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Abstract

BACKGROUND
Sepsis, as a non-limiting host infection disease, can be accompanied by serious

complications such as organ failure, which seriously threatens patient quality of
life.

AIM

To investigate the effect of early stepwise cardiopulmonary rehabilitation on
cardiopulmonary function and quality of life in patients evacuated from mecha-
nical ventilation with sepsis.

METHODS

A total of 80 patients with sepsis who were hospitalized in our hospital from
January 2021 to January 2022 were selected and divided into the observation
group (n = 40) and the control group (n = 40) according to the random number
table method. The observation group was treated with early stepwise cardiopul-
monary rehabilitation, and the control group was treated with a conventional
treatment regimen. Cardiac function indexes (central venous pressure, cardiac
troponin I, B-type brain natriuretic peptide), lung function indicators (diaphrag-
matic mobility, changes in central venous oxygen saturation, oxygenation index),
and quality of life (Quality of Life Evaluation Scale) were compared between the
two groups after treatment.
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RESULTS

After treatment, the central venous pressure, diaphragm mobility, central venous oxygen saturation, oxygenation
index, and Quality of Life Evaluation Scale scores in the observation group were higher than those in the control
group, and the differences were statistically significant (P < 0.05). The observation group was less than that of the
control group for other parameters, and the differences were statistically significant (P < 0.05).

CONCLUSION
Early stepwise cardiopulmonary rehabilitation can effectively enhance cardiac and pulmonary function and
improve the quality of life in patients evacuated from mechanical ventilation with sepsis.

Key Words: Stepwise cardiopulmonary rehabilitation; Sepsis; Evacuation of mechanical ventilation; Cardiopulmonary function;

Quality of life

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sepsis is an uncontrolled body infection, which can be life-threatening in severe cases. Therefore, it is extremely
important to explore the intensive care measures for sepsis patients. In this study, early step-by-step cardiopulmonary
rehabilitation was selected, and it was found that this treatment method can effectively improve the cardiopulmonary
function of patients, improve life treatment, and improve prognosis.
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INTRODUCTION

Sepsis is thought to be an uncontrolled host response to infection and leads to life-threatening organ dysfunction[1,2].
When sepsis progresses to a certain extent, patients often experience serious complications such as microcirculation
disorders, cardiopulmonary and other organ failure, and disseminated intravascular coagulation, which seriously
threaten the lives of patients[3-5]. The overall incidence of sepsis has been increasing year by year in recent years.
Fleischmann et al[5] conducted a meta-analysis of 27 clinical studies from developed countries covering the period from
1979 to 2015. The results showed that the annual incidence of sepsis and severe sepsis was 288/100000 and 148/100000,
respectively, during the study period. The annual incidence of sepsis and severe sepsis increased to 437 per 100000 and
270 per 100000, respectively, in the last 10 years. Sepsis case fatality rates have also remained high. In a meta-analysis, the
in-hospital mortality rate for sepsis in developed countries has been 17% over the past 10 years, and the inpatient fatality
rate for severe sepsis has been as high as 26%[5]. The incidence of severe sepsis (including septic shock) in intensive care
units in China is 37.3%, and the intensive care units case fatality rate and inpatient mortality rate are 28.7% and 33.5%,
respectively[6]. Improving cardiopulmonary function and reducing mortality in patients with sepsis is an important issue
for critical care departments.

Previous studies have shown that the pathogenesis of sepsis mainly involves out-of-control systemic inflammatory
response, hypercoagulability, and capillary leakage leading to cardiopulmonary dysfunction and its interaction[7,8]. This
causes patients to often develop respiratory failure and circulatory failure clinically and requires mechanical ventilation
to assist breathing. Mechanical ventilation plays a key role in the treatment of patients with sepsis as a means of
improving oxygen supply and microcirculation throughout the body, but prolonged mechanical ventilation increases the
risk of complications and medical costs such as ventilator-associated pneumonia in patients with sepsis[9-11]. It brings a
heavy financial burden and a threat to the safety of patients.

Early stepwise cardiopulmonary rehabilitation is a rehabilitation program that increases the frequency of cardiopul-
monary function assessment and rehabilitation activities to adjust the training content according to the patient’s
condition. Studies have found that early stepwise cardiopulmonary rehabilitation can help improve cardiopulmonary
function in critically ill patients, reduce the incidence of complications such as ventilator-related pneumonia, shorten the
duration of mechanical ventilation and hospital stay, improve the quality of life of patients, and reduce mortality and
disability rates[12-14].

However, there are few studies on sepsis and cardiopulmonary rehabilitation. Based on this, this study adopted early
stepwise cardiopulmonary rehabilitation for sepsis evacuated mechanical ventilation patients and discussed its effect to
provide new ideas for the clinical treatment of sepsis patients. It also provided a basis for improving the cardiopulmonary
function of patients and reducing the mortality rate and disability rate.
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MATERIALS AND METHODS
Study population

In this single-center, case-control study, we enrolled 80 patients with sepsis evacuation mechanical ventilation who were
hospitalized in our hospital from January 2021 to January 2022. We used the following inclusion criteria: (1) Met the
clinical diagnostic criteria for sepsis[15]; (2) The patient withdrew from mechanical ventilation; and (3) The patient
exhibited a certain degree of microcirculation disorders or oxygen partial pressure < 50 mmHg after adequate oxygen
therapy. We used the following exclusion criteria: (1) Cardiac function > grade III; (2) Patients with severe hepatitis and
chronic renal failure; and (3) Impairment of consciousness.

Method

The control group received conventional treatment, i.e. symptomatic supportive treatment such as anti-infection,
improvement of microcirculation, and protection of gastric mucosa. The observation group received conventional
treatment combined with early stepwise cardiopulmonary rehabilitation. After admission, patients were evaluated for
early cardiopulmonary rehabilitation, and then individualized early step-by-step cardiopulmonary rehabilitation
treatment plans were formulated according to their condition. Cardiopulmonary rehabilitation treatment plans included:
(1) Position management. The head of the bed is gradually shaken up by nearly 90°, and no orthostatic hypotension can
be advanced to the bedside sitting position, 10 min/time, 3 times/d; (2) Exercise therapy. Giving active and passive joint
range of motion training + massage + muscle strength training, 20 min/time, 2 times/d; (3) Electrical stimulation therapy.
Including neuromuscular electrical stimulation, intermediate frequency pulsed electrical therapy, myoelectric
biofeedback, etc, 20 min/time, 2 times/d; (4) Swallowing function training. Swallowing action training, eating training,
etc, 2 times/d, 20 min/time; (5) Cough training. Cough training, breathing control (holding breath for 1-3 s), pronounce
“HO” sound, without fatigue, 5-10/time, 4 times/d; and (6) Respiratory muscle training. Using an external diaphragm
pacemaker to stimulate the diaphragm, 30 min/time, 2 times/d. In the early stage, it mainly focused on posture
management, limb passive movement + massage electrical stimulation therapy, and respiratory muscle training and
gradually transitioned to electrical stimulation therapy, swallowing function training, cough training, and active and
passive joint range of motion training + massage + muscle strength training after the condition improved. The patient’s
heart function and lung function were regularly evaluated to understand the patient’s tolerance to the rehabilitation
treatment plan. The rehabilitation treatment plan was adjusted according to the patient’s condition. The treatment time
was 30 d in both groups.

Data collection

The following data were collected: (1) General information such as age, sex, body mass index, site of infection, and acute
physiology and chronic health status score II score; (2) Cardiac function indicators of patients, including central venous
pressure (CVP), cardiac troponin I (cTnl), and brain natriuretic peptide (BNP); (3) Lung function indicators including
diaphragm activity, central venous oxygen saturation (ScvO,), oxygenation index (PaO,/FiO,); (4) Quality of life
pretreatment and post-treatment utilizing the Quality of Life Evaluation Scale (SF-36)[16]. The scale includes role
function, somatic function, emotional function, cognitive function, and social function for a total of 5 dimensions with
each dimension scoring up to 100 points. The higher the score, the higher the quality of life; and (5) Statistics on patient
complications.

Statistical analysis

SPSS 22.0 was used to analyze the obtained data. The measurement data were confirmed by normality test and
homogeneity of variance test to conform to the homogeneity of variance and approximately obey the normal distribution.
Data were expressed as mean * standard deviation and analyzed by t test. Counting data were expressed as percentage
(%) and analyzed by ¥ test. A P value < 0.05 indicated that the difference was statistically significant.

RESULTS

General data comparison

A total of 80 patients evacuated from mechanical ventilation with sepsis were hospitalized in our hospital. Compared to
the control group, no significant differences in general data such as age, sex, body mass index, infection site, and acute
physiology and chronic health status score II score were observed in the observation group (P > 0.05; Table 1).

Comparison of cardiac function

There were no significant differences in CVP, cTnl, and BNP between the observation and control groups before
treatment (P > 0.05). The CVP increased in both groups after treatment, and the observation group was significantly
larger than that of the control group (P < 0.05). After treatment, cTnl and BNP decreased in both groups, and the
observation group was significantly smaller than that of the control group (P < 0.05; Table 2).

Comparison of lung function
There were no significant differences in diaphragm mobility, ScvO,, and PaO,/FiO, between the two groups (P > 0.05).
The diaphragm mobility, ScvO,, and PaO,/FiO, increased in both groups after treatment, and the observation group was
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Table 1 Comparison of general data of patients in the two groups

Items Observation group, n = 40 Control group, n =40 t/y? value P value
Age (yr) 52.28+5.12 52.75 +6.21 0.392 0.695
Sex Male 25 (62.50) 27 (67.50) 0.219 0.639
Female 15 (37.50) 13 (32.50)
BMI (kg/m?) 2279 +1.13 2293 +1.22 0.532 0.595
Infection site Abdominal cavity 7 (17.50) 8 (20.00) 0.569 0.752
Blood system 5 (12.50) 7 (17.50)
Lung 28 (70.00) 25 (62.50)
APACHEII 18.56 + 3.94 18.21 +4.59 0.365 0.715

Data are 1 (%) or mean + SD. APACHEII: Acute physiology and chronic health status score II; BMI: Body mass index.

Table 2 Comparison of changes in cardiac function before and after treatment

Groups Time CVP in cmH,0 cTnlin pg/L BNP in pg/mL

Observation group, n = 40 Before treatment 3.36+1.12 5.52 £1.03 825.34 + 227.87
After treatment 10.67 +£2.28° 1.83 +£0.48° 478.96 +153.54"

Control group, n = 40 Before treatment 3.54 +£1.38 5.48 £ 0.86 846.59 + 268.35
After treatment 8.32+2.08" 2.25+0.96 618.15 £ 166.82"

t value After treatment 4815 2474 3.882

P value After treatment <0.001 0.015 <0.001

P < 0.05 compared with before treatment.
Data are mean + SD. BNP: Brain natriuretic peptide; cTnl: Cardiac troponin I; CVP: Central venous pressure.

significantly larger than that of the control group (P < 0.05; Table 3).

Quality of life comparison
No significant differences were observed in SF-36 scores before treatment for role, somatic, emotional, cognitive, and
social functions (P > 0.05). The scores of these functions in both groups after treatment were higher than those before

treatment. The observation group had a larger score than the control group, and the difference was statistically significant
(P <0.05; Table 4).

Comparison on the occurrence of complications
There was no significant difference in the incidence of complications after treatment in the two groups (P > 0.05; Table 5).

DISCUSSION

In the early stage of sepsis, under the action of various pathogenic factors, a large number of inflammatory cells can be
activated, leading to the interaction of the proinflammatory response and anti-inflammatory response, causing increased
capillary permeability, which results in generalized edema and a large amount of pleural and abdominal effusion[17-19].
Persistent generalized edema and large pleural effusions can cause hypotension, hypoxemia, and microcirculation
disorders, and sustained hypoperfusion of systemic organs can cause organ dysfunction and ultimately respiratory and
circulatory failure[20-22]. Therefore, timely improvement of cardiopulmonary function in patients with sepsis is
important.

cTnl is considered the most sensitive specific marker of myocardial injury and can assess the degree of myocardial
injury in patients with sepsis[23,24]. In addition, BNP levels also increase markedly with myocardial damage[25,26]. In
this study, the CVP of the two groups after treatment was greater than that before treatment. After treatment, ¢cTnl and
BNP in both groups were smaller, which indicated that both conventional treatment regimens and early stepwise
cardiopulmonary rehabilitation programs could improve patients’ heart function. However, the early stepwise cardiopul-
monary rehabilitation program improved the indicators more significantly. The reason is that simple passive exercise can
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Table 3 Comparison of changes in lung function before and after treatment

Groups Time Diaphragmatic range of motion in mm ScvO, Pa0,/FiO, in mmHg
Observation group, n = 40 Before treatment 22.28 +£4.63 0.55 £ 0.06 176.36 + 25.87

After treatment 46.94 +5.18° 0.73 +£0.045" 312.44 +29.78"
Control group, n = 40 Before treatment 23.16 £5.12 0.54 +0.05 181.54 + 26.45

After treatment 43.72 £ 6.06" 0.69 +0.02° 285.61 + 25.94"
t value after treatment 2.554 4.697 4.296
P value after treatment 0.012 <0.001 <0.001

4P < 0.05 compared with before treatment.
Data are mean + SD. PaO,/FiO,: Oxygenation index; ScvO,: Central venous oxygen saturation.

Table 4 Comparison of changes in quality of life before and after treatment

Groups Time Role function Somatic function Emotion function Cognitive function Social function

Observation group, n =40  Before treatment  68.79 +3.95 64.57 £3.62 65.77 £ 3.89 63.56 +3.85 64.93 £3.51
After treatment  85.64 +3.98" 86.78 £3.16" 88.34 £4.09" 85.73 £3.59" 89.33 £2.27°

Control group, n = 40 Before treatment  68.47 + 3.52 63.99 £3.06 65.82 +4.01 63.14 £4.12 65.02 +3.62
After treatment ~ 74.15 +3.23" 73.75 £3.49" 74.84 +3.97° 76.83 £ 4.25" 75.84 +3.24"

t value after treatment 14177 17.503 14.979 10.117 21.566

P value after treatment <0.001 <0.001 <0.001 <0.001 <0.001

4P < 0.05 compared with before treatment.
Data are mean + SD.

Table 5 Comparison of complications

Groups n  Ventilator-associated pneumonia Tracheostomy ICU-acquired frailty
Observation group 40  2(5.00) 1 (2.50) 1 (2.50)

Control group 40 5 (12.50) 4 (10.00) 3 (7.50)

x2 value 0.626 0.853 0.263

P value 0.428 0.355 0.607

Data are n (%). ICU: Intensive care unit.

induce changes in microcirculation and induce the anti-inflammatory effect of early sepsis, while light to moderate
exercise can partially reverse the damage of inflammatory factors and do not cause damage to the condition of critically
ill patients.

Mechanical ventilation can cause increased production and release of proinflammatory cytokines, which can lead to
diaphragmatic dysfunction[27,28] leading to decreased lung function. In this study, the diaphragm mobility, ScvO,, and
PaO,/FiO, of the two groups after treatment were greater than those before treatment. However, the observation group
was larger than that of the control group, which indicated that both conventional treatment regimens and early stepwise
cardiopulmonary rehabilitation programs could improve patients” lung function. However, the early stepwise cardiopul-
monary rehabilitation program improved the indicators more significantly. The reason may be that early stepwise
cardiopulmonary rehabilitation improves the patient’s cough and sputum discharge ability through cough training,
respiratory muscle training, etc.

Patients with sepsis are affected by multiple organ dysfunction and have a poor quality of life. In this study, the scores
of SF-36 in role function, somatic function, emotional function, cognitive function, and social function improved in both
groups. This shows that both conventional treatment regimens and early stepwise cardiopulmonary rehabilitation
programs can improve the quality of life of patients. However, the early stepwise cardiopulmonary rehabilitation
program has a more significant improvement effect.
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There were limitations to our study such as a relatively small sample size and short follow-up time. Therefore, future
studies should include larger sample sizes to further study the effect of early stepwise cardiopulmonary rehabilitation on
cardiopulmonary function and quality of life in patients evacuated from mechanical ventilation with sepsis.

CONCLUSION

In summary, the application of an early stepwise cardiopulmonary rehabilitation program in sepsis patients with
evacuation of mechanical ventilation can significantly improve the cardiopulmonary function of patients and improve the
quality of life of patients, which can provide a reference for the clinical treatment of patients with sepsis.

ARTICLE HIGHLIGHTS

Research background

Patients with sepsis often need mechanical ventilation to maintain respiratory function. However, mechanical ventilation
itself will also cause some damage to the respiratory system, leading to respiratory muscle atrophy, lung function
damage, etc. Therefore, early rehabilitation therapy such as aerobic exercise can effectively improve the respiratory
function and quality of life in patients with sepsis.

Research motivation
Identifying methods to improve cardiopulmonary function and reduce mortality and disability rates will greatly benefit
patients.

Research objectives
This study aimed to investigate the effect of early stepwise cardiopulmonary rehabilitation on cardiopulmonary function
and quality of life in septic patients.

Research methods

Sepsis patients who met the inclusion criteria were randomized into the control and observation groups. Patients in the
control group received conventional treatment, and patients in the observation group received early stepwise rehabil-
itation combined with conventional treatment.

Research results
The cardiopulmonary function and quality of life were significantly improved in the observation group, while the
improvement was relatively small in the control patients.

Research conclusions
Early stepwise cardiopulmonary rehabilitation can effectively improve cardiopulmonary function and quality of life in
septic patients after withdrawal.

Research perspectives
Future studies should include larger sample sizes and a longer follow-up period to identify long-term benefits of
stepwise cardiopulmonary rehabilitation.
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