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Abstract

Introduction: The rehabilitation of critical patients usually occurs in the bed and is classified aslow cardiovascular

intensity. Therefore, it is essential to understand the physiological effects of these resources that we apply in

clinical practice. Objective: Evaluate the acute effect of passive cycloergometry of lower limbs on respiratory
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C2)

Resumo

Resumen

mechanics and cardiovascular parameters in critically ill patients. Method: This was a labeled, randomized,
controlled trial conducted in two intensive care units in the city of Recife, between August 2016 and May 2017.
Patients were divided into two groups: (i) passive cycloergometry group (n = 16), where the patient performed
a lower limb cycloergometry session for 20 minutes, and (ii) control group (n = 14), where the patient did not
perform any therapeutic intervention, except during the application of the protocol. Cardiovascular parameters
and respiratory mechanics were evaluated before, during and after their applicability. Results: No demographic
differences were found between the two groups, showing the homogeneity between them. Regarding
cardiovascular parameters, there were no differences between groups before, during and after the protocol.
Regarding respiratory mechanics, there was a slight elevation of the resistance of the respiratory system in the
cycloergometry group and a reduction of the same in the control group. Conclusion: The results suggest that
passive cycloergometry applied to the critical patient did not promote significant cardiovascular changes and
respiratory mechanics, being considered a safe and effective technique in clinical practice that can be applied
without causing harm to patients under mechanical ventilation.

Keywords: Exercise Therapy. Intensive Care Unit. Respiratory Mechanics.

Introducdo: A reabilitagdo de pacientes criticos geralmente ocorre no leito e é classificada como de baixa intensi-
dade cardiovascular. Portanto, é essencial conhecermos os efeitos fisiologicos dos recursos que aplicamos na prd-
tica clinica. Objetivo: Avaliar o efeito agudo da cicloergometria passiva de membros inferiores sobre a mecdnica
respiratoria e pard@metros cardiovasculares em pacientes criticos. Método: Trata-se de um ensaio clinico, rando-
mizado, controlado, realizado em duas unidades de terapia intensiva na cidade de Recife, entre agosto de 2016
e maio de 2017. Os pacientes foram divididos em dois grupos: grupo cicloergometria passiva (n = 16): o paciente
realizou uma sessdo de cicloergometria de membros inferiores durante 20 minutos; e grupo-controle (n = 14):
ndo realizou nenhuma intervengdo terapéutica, apenas durante a aplicagcdo do protocolo. Foram avaliados os
pardmetros cardiovasculares e a mecdnica respiratoria, antes, durante e apés a sua aplicabilidade. Resultados:
Ndo foram encontradas diferencas demogrdficas entre os dois grupos estudados, mostrando a homogeneidade
entre eles. Em relagdo aos pardmetros cardiovasculares, ndo houve diferenca entre os grupos antes, durante e
apds o protocolo. Com relagdo a mecdnica respiratéria houve uma discreta elevagdo da resisténcia do sistema
respiratorio no grupo cicloergometria e uma redugdo da mesma no grupo-controle. Concluséo: Os resultados su-
gerem que a cicloergometria passiva aplicada ao paciente critico ndo promoveu alteracdes cardiovasculares e na
mecdnica respiratéria significativas, sendo considerada uma técnica segura e eficaz na prdtica clinica, podendo
ser aplicada sem causar prejuizos aos pacientes sob ventilagdo mecdnica.

Descritores: Terapia por Exercicio. Unidade de Terapia Intensiva. Mecdnica Respiratéria.

Introduccion: La rehabilitacion de pacientes criticos generalmente ocurre en el lecho y se clasifica como de baja
intensidad cardiovascular. Por lo tanto, es esencial conocer los efectos fisiolégicos de estos recursos que aplicamos
en la prdctica clinica. Objetivo: Evaluar el efecto agudo de la cicloergometria pasiva de miembros inferiores sobre
la mecdnica respiratoria y pardmetros cardiovasculares en pacientes criticos. Método: Se trata de un ensayo clinico,
aleatorizado, controlado, realizado en dos unidades de cuidados intensivos en la ciudad de Recife, entre agosto
de 2016 y mayo de 2017. Los pacientes fueron divididos en dos grupos: grupo cicloergometria pasiva (n = 16): el
paciente realizé una sesion de cicloergometria de miembros inferiores durante 20 minutos; y grupo control (n = 14):
no realizé ninguna intervencién terapéutica, sélo durante la aplicacién del protocolo. Se evaluaron los pardmetros
cardiovasculares y la mecdnica respiratoria, antes, durante y después de su aplicabilidad. Resultados: No se
encontraron diferencias demogrdficas entre los dos grupos estudiados, mostrando la homogeneidad entre ellos. En
relacién a los pardmetros cardiovasculares, no hubo diferencia entre los grupos antes, durantey después del protocolo.
Con respecto a la mecdnica respiratoria, hubo una discreta elevacion de la resistencia del sistema respiratorio en el
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grupo cicloergometria y una reduccion de la misma en el grupo control. Conclusién: Los resultados sugieren que la

cicloergometria pasiva aplicada al paciente critico no promovié significativas alteraciones cardiovasculares y en la

mecdnica respiratoria, siendo considerada una técnica segura y eficaz en la prdctica clinica, pudiendo ser aplicada

sin causar perjuicios a los pacientes bajo ventilacién mecdnica.

Descriptores: Terapia por Ejercicio. Unidades de Cuidados Intensivos. Mecdnica Respiratoria.

Introduction

Early mobilization in the intensive care unit (ICU)
has shown numerous benefits [1]. However, the
literature is inconclusive about the specific effects on
muscle strength and functional capacity, with some
studies showing opposite effects [2-4].

Despite advances in early rehabilitation, one
in two patients develops muscle weakness [5].
These contrasting results are probably due to the
fact that most of the exercises performed in the
first hours of ICU stay are of low cardiovascular
intensity, since the patient remains restricted to
bed [5-8]. Rehabilitation is limited by the presence
of the endotracheal tube, sedation, a state of mental
confusion, among other factors [9, 10].

Many exercise techniques can be performed in
bed, including passive cycloergometry, which has
been increasingly used in clinical practice, and
showing a safe and well tolerated method when used
in critical patients [11]. However, its repercussions
on the cardiovascular system and lung function in
intubated patients have not yet been evaluated.

In general, the goal of the exercise is to increase
or maintain muscle strength and cardiovascular
function. In exercise physiology, cardiac output
has been shown to increase linearly, from rest to
maximum effort, and is one of the main responses
to reflect exercise intensity [12-14].

Thus, one method of assessing exercise intensity
is to measure cardiovascular parameters and muscle
oxygenation. Theoretically, the greater the intensity
of the exercise, the higher the heart rate (HR) and the
maximum oxygen consumption [12-15]. This increase
in metabolism during exercise also occurs in critically
ill patients [16]. Another aspect to be considered is
the relationship between the intensity of the exercise
performed in bed and its impact on the respiratory
mechanics of critical patients, which will directly
reflect the pulmonary function of mechanically
ventilated patients [17-20].

Therefore, this study aims to evaluate the acute
effect of passive cycloergometry of lower limbs
on cardiovascular parameters and respiratory
mechanics in intubated and sedated, bed restricted
patients in order to determine the impact of this type
of activity on critical patients.

Methods
Drawing

This is a randomized controlled clinical trial
conducted in two general ICUs in the city of Recife,
between August 2016 and May 2017. This study is
part of the research project entitled Effect of exercise
and electrical stimulation on the critical patients immune
system, CAAE number: 04563612.5.0000.5197 and
approved under No. 61991 by the Institutional Review
Board of the Research Ethics Committee of the Agamenon
Magalhdes Hospital. The study complies with the
Declaration of Helsinki and consent was given in writing
by the patient’s legal guardian. The study protocol was
published in the Brazilian Registry of Clinical Trials
(BReCT) under No. RBR-6pxpx9 on September 21, 2018,
retrospectively and met the Consolidated Standards of
Reporting Trials (Consort) guidelines for clinical trials.

Patients

Inclusion criteria were clinical patients admitted
to the general ICU, aged over 21 years, intubated
for at least 24 hours, under mechanical ventilation
(MV), sedated with the Richmond Agitation-Sedation
Scale (Richmond Agitation-Sedation Scale - RASS)
between (-3) and (-5), with a good cardiac reserve,
demonstrated by a variability lower than 20% of
resting HR, systolic blood pressure (SBP) between
90 mmHg and 180 mmHg, normal electrocardiogram,
peripheral capillary oxygen saturation (Sp02) greater
than 90%, inspired oxygen fraction (FiO2) lower
than 60%, respiratory rate (RR) lower than 25 ipm,
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hemoglobin greater than 7 g/dL, platelets greater
than 20,000 cells/mm3 and no diagnosis of sepsis.
Exclusion criteria were patients who could not
walk without assistance before ICU admission,
patients using beta-blockers, high-dose vasoactive
drugs, pregnant women, patients with body mass
index (BMI) greater than 35 kg/m?, previously
diagnosed with neuromuscular and vascular disease,
history of stroke and unconsolidated fracture.

Sample calculation

We performed the sample size calculation with
the WinPepi program (PEPI-for-Windows), where the
following criteria were considered: 95% confidence
interval and five percentage points sampling error.
Considering an average of the previous two years
of 385 patients intubated for the study period and
that not all of these patients underwent lower limb
cycloergometry [21], taking into account a sample loss of
20%, aminimum sample of 28 patients has been totaled.

Evaluation

Initial assessment was performed using data from
medical records such as clinical history, diagnosis, Acute
Physiology and Chronic Health Evaluation Classification
System II (Apache II) score, BMI, use of neuromuscular
blockers, sedatives and vasoactive drugs. We studied
clinical patients of both genders on MV divided into 2
groups. The order of interventions for one of the two
groups was randomized using the www.random.org
program. The control group did not undergo therapeutic
intervention during the study period, but underwent
conventional physiotherapy in all other ICU stays. The
lower limb passive cycle ergometry group performed
lower limb ergometry using the cycle ergometer (Flex
Motor with sensor; Cajumoro; Braganca Paulista; Sdo
Paulo, Brazil) with 30 rotations programmed per minute
for 20 minutes (Figure 1) [22].

Figure 1 — Illustration of the application of lower limb
cycloergometry in critically ill patients’ mechanical ventilation.

The group undergoing passive cycle ergometry
within 20 minutes was monitored for respiratory
mechanics before, immediately after, 10 and
30 minutes after using the cycle ergometer. To
obtain the respiratory mechanics parameters,
patients were placed in volume-controlled ventilation
mode, with a tidal volume of 6 ml/kg predicted
weight, obtained through the formula for men
(M) =50 + 091 (h - 152.4) for males and females
(F)=45.5+0.91 (h - 152.4) for females. The acquired
result of the above formulas was multiplied by
6 ml/kg. Then, a pause at the end of inspiration was
performed for approximately 2-3 seconds to obtain
the plateau pressure (Pplateau). Through the Plateau
Pressure value, it was possible to calculate the static
compliance (Cst) of the respiratory system through
the formula Cst = VC/Pplateau — PEEP, as well as
the respiratory system resistance (Rsr) through the
Rsr = Ppeak - Pplateau/Flow, where PEEP means
positive end-expiratory pressure. This same group
was also monitored for cardiovascular parameters,
namely: HR, RF, SBP, DBP and MAP before the start of
the protocol, every 3 minutes after application, and
after 10 and 30 minutes after use.

Patients in the control group had all these variables
evaluated during the same period as the group that
did passive lower limb cycle ergometry. However,
the control group did not perform any intervention.

Statistical analysis

Statistical analysis was performed using
GraphPadPrism 4 software. Continuous data were
expressed as mean and standard deviation. To test
their assumption of data normality, the Shapiro-Wilk
test was applied. The comparison between the mean
of the two groups was performed using repeated
measures Anova tests with Tukey post-test and t-test
for parametric variables. All conclusions were made
at a significance level of 5%, within a confidence
interval of 95%

Results

Forty patients with pathologies of various etiologies
participated in the initial phase of the research, of
which 10 met the exclusion criteria of the study, but
of these, only 30 patients completed their analysis,
distributed as follows: control group (n = 14) and
cycloergometry group (n = 16) (Figure 2).
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Figure 2 — Flowchart of the study design.

Assessed for eligibility
(n=40)

Excluded (n =10)
3. *Doesnotmeetinclusion
criteria to enter search.

A\

Randomized (n = 30)

Passive cycloergometry group

Control group (n = 14) (n=16)
Evaluated at all times without Evaluated before, during and
any therapeutic intervention. after passive lower limb cycle
ergometry.

No losses in the passive cycle

No loss in control group (n = 0) ergometry group (n = 0)

Analyzed (n = 14) Analyzed (n=16)

During the study period, data from 30 MV patients ~ groups’ comparison, both of which were homogeneous
admitted to the ICU were analyzed. The mean age ofthe ~ with each other. No differences were observed between
cycle ergometry group was of 61.19 + 18.2 years, while ~ age, height, weight, BMI, water balance (WB) values in
the control group was 55.7 + 15.2 years. Table 1 shows  the last 24 hours, sedation scale, RASS score, Apache
the demographic characteristics of the sample in the Il score, MV time and ICU time.

Fisioter Mov. 2019;32:e003232 Page 5 of 10



Santos LMH, Novaes APL, Dantas FMNA, Ribeiro LC, Castro CMMB, Franca EET.

Ce)

Table 1 — Sample’s demographic characteristics

Variables Control Group (n = 14) PC Group (n = 16) p-value
Age (years) 55.7 = 15.2 61.19 = 18.20 0.23*
Height (cm) 166.9 = 6.7 163.0 = 6.9 0.13**
Weight (kg) 69.5 + 13.2 68.56 = 11.5 0.84**
BMI (kg/cm?) 245 42 28.08 = 9.4 0.16*
WB-24h (ml) 1188 + 1075 1084 + 1050 0.79**
RASS ——44+038 —42 0.6 0.71*
Apache Il 22.60 + 4.22 22.67 = 8.36 0.88*
MV time (days) 414 + 2.6 6.0 +£3.2 0.08*
UCI time (days) 442 238 7.56 = 7.7 0.20*

Note: *Anova: test repeated measures and post Tukey test; **t test; BMI: body mass index; RASS: Richmond Agitation and Sedation Scale;
WB: water balance in the last 24 hours; Apache II: Acute Physiology and Chronic Health Evaluation Classification System II; CP: passive cycloergometry.

Table 2 shows the static compliance data and
respiratory system resistance measured before,
immediately after the end of the protocol, and at
10 and 30 min after the application of passive cycle
ergometry in both PC and control groups. The analyses
show areduction in the respiratory system resistance

in the control group when comparing the moment
before with the immediately after in the control
group. For the cycle ergometry group we observed
an increase in respiratory system resistance when
comparing the moment before with 10 min after the
end of the use of passive lower limb cycle ergometry.

Table 2 — Respiratory system compliance and resistance values in the control and passive cycle ergometry (PC) groups

Respiratory system compliance (Cst.)

Cst. before Cst. after Cst. 10 min Cst. 30 min valuet

(ml/cmH,0) (ml/cmH,0) (ml/cmH,0) (ml/cmH,0) P
Control Group 38.38 = 14.6 41.65 = 18,5 41.73 =+ 18.2 41.73 = 18.2 0.51
PC Group 29.56 = 11.3 29.87 + 134 29.33 = 10.5 29.33 = 10.5 0.96

Respiratory system resistance (Rsr.)

Rsr. before Resr. after Rsr. 10 min Rsr. 30 min I

(cmH,0/L/s) (cmH,0/L/s) (cmH,0/L/s) (cmH,0/L/s) P
Control Group 1415 £ 6.2 12.08 + 4.4* 13.5 + 6.0 12.69 + 5.1 0.03
PC Group 13.61 =54 1441 = 5.6 14.71 = 5.9* 13.88 = 5.8 0.01

Note: *Anova test repeated measures and post Tukey test; **Difference with before; PC: passive cycle ergometry; Cst: static compliance;

Rsr: respiratory system resistance; min: minutes.

Table 3 shows no difference for the variables RR, HR,
SBP and DBP measured before, soon after the end of the

protocol, and at 10 and 30min after the application of
passive cycle ergometry and in the control group.
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Discussion

The present study showed that the passive exercise
performed in bed was of low intensity and induced
a low level of muscle work, not sufficient to cause
significant changes in the cardiovascular parameters
and respiratory mechanics of intubated patients. We
observed a slight increase in the respiratory system
resistance in the group of patients undergoing passive
cycle ergometry 10 minutes after its application, which
may be justified by an increase in the movement of
secretions during this type of activity.

The use of passive cycloergomatria as an intervention
inthe intensive care setting has been shown to be effective
and safe in clinical practice, although there are gaps in
the literature and recurring doubts from professionals
regarding its effects on the possible interference with
cardiovascular respiratory response mechanics of
patients undergoing this type of intervention. Scientific
evidence confirms several beneficial effects of passive
limb mobilization, such as attenuating generalized
muscle weakness, maintaining a range of motion and
improving individual functionality [23, 24].

In Table 2, we analyzed the static compliance and
resistance of the respiratory system at different times,
showing a slightincrease in resistance 10 minutes after
the end in the cycle ergometry group and reduction soon
after in the control group, which in clinical practice this
type of minimal change does not represent any harm
to respiratory mechanics. These results demonstrate
that the use of passive cycloergomatrics in the ICU as
a form of intervention is safe without possible risks to
respiratory mechanics for bed-restricted patients [11].

Machado et al. [25] when analyzing the effect of
passive cycle ergometry on muscle strength, MV time
and hospital stay, concluded that only the peripheral
muscle strength assessed by the Medical Research
Council (MRC) strength score was higher in the
passive cycle ergometry group compared to the group
undergoing conventional physical therapy.

In another study, Kho et al. [26] used the
cycloergometer in 181 patients to analyze its viability
and safety in the ICU, and the results confirm its
usefulness in clinical practice, without adverse risks
to patients. Although there are no previous studies on
the assessment of changes in respiratory mechanics
during the use of passive cycle ergometry, the safety
of the technique in several other parameters has
been evaluated. Our study, along with others allow
to clarify and add that respiratory mechanics is little

affected with the technique, thus justifying its use
in patients with borderline respiratory mechanics.

The behavior analysis of RR, HR, SBP and DBP,
presented in Table 3, in the period before, every
three minutes of the protocol, at the end of therapy,
and 10 and 30 minutes after the cycle ergometry, did
not show differences between the groups for these
evaluated parameters. Our findings corroborate with
Medrinal et al. [27] who performed a cross-over study
in 19 patients undergoing four types of intervention:
passive lower limb exercises, passive lower limb
cycle ergometry, quadriceps electrical stimulation,
and quadriceps electrical stimulation associated with
passive lower limb cycle ergometry and evaluated the
physiological effects for the four types of intervention.
They concluded that passive exercise, passive cycle
ergometry and quadriceps electrical stimulation are
considered low intensity activities and induce low levels
of muscle work, and that the only therapy that was able
toincrease cardiac output and produce sufficient muscle
work was quadriceps electrical stimulation associated
with passive lower limb cycle ergometry.

Confronting our results, Monteiro and Sobral Filho
[28] evaluated the physiological effects that physical
exercise can have on body systems, especially the
cardiovascular system. They stressed the importance
of the physiological responses that regular exercise
can promote, and that in blood pressure levels were
reduced within the first hours after an exercise session.
This divergence of results can be explained by the
intensity of the exercise developed in our study, as well
as the cardiovascular stress caused by passive cycle
ergometry, which is very small, therefore not being
sufficient to cause changes in blood pressure levels.

Freitas et al. [29] analyzed the effects of passive
mobilization on acute hemodynamic responses and
showed an increase in myocardial oxygen uptake
or uptake (mV02), double product and HR when
evaluated at rest and after mobilization, although it
did not present alterations that could harm the patient,
this acute response after exercise with the elevation
of some parameters is considered physiologically
normal. Similar to Freitas’s, Savi et al. [30] assessed
the hemodynamic and metabolic effects of passive
lower limb movement and observed only increased
oxygen uptake and mixed oxygen saturation (Sv02),
considering thatincreased 02 demand during exercise
could contribute directly to a decrease in SvO2.

Pires-Neto et al. [31], when actively using the cycle
ergometer in MV patients, analyzed hemodynamic
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parameters (RR, HR, PA, Sp02), modified Borg dyspnea
scale and a questionnaire containing five questions. After
5 minutes of exercise with active cycle ergometer, HR,
RR and Borg values increased. Exercise with active cycle
ergometry in the ICU slightly increased HR and RR, and
the sensation of dyspnea, which is considered a normal
response to exercise. Once again, these results may differ
from our findings, as the use of active exercise during
cycle ergometry is what distinguishes our intervention
by the intensity and duration of the exercise.

This study has positive points as it is one of the firstin
the literature to evaluate cardiovascular and respiratory
mechanics changes caused by a passive cycle ergometry
session in mechanically ventilated patients. The
limitations of this study include the small sample size
and the impossibility of assessing heart rate variability.

Conclusion

By analyzing the effects caused by passive cycle
ergometry in critically ill patients under MV, our study
did not show any cardiovascular and respiratory
mechanics alteration that could make its use
impossible or cause any kind of injury. Therefore, this
therapy has been shown to be safely and effectively
used in clinical practice and can be applied without
harming critically ill patients. However, it is essential
to understand the beneficial effects and repercussions
of exercise according to its load intensity, which is
essential for exercise prescription for these patients.

These results reinforce its viability in preventing
future complications related to ICU immobilization and
muscle weakness in mechanically ventilated patients.
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