- and physician-inserted USGPIVs may be due to workflow and
provider availability. Nurses typically encounter the patient earlier in
the visit and prioritize PIV access. Nurses trained in USGPIV insertion
can promptly and proactively manage DIVA, without waiting for physi-
cian intervention. In the absence of USGPIV-trained nurses, patients
with DIVA often endure long wait times until a physician is available
to perform the USGPIV procedure.

4.1. Limitations

Our study has several limitations. First, the studywas performed in a
single large, academic tertiary care medical center. This may limit gen-
eralizability of the results. Second, our study is retrospective and the
data was collected via a computerized extraction from the EMR, and is
therefore vulnerable to errors of documentation. Our measures of
time-based outcomes are also subject to confounding by multiple fac-
tors such as ED crowding, hospital crowding, and other delays, which
vary on a day-to-day basis, and by unknown patient factors that were
not evaluated in our study. However, becausewe analyzed everypatient
encounter on every day, these delays should have been represented in
both the DIVA and non-DIVA cohort. Additionally, whether a patient ul-
timately received an USGPIV by a nurse or by a physician depended on
workflow and staffing on a particular day, and was not determined by
any randomization procedure. The IV insertion data collected on each
patient reflects the initial successful IV that was obtained in the ED
but does not account for subsequent PIVs that may have been placed
electively or by necessity because of initial line failure. The data also
does not address time to line failure, therefore, it is unknown if there
was a difference between the cohorts in regards to time to line failure
or need for subsequent PIVs. Finally, this study focused on investigating
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themethod of PIV access each patient received in the ED but did not ex-
amine whether patients had an alternative form of vascular access
inserted, such as a CVAD, intra-osseous line (IO) or a PIV placed prior
to arrival. For example, it is possible that some patients may have had
a CVAD or IO placed initially, which would have delayed the timing of
their subsequent PIV insertions. However, we feel the frequency of
this scenario was relatively low given these lines are uncommon in
the ED and likely distributed equally among all categories examined.
Our body of knowledge about DIVA, its prevalence and implications
would be further improved by additional research including multi-
center research, randomized trails, and by studying additional
outcomes.

5. Conclusion

Our study demonstrates the prevalence of DIVA and shows the asso-
ciation between DIVA and delays in clinical care. Patients with DIVA ex-
perience significant delays in multiple realms of ED care. Furthermore,
this is the first study to compare those outcomes among USGPIVs that
were inserted by nurses versus physicians. In patients with DIVA who
require USGPIV insertion, IV access is obtained faster and more effi-
ciently when performed by properly trained nurses, which leads to
more expedient ED care. These results should encourage clinicians, hos-
pitals, and professional organizations to expand the use of nurse USGPIV
training and insertion and develop additional processes to improve the
outcomes of these patients.
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