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Abstract [ Objectives| To systematically evaluate the effects of early-stage phased rehabilitation training on the oxygenation index, 1CU
length of stay, duration of mechanical ventilation, and occurrence of complications ( ventilator-associated pneumonia, pressure ulcers, deliri-
um) in ARDS patients, thus contributing evidence for the clinical application of early-stage phased rehabilitation training. [ Methods] The
China National Knowledge Infrastructure (CNKI), Wanfang, and other databases were searched. Literature screening, data extraction, and
systematic analysis of the included studies were performed using Revman software. [ Results] Thirteen randomized controlled trials involving a
total of 860 patients were included in this review. The results of the meta-analysis showed that compared to the traditional rehabilitation training
group, the early-stage phased rehabilitation training group demonstrated a significant increase in the oxygenation index of ARDS patients [ SMD
=1.18,95% CI (1.01, 1.35), P <0.01], with statistically significant differences. Furthermore, there were significant reductions in ICU
length of stay [ SMD = -0.70, 95% CI ( -0.90, -0.50), P <0.01], duration of mechanical ventilation [ SMD = -1.15, 95% CI
(-1.36, -0.94), P<0.01], and occurrence of complications [ OR =0.16, 95% CI (0.10,0.26), P <0.01], all of which were statisti-
cally significant. [ Conclusions] Early-stage phased pulmonary rehabilitation training for ARDS patients effectively improves the oxygenation
index, shortens ICU length of stay and duration of mechanical ventilation, and reduces complications. These findings support the clinical appli-

cation and promotion of early-stage phased rehabilitation training.
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1 Introduction

Acute respiratory distress syndrome ( ARDS) is a common life-
threatening condition in the field of critical care medicine. Ac-
cording to the American Thoracic Society International Confer-
ence, ARDS can be classified into mild, moderate, and severe
based on the severity of hypoxia. The more severe the hypoxia,
the longer the mechanical ventilation time and the higher the mor-

tality rate for patients''.

Foreign studies have shown that early
pulmonary rehabilitation therapy for ARDS patients can effectively
promote lung function recovery and reduce mortality. However,
the timing, methods, and procedures for conducting such therapy

[2]

are still under exploration Currently, pulmonary rehabilitation

training focuses on chronic pulmonary diseases, such as chronic

B3 I critically

obstructive pulmonary disease (COPD) patients
ill patients, physical exercise of the limbs has been widely carried
out in some intensive care units (ICUs). Due to constraints in
concepts, medical environments, technologies, and human re-
sources, pulmonary rehabilitation training for ICU patients is less
frequently conducted. The limited literature reports often focus on
individual measures and primarily target patients in the stable
phase of hospitalization. Further exploration is needed on how to
implement early-stage phased pulmonary rehabilitation exercise for
critically ill ARDS patients.

Early-stage phased pulmonary rehabilitation exercise tech-

niques play a crucial role in the care of ARDS™ . However, the
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existing studies have small sample sizes and there is a lack of sys-
tematic evaluative research, resulting in low reference value of
conclusions. Therefore, there is an urgent need for relevant meta-
analyses and reports to analyze the specific effects of early-stage
phased pulmonary rehabilitation exercise techniques in the care of
ARDS. Based on this, we conducted a literature search, assessed
the methodological quality of clinically relevant studies that met
the criteria, and performed integrated analysis to provide evi-
dence-based references for early-stage phased pulmonary rehabili-

tation therapy for ARDS.

2 Material and methods

2.1 Literature search We conducted a computer-based search
of the following Chinese biomedical literature databases: China
National Knowledge Infrastructure ( CNKI), Wanfang Database,
and Chongging VIP Chinese Scientific Journals Database. The
search timeframe included the establishment of the databases up to
December 2021. The search language was Chinese, and the main

search terms used were '

"acute respiratory distress syndrome" and
"early-stage phased rehabilitation training" .

2.2 Inclusion and exclusion criteria

2.2.1

domized controlled trials (RCTs) or clinical controlled trials. (ii)

Inclusion criteria. (i) The included studies must be ran-

The study subjects must meet the clinical diagnostic criteria for
acute respiratory distress syndrome. (iii) The intervention in the
experimental group must involve early-stage phased rehabilitation
training, including ventilator ventilation strategies, airway man-

agement, positioning therapy, activity/respiratory exercises, etc.



Wenfu ZHANG et al. Effects of Early-stage Phased Rehabilitation Training on Acute Respiratory Distress Syndrome 73

The control group should receive routine treatments, including me-
chanical ventilation and medication. (iv) The outcome measures
must include at least one of the following: (a) oxygenation index,
(b) ICU length of stay, (c) ventilator usage time, (d) occur-
rence of complications ( ventilator-associated pneumonia, pressure
ulcers, delirium).

2.2.2 Exclusion Criteria. (i) Review articles, master’s theses,
doctoral dissertations. (ii) Case reports, famous physician case
studies, individual case reports. (iii) Conference proceedings pa-
pers. (iv) Animal research literature. (v) Duplicate articles ob-
tained from different databases. (vi) Studies with interventions
other than early-stage phased rehabilitation training. (vii) Studies
with unobtainable data, including single-arm studies and related
data or experimental protocols that cannot be accessed. ( viii)
Studies with inconsistent treatment duration between the experi-
mental and control groups or outcome measures that do not match.
2.3 Data extraction and quality assessment

2.3.1 Data extraction. Two systematic review authors obtained
relevant literature, extracted the information, and cross-checked
it. Discrepancies were resolved through the involvement of a third
party. The included literature was recorded using a standardized
data extraction form. The extracted information for this study in-
cluded the first author, publication year, number of cases, inter-
vention measures for the experimental and control groups, treat-
ment duration, outcome measures, and assessment of risk of bias.
2.3.2 Quality assessment of the literature. The risk of bias as-
sessment table was created using RevMan 5. 4 software. The se-
lected literature was assessed for quality, including assessing the
following aspects: correctness of random sequence generation; al-
location concealment; implementation of blinding for the assessors
and participants; blinding of outcome assessment; completeness of
outcome data; selective reporting; and other biases.

2.4 Statistical methods

alyze the relevant data from the included literature. For binary da-

RevMan 5. 4 software was used to an-

ta, odds ratios (OR) were used as the effect measure statistical
unit, and for continuous data, standard mean differences (SMD)
with a 95% confidence interval ( CI) were used. P<0.05 was
considered statistically significant. Heterogeneity among the in-
cluded studies was assessed using p-values and /. If P=0.1 and
I <50% , it indicated low heterogeneity , and a fixed-effects mod-
el was used for meta-analysis. If there was significant heterogenei-
ty (P<0.1 and I’ >50% ), a random-effects model was used for

combining the statistical measures.

3 Results and analysis

3.1 Literature selection results A total of 560 articles were
obtained from different databases. After eliminating duplicate arti-
cles using EndNote, 307 duplicates were removed. A preliminary
screening of titles and abstracts resulted in the exclusion of 87 ir-
relevant articles, including case studies, animal experiments, and
renowned expert experiences. After reading the full texts and re-

viewing the data, 143 articles that did not meet the criteria of this

study were excluded. Finally, 13 articles were included 7 ~*".

The search process is shown in Fig. 1.
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Fig.1 PRISMA flowchart diagram of the search process

3.2 Quality evaluation of the included literature The in-
cluded trials did not mention allocation concealment or blinding.
Among them, random number table method was used in 10 stud-
ies, while the remaining literature only described it as random.
All trials reported outcome evaluation indicators, and no selective
reporting was observed. It is unknown whether the baseline data in
the included literature is comparable. The risk of bias assessment
for the included literature is shown in Fig. 2.
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Fig.2 Risk of bias summary

3.3 Main results According to the results of the meta-analy-
sis, the early-stage phased rehabilitation training group, compared
to the traditional rehabilitation training group, demonstrated a sig-
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nificant increase in oxygenation index [ SMD =1. 18, 95% CI (Fig.4), duration of ventilator use [ SMD = —1.15, 95% CI
(1.01, 1.35), P<0.01] among ARDS patients. The difference (-1.36, -0.94), P<0.01] (Fig.5), and incidence of compli-
was statistically significant (Fig.3). Additionally, the ICU length cations [ OR =0.16, 95% CI (0.10, 0.26), P <0.01] (Fig.6)
of stay [ SMD = -0.70, 95% CI ( -0.90, -0.50), P <0.01] were significantly reduced, with statistically significant differences.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Chunmei Zhao 2020  259.53 44.47 31 208.19 71.91 31 10.8% 0.85[0.33, 1.37) -
Cuirong Guo 2019 252.63 31.33 50 205.08 37.89 50 15.4% 1.36[0.92, 1.79] -
Haifang Fu 2018 258.03 43.54 36 203.65 57.93 22 91% 1.09 [0.52, 1.65) -
Hua Wu 2017 258.05 46.03 40 206.14 2096 40 12.0% 1.44 [0.94, 1.93] -
Saisai Qiu 2019 259.06 46.04 35 207.15 20.97 35 10.5% 1.44 [0.91, 1.96) -
Wei Jiang 2021 255.83 34.17 34 202.64 30.61 34 9.6% 1.62[1.07, 2.17] -
Wenji Huang 2018 257.01 54.22 26 209.09 45.42 26 8.9% 0.94 [0.37, 1.52) -
Yi Diao 2018 256.84 46.12 30 206.24 49.61 30 10.0% 1.04 [0.50, 1.58] -
Zeping Liang 2017 258.04 45.08 38 207.15 70.96 40 13.6% 0.84 [0.38, 1.31) -
Total (95% CI) 320 308 100.0% 1.18 [1.01, 1.35] <&

itv: Chi2 = = = - R =179 t +
Heterogeneity: Chi? = 9.61, df =8 (P =0.29); L= 17% % M 0 1 2

Test for overall effect: Z = 13.52 (P < 0.00001) Favours [experimental] Favours [control]

Fig.3 Meta-analysis forest plot of the effects of early-stage phased rehabilitation training on oxygenation index in ARDS patients

Experimental Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Chunmei Zhao 2020  13.28 3.76 31 16.07 5.43 31 15.2% -0.59 [-1.10, -0.08] -
Hua Wu 2017 1354 288 40 1611 456 40 19.3% -0.67 [-1.12, -0.22) -
Ling Deng 2018 11.65 3.87 30 16.85 5.61 30 13.3% -1.07 [-1.61, -0.52] -
Saisai Qiu 2019 1355 289 35 16.12 4.57 35 16.9% -0.66 [-1.15, -0.18] -
Wei Jiang 2021 1232 3.21 34 1563 4.62 34 16.0% -0.82[-1.32,-0.33] -
Zeping Liang 2017 1334 388 38 158 556 40 19.3% -0.51 [-0.96, -0.05] -
Total (95% CI) 208 210 100.0% -0.70 [-0.90, -0.50] <&
Heterogeneity: Chi? = 2.90, df = 5 (P = 0.72); = 0% 2 1 5 1 2

Test for overall effect: Z=6.94 (P < 0.00001) Favours [experimental] Favours [control]

Fig.4 Meta-analysis forest plot of the effects of early-stage phased rehabilitation training on the ICU length of stay in ARDS patients

Experimental Control Std. Mean Difference Std. Mean Difference
Y . 95% CI
Chunmei Zhao 2020 835 276 31 1068 269 31 16.3% -0.84 [-1.37,-0.32] -
Ling Deng 2018 852 265 30 1225 265 30 13.7% -1.39[-1.96, -0.82] -
Peili Wang 2018 792 082 30 1142 134 30 7.5% -3.11[-3.88, -2.34] -
Wei Jiang 2021 738 173 34 974 236 34 16.7% -1.13 [-1.64, -0.61] -
Wenji Huang 2018 801 242 26 992 254 26 13.9% -0.76 [-1.32,-0.19] -
Yan Li 2018 6.34 237 25 1128 346 25 10.5% -1.64 [-2.29, -0.99] -
Zeping Liang 2017 85 289 38 10.13 257 40 21.4% -0.59 [-1.05, -0.14] -
Total (95% CI) 214 216 100.0% -1.15[-1.36, -0.94] L

R 2= = - 2= 849 T t
Heterogeneity: Chi? = 36.99, df = 6 (P < 0.00001); = 84% 4 P 0 2 4

Test for overall effect: Z = 10.77 (P < 0.000 01) Favours [experimental] Favours [control]

Fig.5 Meta-analysis forest plot of the effects of early-stage phased rehabilitation training on the duration of ventilator use in ARDS patients

Experimental Control Odds Ratio Odds Ratio
. o E . o E .
Cuirong Guo 2019 7 50 18 50 17.1%  0.29[0.11,0.78] —_—
Hua Wu 2017 12 40 30 40 232%  0.14[0.05,0.38] B —
Peili Wang 2018 2 30 7 30 72%  0.23[0.04,1.24] e
Wenji Huang 2018 6 26 21 26 17.9%  007[0.02,027] — =
Xin Zha 2019 2 56 11 56 11.7%  0.15[0.03,0.72] e
Zeping Liang 2017 7 38 26 40 229%  0.12[0.04,0.35] —
Total (95% CI) 240 242 100.0%  0.16 [0.10, 0.26] <>
Total events 36 113
Heterogeneity: Chiz = 3.31, df= 5 (P= 0.65); = 0% ’0 Py 0’ ] : 1‘0 ] 00‘

Test for overall effect: Z=7.52 (P< 0.00001) Favours [experimental] Favours [control]

Fig.6 Meta-analysis forest plot of the effects of early-stage phased rehabilitation training on the incidence of complications in ARDS patients
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4 Discussion
The meta-analysis results suggest that early-stage phased pulmona-
ry rehabilitation training in patients with acute respiratory distress
syndrome (ARDS) can effectively improve the oxygenation index,
shorten ICU length of stay and duration of ventilator use, and re-
duce complications. These findings indicate the potential clinical
applicability and merits of implementing such interventions.
ARDS is a common respiratory distress syndrome character-
ized by progressively increased respiratory rate, persistent hypox-
emia, and evident signs of oxygen deprivation, as well as patholog-

7!, In clinical practice, ARDS is typ-

ical changes in lung function
ically divided into four stages; (i) the lung injury stage, marked
by increased respiratory rate; (ii) the relatively stable stage,
characterized by dyspnea, hypoxemia, and pulmonary consolida-
tion; (iii) the respiratory failure stage, necessitating the use of
mechanical ventilation for respiratory support; and (iv) the end-
stage, wherein severe oxygen deprivation and ineffective breathing
occur, leading to disturbances in acid-base balance and circulatory
failure'® . Thus, early treatment of ARDS is essential to improve
respiratory function, establish effective ventilation, and reduce the
occurrence of complications'’.

The severity of ARDS is directly associated with higher mor-
tality rates. Early initiation of rehabilitative care in patients can
expedite lung function recovery and reduce mortality. Early-stage
phased pulmonary rehabilitation exercise techniques involve devel-
oping targeted, phased rehabilitation plans based on the specific
condition of each patient®". This approach transforms passive ex-
ercise into active exercise, effectively improving lung ventilation
and exhalation functions. When combined with ventilator strate-
gies, it significantly enhances the oxygenation index of patients and
reduces the occurrence of complications such as ventilator-associat-
ed pneumonia'""’. Additionally, proper positional changes signifi-
cantly improve patient oxygen saturation, while timely and effec-
tive airway management promotes the clearance of airway secretions
and sputum. Early-stage phased pulmonary rehabilitation exercise
techniques effectively prevent muscle atrophy and dysfunction.
They are particularly beneficial for long-term bedridden patients
and those receiving muscle relaxants or sedatives. This rehabilita-
tion technique significantly reduces ICU length of stay, decreases
hospital costs, alleviates the psychological burden and financial
pressure on patients and their families, and effectively addresses
the limitations of traditional nursing care'™'.

When conducting pulmonary rehabilitation exercise in criti-
cally ill ARDS patients, in addition to implementing protective me-
chanical ventilation and medication treatment, the following issues
should be considered. Firstly, the implementation of individualized
plans: the content of operations varies among patients with differ-
ent conditions, and even when following the same plan, the inten-
sity (time and force) of treatment may differ. Secondly, assess-
ment and observation during plan implementation; this technique
may have certain effects on the patient’s hemodynamics, therefore
close monitoring of vital signs such as heart rate, blood pressure,
and respiration is essential. Thirdly, the expertise of medical pro-

fessionals: it has been reported that in the ICU, experienced
healthcare workers achieve better treatment outcomes than less ex-
perienced or newly graduated ones'™. Lastly, psychological issues
after ICU discharge ; Although ARDS survivors may have their lung
function essentially restored, they often experience depression,
anxiety, or other posi-traumatic psychological disorders ™. Survi-
vors with low oxygenation index or prolonged mechanical ventila-
tion are prone to develop anxiety disorders. Therefore, early psy-
chological and physical rehabilitation therapy for ARDS survivors is
important for improving their quality of life in the long term.
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