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Abstract

Objective: Postoperative readmissions are considered an indicator of healthcare quality. The purpose of this study was to assess
the factors associated with readmission following pulmonary resection for lung cancer. Methods: A comprehensive search was
performed in PubMed, Web of science, the Cochrane Library, and databases of CNKI and Wanfang. We collected the factors
associated with readmission following pulmonary resection from the included studies, and data analysis was conducted with
STATA SE12.0 software. Results: A total of || studies (386 012 participants) were included. The meta-analysis results showed
that age (standardized mean difference [SMD]=0.093), male sex (odds ratio [OR] = 1.260), Charlson score (SMD = |.408),
forced expiratory volume in | second predicted (SMD = —0.203), congestive heart failure (OR = 1.708), peripheral vascular dis-
ease (OR =1.436), and histology (OR =0.804) were associated with readmission (P <.05), while hypertension was not. Patients
with postoperative empyema, pneumonia, air leak, and arrhythmia (all P<.05) had higher odds of hospital readmission.
Conclusion: The predictive factors for readmission can help in establishing individualized discharge and follow-up plans and pro-
grams for reducing hospital readmissions after pulmonary resection in patients with lung cancer.
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Introduction during initial surgery is crucial to reduce the risk of hospital
readmission. In contrast to previous studies, Quero-
Valenzuela et al’ showed that no correlation was found
between the type of resection and readmission. To date, no sys-
temic review has comprehensively evaluated the risk factors for
readmission after pulmonary resection in patients with lung
cancer. In this paper we analyze, synthesize the existing litera-
ture, clarify the risk factors for readmission and providing

According to Global Cancer Statistics (GLOBOCAN) 2020,
there were approximately 2.2 million new cases of lung
cancer globally, accounting for 11.4% of all new cancer
patients, and approximately 1.8 million deaths, accounting for
18.0% of all cancer-related mortality.' The burden of lung
cancer constantly ranks first among all malignant cancers
worldwide.? Surgical resection is the gold-standard treatment
method for patients with early-stage lung cancer.’*
Readmissions after surgical procedures have become an
increasingly important indicator for healthcare utilization and 1 jjanexi Province Center for Disease Control and Prevention, Nanchang, China
surgical quality. Reducing hospital readmission has been con-  ?Scientific Research and Innovation Team, Jiangxi Province Center for Disease
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readmission after pulmonary resection in patients with lung
cancer are still not fully elucidated, and related studies have  corresponding Author:
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evidence for the prevention of readmission after surgical resec-
tion in patients with lung cancer.

Methods

This study was performed according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines and registered with INPLASY (https:/inplasy.com/).
The INPLASY registration number is INPLASY2022100049.

Search Strategy

We systematically conducted a search of the following databases:
PubMed, Web of Science, the Cochrane library, CNKI, and
Wanfang. The databases were searched for articles published in
English from the date of establishment of each database up to
May 10, 2022. The key words, including “lung cancer or lung
carcinoma”, and “thoracic surgery” or “pulmonary resection”
or “lung resection”, and “readmission” or “rehospitalization”,
and “predictor” or “risk factor” were searched in the above data-
bases. The reference lists of the compiled articles were manually
searched for additional potentially relevant studies.

Inclusion and Exclusion Criteria

Included articles needed to meet the following criteria: (I) the
full article could be retrieved and had sufficient data for extrac-
tion; (II) the study focused on risk factors for readmission after
pulmonary resection for lung cancer; and (III) patients were
readmitted to the same institution. Studies were excluded if:
(D) they were abstracts, letters, reviews, or case reports; (II)
patients were readmitted to the emergency department or
there was early return to the clinic; and (III) study contained
repeated data or did not report the outcomes of interest.

Data Extraction

Two authors independently extracted the details of the included
studies, including the name of the first author, publication year,
study size, country, surgical approach, and quality score using
the Newecastle-Ottawa Quality Assessment Scale (NOS). If
there was any disagreement, it was resolved through mutual
consultation, discussion, and consensus with a third review
author. Since this was a meta-analysis of previous studies, no
ethical approval was required. The patients from the selected
studies were divided into the readmission group and non-
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Figure 1. Flowchart for identification of studies in the meta-analysis.
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readmission group. The literature screening and data extraction
protocol are shown in Figure 1. All analyses were based on the
previously published studies, thus no ethical approval and
patient consent are required.

Quality Assessment and Risk of Bias

Quality was assessed using the NOS, and involved the selection
of the study groups, evaluation of intercomparability between
the groups, and measurement of outcomes, with a maximum
score of 9 points; studies with >6 points were considered to
be of relatively higher quality.’

Statistical Analysis

Statistical analysis was carried out using STATA SE12.0 (Stata
Corp.) software. Odds ratio (OR) was adopted as the effect
quantity index, and standardized mean difference (SMD) was
used as the effect index for continuous variables.
Heterogeneity was examined using Cochran’s Q (y°) test and
quantified by the I statistic. If the I*>50%, stratified analysis
or random-effect should be used. Otherwise, a fixed-effect
model (the Mantel Haenszel method) was adopted.'® The
weight given to each study is chosen to be inverse of the vari-
ance of the effect estimate. Due to some studies using the
median and interquartile range (IQR) value for reporting the
age, operative time and length of day (length of stay [LOS]),
we adopted the mathematical method used by Wan et al'' to
estimate the mean value and standard deviation from the
sample size, median, range and/or IQR. Every index effect
was expressed with a 95% confidence interval (CI).
Metaregression was employed to explore the potential source
of heterogeneity. Sensitivity analyses were performed to
assess the reliability and stability of the results. Subgroup anal-
ysis was adopted to explore the sources of heterogeneity. The
power of each study included in this meta-analysis was calcu-
lated with Gpower software 3.1.'% A 2-tailed P value of <.05
was considered statistically significant.

Results

Literature Search Results

A total of 859 potential articles were initially identified. After
eliminating 251 duplicates, the titles and abstracts of the
remaining 608 articles were screened, and 458 irrelevant arti-
cles were removed. Subsequently, the full text of the remaining
articles was read, and studies that did not meet the requirements
were excluded according to the inclusion and exclusion criteria.
The screening process is shown in Figure 1. Finally, 11 articles
were included in our study,**®*'37' involving a total of
386 012 participants. Of the 386 012 patients, 26 465 under-
went readmission, while 359 547 did not undergo readmission.
The NOS score of the included articles was >6 points, indicat-
ing that the quality of these articles met the study requirements.
The basic characteristics of the included studies are shown in

Table 1. Nine of these articles were retrospective studies, the
others were prospective studies. Data source of these articles
were National cancer database, Nationwide readmissions data-
base, hospitals, or thoracic surgical centers. No significant pub-
lication bias was found by Begg’s and Egger’s tests (Table 2).
The sensitivity analysis was performed and we found the results
were relatively stable (Data was not shown).

Systematic Review and Meta-analysis Results

We reviewed the literary works, which included in our study
and identified whether patients were readmitted to the same
institution after pulmonary resection. Three of them reported
that patients were readmitted to the same hospitals.®”'> The
other 2 articles reported that some patients were readmitted to
another institution. For instance, 1 study reported that 13 of
30 patients readmitted to a hospital that had not performed
the surgery, the other study reported that 12% of related first
readmissions were to a different acute care facility than the
index admission.'”'® However, we found that 6 of them did
not mention whether patients were readmitted in the same hos-
pital or another institution clearly.*®!3-14:16:19

A pooled analysis of nine (2 of 11 articles did not report orig-
inal data of age) available studies showed that age was a risk
factor for readmission (SMD =0.093, P<.001), with a hetero-
geneity (I =77.7%) between the studies (Figure 2, Table 2).
The results of metaregression analysis showed that type of
surgery (P=.037) and readmission interval (P =.034) might
be the source of heterogeneity between studies, while publica-
tion year, sample size, and ethnic group were not (all P>.05)
(Table 3). No publication bias was found by Begg’s test
(P =.404) and Egger’s test (P=.552). Results of subgroup
analyses revealed that hospital readmission was related to
Asian (P<.001) and North Amercia (P<.001) population,
but not in Europe population (P=.613) (Table 4).

A pooled analysis of 11 available studies suggested that men
in the readmission group were more likely to be readmitted than
those in the nonreadmission group (OR=1.260, P<.001)
(Figure 3, Table 2). Metaregression analysis showed that publi-
cation year, type of surgery, sample size, and readmission inter-
val were not the potential sources of heterogeneity (P>.05).
However, it was showed that ethnic group might be the
source of heterogeneity between studies (P=.020) (Table 3).
No publication bias was found by Begg’s test (P=.586) and
Egger’s test (P=.410). Further subgroup analyses also indi-
cated that hospital readmission increased in Asian (P<.001)
and North Amercia (P<.001), but not in Europe (P =.831).

Five literatures were screened for the association of cigret
smoking, diabetes mellitus (DM) with readmission after pulmo-
nary resection for lung cancer. Three of them®'*'® indicated
that smoking and DM were related to hospital readmission,
while others did not.*” Subgroup analyses indicated that hospi-
tal readmission increased in North Amercia (P <.05) and Asian
(P<.05), but not in Europe (P>.05) (Tables 2 and 4). In addi-
tion, 4 articles that reported*’'*!> the relationship between
chronic obstructive pulmonary disease (COPD) and hospital
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readmission were also reviewed, and one large study' identified
COPD as a factor for hospital readmission. Regarding the LOS,
2 articles were reported'>'® to be associated with hospital read-
mission, while the other 2 did not.””!?

Five articles reported the association between type of resec-
tion (pneumonectomy vs lobectomy) and hospital readmission,
and found that one large study' considered pneumonectomy
as an influence factor for hospital readmission. Two articles
contained original data of surgical approach (thoracotomy vs
minimally invasive) between readmission group and nonread-
mission group, and the results showed that thoracotomy was
associated with an increased risk of hospital readmission.'*'®
Three articles reported the association between surgical approach
(thoracotomy vs video-assisted thoracoscopy) and hospital read-
mission, and Medbery et al® reported that the video-assisted thor-
acoscopic surgery (VATs) was associated with a 40% increased
likelihood of readmission; Quero-Valenzuela et al” reported that
no significant differences were observed in relation to the surgi-
cal approach used, while Bailey et al'* reported that readmission
rate was higher in thoracotomy than VATs.

According to the meta-analysis, congestive heart failure (OR
=1.708), forced expiratory volume in 1 second (FEVI)

%
study SMD (95% Cl) ~ Weight
Ogawa F 2015 ——0.54(0.19,0.89) 1.13
Uchida S 2021 -—H— 0.22 (-0.08, 0.53) 1.45
Quero-valenzuela F 2018 —-*— 0.11(-0.31,0.53) 0.78
Brown LM 2021 . 0.07 (0.03,0.10) 18.35
Bailey KL 2019 " 0.11(0.10,0.13) 20.95
Medbery RL 2016 -:°- 0.05(-0.02, 0.12) 12.72
Puri V 2015 < 0.06 (0.03, 0.09) 19.80
Freeman RK 2013 ‘ = 0.28 (0.16, 0.40) 6.93
Rosen JE 2017 . 0.05(0.01, 0.09) 17.89
Overall (l-squared = 77.7%, p = 0.000) 0 0.09 (0.05, 0.13) 100.00

T T : T
-0.889 0 0.889

Figure 2. Forest of association between age and readmission after
pulmonary resection in patients with lung cancer.

Table 3. Metaregression Results for Variables.

predicted (SMD = —0.203) and Charlson score (SMD = 1.408)
were also regarded as influencing factors for readmission.
No publication bias was found by Begg’s test (P=.602)
and Egger’s test (P=.303). However, hypertension was not
(P>.05) (Table 2).

We also found that histology (OR =0.804) was an influenc-
ing factor for readmission. Squamous cell carcinoma (36.42%
vs 32.20%) and large cell carcinoma (4.56% vs 4.00%)
accounted for a higher ratio in the readmission group than
that of nonreadmission group, whereas the ratio adenocarci-
noma was lower in the readmission group (53.48% vs 58.88%).

As shown in Table 2, patients with postoperative empyema
(OR =22.928), postoperative pneumonia (OR =5.352), postop-
erative air leak (OR=3.941), and postoperative arrhythmia
(OR =1.706) had higher odds of hospital readmission (Table 2).

Discussion

Data regarding the risk factors for readmissions following sur-
gical resection of lung cancer were inconclusive. To our knowl-
edge, this systematic review is the first attempt to explore and
synthesize the available literature on risk factors for readmis-
sion after pulmonary resection in patients with lung cancer.
Our study aimed to identify preoperative, perioperative, and
postoperative risk factors for readmission in lung cancer
patients. Postoperative readmissions are considered both an
indicator of healthcare quality as well as a financial factor
impacting hospital reimbursement.®

This study showed that advancing age and male sex were
associated with increased postoperative readmission in lung
cancer patients who had undergone pulmonary surgery. With
an increase in age, a parallel increase in comorbidities was
observed, with nearly 70% of the elderly population having 2
or more comorbidities, while 14% of them were likely to
have 6 or more chronic conditions.”® In terms of the impact
of sex on readmission after pulmonary resection, the results
were mixed, with some studies showing no relationship with
sex,?'?? while other studies reported an increased risk among
men of unplanned readmission among men.">** Potential expla-
nations for these differences might be related to tumor biology,
including diverse genetic pathways and response rates to sys-
temic therapy, different levels of social support, residual con-
founding, or possibly even a combination of multiple factors.**

Age Sex

Variable t P value 95% CI t P value 95% CI

Ethnic group —1.11 .348 —0.323-0.156 -3.36 .020 -1.567-0.210
Publication year -0.99 397 —0.093-0.049 0.38 722 —0.171-0.229
Sample size —0.09 932 —0.604-0.569 0.88 418 —0.654-1.337
Type of surgery 3.58 .037 0.003-0.048 0.36 734 —0.055-0.072
Readmission interval 3.71 .034 0.032- 0.422 —-1.43 213 —0.865-0.247
Constant 0.37 738 —0.570- 0.718 5.01 .004 1.729-5.379
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Table 4. Subgroup Analysis of the Association Between Indicators and Hospital Readmission After Pulmonary Resection in Patients With Lung

Cancer.
Test of Publication
Test of association heterogeneity bias (P value?)
No. of
Indicator Region studies OR (95% CI) VA Pvalue Model Pvalue® P(%) Begg Egger
Age Overall 9 SMD: 0.093(0.055, 0.131) 4.79  .000 R .000 777 0404 0.552
Asia 2 SMD: 0.370(0.059, 0.682) 233 .020 R 177 450 0317 NA
Europe 1 SMD: 0.109(-0.313, 0.531) 0.51 .613 R NA NA NA NA
North Amercia 6 SMD: 0.085(0.049, 0.121) 4.57  .000 R .000 82.6  0.573 0.890
Sex Overall 11 1.260(1.186, 1.338) 7.53  .000 R .005 599 0.586 0.410
Asia 2 3.055(1.718, 5.432) 3.80  .000 R .878 0.0 0317 NA
Europe 2 1.160(0.297, 4.532) 0.21 .831 R .061 715 0317 NA
North Amercia 7 1.260(1.206, 1.318) 10.21  .000 R .068 49.0 0.293 0.165
Diabetes mellitus  Overall 5 1.113(1.069, 1.159) 338 .000 F .266 233 0.327 0.204
Asia 1 2.159(1.102, 4.229) 224 025 F NA NA NA NA
Europe 1 1.407(0.535, 3.699) 0.69 489 F NA NA NA NA
North Amercia 3 1.110(1.066, 1.156) 5.04  .000 F .535 0.0 0.602 0.770
Smoking Overall 5 1.446(1.300, 1.607) 6.83  .000 F 130 43.8  0.050 0.504
Asia 1 8.538(2.031, 35.895) 293  .003 F NA NA NA NA
Europe 2 0.977(0.433, 2.296) 0.01  .995 F .897 0.0 0317 NA
North Amercia 2 1.425(1.280, 1.586) 6.48  .000 F 534 0.0 0317 NA

Abbreviations: R, random-effects model; SMD, standardized mean difference; NA, not available; OR, odds ratio; CI, confidence interval; Z, The estimation of an
overall effect size; I, the I? statistic describes the percentage of variation across studies that is due to significant heterogeneity rather than random chance; No. of

studies, number of studies

2P Value of Begg and Egger’s tests for evaluating potential publication bias, respectively. P<.05 was considered a significant publication bias.
°P value of O-test for heterogeneity test. When the P value was less than 0.10, the random-effects model was used to assess the summary OR.

%
study se(logOR) OR (95% CI) Weight
Ogawa F 2015 0.4901689 ‘r—*— 324 (1.24,848) 039
Uchida S 2021 0.3667364 ‘ ——  295(1.44,6.06) 0.68
King M 2019 0.4004711 —*—-;' 0.63(0.29, 1.38) 0.57
Quero-valenzuela F 2018  0.6306366 —-j'—'— 2.53(0.73,8.71) 0.23
Brown LM 2021 0.0367148 . 1.30 (1.21, 1.40) 18.69
Bailey KL 2019 0.0181650 0 1.30(1.25,1.34) 2344
Medbery RL 2016 0.0705695 oo 1.30(1.13,1.50) 10.85
Puri V 2015 0.0273773 © 124 (1.18,1.31) 21.22
Finley CJ 2022 02828244 —_— 112(0.64,195) 1.12
Freeman RK 2013 0.1243846 -‘—‘ 0.88(0.69, 1.12) 4.91
Rosen JE 2017 0.0396717 & 1.25(1.16, 1.35) 17.89
Overall (I-squared = 59.9%, p = 0.005) 1.26 (1.19, 1.34) 100.00

T T T
0.115 1 8.710

Figure 3. Forest of association between sex and readmission after
pulmonary resection in patients with lung cancer.

Among preoperative comorbidities, congestive heart failure
and FEV1 predicted were associated with readmission in our
study. There is evidence showing that preoperative comorbidi-
ties were associated not only with the development of postoper-
ative complications but also with the risk of readmission.***
Medbery et al® reported that readmitted patients had more
underlying medical comorbidities, combined with a higher pro-
portion of the Charlson/Deyo score and had a longer median

hospital LOS. In addition, a low FEVI1 preoperatively was
also reportedly associated with a higher risk of unplanned read-
mission. This is to be expected because it reflects the postoper-
ative pulmonary status of the patients.”!

According to a recent study by Bailey et al'* included in this
review, COPD and history of smoking were factors influencing
hospital readmission after pulmonary resection. COPD was
regarded as a heterogeneous disease, COPD and smoking
were previously reported as independent risk factors for devel-
oping postoperative pulmonary complications (PPCs)*%;
patients diagnosed with COPD have an increased risk of devel-
oping both pneumonia after surgery. It has also been demon-
strated that PPCs were up to 5 times more prevalent in
current smokers when compared to never smokers. The key
underlying mechanisms are likely to be related to the impairing
effect of smoking on the mucociliary escalator and on the anti-
microbial and proinflammatory functions of the alveolar macro-

phages, which further decrease further during anesthesia and
26,27

surgery.

Recently, increasing attention was being focused on read-
mission of patients with DM, and readmission was reported
17% more likely among patients with DM compared to those
without DM.?® This was similar to the result included in our
study.®'® Hospital readmission among patients with DM
posed a large burden on healthcare systems and personal expen-
diture. A better understanding of these comorbidities might lead
to lowering the risk of hospital readmission.

Furthermore, our meta-analysis revealed that histology was
associated with postoperative readmission. It was shown that
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adenocarcinoma of the lung accounted for the high ratio of
identified tumor tissue in the non-readmission group, whereas
the ratio of high-grade malignancy that was not adenocarci-
noma was higher in the readmission group of lung patients.'>'?

A large study conducted by the Washington University School
of Medicine'® revealed that readmitted patients were more likely to
have a longer LOS, and LOS was independently associated with
readmission. This finding was in line with those of previously pub-
lished studies.'®* The readmission group might require proce-
dures that are more extensive because of the more advanced
clinical stage of the disease; moreover, readmitted patients may
experience greater comorbidity, thus lead to a significantly
higher preoperative mean Zubrod score than the other patients.'>'®

Pneumonectomy was a high-risk procedure, combined with
more common postoperative complications and related to unan-
ticipated readmissions.'® Puri et al'® reported that the type of
resection (pneumonectomy) was associated with hospital read-
mission after pulmonary resection, which was consistent with
previous report.*® However, this result was not confirmed by
other smaller studies included in our study. Larger sample
studies still need further establish a correlation between type
of resection and hospital readmission.

Moreover, when compared with minimally invasive surgery,
thoracotomy was considered to be a relatively large operation,
which may lead to bleeding, pneumothorax and other complica-
tions, and the risk of it might be higher than minimally invasive
surgery. Bailey et al'* reported that VATs remained a signifi-
cant variable predicting higher readmission rates (vs thoracot-
omy), they postulated that patients undergoing VATs are
likely to be older and sicker than those undergoing thoracot-
omy. It was likely that individuals who underwent VATs may
be adapted to enhanced recovery protocol, thus go through
speed-up recovery and discharge from hospital. It might be
speculated that patients were discharged too early after VATs,
thus leading to an increased risk of hospital readmission.
However, Quero-Valenznela et al” did not verify this result.
Due to the limited number of studies available, further addi-
tional studies are warranted to verify the association.

As a large proportion of patients, particularly in large cities
where there were multiple hospitals within an urban area, were
readmitted to other hospitals. We reviewed the studies included
in our study, and found that 3 of them were readmitted to the
same hospitals, 2 of them were readmitted to other hospitals,
while 6 of them did not mention it clearly, thus the impact of
readmission occurring at another institution could not be ade-
quately assessed.*® 513719

The prevention of postoperative complications was crucial
for reducing the risk of readmission in patients undergoing pul-
monary resection. Our results showed that postoperative out-
comes, such as empyema, atelectasis, pneumonia, air leak,
and arrhythmia were associated with hospital readmission.
Prolonged air leakage can cause intrathoracic infection, which
can rapidly lead to empyema that necessitates readmission even
if the air leakage has stopped and the patient is discharged.
Empyema was also reportedly the leading cause of unexpected
readmission after pulmonary resection.® The identification of

these risk factors can help in preventing readmissions that are
caused by reversible factors such as postoperative air leaks and atel-
ectasis.” For instance, improve preoperative patient healthy lifestyle
education, adopt a more proactive smoking-cessation program
before pulmonary resection; preoperative assessment of pulmonary
function, and treatment for pneumonia with intravenous antibiotics.
Take more careful postoperative discharge planning, and visit an
outpatient clinic earlier after discharge for follow-up examinations,
especially for high-risk patients with many baseline risk factors,
and thus to decrease unexpected readmission.

Strengths and Limitations

The main strength of this study is that it is the first and largest
sample size of systematic review and meta-analysis evaluating
the risk factors for readmission after pulmonary resection in
patients with lung cancer. The study was conducted in accor-
dance with the PRISMA guideline and data on several out-
comes were reviewed. The present study might be the best
available evidence to identify preoperative, perioperative, and
postoperative predictors of hospital readmission after pulmo-
nary resection in lung cancer patients.

However, some limitations of this study should be noted.
First, observational studies might be prone to publication
bias, even though no obvious evidence of such bias was
found by Egger’s and Begg’s tests. Second, most of the litera-
tures included did not mention whether patients were readmit-
ted in the same hospital or another institution, and the impact
of readmission occurring at different institutions could not be
adequately assessed. Third, due to a paucity of data in the liter-
ature available, multivariable analysis was not able to further
affirm that comorbidities have an effect that is not just due to
their correlation with age. Furthermore, although our large
sample size allows us to identify subtle differences, this study
might be dominated by a single large sample of study, which
did not control for the important potential confounders, and
the conclusions of this study were for the majority based on
single studies. Thus, the result might be subject to bias as a
result of the inaccurate magnitude of association reported in
the original studies. Finally, the number of studies included in
this meta-analysis was limited. The power of each study
ranged from 0.68 to 1, except for 1 literature work with a low
power of 0.44. Thus, the results of individual studies on the
effects of predictors analyzed in our study should be interpreted
with caution.

Conclusions

In conclusion, this study identified preoperative comorbidities,
perioperative characteristics, and postoperative outcomes as the
potential risk factors for readmission after pulmonary resection
in patients with lung cancer. An improved understanding of the
risk factors for readmission after pulmonary resection may be
beneficial for implementing relevant preventative interventions
and alleviating the burden of readmissions. In the future, more
well-designed studies are warranted to verify these results.
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