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Abstract

Background: Prolonged mechanical ventilation (PMV) is a common complication after cardiac surgery and is considered a risk factor
for poor outcomes. However, the incidence and in-hospital mortality of PMV among cardiac surgery patients reported in studies vary
widely, and risk factors are controversial. Methods: We searched four databases (Web of Science, Cochrane Library, PubMed, and
EMBASE) for English-language articles from inception to October 2023. The odds ratio (OR), 95% confidence interval (CI), PMV
incidence, and in-hospital mortality were extracted. Statistical data analysis was performed using Stata software. We calculated the fixed
or random effects model according to the heterogeneity. The quality of each study was appraised by two independent reviewers using
the Newcastle-Ottawa scale. Results: Thirty-two studies were included. The incidence of PMV was 20%. Twenty-one risk factors were
pooled, fifteen risk factors were found to be statistically significant (advanced age, being female, ejection fraction <50, body mass index
(BMI), BMI >28 kg/rnz, New York Heart Association Class >1II, chronic obstructive pulmonary disease, chronic renal failure, heart
failure, arrhythmia, previous cardiac surgery, higher white blood cell count, creatinine, longer cardiopulmonary bypass (CPB) time, and
CPB >120 min). In addition, PMV was associated with increased in-hospital mortality (OR, 14.13, 95% CI, 12.16-16.41, I?= 90.3%, p
< 0.01). Conclusions: The PMV incidence was 20%, and it was associated with increased in-hospital mortality. Fifteen risk factors were
identified. More studies are needed to prevent PMV more effectively according to these risk factors. The PROSPERO Registration:
This systematic review and meta-analysis was recorded at PROSPERO (CRD42021273953, https://www.crd.york.ac.uk/prospero/displa
y_record.php?RecordID=273953).
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1. Introduction Globally, the number of PMVs has increased. Within

Based on the findings of the Global Burden of Dis- the United States, the demand for PMVs reached an esti-
mated 625,000 cases in 2020, while in Taiwan, 92,324 pa-
tients required PMVs between 2015 and 2019 [4-6]. PMV
not only results in negative patient experiences but also re-
duces their quality of life. The complications arising from
PMYV, encompassing muscle wasting, functional impair-
ment, and diaphragmatic dysfunction, have been found to
be associated with extended hospitalization periods and el-
evated mortality. Consequently, these complications im-
pose considerable financial strain upon afflicted families
[7-11]. The reported incidence of PMV in patients un-
dergoing cardiac surgery ranges from 1.96% to 53.27%
[2,10,12—-14], and the risk factors for PMV include older
age [12,15], emergency surgery [10,15,16], and being fe-
male [9,15]. However, these findings are controversial.
The current evidence on PMV prevention and treatment in
cardiac surgical patients has yet to be comprehensively syn-

ease study, there was a significant two-fold increase in car-
diovascular disease (CVD) prevalence between 1990 and
2019, with the number of afflicted individuals escalating
from 271 million to 523 million [1]. The progressive evo-
lution of cardiac surgical technology has engendered a bur-
geoning cohort of patients eligible for surgical interven-
tions. Despite the advancements in perioperative manage-
ment, anesthesia, cardiopulmonary bypass (CPB), and the
surgical environment remain vulnerable to postoperative
functional changes, which give rise to consequential com-
plications. Among these, the incidence of prolonged me-
chanical ventilation (PMV) constitutes a substantial propor-
tion, accounting for up to 53.27% [2]. PMV has been corre-
lated with heightened reintubation and prolonged duration
of stay in the intensive care unit (ICU), leading to more pul-
monary complications [3].
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Fig. 1. Flow diagram of research strategy. PMV, prolonged mechanical ventilation.

thesized, largely due to variations in PMV definitions and
study designs across different investigations. In addition,
the effect of PMV on in-hospital mortality remains con-
troversial [8,14]. Therefore, identifying PMV-related risk
factors and prognoses may optimize clinical treatment and
decision-making to assist surgeons in surgical planning and
postoperative management.

Thus, through a systematic review and meta-analysis,
the present synthesis endeavors to investigate the incidence,
identify risk factors and analyze in-hospital mortality in pa-
tients experiencing PMV after cardiac surgical procedures.
The overarching objective of this study is to furnish evi-
dence that informs the prevention and effective manage-

ment of PMV-associated complications in this specific pa-
tient population.

2. Methods

This systematic review and meta-analysis were con-
ducted per the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines
(Supplementary material 1) and recorded at PROSPERO.

2.1 Search Methods

Databases, including PubMed, Web of Science, EM-
BASE, and the Cochrane Library, were independently
searched by two researchers for studies published from the
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Rate Weight
Study with 95% Cl (%)

Engle J et al.1999 + 043[0.37, 0.50] 295
Kern H et al.2001 ’ 0.09[0.07, 0.11] 341
Légaré Jf et al.2001 ’ 0.09[0.07, 0.10] 3.46
Yende S et al.2004 ’ 0.07[0.04, 0.09] 3.39
Natarajan K et al.2006 0 0.05[0.03, 0.07] 342
Lei Q et al.2009 ’ 0.10[0.06, 0.14] 3.27
Shirzad M et al_.2010 0 0.07[0.05, 0.08] 3.45

Christian K et al.2011 e 2 0.25[0.21, 0.29] 3.25
Piotto RF et al.2012 ¢ 0.03[0.02, 0.03] 3.48
Siddiqui MM et al.2012 ¢ 0.05[0.04, 0.06] 3.47
Saleh HZ et al.2012 L 2 0.02[0.02, 0.02] 3.48
Bartz RR et al.2015 ¢ 0.33[0.32, 0.35] 3.45
Gumus F et al.2015 < 0.06 [ 0.04, 0.07] 3.44
Sharma V et al.2017 ’ 0.06 [ 0.06, 0.07] 348
Wise ES et al.2017 3 0.14[0.12, 0.17] 3.38
Chen YJ et al.2019 —— 0.29[0.21, 0.38] 2.55
Hsu H et al.2019 2 2 0.11[0.08, 0.14] 3.33
Papathanasiou M et al.2019 + 043[10.35, 0.51] 264
Aksoy R et al.2021 K = 0.21[0.15, 0.26] 3.04
Ge M et al.2021 2 2 0.45[0.40, 0.49] 3.23
Kreibich M et al.2022 ¢ 0.16[0.15, 0.18] 3.45
Lin L et al.2022 4 053050, 057] 3.28
Li X et al.2022 & 0.14[0.13, 0.15] 3.46
Michaud L et al.2022 & 0.12[0.09, 0.15] 3.37
Meng Y et al 2022 Y 0.21[0.18, 0.24] 3.34
Sankar A et al 2022 ¢ 0.15[0.14, 0.16] 3.47
Xie Q et al.2022 —4)-055[0.50, 0.60] 3.12
Xiao Y et al.2022 R 0.38[0.30, 0.47] 2.55
Xiao S et al. 2022 —4— 046[0.37, 0.55] 252
Shahram R et al.2023 < 0.21[0.19, 0.24] 3.41
Yuankai Z et al 2023 + 040[0.31, 0.49] 2.486
Overall @ 0.20[0.18, 0.23]

Heterogeneity: 1° = 0.01, I° = 99.44%, H* = 179.27
Test of 8, = 6, Q(30) = 5377.98, p = 0.00
Testof 8 =0:z = 14.66, p = 0.00

Random-effects DerSimonian - Laird model

Fig. 2. The forest plot of prolonged mechanical ventilation incidence. CI, confidence interval.
database inception through October 2023. The retrieval Two researchers independently selected the articles.
strategy combined cardiac surgery with PMV. Detailed  First, duplicate studies were removed by EndNote X20

search strategies are shown in Supplementary material 2. (Thomson ResearchSoft, Philadelphia, PA, USA), and inap-
propriate studies were eliminated based on the title and ab-
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Wise ES et al.2017 - 0.14 (0.12, 0.17) 3.38
Aksoy R et al.2021 + 0.21 (0.15, 0.27) 3.04
Michaud L et al.2022 - 0.12 (0.09, 0.15) 3.37
Meng Y et al.2022 —I.— 0.21(0.18, 0.24) 3.34
Sankar A et al.2022 + 0.15 (0.14, 0.16) 3.47
Xie Q et al. 2022 [ . 0.55 (0.50, 0.61) 3.12
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Fig. 3. The forest plot of subgroup analysis in prolonged mechanical ventilation incidence is defined according to prolonged

mechanical ventilation. CI, confidence interval; ES, Eric Stephen Wise.

stract. After screening by title and abstract, we assessed the
articles to select qualified literature through full-text screen-
ing. Disputes or disagreements were resolved through dis-
cussions with a third researcher.

The inclusion criteria were as follows: age: 18 years
or older; undergoing cardiac surgery; data should be avail-
able for extracting the incidence, risk factors, or in-hospital
mortality for PMYV; risk factors for PMV must be assessed
by an odds ratio (OR) with a 95% confidence interval (CI);
PMYV was defined as a ventilation time >24 hours (h); study

types included case—control trials and cohort studies. The
exclusion criteria were as follows: case reports, protocols,
commentaries, letters or abstracts, and high-risk bias liter-
ature (Newcastle—Ottawa Quality Assessment scale <4).

2.2 Quality Appraisal

The quality of the included studies was independently
appraised and cross-checked by two reviewers using the
Newcastle—Ottawa Quality Assessment scale (NOS). The
total score for NOS is 9. The risk of bias was classified into
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Fig. 4. The forest plot of subgroup analysis in prolonged mechanical ventilation incidence according to the study population. CI,

confidence interval; CABG, coronary artery bypass grafting; LVAD, left ventricular assist device; CPB, cardiopulmonary bypass; ES,

Eric Stephen Wise.

three categories: low-quality, NOS <4, which should be
excluded from the meta-analysis; moderate-quality, NOS
5-6; high-quality, NOS >7. Any inconsistent evaluation
was discussed with the third researcher.

According to the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)

&% IMR Press

methodology, two investigators independently assessed the
quality of the evidence for risk factors. Evidence grades
were divided into the following categories: high, where au-
thors were confident that the estimated effect was similar to
the actual effect; moderate, where the estimated effect was
probably close to the exact effect; low, where the true effe-
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Table 1. Characteristics of the included studies.

Age Mortality

Ss3id NI

Author/year Country Study design Study population Sample Size PMYV definition PMV incidence
PMV Non-PMV PMV  Non-PMV
Engle J et al. 1999 [17] America Retrospective case—control study NA NA TAAA 256 >72h 41.8% NA NA
Kern H et al. 2001 [18] Germany Retrospective cohort study Median: 66.2 Median: 62.3 CABQG, valve 687 >48 h 9% 11.3%  0.48%
Légaré JF et al. 2001 [19] Canada Retrospective cohort study 65.40 £ 10.60 CABG 1829 >24h 8.6% 18.5% 1.2%
Yende S et al. 2004 [20] America Retrospective cohort study NA NA CABG 400 >24h 6.75% NA NA
Natarajan K et al. 2006 [21] India Retrospective cohort study 56.80 £+ 9.40 56.90 £ 8.80 CABG 470 >24h 4.7% 36.3%  0.45%
Lei Q et al. 2009 [22] China Retrospective cohort study 48.90 +10.70  44.20 £+ 10.70 Aortic arch 255 >72h 10.2% 11.5% 0.9%
surgery
Shirzad M et al. 2010 [23] Iran Retrospective cohort study 5393 +£12.84 4825+ 13.66  Valve surgery 1056 >24h 6.6% 42.9% 2.2%
Christian K ez al. 2011 [24] America Retrospective cohort study 66.00 £ 11.10  66.40 £ 10.80 CABG 464 >72h 25% 12.9% 2.9%
Piotto RF et al. 2012 [16] Brazil Retrospective cohort study 62.00 + 9.50 67.30 +9.10 CABG 3010 >48 h 2.6% 58.4% 2.3%
Siddiqui MMA et al. 2012 [25] Pakistan Retrospective cohort study 39.50 +21.28  30.29 £ 13.95 CABG, valve 1617 >24h 4.8% 32.5% 0.4%
Saleh HZ et al. 2012 [12] UK Retrospective cohort study 68.6 (63.2,73.7) 65.2(58.5,71.1) CABG 10,977 >72h 2.0% 28.4% 0.5%
Bartz RR et al. 2015 [13] UK Retrospective cohort study 65.20 £ 11.90  62.60 + 12.70 CABG 3881 >48 h 33.2% NA NA
Gumus F et al. 2015 [8] Turkey Retrospective cohort study 65.60 £+ 9.30 60.40 £+ 9.90 CABG 830 >24h 5.6% 45.7% 4%
Sharma V et al. 2017 [15] Canada Retrospective cohort study 65 (37, 80) 67 (47, 81) Valve surgery 21,654 >48 h 6.2% NA NA
Wise ES et al. 2017 [26] America Retrospective cohort study 64.35 £ 3.35 62.95 £3.90 CABG 738 >24h 14.1% NA NA
Chen Y et al. 2019 [9] China Retrospective cohort study 58.30 £10.92  50.94 +10.84 AAAD 102 >72h 29.4% 20.7% 5.6%
HsuH et al. 2019 [10] Taiwan, China Retrospective cohort study 64.00 £+ 11.00 CABG 382 >48 h 11.3% NA NA
Papathanasiou M et al. 2019 [7] ~ Germany Retrospective cohort study 58.5£10.5 57.5£10.5 LVAD 139 >7d 43.2% 60.0% 2.5%
Aksoy R et al. 2021 [27] Turkey Retrospective cohort study 60.80 £ 10.20  59.20 £+ 10.60 CPB 207 >24h 20.8% 37.2% 5.5%
Ge M et al. 2021 [14] China Retrospective cohort study 53.60 £12.40  51.10 £ 12.80  De Bakey type | 582 >48 h 44.5% 18.1% 7.4%
aortic dissection
Kreibich M et al. 2022 [28] Germany Retrospective cohort study 68.4 (9.9) Valve surgery 2597 >48 h 16.3% NA NA
LinL et al. 2022 [2] China Retrospective cohort study 525 £ 11.7 AAAD 734 >48h 53.3% NA NA
Li X et al. 2022 [29] China Retrospective cohort study 58 (50, 65) 54 (46, 62) Cardiac surgery 3919 >48 h 13.6% 3.8% 0.5%
Michaud L et al. 2022 [30] France Retrospective cohort study 67.3 + 12 674 £ 11.5 CPB 568 >24h 12.0% 47.1% 4.6%
Meng Y et al. 2023 [31] China Retrospective cohort study 61.44 +12.04  59.33 £12.08 Cardiac surgery 693 >24h 21.2% NA NA
Sankar A et al. 2022 [32] Canada Retrospective cohort study 71 (11) 73 (10) CPB 4809 >24h 15.0% 14.0% 1.0%
Xie Q et al. 2022 [33] China Retrospective cohort study 49.86 + 11.123; 44.87 £ 9.444; AAAD 384 >24h 55.5% NA NA
51.40 4 10.908; 45.58 4+ 10.003; >48 h 35.4%
51.72 + 10.446  46.28 + 10.435 >72h 25.0%
Xiao Y et al. 2022 [34] China Retrospective cohort study 54.5 (39.0, 63.0) 64 (56.0, 69.5) Redo valve 117 >24h 38.5% 13.3% 0%
surgery

Zhang Q et al. 2023 [35] China Retrospective cohort study NA NA Cardiac surgery 3835 >48 h NA NA NA
Shen X et al. 2022 [36] China Retrospective cohort study 66 (55, 72) 66 (54,71) CPB 118 >48 h 45.8% NA NA
Rahimi S et al. 2023 [37] Iran Retrospective cohort study NA NA CABG 1361 >24h 21.4% NA NA
Zhou Y et al. 2023 [38] China Retrospective cohort study 65 (57,75) 52 (47, 62) Valve surgery 105 >72h 40% 7.1% 0%

NA, not applicable; TAAA, Stanford type A aortic dissection; CABG, coronary artery bypass graft; UK, United Kingdom; AAAD, acute type A aortic dissection; LVAD, left ventricular assist device; CPB,

cardiopulmonary bypass; PMV, prolonged mechanical ventilation; h, hours; d, days.
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ct might be different from the estimated effect; very low,
where the actual effect was probably markedly different
from the estimated effect.

2.3 Data Abstraction

Two researchers independently extracted data from
the included studies using a pre-designed data form. The
following data were extracted: the characteristics of each
study, risk factors, and in-hospital mortality.

2.4 Synthesis

We used Stata version 17.0 (StataCorp LLC, College
Station, TX, USA) to perform a meta-analysis. The inci-
dences of PMV, in-hospital mortality, and PM V-related risk
factors were pooled. Subgroup analyses were performed
according to PMV definitions and study population. OR
and 95% CI were calculated to assess the strength of the as-
sociations, and Cochran’s Q and I? tests were used to eval-
uate heterogeneity. 12 < 50% indicated no statistical het-
erogeneity between studies, and a fixed effect model (FD)
was used for data analysis. 1?2 > 50% indicated statistical
heterogeneity between studies; a random effect model (RD)
was used, and a subgroup analysis was performed to explore
the source of heterogeneity. 12 between 0% and 25% rep-
resented low heterogeneity, I? between 25% and 50% was
moderate heterogeneity, and 12 > 50% indicated high het-
erogeneity. Point estimate differences, where the 95% CI
did not overlap with 1, were considered statistically signifi-
cant at p < 0.05. We performed a sensitivity analysis when
the meta-analysis involved more than four studies. Funnel
plots were also performed when more than ten studies were
involved.

3. Results
3.1 General Characteristics of the Studies

After eliminating duplicate entries, 3325 articles un-
derwent preliminary screening through title and abstract
assessments. Following this, seventy-two eligible articles
were subjected to full-text screening. After conducting a
thorough full-text screening, forty-two articles were ex-
cluded from the analysis. Among these, twenty-seven stud-
ies were excluded due to insufficient data: one was a re-
view, one had participants below the age of 18 years, five
had a PMV <24 h, six were not available in full text, and
two were non-English literature. Additionally, one article
of low quality was excluded. Finally, thirty-two studies
were deemed suitable for inclusion in the quantitative anal-
ysis (Fig. 1). The categorization of PMV varied among the
included studies. Specifically, twelve studies defined PMV
as >24 h, ten studies defined it as >48 h, six studies de-
scribed it as >72 h, and one article investigated PMV at 24
h, 48 h, and 72 h. The general characteristics of the studies
are summarized in Table 1 (Ref. [2,7-10,12—38]).

&% IMR Press

3.2 Risk of Bias

Based on NOS, three studies scored 8, fifteen scored
7, and eleven scored 6. These assessments revealed that
62% of the included studies satisfied the standards for high
quality (Supplementary material 3).

3.3 Syntheses of Results
3.3.1 Incidence of PMV

The incidence of PMV in patients undergoing cardiac
surgery was 20% (95% CI, 18%—-23%) across the thirty-
two included articles. Subgroup analyses were performed
according to the PMV definition and the study population
(Fig. 2). Consistent findings were observed throughout
all subgroup analyses. The combined incidence of PMV
was 16.1% (95% CI, 12.1%-20.1%) in the PMV >24 h
group, 23.0% (95% CI, 17.0%-28.9%) in the PMV >48
h group; 27.3% (95% CI, 13.6%—41.0%) in the PMV >72
h group (Fig. 3). Six studies examining aortic surgery were
combined, revealing a PMV incidence of 39.4% (95% CI,
23.5%-55.3%). Two studies combining coronary artery by-
pass grafting (CABG) with valve surgery had a PMV inci-
dence of 5.6% (95% CI, 4.6%—6.5%), while eleven studies
examining CABG alone had an incidence of 12.2% (95%
Cl, 7.5%—-17.0%). Five studies investigating valve surgery
alone had an incidence of 18.7% (95% CI, 12.7%—24.7%),
and four studies examining cardiac surgery under CPB had
an incidence of 21.5% (95% CI, 14.7%—-28.2%). Finally,
two studies enrolling all types of patients undergoing car-
diac surgery had an incidence of 14.4% (95% CI, 13.4%—
15.5%) (Fig. 4).

3.3.2 The Risk Factors for PMV

Eighteen preoperative risk factors were synthesized,
with advanced age (OR, 1.03, 95% CI, 1.02-1.04, 12 =
53.9%, p < 0.01), being female (OR, 1.68, 95% CI, 1.18-
2.39, I = 83.3%, p < 0.01), ejection fraction (EF) <50
(OR, 2.35, 95% CI, 1.80-3.09, 12 = 60.8%, p < 0.01),
body mass index (BMI) (OR, 1.07, 95% CI, 1.00-1.14, 12
=79.9%, p = 0.03), BMI >28 kg/m? (OR, 2.24, 95% CI,
1.74-2.87,1?> = 14.5%, p < 0.01), New York Heart Associ-
ation Class (NYHA) >III (OR, 2.01, 95% CI, 1.41-2.87, I?
=77.8%, p < 0.01), chronic obstructive pulmonary disease
(COPD) (OR, 1.61, 95% CI, 1.37-1.90, I? = 16.3%, p <
0.01), chronic renal failure (OR, 2.55, 95% CI, 1.98-3.29,
12 = 39.4%, p < 0.01), heart failure (OR, 3.62, 95% ClI,
1.31-10.05, 12 = 87.6%, p = 0.01), arrhythmia (OR, 1.87,
95% CI, 1.07-3.29, 12 = 87.2%, p < 0.01), previous car-
diac surgery (OR, 1.96, 95% CI, 1.65-2.34, 12 = 30.6%, p
< 0.01), higher white blood cell count (WBC) (OR, 1.11,
95% CI, 1.04-1.18, 12 = 23.7%, p < 0.01), and creatinine
(OR, 1.01, 95% CI, 1.00-1.02, I? = 27.1%, p < 0.01) be-
ing identified as statistically significant (Supplementary
material 4). Conversely, hypertension (OR, 1.17, 95% CI,
0.91-1.50, 12 = 75.5%, p = 0.23), diabetes (OR, 1.31, 95%
CI, 1.00-1.72, 12 = 76.9%, p = 0.09), vascular lesions >3
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(OR, 2.04, 95% CI,0.98-4.22, 17 = 96.2%, p = 0.06), emer-
gency surgery (OR, 1.77, 95% CI, 0.41-7.68, 12 = 94.4%, p
= 0.44), and suffering a previous stroke (OR, 1.44, 95% CI,
0.88-2.35, 12 = 78.2%, p = 0.15) did not demonstrate sta-
tistically significant associations with PMV incidence (Ta-
ble 2A,2B,2C and Supplementary material 4).

Three intraoperative risk factors were identified and
summarized. Our analysis revealed that longer CPB time
and CPB time >120 min were associated with increased
risk factors of PMV (CPB: OR, 1.03, 95% CI, 1.01-1.05,
12 = 86.3%, p = 0.02; CPB >120 min: OR, 2.52, 95% CI,
1.82-3.48, I = 24.4%, p < 0.01), while aortic cross-clamp
time (OR, 1.00, 95% CI, 0.99-1.02, I? = 81.1%, p = 0.50)
did not demonstrate a statistically significant association.
In addition, significant heterogeneity was observed in 14 of
the 21 examined risk factors; four exhibit low heterogene-
ity, while the remaining three demonstrate moderate het-
erogeneity (Table 2A,2B,2C and Supplementary material
4).

Subgroup analyses were performed for each risk fac-
tor according to the PMV definition and study population.
The pooled effect and heterogeneity remained largely un-
changed across various subgroups, including advanced age,
being female, EF <50, higher BMI, hypertension, diabetes,
COPD, chronic renal failure, emergency surgery, previous
cardiac surgery, previous stroke, longer CPB time, and aor-
tic cross-clamp time. Diagrams of the risk factor analysis
in Supplementary material 4.

A sensitivity analysis was performed for several risk
factors, including advanced age, being female, EF <50,

higher BMI, NYHA >III, hypertension, diabetes, COPD,
chronic renal failure, emergency surgery, previous cardiac
surgery, previous stroke, higher WBC, creatinine, longer
CPB time, and aortic cross-clamp time. The analysis
demonstrated that the pooled effect of hypertension and
diabetes were significantly changed (hypertension: OR,
1.28, 95% CI, 1.02—1.61, I = 60.5%, p = 0.03; diabetes:
OR, 1.42, 95% CI, 1.11-1.81, 12 = 73.2%, p < 0.01)
(Supplementary material 3).

3.3.3 The In-Hospital Mortality of PMV

Seventeen out of the thirty-two studies reported data
on in-hospital mortality in both the PMV and non-PMV
groups, with our analysis revealing a significant association
between PMV and in-hospital mortality (OR, 14.13, 95%
CI, 12.16-16.41, 12 = 90.3%, p < 0.01). Subgroup anal-
yses based on different study populations and PMV def-
initions yielded consistent results, with PMV being most
strongly associated with in-hospital mortality in the PMV
>72 h group and CABG with valve surgery group (PMV
>72 h: OR, 30.02, 95% CI, 22.59-39.90, 12 = 89.2%, p
< 0.01; CABG with valve surgery: OR, 34.67, 95% CI,
16.82-71.40, I? = 92.6%, p < 0.01) (Table 2A,2B,2C and
Supplementary material 4).

3.3.4 Quality of the Evidence

The findings indicate that advanced age, being fe-
male, COPD, chronic renal failure, and higher WBC ex-
hibited a high level of supporting evidence classified as
high-quality; EF <50, BMI >28, NYHA >III, and CPB

Table 2A. Forest plot results - Risk factors.

Name Number of articles included ~ OR 95% CI 12 (%) P
Advanced aged 12 1.03  1.02-1.04 53.9 <0.01
Being female 7 1.68 1.18-2.39 83.3 <0.01
Ejection fraction <50 6 2.32 1.72-3.13 66.6 <0.01
Body mass index 4 1.07 1.01-1.14 79.9 0.03
Body mass index >28 3 224 1.74-2.87 14.5 <0.01
NYHA >III 5 2.01 1.41-2.87 77.8 <0.01
COPD 6 1.61 1.37-1.90 16.3 <0.01
Chronic renal failure 8 2.47 1.92-3.19 13.0 <0.01
Heart failure 2 3.14  0.79-12.55 89.3 0.01
Arrhythmia 3 1.87  1.07-3.29 87.2 <0.01
Previous cardiac surgery 8 1.98 1.75-2.23 30.6 <0.01
White blood cell count 4 1.11 1.06-1.17 0 <0.01
Creatinine 4 1.01 1.00-1.02 27.1 <0.01
Hypertension 5 1.11 0.90-1.36 68.4 0.23
Diabetes 7 1.31 1.00-1.72 76.9 0.09
Three or more vessel disease 3 2.04  0.98-4.22 96.2 0.06
Emergency surgery 6 1.78  0.41-7.68 94.4 0.44
Perioperative stroke 3 .15 0.81-1.62 67.2 0.15
Longer CPB time 8 1.03  1.01-1.05 86.3 0.02
CPB time >120 min 2 316  1.25-7.95 61.9 <0.01
Cross-clamp time 5 1.00  0.99-1.02 81.1 0.50
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Table 2B. Forest plot results - Subgroup analysis.

Study population
Name Study population Number of articles included ~ OR 95% CI 12 (%)
Aortic aneurysm surgery 4 1.03 1.02-1.04 0
CABG 4 1.04  1.02-1.06 68.7
Advanced aged
Valve surgery 3 1.57  0.99-1.11 70.4
All cardiac surgeries 1 1.03  1.02-1.04 -
Eicction fraction <50 CABG 3 293 1.16-7.39 80.9
ec action
Jection fract Others 3 223 170292 546
. CABG 2 1.04  0.93-1.16 90.2
Body mass index .
Aortic aneurysm surgery 2 1.10 1.06-1.15 0
Aortic aneurysm surgery 1 0.81 0.38-1.07 -
. CABG 1 1.48  1.08-2.02 -
Hypertension
Valve surgery 2 097  0.64-1.47 87.4
CPB 1 1.22  0.99-1.50 -
. CABG 3 1.68  1.12-2.53 78.1
Diabetes
Non-CABG 3 1.01 0.72-1.41 64.4
CABG 4 1.83  1.36-2.47 0
COPD )
Aortic aneurysm surgery 2 1.52 1.25-1.85 53.0
CABG 6 2.68  1.88-3.82 23.4
Chronic renal failure CABG and valve surgery 1 2.43 1.32-4.49 -
LVAD 1 1.15  0.34-4.05 -
Aortic aneurysm surgery 3 1.01 1.00-1.02 0
Longer CPB
Others 2 1.02  0.99-1.05 46.2
PMV definition
Name Number of articles included ~ OR 95% CI 2 (%)
PMV >24 3 1.03  0.98-1.08 76.4
Advanced aged PMV >48 6 1.03  1.02-1.04 59.6
PMV >72 3 1.04  1.02-1.05 0
Bicction fraction <50 PMV >24 3 2.83  1.49-5.36 79.5
Jection Taction PMV >48 3 220 1.51-319 600
PMV >24 2 1.80  1.30-2.51 0
Being female PMV >48 3 1.10  0.87-1.47 73.8
PMV >72 2 4.14  2.39-7.20 0
PMV >24 1 1.48  1.08-2.02 -
Hypertension PMV >48 3 0.94  0.66-1.34 76.6
PMV >72 1 1.48  1.08-2.02 -
PMV >24 2 141  0.83-2.42 58.7
Diabetes PMV >48 3 1.41  0.94-2.10 86.6
PMV >72 2 0.83  0.19-3.61 85.7
PMV >24 2 .70 1.17-2.48 15.8
COPD
PMV >48 4 1.59  1.32-191 36.0
Chroni | fail PMV >24 5 222 1.65-2.99 0
romie renat fatture PMV >48 3 313 149-658 475
E PMV >24 3 2.05 0.15-27.37 88.0
mergency surge
geney surgety PMV >48 3 151 026871 953
PMV >24 2 2,17  1.12-4.17 35.9
Previous cardiac surgery PMV >48 5 1.91 1.60-2.28 30.1
PMV >72 1 5.08 1.67-15.43 -
PMV >24 3 2.58  0.78-8.50 89.1
Longer CPB PMV >48 4 1.01 1.00-1.02 0
PMV >72 2 .15 0.96-1.37 92.9
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Table 2C. Forest plot results - In-hospital mortality.

Name Number of articles included OR 95% Cl 12 (%)
Overall mortality 17 14.13 12.16-16.41 90.3
CABG 4 26.51 20.58-34.14 94.2
Valve surgery 3 18.90 11.69-30.55 0
. CABG and valve surgery 2 34.67 16.84-71.40 92.6
Study population .
Aortic aneurysm surgery 3 295 195447 524
Subgroup analysis Cardiopulmonary bypass surgery 3 11.94 9.11-15.65 514
Others 2 8.69 4.90-1542 59.0
PMV >24 8 14.88 12.15-18.23 76.1
PMV definition PMV >48 3 3.60 251515 720
PMV >72 6 30.02 22.59-39.90 89.2

OR, odds ratio; CI, confidence interval; NYHA, New York Heart Association (classification); COPD, chronic obstructive pulmonary

disease; CPB, cardiopulmonary bypass; CABG, coronary artery bypass grafting; PMV, prolonged mechanical ventilation; LVAD, left

ventricular assist device.

>120 min were supported by moderate-quality evidence.
The remaining risk factors were supported by low-quality
evidence (Supplementary material 3).

4. Discussion

This systematic review and meta-analysis represent
the inaugural endeavor to comprehensively examine the in-
cidence, risk factors, and in-hospital mortality concerning
PMYV in cardiac surgery patients. The synthesis included
32 studies involving a total of 68,766 patients and yielded
the subsequent key findings: PMV incidence was 20%; 15
risk factors were associated with PMV (advanced age, be-
ing female, EF <50, higher BMI, BMI >28, NYHA >III,
COPD, chronic renal failure, heart failure, arrhythmias, pre-
vious cardiac surgery, higher WBC, creatinine, longer CPB
time, and CPB time >120 min); PMV was associated with
increased in-hospital mortality.

PMV is a well-recognized complication of cardiac
surgery, with an incidence ranging from 1.96% to 53.27%
[12,14]. The observed variation in reported incidences of
PMV may be attributed to the lack of standardized defini-
tions across studies. To address this issue and enhance the
homogeneity of the study population, we employed a uni-
form definition of PMV as a duration equal to or exceed-
ing 24 hours. By implementing this consistent criterion, we
aimed to mitigate potential discrepancies in the identifica-
tion and classification of PMV cases, ensuring a more reli-
able and comparable analysis of relevant outcomes. CVD
patients are typically extubated within 6 h of surgery; 24 h is
sufficient to stabilize their hemodynamics and eliminate the
negative effects of surgery and CPB [25,39]. Concurrently,
PMYV >24 h also aligns with current clinical practice guide-
lines recommending early extubation [40]. Of paramount
significance is the notable reduction in the potential for un-
derestimating the incidence of PMV.

The pooled incidence of PMV among patients who un-
derwent cardiac surgery was determined to be 20%. Sub-
group analysis, according to the study population, revealed
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that the highest incidence of PMV was 39.4% in aortic
surgical patients (patients with aortic dissection and aortic
arch disease). Conversely, the lowest incidence of PMV
was observed in patients undergoing CABG combined with
valve surgery, with a rate of 5.6%. In the subgroup analy-
sis of PMV definitions, when PMV was defined as a du-
ration of 72 hours or longer, the incidence was higher at
27.3%, compared to definitions of 24 h (16.1%) and 48
h (23.0%). Notably, the PMV >72-hour group primarily
consisted of patients undergoing aortic surgery and those
with a left ventricular assist device (LVAD), constituting the
main study subjects within this particular subgroup. Aor-
tic dissection is a catastrophic cardiovascular clinical event
associated with high mortality and surgical risk [41]. Com-
pared to other CVD patients, patients undergoing aortic
surgery are more prone to postoperative complications and
ischemia-reperfusion injury, which leads to perioperative
hemodynamic instability [42—44]. In the case of patients
with LVAD, in addition to the severity of the heart failure
syndrome, the considerable burden of comorbidities places
them at a high risk of postoperative complications [7]. Fur-
thermore, most studies in the PMV >72 h group had small
sample sizes, which might have resulted in an imprecise as-
sessment of the incidence of PMV. The PMV >24 h group
had the lowest incidence of PMV. Despite the fact that the
study population of the six included publications originated
from developing countries, we posit that defining PMV as
a duration of 24 h or more neither overestimates nor under-
estimates the incidence of PMV. This assertion is based on
several factors, including the substantial sample sizes em-
ployed in each study, the current contemporary intensive
care management practices, and the notable advancements
in clinical care and prognoses observed among patients in
developing countries.

Evaluating the risk factors associated with PMV in pa-
tients undergoing cardiac surgery is essential for improv-
ing patient prognosis. In our synthesis, we identified ad-
vanced age, being female, and BMI as demographic char-

&% IMR Press


https://www.imrpress.com

acteristics that exhibited a significant association with PMV
and served as risk factors. Patients who developed PMV in
the included articles were predominantly over 60 years of
age. Advanced age would reduce functional reserves and
increase comorbidities, which have been associated with
PMYV. The assessment of other surgical patients provided
the same conclusion [45,46]. Although the relationship be-
tween PMV and women continues to receive widespread
attention, the findings remain controversial. Epidemiologi-
cal studies have consistently provided evidence supporting
the protective role of estrogen against CVD in women. No-
tably, before menopause, the incidence of coronary heart
disease is lower in women compared to men. This obser-
vation is attributed, at least in part, to the beneficial effects
of estrogen on various cardiovascular parameters, including
lipid metabolism, vascular function, and inflammation [47].
Therefore, we speculated that there may have been a selec-
tion bias. In addition, being female has been identified as
a possible risk factor for intensive care unit-acquired weak-
ness, which causes diaphragmatic weakness and prolongs
the duration of mechanical ventilation [48,49]. Whether
a higher BMI is associated with PMV has been debated.
Our results suggest a higher BMI and BMI >28 kg/m? are
risk factors. However, the evidence for a higher BMI was
low; only three publications mentioned a BMI >28 kg/m?.
Coincidentally, the latest meta-analysis on the impact of
BMI on patients undergoing cardiac surgery concluded that
being underweight was a predictor of worse survival out-
comes, whereas a slightly higher BMI was a protective fac-
tor [50]. Therefore, further investigation is required to de-
termine whether BMI causally affects PMV. It is impera-
tive to investigate the incidence of PMV across different
weight categories, including underweight, normal weight,
overweight, and obese patients undergoing cardiac surgery.
In summary, a comprehensive evaluation of patient demo-
graphics and characteristics before surgery is important to
create an individualized care plan and manage the airway,
which reduces PMV.

The influence of heart conditions cannot be ignored.
Ejection fraction <50, NYHA >III, heart failure, and ar-
rhythmias were also preoperative risk factors for PMV.
A lower EF has a negative impact on the occurrence of
PMYV, which results in higher ventricular filling pressures
and lower cardiac output that cause hemodynamic insta-
bility and postoperative complications [13,51]. However,
NYHA >11I, heart failure, and arrhythmias showed low ev-
idence and high heterogeneity. When we performed sub-
group analysis based on the PMV definition, the hetero-
geneity was significantly lower in NYHA >III than before.
Moreover, the OR was higher in the PMV >24 h group than
inthe PMV >48 h group; thus, defining PMV as >24 h may
help identify risk factors more adequately. Furthermore,
preoperative optimization of a patient’s cardiac condition
plays an important role in preventing the adverse effects of
PMV.
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In addition, we confirmed that the patient’s medical
history and information on other diseases are crucial for
preventing PMV. COPD, chronic renal failure, previous
cardiac surgery, higher WBC, and creatinine were proved.
Comorbidities such as renal injury and pulmonary hyper-
tension are worthy of attention as they increase the risk
of severe cardiac dysfunction and limit physiologic reserve
[52,53]. Cardiac patients, such as those with renal impair-
ment, often have other comorbidities (e.g., diabetes and hy-
pertension) that increase their mental, physiological, and
economic burden. The same conclusion has been reported
in previous studies [54,55]. While our analysis suggested
that hypertension and diabetes mellitus do not significantly
elevate the risk of PMV, it is crucial to acknowledge that
the evidence supporting this conclusion was of low qual-
ity. Consequently, further research with higher-quality ev-
idence is warranted to establish the relationship between
these comorbidities and PMV risk definitively.

Regarding intraoperative risk factors for PMV, longer
CPB times and CPB >120 min were identified. The same
results were obtained when different study populations and
PMV definitions were used for the subgroup analyses. Ex-
tended CPB duration precipitates a cascade of events char-
acterized by a heightened pro-inflammatory response, re-
lease of diverse inflammatory cytokines, and activation of
the complement system. These processes collectively con-
tribute to an augmented risk of ischemia-reperfusion injury
and hemolysis, leading to the destruction of blood cells
[15,56]. In such cases, patients are more prone to pul-
monary complications that cause PMV. Nevertheless, many
other factors affect CPB time, such as surgeon proficiency
and patient condition [57]. The management of CPB time
often presents a challenge for doctors and patients, and it is
important to improve treatment management, the environ-
ment, and patients’ physical and mental conditions.

Finally, we examined the relationship between PMV
and in-hospital mortality. We found cardiac surgical pa-
tients with PMV had a 14-fold increase in in-hospital mor-
tality compared with that in patients without PMV. Sub-
group analyses based on different study populations and
PMV definitions revealed that in-hospital mortality signifi-
cantly increased among PMV patients. Moreover, the rela-
tionship between long-term mortality and PMV should be
addressed. A large analysis of critically ill patients receiv-
ing at least 48 hours of mechanical ventilation showed a
28-day mortality rate of 26.3% [58]. Due to limited evi-
dence, we only analyzed in-hospital mortality. Future stud-
ies should explore the effects of PMV on long-term mortal-
ity.

We conducted a comprehensive search and rigorous
screening of studies for inclusion. NOS was also used to as-
sess the quality. Since the included studies had similar but
different clinical settings, we performed subgroup analyses
of different study populations and PMV definitions. Given
the presence of identical yet distinct clinical settings among
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the included studies, we conducted subgroup analyses to
examine the effects of diverse study populations and varia-
tions in PMV definitions. However, our synthesis had some
limitations. Firstly, our analysis included only English-
language publications, which might have partly caused us
to miss relevant non-English publications. Secondly, the
number of studies included in each analysis was relatively
small. Finally, an exhaustive analysis of other PMV risk
factors, such as smoking history and operative time, was not
feasible due to their absence or limited coverage in the orig-
inal studies. Future large-scale clinical trials are required
to validate the relationship between those unidentified risk
factors and the PMV. In addition, further research should
be conducted to determine the weights of these identified
risk factors to make them more clinically feasible.

5. Conclusions

The incidence of PMV was 20%. Fifteen risk factors
were associated with a heightened risk of PMV. However,
the potential impacts of higher BMI, heart failure, and ar-
rhythmias require further exploration. Our synthesis also
revealed that PMV was significantly associated with in-
creased in-hospital mortality in patients undergoing cardiac
surgery. Moreover, we support the definition of PMV as a
duration greater than or equal to 24 hours, as it would en-
able earlier identification of cases with PMV. The findings
of our synthesis suggest that the timely identification of risk
factors for PMV and prompt recognition and intervention
are vital for enhancing patient prognosis. Therefore, future
PMYV management should better emphasize these identified
risk factors.
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