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Background: Due to the complexity of cardiac surgery, almost all patients need to be admitted to the 
intensive care unit (ICU) for postoperative care after surgery. After being discharged from the ICU, some 
patients need to be readmitted due to disease deterioration during hospitalization. We conducted a meta-
analysis of the literature to investigate the incidence of readmission to the ICU in patients undergoing 
cardiac surgery. 
Methods: The PubMed, Medline, and Elsevier databases were searched using the keywords “cardiac 
surgery,” “readmission,” “intensive care unit,” and “ICU” to retrieve English-language articles published 
from January 2000 to January 2021. The articles were screened, and their quality was evaluated. A meta-
analysis was performed on the outcomes of patients after readmission to the ICU using Stata16.0 software. 
Results: Ultimately, 9 articles were included in the meta-analysis, comprising 32,825 cardiac surgery 
cases, of whom 1,302 were readmitted to the ICU. The incidence of readmission to the ICU was 3.97%. 
Among the direct reasons for readmission to the ICU, respiratory failure accounted for 13.6–48.6%, while 
hemodynamic instability accounted for 21.6–51.9%. The results of the meta-analysis showed that the 
mortality rate of patients readmitted to the ICU was significantly higher than that of patients not readmitted 
to the ICU [risk difference (RD) =8.05, 95% confidence interval (CI): 5.10–12.69, Z=8.965; P<0.0001], 
as was the length of hospital stay [standard mean difference (SMD) =3.17, 95% CI: 1.40–4.94, Z=3.504; 
P<0.001], and the incidence of complications (odds ratio =1.97, 95% CI: 1.35–2.87, Z=3.507; P<0.001). 
Conclusions: Nine articles were included in this meta-analysis on the incidence rate of readmission to the 
ICU of patients undergoing cardiac surgery. The results showed that the proportion of readmission to the 
ICU was 3.97%. Patients readmitted to the ICU had a higher rate of complications, longer hospital stay, and 
higher mortality rate than those not readmitted.
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Introduction

An intensive care unit (ICU) has a number of advantages 
over a general ward in terms of emergency and critical 
care after major surgery. Due to the complexity of cardiac 
surgery, almost all patients need to enter the ICU for 
postoperative care, including patients undergoing the 
minimally invasive cardiac surgery (MICS) surgery, or 
the Thoracotomy and valve replacement surgery (1,2). 
Some patients need to be readmitted to the ICU for 
care during hospitalization after leaving the ICU due to 
their condition deteriorating, and reports have shown 
that the incidence of readmission to the ICU is as high 
as 8% (3,4). The main causes of patients returning to 
ICU include asphyxia, ventricular fibrillation, hypoxemia, 
severe pulmonary infection, pericardial tamponade and 
pulmonary hypertension crisis (5). Patients readmitted to 
the ICU are difficult to treat, and have a higher incidence of 
complications and mortality comparing to those admitted 
to ICU for the first time (6). A meta-analysis conducted 
by Shawon et al. (7) had concluded that the pooled 30-day 
readmission rate after coronary artery bypass graft (CABG) 
surgery was 12.9%, but surgery type in this study was 
limited to CABG. In our study, databases were searched 
to retrieve studies on patients readmitted to the ICU after 
all types of cardiac surgery, and the readmission rate for 
different type of surgery was discussed to provide better 
evidence. We present the following article in accordance 
with the MOOSE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-21-1893/rc).

Methods

Data source and search strategy 

The PubMed, Medline, and Elsevier databases were searched 
using the keywords “cardiac surgery,” “readmission,” 
“intensive care unit,” and “ICU” to retrieve English-language 
articles published between January 2000 and January 2021.

Inclusion criteria 

To be eligible for inclusion in the meta-analysis, studies 
had to meet the following inclusion criteria: (I) be a 
retrospective observational cohort study; (II) comprise 
patients who underwent cardiac surgery, including CABG, 
heart valve replacement, surgery to correct a congenital 
heart disease, aorta surgery, and heart transplantation; (III) 

detail the specific reasons why patients were readmitted to 
the ICU (e.g., respiratory system reasons or cardiac system 
reasons), the number of readmissions to the ICU, and the 
outcomes of patients readmitted to the ICU (e.g., mortality, 
length of hospital stay, and complications).

Exclusion criteria 

Studies were excluded from the meta-analysis if they met 
any of the following exclusion criteria: (I) the study was a 
case-control study, or reviews, case analysis, or systematic 
analysis which could not offer data; and/or (II) the study had 
inadequate sample size (i.e., the total number of patients 
who underwent surgery was <200).

Selection of literature 

After the database searches were completed, the retrieval 
results were imported into an Excel spreadsheet, and the 
title and abstract of the articles were read. Duplicate articles 
and articles that obviously failed to meet the criteria were 
excluded, and the full-text of the remaining articles was 
then retrieved. If the original text could not be obtained 
through the network, the original author of the article was 
contacted to obtain the full text. The full text of the articles 
was read for further screening.

Data extraction 

For the eligible and included articles, the basic information, 
study characteristics, observation indicators, and outcome 
indicators of the articles were extracted by the researcher 
when reading the full text and recorded in an Excel table. 
If the data could not be obtained, as it was incomplete, 2 
researchers performed crosschecks of the extracted data. 
The original authors of articles with incomplete data were 
contacted and the data were requested. If the data could not 
be obtained, the articles were excluded.

Outcome indicators 

The data collected included the total number of study 
participants and the number of readmissions to the ICU, 
and patient characteristics, such as age, gender, body mass 
index (BMI) indicators, comorbidities, smoking habits, 
drinking habits, and the number of ICU admissions. The 
data were statistically analyzed. The outcome indicators 
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included the mortality, length of ICU stay, and length of 
hospital stay in patients who were readmitted to the ICU 
compared to those who were not.

Article quality assessment 

The quality of the included articles was evaluated using the 
Newcastle-Ottawa Scale (NOS) (8). The NOS was used to 
evaluate the subject selection, comparability, and outcome 
indicators of the articles. The maximum score was 9 points; 
a score of >5 points was considered good quality. The 
higher the score, the better the quality of the article, and 
the less the bias.

Statistical analysis 

Stata16.0 software was used to analyze the data. For the 
binary variables of the mortality rate and the complication 
rate, the risk ratio (RR) value and the 95% confidence 
interval (CI) were used to report the combined effect size. 
For continuous variables, the standard mean difference 
(SMD) and 95% CI were used to describe the effect size. 
Forest plots were obtained according to the results of 
the meta-analysis. A P value <0.05 indicated statistical 
significance. A homogeneity test was performed on the 

articles included in the study. A P value >0.1 or an I2 value 
<50% indicated no heterogeneity in the articles. A fixed-
effects analysis was conducted to calculate the RD value 
using the Mantel-Haenszel method. If heterogeneity 
existed, a random-effects analysis was conducted to calculate 
RD value using the Der Simonian and Laird method. 
Publication bias was described using a funnel plot.

Heterogeneity investigation and sensitivity analysis

We introduced subgroups to investigate the heterogeneity. 
If the results of the fixed-effects analysis were consistent 
with those of the random-effects analysis, the sensitivity 
analysis results were considered stable. 

Results

Article Search and screening results

Three hundred and eighty-eight relevant articles were 
initially retrieved, 57 articles were then filtered out by 
duplication detection, and the remaining 331 articles were 
included in the primary screening. Ultimately, 9 articles 
(comprising 32,825 cardiac surgery cases) were included in 
the meta-analysis (see Figure 1).
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Studies identified from (total: 388):
•	 PubMed (n=167)
•	 Medline (n=135)
•	 Elsevier (n=86)

Studies screened  
(n=331)

Studies sought for retrieval  
(n=45)

Studies assessed for eligibility 
(n=35)

Studies included in meta-analysis 
(n=9)

Records excluded (total: 286)
•	 Participants not adults (n=100)
•	 Not cardiac surgery (n=62)
•	 Subject number under 200 

(n=43)
•	 Not a retrospective cohort 

study(n=81)

Reports not retrieved (n=10)

Reports excluded (n=26):
•	 No patients outcome data 

(n=13)
•	 Data not retrieved (n=13)

Records removed before screening: 
•	 For duplicate reason (n=57)

Figure 1 Search and selection chart.
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Basic characteristics of articles

A total of 9 retrospective cohort articles were included in 
this study. The total number of subjects ranged from 595–
10,992, and 22–197 were readmitted to the ICU. The basic 
characteristics and NOR score of the included articles are 
shown in Table 1.

Incidence of patient readmission to ICU

Among the 9 included articles, the incidence rate of 
readmission to the ICU ranged from 1.79–7.80%. Of the 
32,825 cases, 1,302 were readmitted to the ICU, and the 
incidence rate of readmission to the ICU was 3.97%.

Comparison of outcomes of patients readmitted and not 
readmitted to the ICU

Mortality
All 9 articles reported on the differences in the mortality 
rates between the patients readmitted to the ICU and 

those not readmitted to the ICU. There was heterogeneity 
between the articles (I2=85.1%; P<0.001). The random-
effects analysis showed that the mortality rate of patients 
readmitted to the ICU was significantly higher than that 
of patients not readmitted to the ICU (RD =8.05, 95% CI: 
5.10–12.69, Z=8.965; P<0.0001).

The 9 articles were divided into the following 3 
subgroups according to the type of surgery: (I) the 
general cardiac surgery group; (II) CABG group; and (III) 
pediatric congenital heart disease surgery group. The ICU 
reenrollment rate of pediatric congenital heart disease 
was higher than that of the CABG group (see Figure 2). 
Additionally, the 9 articles were divided into 3 subgroups 
according to the study sites (i.e., Europe, Asia, or America). 
The ICU reenrollment rate was found to be higher in 
American patients, followed by Asian and then European 
patients (see Figure 3).

Length of hospital stay
Six articles (9,11-15) compared the length of hospital stay 
between patients readmitted to the ICU and patients not 

Table 1 Summary of basic characteristics of included articles and outcomes on ICU readmission

Serial 
number

Author Study location
Date of 

publication
Procedure type

Total 
cases

Number of 
readmissions 
to the ICU (%)

Readmission 
Outcome

Quality 
score 

(points)

1 Thomson et al. (9) London, UK  2018 Cardiac surgery 4,869 156 (3.20)
Mortality, ICU stay, 
hospital stay

5

2 Çakalağaoğlu et al. (10) Istanbul, Turkey  2020 CABG surgery 4,112 145 (3.53)
Mortality, 
postoperative 
complication rate

7

3 Joskowiak et al. (11) Newyork, USA  2012 Cardiac surgery 7,105 554 (7.80)
Mortality, length of 
hospital stay

5

4 Jarząbek et al. (12) Poznan, Poland  2014 Cardiac surgery 2,076 56 (2.70)

Mortality, 
postoperative 
complication rate, 
length of hospital stay

6

5 Brunetti et al. (13)
Philadelphia, 
USA

 2015
Congenital heart 
disease in children

645 37 (5.74)
Mortality, length of 
hospital stay

6

6 Benetis et al. (14)
Kaunas, 
Lithuania

 2013 CABG surgery 1,045 54 (5.17)
Mortality, length of 
hospital stay

5

7 Kang et al. (15) Seoul, Korea  2016 CABG surgery 1,368 81 (5.92)
Mortality, ICU stay, 
hospital stay

6

8 Giakoumidakis et al. (16) Athens, Greece  2014 Cardiac surgery 595 22 (3.70)
Mortality, length of 
hospital stay

6

9 Litwinowicz et al. (17) Krakow, Poland  2015 Cardiac surgery 10,992 197 (1.79) Mortality 7

CABG, Coronary artery bypass graft; ICU, intensive care unit.
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readmitted to the ICU. There was heterogeneity between 
the articles (I2=99.7%, P<0.001). The random-effects 
analysis showed that the length of hospital stay of patients 
readmitted to the ICU was significantly higher than that of 
patients not readmitted to the ICU (SMD =3.17, 95% CI: 
1.40–4.94, Z=3.504, P<0.001; see Figure 4).

Postoperative complication rate
Three articles (10,14,15) reported on the incidence rate of 
postoperative complications in patients readmitted to the 
ICU and patients not readmitted to the ICU. There was no 
heterogeneity between the articles (I2=0%, P=0.74). The 
random-effects analysis showed that the incidence rate of 
postoperative patients readmitted to the ICU was significantly 
higher than that of patients not readmitted to the ICU (RR 

=1.97, 95% CI: 1.35–2.87, Z=3.507; P<0.001; see Figure 5).

Specific reasons for patient readmission to ICU

All the included articles specified the reasons why patients 
were readmitted to the ICU. Of these reasons, respiratory 
failure accounted for 13.6–48.6%, and hemodynamic 
instability accounted for 21.6–51.9% (see Table 2).

Heterogeneity investigation and sensitivity analysis

As Figure 5 shows, after the 9 articles were grouped 
according to the type of surgery, there was still significant 
heterogeneity in the 2 subgroups. There may be multiple 
sources of heterogeneity, including region, race, and age.

Figure 2 Comparison of mortality in patients readmitted to the ICU and those not readmitted (grouped by type). CABG, coronary artery 
bypass graft.
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Figure 3 Comparison of mortality between patients readmitted to the ICU and those not readmitted (grouped by region).

Figure 4 Comparison of the length of hospital stay between patients readmitted to the ICU and those not readmitted.
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Figure 5 Comparison of the incidence of postoperative complications between patients readmitted to the ICU and those not readmitted.

Table 2 Analysis of specific reasons for readmission to ICU

Serial 
number

Author
Number of 

readmissions to ICU

Reason for ICU readmission (%)

Respiratory failure Hemodynamic instability Renal failure Other

1 Thomson et al. (9) 156 52 (33.3) 36 (23.1) 22 (14.1) 42 (26.9)

2 Çakalağaoğlu et al. (10) 145 42 (29.0) 34 (23.5) 27 (18.6) 42 (29.0)

3 Joskowiak et al. (11) 554 216 (39.0) 145 (26.2) – –

4 Jarząbek et al. (12) 56 16 (28.6) 13 (23.2) – –

5 Brunetti et al. (13) 37 18 (48.6) 8 (21.6) 3 (8.1) 8 (21.6)

6 Benetis et al. (14) 54 16 (29.6) 27 (50.0) 5 (9.3) 6 (11.1)

7 Kang et al. (15) 81 11 (13.6) 42 (51.9) 4 (4.9) 24 (29.6)

8 Giakoumidakis et al. (16) 22 10 (45.4) 6 (27.3) 2 (9.1) 4 (18.2)

9 Litwinowicz et al. (17) 197 73 (37.1) 19 (40.1) – –

Publication bias analysis

As Figure 6 shows, to compare the mortality rate of patients 
readmitted to the ICU to that of patients not readmitted 
to the ICU, the included 9 articles showed an uneven 
distribution on the left and right, which suggests publication 
bias.

Discussion

Clinically, reports in various regions on the number of 
patients readmitted to the ICU after cardiac surgery vary, 
and have reached as high as 19% (18-20). In a meta-analysis 
by Hughes et al. (21) of 4,417 patients with surgically 
corrected coronary heart disease, the proportion of patients 
readmitted to the ICU was 10.2%. One comprehensive 
study (17) with a large sample size of 10,992 adult cardiac 

surgery patients, reported that the incidence rate of 
readmission to the ICU was 1.79% (197/10,992). In our 
study, 9 relevant articles (comprising 32,825 subjects) 
were included in the meta-analysis. The incidence rate 
of readmission to the ICU was 3.97%. The reasons for 
readmission of patients to the ICU were analyzed, and 
hemodynamic instability and respiratory failure were 
cited as the most important reasons. The former included 
patients who had undergone sudden cardiac arrest caused by 
ventricular fibrillation or cardiac arrest, and other patients 
with hypotension caused by persistent arrhythmia or heart 
failure who were unresponsive to treatment, while the 
latter included various patients who required mechanical 
ventilation for assisted respiration due to respiratory failure.

This study also found that patients readmitted to the 
ICU had significantly higher mortality, more complications, 
and longer hospital stays than those not readmitted to the 

0.25

NOTE: Weights are from random-effects model
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ICU. Further, readmission to the ICU usually meant a 
significant change in condition, which was associated with a 
variety of factors, such as patient age, cardiac function, renal 
function, therapeutic drugs, and surgical trauma (22).

In this study, patients were divided into groups according 
to the type of surgery, and the results showed that the 
ICU readmission rate of pediatric congenital heart disease 
was higher than that of the CABG group, and the ICU 
readmission rate was higher for American patients than 
Asian and European patients; however, the quality of 
evidence was low due to the small number of included 
articles.

In this meta-analysis, heterogeneity was found among 
the articles in the analysis of mortality. After the subgroup 
analysis and investigation, there was still significant 
heterogeneity among the patients grouped by region and 
type of surgery. The heterogeneity may be due to a number 
of factors, including region, race, the surgical method, and 
age. The asymmetric distribution on both sides of the funnel 
plot suggests that there may be a reporting bias, which 
meant people might have bias towards reporting mortality, 
length of hospital stay, complications for readmission 
patients. For the investigation of patient readmission to 
ICU, more articles with high-quality evidence need to be 
retrieved to provide stronger evidence of the readmission 
rate of ICU after cardiac surgery.

Conclusions

It will assist readers if this is stated. total of 9 articles were 
included in this meta-analysis on the incidence rate of 
readmission to the ICU of patients who had undergone 
cardiac surgery. The results showed that the proportion 

of readmission to the ICU was 3.97% for patients who 
had undergone cardiac surgery. The patients who were 
readmitted to the ICU had a higher incidence rate of 
complications, length of hospital stay, and mortality than 
those not readmitted to the ICU.
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