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Hemodynamic effects of cycle ergometer in critical cancer
patients: relation length of stay and type of treatment
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ABSTRACT

Introduction: In recent years, with the implementation of new chemotherapy protocols, radiation and surgery, there was an improvement
in cancer patient’s prognosis. However, both the treatment and the disease itself generate a series of complications, worsening clinical
condition, which may lead to the need for admission to the intensive care unit (ICU). Physical therapy works on physical and functional
recovery of these individuals, using manual and / or mechanical features, among them the cycle ergometer is gaining prominence, but
there is in the literature any study evaluating the use of this technique in critical cancer patients. Objective: To evaluate the influence
length of stay and type of treatment on hemodynamic behavior in response to an active cycle ergometer in cancer patients in intensive
care. Methods: We performed a single active intervention cycle ergometer lower limb (no load) for 10 minutes. The variables included
heart rate and mean arterial blood pressure and systolic blood pressure, which were evaluated in four stages: rest, 5 and10 minutes
of activity and 10 minutes of recovery. Data on the patient and his or her medical history were previously obtained from their medical
records. Results: The study included 23 patients, most were males; under the age of 65; hospital stays shorter than 14 days. It was
observed that elderly patients, females, patients with a long hospital stay greater than 14 days, and patients in a clinical hospital showed
higher variations in heart rate, mean arterial blood pressure and systolic blood pressure during the entire activity. Conclusion: The results
of this study indicate that no individual had clinical complications during exercise. Hemodynamic changes occurred more frequently in
the group of elderly patients, clinical and longer hospital stays.
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INTRODUCTION
In recent years, with the implementation of new
chemotherapy protocols, radiation and surgery, there was
an improvement in cancer patients’ prognosis with increased
disease-free survival and overall survival. However, both
the treatment and the disease itself generate a number
of complications, which imply a physiological depletion
framework, which can lead to hospitalization need in the
intensive care unit (ICU) due to the worsening of the clinical
condition.(1,2)
During the hospital stay in ICU, patients may have a
decreased activity level due to prolonged bed rest; as a
result, there is a functional decline, which often leads to
immobilism(3) .One of the main systems affected by immobilism
is musculoskeletal, since seven days of bed rest can determine
reduced muscle strength by 30%, with an additional loss of 20%
of the remaining force every week, by changing the electrical
activity of excitatory of muscle fibers and decreased muscle
endurance.(4,5)
Prolonged rest affects other systems, such as the
cardiovascular system, and causes a reduction in cardiac
reserve, increased heart rate during submaximal exercise,

decreased blood flow in the calf and increased fibrinogen
levels in the blood with a greater chance of developing deep
vein thrombosis. In the respiratory system, immobilism can
reduce the functional reserve capacity and functional capacity
as well as increase secretion in the airways.(5)
Physical therapy is playing an important role in the physical,
functional recovery of these individuals, through early
mobilization, favoring respiratory improvement, reducing the
adverse effects of immobility, improving the level of awareness
and cardiovascular fitness and promoting increased functional
independence.(6)
The early mobilization protocols, studied and currently
applied, are compounds, in general, of the following: passive
stretching, passive mobilization, joint position, active-assisted
exercise, transfer from lying to sitting, active exercise, cycle
ergometer, transfer from sitting to chair, orthostatic posture
and resistance exercise.(7,8)
Among these, the cycle ergometer has been highlighted in
recent studies in which its implementation in the treatment
protocol is presented as an important resource in intervention
with good acceptance and good adaptation by critically
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ill patients. However, most of these studies assessing the
feasibility and effectiveness of early mobilization in clinical
and functional recovery of critically ill patients usually does not
include cancer patients, probably because they are considered
more serious and/or unstable by their disease condition and
specific treatment.(9,10)
To date, there are no studies in the literature to evaluate
the use of this technique in cancer patients. The aim of this
study was to evaluate the influence of age, length of stay and
type of treatment in the hemodynamic behavior in response
to active cycle ergometer in cancer patients in intensive care.

scale greater/equal to 11(11), with a degree of muscle strength
in the lower limbs (LL) greater/equal to 3 (according to the
Manual Muscle Test [MMT])(12), hemodynamically stable, even
in vasoactive amines, and who have agreed to participate in
the study by signing a free and informed consent.
Exclusion criteria were defined as the presence of
musculoskeletal disorders that impede the mobilization of the
lower limbs, deep vein thrombosis of the lower limbs, without
treatment or within 48 hours of onset of anticoagulation
therapy, tumors in the lower limbs, previous neurological
disorders, congestive heart failure grade IV and myocardial
infarction shorter than 72 hours, unstable fracture vertebral
bodies, platelet count below 10,000 ul and/or hemoglobin
below 6 dl, active bleeding, and presence of a hemodialysis
catheter in the femoral vein or during hemodialysis. (Figure 1)
details the steps of selecting the individuals.
Considering a change of 5% between the follow-up
measurements, with an absolute accuracy of 10% and
5% significance level was necessary to include at least
18 volunteers. During the study period, 23 volunteers were
eligible, and this is the population studied.

METHODS
The present study was a case series carried out in the
Intensive Care Units and Postoperative Hospital Cancer I of the
National Cancer Institute José Alencar Gomes da Silva-INCA
from June to October 2015. The Research Ethics Committee
(CEP-INCA), protocol 1.046.759, approved the study.
Study participants were cancer patients over the age
of 18, spontaneously breathing, with or without the use of
oxygen support, awake, with a score on the Glasgow coma

Figure 1. Flowchart of the selection of eligible patients
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(Table 2) describes the mean ± standard deviation of the
values obtained

in the HR, MAP, SBP measurements, according
to the cycle ergometer performace period. An increase
of the variables HR, MAP, SBP were observed in the first
5 minutes of activity; in course of the activity, the amounts of
PAM, SBP decreased gradually up to 10 minutes of recovery
while maintaining lower levels than the rest. In contrast,
HR remained stable during up to 10 minutes of the activity;
it decreased during the recovery period but showed a higher
value than at rest.
We notice that the changes in the variables occurred mainly
at the beginning of the activity when compared to the whole
evaluation. When we look at the initial data to 5 minutes of
activity; heart rate changed 12.43%, mean blood pressure
6.13% and systolic blood pressure 9.65%. During the 10 minute
interval of activity x 10 minute recovery, there was a reduction
of -8.08% in heart rate, -8.09% mean blood pressure, and
-10.59% the systolic blood pressure (Table 3).
The (Table 4) compared the effects of the activity with
the independent variables (gender, age, length of stay and

Study protocol
To start the activity, patients were placed in a sitting
position at their bedside, with dorsal support. A cycle
ergometer (ACTE®, São Paulo, Brazil) was coupled to the lower
limbs and the modified Borg scale was explained, for the
control of exercise intensity. When the researcher directed, the
patient began to actively pedal a cycle ergometer (no charge).
Each patient was instructed to pedal the fastest possible speed,
keeping pace throughout the experiment. The activity was
10 minutes duration, and the protocol was performed once
during the patient’s hospital stay.
The values of heart rate (HR), systolic blood pressure (SBP)
and mean arterial pressure (MAP) were measured before the
activity, at 5 and 10 minutes of activity and after 10 minutes
after exercise (recovery period). The signals were measured
by a monitor (Phillips DX2020, Manaus, Brazil).
Data on the patient and his or her medical history were
previously obtained from their medical records, such as age
(< 65 years and ≥ 65 years), gender, length of stay (≤ 14 days
or > 14 days), cause of hospitalization (clinical or surgical), type
of ventilation (room air or oxygen therapy), vasoactive amines,
prior treatment (chemotherapy, radiotherapy and surgery).
The muscle strength of the lower limbs was measured before
the intervention.
In case of hemodynamic instability where the patient
had HR: less than 40 bpm or greater than 130 bpm; RR: less
than 5 bpm or higher 40 bpm; SBP: greater than 180 mmHg;
MAP: less than 65 mmHg or greater than 110 mmHg;
SpO2: less than 90%; Borg: greater than 8 or reporting some
kind of discomfort, such as chest pain, shortness of breath,
pain in lower limbs, dizziness, exercise was stopped, and the
data obtained so far were recorded.

Table 1. Sample characteristics evaluated
Variable

n

%

Male

13

56.5

Female

10

43.5

Gender

Age
<65 years

14

60.9

≥ 65 years

9

39.1

≤14 days

16

69.6

>14 days

7

30.4

Length of hospital stay

Statistical analysis
Categorical variables were presented as absolute numbers
and proportions and continuous as mean and standard
deviation (± SD). The normality of the data for continuous
outcomes was confirmed by the Kolmogorov-Smirnov test
(p ≥ 0.05). For comparison between the moments before,
during and after the cycle ergometer test, we used the
analysis of variance (ANOVA) for repeated measures with the
Bonferroni post-test; to evaluate the absolute change in the
parameters pre and post intervention, was used the average
variance and to evaluate the relative change was used: initial
mean- final mean/ initial mean x 100. The data were analyzed
using the Statistical Package for Social Sciences (SPSS 17.0),
adopting the significance level of p < 0.05.

Type of hospitalization
Clinical

10

43.5

Surgical

13

56.5

Room Air

14

60.9

Oxygen therapy

9

39.1

Yes

1

4.3

No

22

95.7

Yes

11

47.8

No

12

52.2

Yes

7

30.4

No

16

69.6

Respiratory status

Vasoactive Drug

Early treatment
Chemotherapy

RESULTS
(Table 1) shows the general characteristics of the sample,
which included mainly males, under the age of 65 and with
hospital stays shorter than 14 days. As the cause for current
hospitalization was mostly associated surgical patients.

Radiotherapy
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Table 2. Characteristics of variables during activity
Rest

5 min. activi.

10 min. activi.

10 min. recov.

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

HR(Beats/min)

98.0 ± 24.3

110.3 ± 13.7

110.5 ± 14.8

102.4 ± 16.0

MAP (mmHg)

99.0 ± 23.2

105.1 ± 22.0

99.5 ± 20.5

92.5 ± 13.5

SBP (mmHg)

134.0 ± 28.2

143.7 ± 27.8

139.2 ± 26.8

128.8 ± 18.3

Variable

HR: Heart Rate; MAP: Mean Arterial Pressure ; SBP: Systolic Blood Pressure ; mmHg: Millimeters of Mercury; min.: Minutes; activi.: Activity; recov.: Recovery. Results expressed as
mean ± standard deviation.

of activity, the variables MAP and SBP decreased compared to
10 minutes of activity, signaling a return to baseline.
While performing the physical activity, mechanical stress
causes an increase in blood flow to the muscles in action, since
it is necessary to increase the supply of oxygen and nutrients
and remove metabolic slag, such as carbon dioxide, lactate and
hydrogen ions. Thus, the cardiovascular system is influenced
by neural and metabolic stimuli to increase activity.(13)
Concerning to heart rate, the physiological mechanism
related to hemodynamic responses during an aerobic exercise
occurs by decreased parasympathetic tone and increased
sympathetic tone, triggered by the motor cortex and afferent
neurons (mechanoreceptors and chemoreceptors), which
transmit the information to the cardiovascular center
increasing cardiac sympathetic tone by releasing a greater
amount of noradrenaline, triggering higher activity of the
sinoatrial node, and consequently, increasing heart rate.(13,14)
Heart rate must be carefully monitored during mobilization:
it provides data to assess the patient’s exercise tolerance.
However, it should not be evaluated in isolation, since when
there is an increase in HR during the activity, the patient may
experience some signs and symptoms of heart stress such as
breathlessness, chest pain, weakness and excessive secretion
in the airways(15). Thus, the intensity should be decreased
during mobilization and if necessary, the activity should
be suspended. In our study, no individual showed exercise
intolerance.
In the present study, there was an increase of HR during
the 5 and 10 minute activity, with a mean increase of 10.96%
and 10.89%, respectively, for resting HR, as well as a reduction
average of -8.09% in the range 10 minutes activity x 10 minutes
recovery. Similar data can be observed in some studies involving
patients in ICUs, where the subjects performed both active and
passive mobilization and both resulted in a significant increase
in HR relative to baseline, with the magnitude of the increase
of approximately 10%(16,17). In another study in which the cycle
ergometer was applied, an increase of 3% in heart rate from
baseline was identified.(9)
It was shown that in the mobilization, even if passive, large
muscle groups, especially in the lower limbs (LL), contribute
to the increase in heart rate(18,19). There is also evidence that
the active exercise of large muscle groups causes a decrease in
blood pressure after exercise(20,21). It is thus possible to justify

Table 3. Hemodynamic parameters after an active cycle ergometer according
to the time
Absolute
Alteration

Relative
Alteration

Mean ± SD

(%)

Rest →5min. activi.

12.43 ± 22.45

10.96

Rest →10 min. activi.

12.60 ± 23.09

10.89

10 min. activi.→ 10 min.
recov.

- 8.08 ± 7.01

- 8.09

Hemodynamic parameters
HR (beats/min)

MAP (mmHg)
Rest → 5min. activi.

6.13 ± 26.82

3.74

Rest → 10 min. activi.

0.52 ± 25.29

- 2.20

- 7.04 ± 11.15

- 7.14

Rest → 5min. activi.

9.65 ± 21.09

5.97

Rest → 10 min. activi.

5.17 ± 17.42

3.26

- 10.59 ± 16.79

- 7.90

10 min. activi.→ 10 min.
recov.
SBP (mmHg)

10 min. activi.→ 10 min.
recov.

HR: Heart Rate; MAP: Mean Arterial Pressure; SBP: Systolic Blood Pressure;
mmHg: Millimeters of Mercury; min.: Minutes; activi.:Activity; recov.: Recovery;
SD: Standard Deviation. Results obtained by average variance and to evaluate the relative
change was used: initial mean– final mean / initial mean x 100.

Type of hospitalization). Although not statistically significant,
individuals with a length of stay greater than 14 days and a
stay in a clinical hospital showed higher variation in heart
rate, mean arterial pressure, and systolic blood pressure
throughout the activity when compared to individuals with
hospital stays shorter than 14 days and surgical hospitalization.
Likewise, in female subjects and patients older than 65 years,
the heart rate and mean arterial pressure ranged throughout
the activity, compared to males and younger than 65; on the
other hand, when evaluating the systolic blood pressure, males
and patients younger than 65 years had a higher variation
compared to females and patients older than 65 years.
DISCUSSION
In our study, the use of a cycle ergometer promoted as a
response in the opening minutes an increase in HR, SBP, MAP,
demonstrating positive hemodynamic effects. After 10 minutes
4
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Table 4. Comparison of time intervals according to the independent variables
Heart Rate (beats/min)
Rest → 5 min activi.

Rest → 10 min activi.

10 min activi.→ 10 min recov.

Mean ± SD

Value p

Mean ± SD

Value p

Mean ± SD

Value p

7.6 ± 6.0

0.209

9.3 ± 6.2

0.412

- 7.7 ± 2.0

0.759

Gender
Male
Female

19.8 ± 7.3

17.6 ± 7.7

- 8.6 ± 2.3

Age
<65 years

5.6 ± 6.0

≥ 65 years

21.3 ± 6.7

0.097

6.4 ± 6.2

0.149

20.6 ± 7.1

- 8.8 ± 2.0

0.566

- 7.1 ± 2.2

Length of hospital stay
≤14 days

8.4 ± 5.5

>14 days

21.5 ± 8.3

0.204

7.8 ± 5.5

0.135

23.5 ± 8.4

- 9.5 ± 1.7

0.148

- 4.8 ± 2.5

Type of hospitalization
Clinical

16.4 ± 7.1

Surgical

9.3 ± 6.2

0.471

16.6 ± 7.3

0.480

9.5 ± 6.4

- 7.8 ± 2.2

0.868

- 8.3 ± 2.0

Mean Arterial Pressure (mmHg)
Rest → 5 min activi.

Rest → 10 min activi.

10 min activi.→ 10 min recov.

Mean ± SD

Value p

Mean ± SD

Value p

Mean ± SD

Value p

1.1 ± 7.1

0.276

- 3.5 ± 6.7

0.345

- 7.3 ± 3.0

0.871

Gender
Male
Female

13.8 ± 8.8

6.8 ± 8.4

- 6.5 ± 3.8

Age
<65 years

3.1 ± 7.5

≥ 65 years

10.0 ± 8.6

0.556

- 4.2 ± 7.0

0.315

6.7 ± 8.0

- 4.0 ± 3.0

0.139

- 11.0 ± 3.4

Length of hospital stay
≤14 days

3.4 ± 6.7

>14 days

12.2 ± 10.2

0.480

-3.5 ± 2.8

0.258

9.7 ± 9.4

- 6.8 ± 2.8

0.885

- 7.5 ± 4.3

Type of hospitalization
Clinical

7.4 ± 8.6

Surgical

5.1 ± 7.6

0.848

0.7 ± 8.1

0.977

0.3 ± 7.1

- 7.4 ± 3.6

0.987

- 6.7 ± 3.1

Systolic Blood Pressure (mmHg)
Rest → 5 min activi.

Rest → 10 min activi.

10 min activi.→ 10 min recov.

Mean ± SD

Value p

Mean ± SD

Value p

Mean ± SD

Value p

10.0 ± 5.7

0.924

6.1 ± 4.7

0.748

- 14.0 ± 4.4

0.215

Gender
Male
Female

9.1 ± 7.2

3.6 ± 6.0

- 4.8 ± 5.5

Age
<65 years

11.6 ± 6.0

≥ 65 years

7.1 ± 6.7

0.622

9.0 ± 4.7

0.248

0.3 ± 5.4

- 9.1 ± 4.7

0.697

- 12.0 ± 5.4

Length of hospital stay
≤14 days

8.3 ± 5.3

>14 days

12.5 ± 8.1

0.671

2.7 ± 4.3

0.325

10.7 ± 6.5

- 9.3 ± 4.2

0.671

- 12.7 ± 6.4

Type of hospitalization
Clinical

15.0 ± 6.6

Surgical

5.5 ± 5.8

0.297

6.1 ± 5.6
4.4 ± 5.0

0.829

- 7.1 ± 5.3

0.422

- 13.0 ± 4.6

min.: Minutes; mmHg: Millimeters of Mercury; activi.: Activity; recov.: Recovery; SD.: Standard Deviation. Results expressed as the means±standard deviation, adopting the significance
level of p <0.05.
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the increase in heart rate during exercise and the decrease in
MAP and SBP in post-exercise, in our study, since the pedaling
cycle ergometer involves the activation of large muscle groups
such as quadriceps, hamstrings and triceps sural.
A study of therapeutic intervention was performed in an
ICU, with elderly patients in postoperative coronary artery
bypass surgery. The subjects were divided into 3 groups:
group A performed cycle ergometer, B performed physical
therapy without the use ergometer and the C group did not
perform any motor activity, and used non-invasive ventilation
(NIV). Group A it performed cycle ergometer with intensity of
30 revolutions per minute, in five series three minutes, with
1 minute break between sets. An increase in HR and a decrease
in SBP were noted at posttest compared to pre-test(22). Similar
response was found in the present study where the HR
increase and decrease in SBP was observed when comparing
the 10 minutes after activity with rest.
It was observed in this study that the PAM values and PAS
after 10 minutes of recovery were lower when compared
to baseline. This fact can be explained by post-exercise
hypotension (PEH), but there is no consensus on how the
exercise should be performed to obtain a good response
from it. The physiological mechanism for HPE is not yet well
established, but it is possible to infer that its occurrence is
related to a number of factors that influence the peripheral
vascular resistance and cardiac output. There are studies that
show that aerobic exercise lasting 20–60 minutes have higher
responses HPE compared to less duration (20,23). However,
MacDonald et al (2000) conducted a study with sedentary
individuals of both genders, who did a cycle ergometer for
10 minutes; the authors demonstrated a reduction in blood
pressure at the end of the activity, thus corroborating our
data, where there was a decrease in MAP and SBP compared
to baseline (-7.14% and -7.90%, respectively).
In our study, the clinical patients presented higher HR
variations, PAM and PAS and are more likely to present an
increase in changes of hemodynamic signals when subjected
to an aerobic exercise compared to surgical patients. It is
suggested that this occurs due to the fact that the reason for ICU
admission turns to be the worsening of clinical status. Because
they are more vulnerable to have complications that require
mechanical ventilation, use of beta-blockers, antibiotics, and
corticosteroids, which cause more hospitalization and more
prolonged rest, causing a cascade of systemic changes.
With the emergence of some exercise programs for
cancer patients, and the relative lack of guidelines for health
professionals for dealing with this particular population, it
became necessary to form guidelines to facilitate compliance
with this group before, during and after their treatment
program. There are no guidelines for the management of
cancer patients during their hospital stay in intensive care
units yet. However, the existing indications for cancer patients
are similar to those suggested for healthy individuals as

recommended by the American College of Sports Medicine
(ACSM)(25). Through this study we observed that our results
are similar to those found in other studies with hypertensive,
cardiac and surgical non-cancer, patients showing that physical
exercise appears to be safe and feasible.
Some limitations were observed in this study: 1. there
was no standardization of cadence performed by the patient,
which may underestimate the results obtained; 2. we did not
check the patient’s activity profile, possibly the most active
preoperatively are those who have shown the best results.
CONCLUSION
During and after the activity, it was observed that the
female subjects, aged greater than 65 years, with a length of
stay greater than 14 days and who were submitted to clinical
treatment showed greater variation in heart rate, mean
arterial blood pressure and systolic blood pressure. No subject
experienced signs of intolerance while performing the exercise.
Despite the small number of study participants, we
observed in this group that the hemodynamic changes
presented are similar to other groups of non-cancer patients.
Thus, it appears that the cycle ergometer is a viable resource
in the management of critical cancer patients, and it can be
used for physical acitivities in the ICU program.
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