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Introduction

Restrictive fluid administration protocol, which aims for 
“zero fluid balance (FB),” has been reported to reduce 
postoperative complications and shorten hospital stay (1,2). 
Particularly, fluid overload is a risk factor for acute lung 
injury after surgeries such as lung resection (3-5), and thus, 

restrictive fluid administration, which aims for avoiding 
positive FB and targeting zero FB, has been increasingly 
emphasized (6). However, Wu et al. recently reported 
that excessive fluid restriction during surgery, as well as 
fluid overload, is associated with elevated postoperative 
complications after minimally invasive lobectomy of the 
lung (7). This is an important issue in relation to the fact 

Original Article

Perioperative fluid balance and 30-day unplanned readmission 
after lung cancer surgery: a retrospective study

Tak Kyu Oh1, Kwanmien Kim2, Jin-Hee Kim1,3, Sung-Hee Han1,3, Jung-Won Hwang1,3

1Department of Anesthesiology and Pain Medicine, 2Department of Cardiovascular and Thoracic Surgery, Seoul National University Bundang 

Hospital, Gyeonggi, Republic of Korea; 3Department of Anesthesiology and Pain Medicine, College of Medicine, Seoul National University, Seoul, 

Republic of Korea

Contributions: (I) Conception and design: TK Oh, JW Hwang; (II) Administrative support: JW Hwang; (III) Provision of study materials: TK Oh; (IV) 

Collection and assembly of data: K Kim, JH Kim, SH Han; (V) Data analysis and interpretation: TK Oh, JW Hwang; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Jung-Won Hwang, MD, PhD. Department of Anesthesiology and Pain Medicine, Seoul National University Bundang Hospital, 

166, Gumi-ro, Bundang-gu, Seongnam 463-707, Republic of Korea. Email: jungwon@snubh.org.

Background: Perioperative positive fluid balance (FB) is associated with increased complications after lung 
resection surgery. However, its impact on the 30-day unplanned readmission rate is unclear. This study 
aimed to determine whether perioperative FB status during and up to 24 hours after lung resection surgery is 
associated with the 30-day unplanned readmission rate.
Methods: This retrospective cohort study examined adult patients aged 19 years or older who underwent 
lung cancer surgery at a single tertiary academic hospital between January 2005 and February 2018. Weight-
based cumulative FB (%) was calculated during and up to 24 hours after surgery and was categorized as 
positive (≥5%), normal (0–5%), or negative (<0%). Univariable and multivariable logistic regression analyses 
were performed. 
Results: The final analysis included 2,412 patients; 164 patients had unplanned readmission during the 
first 30 postoperative days (6.9%; 164/2,412). According to the multivariable logistic regression model, the 
positive FB group had a 2.42-time higher risk of 30-day unplanned readmission compared to the normal FB 
group [odds ratio (OR): 2.42; 95% confidence interval (CI): 1.20 to 4.89; P=0.014]. However, the risk of the 
negative FB group did not significantly differ from that of the normal FB group (OR: 1.20; 95% CI: 0.46 to 
3.12; P=0.711). 
Conclusions: Perioperative positive FB (>5%) during and up to 24 hours after surgery was associated with 
an increased 30-day unplanned readmission rate after lung cancer surgery. Future prospective studies are 
needed to confirm these findings.

Keywords: Hospitalization; lung neoplasms; thoracic surgery

Submitted Mar 25, 2020. Accepted for publication Jul 15, 2020.

doi: 10.21037/jtd-20-1474

View this article at: http://dx.doi.org/10.21037/jtd-20-1474

3958

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-1474


3950 Oh et al. Fluid balance and 30-day readmission

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):3949-3958 | http://dx.doi.org/10.21037/jtd-20-1474

that excessive fluid restriction induces tissue hypoperfusion 
and reduces end-organ perfusion (8). In other words, either 
positive or negative FB may increase complications as well 
as lengthen hospital stay after thoracic surgery.

Hospital readmissions after hospitalization are known 
as an associated factor with higher resource utilization and 
worse patient outcomes (9). A recent report stated that 
annual cost related to unplanned readmission is $17.4 billion  
in the United States (10). Postoperative readmission 
accounts for a significant percentage of unplanned hospital 
readmission after discharge, and according to a recent 
report, 30-day unplanned readmission after surgery is 
about 5.7% in the United States (11). Although multiple 
factors are associated with 30-day unplanned readmission, 
a surgical complication has been reported as an important 
factor that potentially increases readmission (12-14). Thus, 
lowering surgical complications and 30-day unplanned 
readmission rate in the perioperative period is crucial 
and is a challenging issue to ensure the quality of care 
and cost reduction for surgical population. Because 
perioperative FB is reported to be associated with a higher 
postoperative complication rate after thoracic surgery (7), 
there might be an association between perioperative FB and  
30-day unplanned readmission rate after thoracic surgery. 
However, adequate information is unavailable to validate 
this association. 

Therefore, this study aims to investigate whether FB 
status during and up to 24 hours after lung resection 
surgery is associated with 30-day unplanned readmission 
rate. We hypothesized that both perioperative positive and 
negative FB status would be associated with an increase 
of 30-day unplanned readmission rate. This retrospective 
observational study was performed in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1474). 

Methods 

Ethical statement and study design

This study also conformed to the provisions of the 
Declaration of Helsinki (as revised in 2013). This 
retrospective observational study was approved by the 
institutional review board (IRB) of the Seoul National 
University Bundang Hospital (SNUBH) (IRB approval 
number: B-1903/528-101; approval date: February 25, 
2019). The requirement to obtain informed consent was 
exempted in consideration of the retrospective design, 

where medical records are reviewed after completion of 
care. 

Study population

We reviewed the medical records of patients aged 19 years  
or older who underwent curative resection after being 
diagnosed with primary non-small cell lung cancer 
(NSCLC) at the SNUBH between January 2005 and 
February 2018. The exclusion criteria were as follows: (I) 
patients with repeat lung surgery due to recurrent NSCLC 
were excluded, because we focused on primary lung 
cancer and not on recurrent lung cancer; (II) patients who 
underwent re-surgery within 24 hours after lung cancer 
surgery were excluded, because we focused on perioperative 
FB status during and up to 24 hours after lung cancer 
surgery; (III) patients who died during hospitalization 
after surgery were excluded considering the study design 
to determine the association between perioperative FB for 
lung cancer surgery and 30-day unplanned readmission; 
and (IV) patients with incomplete or missing data were also 
excluded from the analysis.

Cumulative FB during and up to 24 hours after surgery 
(independent variable)

FB was calculated during and up to 24 hours after surgery, 
because the length of hospital stay of patients with 
relatively simple lung surgery such as wedge resection was 
relatively short (2–3 days), and it was used in the RELIEF 
trial to define fluid management strategy (15). We used 
the equation reported in previous studies to compute 
cumulative FB (%) (16,17):

Cumulative Fluid Balance (%) = (Cumulative Fluid Input 
– Output) in liters × 100/Hospital Admission Weight (kg) 

For example, 5% positive in a patient whose body 
weight was 50 kg means 2,500 mL positive FB. All types 
of intravenous and enteral fluids used for maintenance and 
resuscitation were included in the input fluid: colloids, 
crystalloids, blood products, drug infusions, and enteral and 
parenteral nutrition. The amount of drugs that were infused 
during and up to 24 hours after lung cancer surgery was 
also included in the calculation of perioperative FB. During 
surgery, remifentanil was usually infused by continuous 
infusion using a syringe pump, while rocuronium or 
cisatracurium was infused by bolus injection. All types of 
body fluids were included in the output fluid: estimated 
blood loss (mL); output from drains; rectal, orogastric, and 
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nasogastric output; and urine. According to the standard in 
previous studies (18), patients were divided into the positive 
(>5%), normal (0–5%), and negative (<0%) groups on the 
basis of the cumulative FB computed as above. 

Perioperative fluid management for lung cancer surgery

In SNUBH, fluid management during surgery was 
performed by anesthesiologists during the study period, 
and a balanced crystalloid was used as the main fluid 
according to our protocol. However, hydroxyethyl starch 
was sometimes used for fluid resuscitation according to 
the discretion of anesthesiologists in situations such as 
acute hypovolemic shock during surgery. After surgery, 
fluid management was performed by the thoracic surgeons. 
Although there was no specific protocol or guidelines for 
fluid management in the intraoperative and postoperative 
period, most anesthesiologists and thoracic surgeons in 
our hospital made efforts to achieve zero FB during the 
perioperative period for patients who underwent lung 
cancer surgery in order to avoid excessive fluid overload 
during the study period.

Thirty-day unplanned readmission (dependent variable)

All cases of readmission within 30 days of discharge 
after lung cancer surgery were defined as total 30-day 
readmission. From them, cases excluding routine evaluation 
according to the protocol of the surgical department and 
elective readmission for chemotherapy and radiotherapy 
were defined as 30-day unplanned readmission.

Measurements (potential covariates)

The following data were extracted as covariates for this 
study: physical characteristics [age, body mass index (kg·m−2), 
sex], calculated distance from home to hospital based on 
ZIP code (km), socioeconomic status-related information 
[insurance type (National health insurance program/medical 
aid beneficiary program), marital status (never married/
married or living together/divorced or separated/widowed), 
occupation (office worker/licensed job/house work/self-
employed/student, military, laborer, or unemployed), final 
educational attainment (lower than high school/more than 
or equal to high school, lower than college/more than or 
equal to college)], preoperative comorbidities [American 
Society of Anesthesiologists’ physical status, hypertension, 
diabetes mellitus, coronary artery disease (from stable 

angina to myocardial infarction), cerebrovascular disease, 
chronic obstructive pulmonary disease, tuberculosis, 
asthma, chronic kidney disease, anemia, heart failure, and 
dyslipidemia], operative data [video-assisted thoracoscopic 
surgery, surgery time, intraoperative remifentanil and 
rocuronium dosage, epidural analgesia, propofol-based 
total intravenous anesthesia, hydroxyethyl starch use, 
estimated blood loss, transfusion of packed red blood 
cells, type of surgery (lobectomy, sleeve lobectomy/wedge 
resection, segmentectomy/bilobectomy, pneumonectomy)], 
and histology of NSCLC (squamous cell carcinoma/
adenocarcinoma/large cell, sarcomatoid type, and mixed 
type). Patients in the medical aid beneficiary program are 
those who are classified to have low income, and most 
of their hospital charges are paid by the government. 
Furthermore, for the patients in the national health 
insurance program, approximately two-thirds of their 
hospital charges are covered by the government. We 
included the year of surgery as a covariate for three reasons: 
(I) surgical techniques and anesthetic management used 
in our institution have improved from 2005 to 2018; 
(II) a previous study in 2013 reported that hydroxyethyl 
starch use might be associated with a higher risk of acute 
kidney injury, and this could affect the daily practice in our 
institution (19); and (III) the disease severity of patients who 
underwent lung cancer surgery in our institution might vary 
according to the year of surgery.

Study endpoint

The primary endpoint of this study was 30-day unplanned 
readmission after lung cancer surgery. 

Statistical analysis

Baseline characteristics of the patients are presented as 
mean values with standard deviations (SDs) or as numbers 
with percentages. The simple relationship between the 
cumulative FB during and up to 24 hours after surgery 
was evaluated using restricted cubic splines. First, we 
performed a univariable logistic regression analysis to 
examine the individual associations between 30-day  
unplanned readmission and all covariates. Next, by 
using the criterion of P<0.2, we selected covariates from 
the univariable logistic regression analysis for the final 
multivariable logistic regression model. Considering the 
possibility of multicollinearity, continuous variables and 
categorical variables (positive, normal, and negative group) 
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for cumulative FB were included in separate multivariable 
models. The goodness of fit of each multivariate model was 
tested with the Hosmer-Lemeshow test. The results of the 
logistic regression model are presented as odds ratios (ORs) 
with 95% confidence intervals (CIs). All analyses were 
performed using R version 3.6.1 (R Foundation, Vienna, 
Austria), and P<0.05 was deemed statistically significant. 

Results

Between January 2005 and February 2018, 3,084 patients 
aged 19 years or older underwent curative resection 
for primary lung cancer. From them, 156 patients who 
underwent repeat lung surgeries due to recurrence, 463 
patients with incomplete or missing data, 48 patients who 
underwent reoperation during hospital stay after initial 
surgery, and 5 patients who died during hospital stay after 
surgery were excluded, resulting in a total of 2,412 patients 
in the final analysis. From these patients, 200 had total  
30-day readmission after discharge (8.3%, 200/2,412), 164 
of whom had unplanned readmission (6.9%, 164/2,412) 
(Figure 1). The chief complaints of patients who had 30-day  
unplanned readmission are presented in Table 1, and the 
most common reason for unplanned readmission was 
pulmonologic symptoms (58.5%, 96/164). The baseline 
characteristics of all patients included in the study are shown 
in Table 2. The mean (standard deviation) perioperative 
cumulative FB of patients who underwent lung cancer 
surgery was 1.6% (1.5%). A total of 2,283 (94.7%) patients 
had normal cumulative FB, 56 (2.3%) had negative FB, and 
73 (3.0%) had positive FB. 

Cumulative FB (%) and 30-day unplanned readmission

Figure S1 shows the log odds of 30-day unplanned 
readmission according to cumulative FB (%); as shown 
here, a linear relationship was observed between cumulative 
FB and 30-day readmission, and the log odds of 30-day 
unplanned readmission gradually increased according to 
cumulative FB. Table 3 shows the results of univariable 
and multivariable logistic regression analyses for 30-day  
unplanned readmission before and after adjusting for 
covariates with P<0.2 in Table S1. In the multivariable 
model, 1% increase of perioperative cumulative FB was not 
significantly associated with 30-day unplanned readmission 
(P=0.534; model 1). Compared to the normal FB group, the 
positive FB group had 2.42 times higher 30-day unplanned 
readmission (OR: 2.42, 95% CI: 1.20, 4.89; P=0.014;  
model 2), while the negative FB group did not significantly differ 
from the normal FB group (P=0.711). ORs with 95% CI of all 
individual variables in the final multivariable model (model 2) 
are presented as a forest plot in Figure 2, and with the exception 
of the positive FB group, all variables were not significantly 
associated with 30-day unplanned readmission (P>0.05). 

Discussion

This retrospective cohort study found that positive FB 
(>5%) during and up to 24 hours after surgery was associated 
with higher 30-day unplanned readmission rates after 
lung cancer surgery. However, negative FB (<0%) was not 
significantly associated with 30-day unplanned readmission 
rates compared to normal FB. Our findings are meaningful 
because our study is the first to clarify the association 

Figure 1 Patient selection flowchart.

Jan. 2005–Feb. 2018
Curative resection in lung cancer adult patients

(n=3,084) Exclusion
- Cases of repeat lung surgeries for one patient (n=156)
- Incomplete or missing data (n=463)
- Reoperation during hospitalization after surgery (n=48)
- Death after lung cancer surgery during hospitalization (n=5)

Finally included
(n=2,412)

Total 30-day readmission
n=200 (8.3%)

30-day unplanned readmission
n=164 (6.9%)



3953Journal of Thoracic Disease, Vol 12, No 8 August 2020

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):3949-3958 | http://dx.doi.org/10.21037/jtd-20-1474

Table 1 Chief complaints of 30-day unplanned readmission after lung cancer surgery from 2005 to 2018

Chief complaint in 30-day unplanned readmission Total [164] (%)

Pain 9 (5.5)

General weakness or poor oral intake 3 (1.8)

Fever 11 (6.7)

Gastrointestinal symptom 7 (4.3)

Wound Complication 4 (2.4)

Urinary symptom 5 (3.0)

Pulmonological symptom 96 (58.5)

Neurologic symptom 5 (3.0)

Cardiovascular symptom 8 (4.8)

Others* 16 (10.1)

Total 30-day readmission after lung cancer surgery was 200 cases, and among these, 164 cases were classified as unplanned 30-day 
readmission. Others* included psychologic symptom, hospice care, ear-nose-throat symptom, trauma and endocrinologic symptom

between perioperative positive FB and the 30-day  
unplanned readmission rate after lung cancer surgery.

 The present study showed that 1% increase of 
perioperative FB during and up to 24 hours after surgery 
was not associated with 30-day unplanned readmission rates 
after lung cancer surgery, while positive FB (>5%) during 
and up to 24 hours after surgery was associated with higher 
30-day unplanned readmission rates after lung cancer 
surgery. These finding suggest that perioperative positive 
FB during and up to 24 hours after surgery needs to be 
evaluated with the criterion of >5% in future studies on 
unplanned readmission rate for lung cancer surgery.

Our results should be understood in light of the recent 
findings of Wu et al. (7). Wu et al. reported that both 
liberal fluid infusion rate and restrictive fluid infusion 
rate are associated with the increased incidence of 
postoperative pulmonary complications. One difference in 
our study is that we included open thoracotomy as well as 
minimally invasive surgeries and that we included diverse 
lung cancer surgeries, ranging from wedge resection to 
pneumonectomy. Minimally invasive surgeries are generally 
known to have fewer postoperative complications than 
open thoracotomy (7), and pneumonectomy is associated 
with a higher incidence of postoperative complications 
than other lung resection surgeries (5). Thus, our relatively 
more heterogenic surgical population may have impacted 
our results. Second, we set 30-day unplanned readmission 
rate, as opposed to postoperative complication, as the 
study endpoint; consequently, more severe postoperative 

complications or new complications after discharge, as 
opposed to mild postoperative complications that occur in 
the short term, may have influenced the results. 

The results regarding negative FB were notable in the 
present study. Wu et al. (7) reported that restrictive fluid 
therapy during lobectomy of the lung was associated with 
the development of postoperative pulmonary complications. 
The study by Wu et al. (7) analyzed the effects of fluid 
administration during surgery, but our present study focused 
on FB status during and up to 24 hours after surgery. In 
addition to intraoperative fluid management, postoperative 
fluid management has an important influence on the 
prognosis of surgical patients (20). The specific conditions 
and intraoperative events of patients should be considered 
for optimal postoperative fluid management to improve 
postoperative outcomes. In our study, negative FB during 
and up to 24 hours after surgery might be controlled with 
close monitoring of blood pressure by the anesthesiologists 
and surgical teams to reduce the fluid input during the 
postoperative period. Therefore, patients with negative FB 
(<0%) might not experience the postoperative complications 
that could occur due to inadequate organ perfusion.

Another interesting and noteworthy aspect is that 
our findings are contradictory to a previous report from 
our institution, where 30-day unplanned readmission 
rate after major abdominal surgery was not associated 
with perioperative cumulative FB status (20). The main 
reason for this discrepancy is likely to be attributable to 
the difference in the type of surgery involved. Generally, 
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Table 2 Baseline characteristics of adults patients who received lung cancer surgery from 2005 to 2018

Variable Total (2,412) Mean SD

Sex: male 1,440 (59.7)

Age, year 65.2 10.2

Body mass index, kg·m−2 24.0 3.1

Distance from home to hospital, km 70.5 104.1

Insurance typea

National Health Insurance Program 2,363 (98.0)

Medical Aid Beneficiary Program 49 (2.0)

Highest education attainment

Lower than high school 888 (36.8)

More than or equal to high school, lower than college 745 (30.9)

More than or equal to college 779 (32.3)

Occupation

Office worker 248 (10.3)

Licensed job 116 (4.8)

House work 625 (25.9)

Self-employed 297 (12.3)

Student, military, or laborer 272 (11.3)

Unemployed 854 (35.4)

Marital status

Never married 35 (1.5)

Married or living with someone 2,134 (88.5)

Divorced or separated 64 (2.7)

Widowed 179 (7.4)

Preoperative ASA physical status

1 521 (21.6)

2 1,676 (69.5)

≥3 215 (8.9)

Preoperative comorbidities

Hypertension 929 (38.5)

Diabetes mellitus 410 (17.0)

Coronary artery disease 194 (8.0)

Cerebrovascular disease 185 (7.7)

COPD, TB, asthma 342 (14.2)

Chronic kidney disease 164 (6.9)

Anemia 59 (2.4)

Heart failure 14 (0.6)

Table 2 (continued)



3955Journal of Thoracic Disease, Vol 12, No 8 August 2020

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):3949-3958 | http://dx.doi.org/10.21037/jtd-20-1474

Table 2 (continued)

Variable Total (2,412) Mean SD

Dyslipidemia 385 (16.0)

Video-assisted thoracoscopic surgery 2,046 (84.8)

Surgery time, min 154.1 70.9

Intraoperative remifentanil dosage, mcg 931.8 377.8

Intraoperative rocuronium dosage, mg 74.7 29.6

Epidural analgesia 38 (1.6)

Propofol based TIVA 1,270 (52.7)

Estimated blood loss, mL 220.7 278.2

Histology of NSCLC

Squamous cell carcinoma 609 (25.2)

Adenocarcinoma 1,744 (72.3)

Othersb 59 (2.4)

Type of surgery

Lobectomy, sleeve lobectomy 1,961 (81.3)

Wedge resection, segmentectomy 369 (15.3)

Bilobectomy, pneumonectomy 82 (3.4)

Year of surgery 

2005–2009 322 (13.3)

2010–2014 946 (39.2)

2015–2018 1,144 (47.4)

Management during and up to 24 hours after surgery

Transfusion of pRBC 179 (7.4)

Total fluid intake, mL 1,962.2 1,134.1

Hydroxyethyl starch use 79 (3.3)

Total output, mL 961.3 658.2

Cumulative fluid balancec, % 1.6 1.5

Negative (−5% to 0%) 56 (2.3)

Normal (0–5%) 2,283 (94.7)

Positive (>5%) 73 (3.0)

Length of hospital stay after surgery 6.7 27.6

Total 30-day readmission 200 (8.3)

Unplanned 30-day readmission 164 (6.9)

Presented as number (percentage) or mean value (standard deviation). a, the patients in the medical aid beneficiary program are those 
who are classified to have low income, and most of their hospital charges are paid by the government. Meanwhile, for the patients in the 
national health insurance program, approximately two-thirds of their hospital charges are covered by the government. b, others: large cell, 
Sarcomatoid type, and mixed type. c, fluid balance (%): (total input fluid – total output fluid) in liters × weight on admission (kg)−1 ×100. SD, 
standard deviation; ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; TB, tuberculosis; TIVA, 
total intravenous anesthesia; NSCLC, non-small cell lung carcinoma; pRBC, packed red blood cell.
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Table 3 Logistic regression analysis for 30-day unplanned readmission according cumulative fluid balance after lung cancer surgery

Variable OR (95% CI) P

Unadjusted

Cumulative FB during and up to 24 hrs after surgery, % 1.04 (0.95, 1.14) 0.378

Cumulative FB during and up to 24 hrs after surgery

Normal (0–5%) 1

Negative (<0%) 1.41 (0.56, 3.60) 0.467

Positive (>5%) 2.56 (1.32, 4.96) 0.005

Covariate-adjusted

Cumulative FB during and up to 24 hrs after surgery, % (model 1) 1.03 (0.94, 1.13) 0.534

Cumulative FB during and up to 24 hrs after surgery (model 2)

Normal (0–5%) 1

Negative (<0%) 1.20 (0.46, 3.12) 0.711

Positive (>5%) 2.42 (1.20, 4.89) 0.014

Hosmer and Lemeshow test, Chi-square: 5.90 (P=0.658) in model 1, and Chi-squre: 12.85 (P=0.117) in model 2. Fluid balance (%): (total 
input fluid – total output fluid) in liters × weight on admission (kg)−1 ×100. Covariates P<0.2 in univariable model (sex, distance from home 
to hospital, occupation, preoperative ASA physical status, history of coronary artery disease, history of NSCLC, and type of surgery) were 
included in final multivariable model for adjustment. OR, odds ratio; CI, confidence interval; FB, fluid balance; ASA, American Society of 
Anesthesiologists; NSCLC, non-small cell lung cancer.

Figure 2 Odds ratios for 30-day unplanned readmissions among all individual variables in the multivariate model. Occupation [1]: 
professional (licensed job) vs. office worker; Occupation [2]: house work vs. office worker; Occupation [3]: self-employed vs. office worker; 
Occupation [4]: student, military, or laborer vs. office worker; Occupation [5]: unemployed vs. office worker. ASA, American Society of 
Anesthesiologists; CAD, coronary artery disease; FB, fluid balance.

Odds ratios for 30-day unplanned readmission

Cumulative FB: Positive
Anemia
ASA ≥3

History of CAD
Cumulative FB: Negative

Bilobectomy or pneumonectomy
ASA: 2

Occupation [3]
Surgery time, hour

Distance from home to hospital. km
Male sex

Occupation [5]
Histology: Adenocarcinoma

Occupation [4]
Occupation [2]

Wedge resection or segmentectomy
Histology: Others

Occupation [1]

OR (95% CI)
2.42 (1.20-4.89)
1.99 (0.91-4.36)
1.63 (0.87-3.08)
1.41 (0.81-2.46)
1.20 (0.46-3.12)
1.17 (0.53-2.57)
1.15 (0.74-1.77)
1.05 (0.56-1.99)
1.04 (0.90-1.20)
1.00 (1.00-1.00)
0.98 (0.60-1.60)
0.83 (0.48-1.46)
0.83 (0.57-1.21)
0.81 (0.41-1.60)
0.73 (0.36-1.48)
0.59 (0.34-1.04)
0.45 (0.11-1.93)
0.32 (0.09-1.10)

0.09	 0.59	 1.09	 1.59	2.09	 3.09	 4.59
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several studies have suggested that restrictive fluid regimen 
has no benefit for reducing postoperative complications 
after abdominal surgery (21-23). Moreover, in the RELIEF 
trial reported by Myles et al., the liberal fluid regimen 
group had lower incidence of acute kidney injury after 
major abdominal surgery than the restrictive fluid regimen 
group (15). In other words, positive FB of >5% might be 
associated with the 30-day unplanned readmission rate in 
our study because we included diverse lung cancer surgeries 
and our study patients consisted of a surgical population 
for whom pulmonary complication was the most important 
postoperative complication (3). 

In the present study, we calculated the perioperative 
FB status during and up to 24 hours after lung resection 
surgery. Myles et al. (15) also evaluated fluid management 
during and up to 24 hours after major abdominal surgery 
in the REILEF trial. Because we included diverse thoracic 
surgeries ranging from wedge resection to pneumonectomy 
in this study, the length of hospital stay of our patients 
varied. For example, the length of hospital stay after wedge 
resection is relatively short at 2–3 days. Therefore, we 
calculated perioperative FB during and up to 24 hours after 
lung resection surgery to investigate perioperative FB and 
30-day unplanned readmission after lung cancer surgery.

The present study has a few limitations. First, there 
were some limitations due to retrospective design of the 
study. For example, there might be residual confounders 
that needed to be controlled by multivariable adjustment, 
and the quality and accuracy of data might be limited as 
compared to those of the data obtained in a prospective 
study. Second, our findings have limited generalizability 
because the study was conducted at a single center, and 
the results of this study might not be applicable to other 
institution. Third, because we could not capture data 
regarding readmission to other hospitals, our results might 
be biased. However, we used the distance from home 
to the hospital based on the postal code as an important 
covariate in the multivariable model to reduce the bias. 
Fourth, the relatively small sample event number (164, 
6.9%) might be a concern and affect the result of our study. 
However, to overcome this statistical limitation, we initially 
screened the covariates by using a criteria of P<0.2 in the 
univariable logistic regression analysis, for constructing 
final multivariable logistic regression model. As a result, 10 
variables were included in the final multivariable model, 
and our event per variable (EPV) was 16.2. Traditionally, 
an EPV >10 was recommended for multivariable logistic 
regression modelling to avoid overfitting (24), suggesting 

that our study might not have suffered from overfitting. 
Lastly, the sample sizes of the negative and positive FB 
groups were very small, which might have affected on our 
study. Therefore, the results should be interpreted carefully, 
and further study is needed with a larger sample size. 

In conclusion, our findings show that perioperative 
positive FB (>5%) is associated with elevated 30-day 
unplanned readmission rate among patients who underwent 
lung cancer surgery. Future prospective studies are needed 
to confirm these findings.
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Figure S1 Restricted cubic splines for log odds of 30-day unplanned readmissions according to cumulative FB during and up to 24 hours 
after surgery (%). FB, fluid balance.
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Table S1 Univariable logistic regression analysis for 30-day unplanned readmission after lung cancer surgery

Variable Odds ratio (95% CI) P value

Sex: male (vs. female) 1.29 (0.92, 1.80) 0.135

Age, yr 1.01 (0.99, 1.02) 0.484

Body mass index, kg·m−2 1.00 (0.95, 1.05) 0.959

Distance from home to hospital, per 10 km 1.01 (1.00, 1.03) 0.117

Insurance typea

National Health Insurance Program 1

Medical Aid Beneficiary Program 1.22 (0.44, 3.45) 0.702

Highest education attainment

Lower than high school 1

More than or equal to high school, lower than college 1.03 (0.70, 1.52) 0.871

More than or equal to college 1.05 (0.71, 1.53) 0.816

Occupation

Office worker 1

Licensed job 0.34 (0.10, 1.18) 0.088

House work 0.74 (0.41, 1.33) 0.308

Self-employed 1.17 (0.63, 2.21) 0.617

Student, military, or laborer 1.01 (0.52, 1.97) 0.967

Unemployed 1.04 (0.60, 1.78) 0.901

Marital status

Never married 1

Married or living with someone 2.55 (0.35, 18.78) 0.357

Divorced or separated 1.67 (0.17, 16.71) 0.662

Widowed 2.23 (0.28, 17.82) 0.451

Preoperative ASA physical status

1 1

2 1.20 (0.79, 1.83) 0.389

≥3 2.13 (1.21, 3.76) 0.009

Preoperative comorbidities

Hypertension 0.84 (0.60, 1.17) 0.306

Diabetes mellitus 0.96 (0.63, 1.47) 0.850

Coronary artery disease 1.55 (0.94, 2.57) 0.086

Cerebrovascular disease 0.86 (0.46, 1.61) 0.632

COPD, TB, asthma 1.04 (0.66, 1.63) 0.863

Chronic kidney disease 1.09 (0.59, 2.00) 0.785

Heart failure 1.06 (0.14, 8.11) 0.959

Anemia 2.21 (1.03, 4.74) 0.042

Dyslipidemia 1.19 (0.79, 1.80) 0.399

Video-assisted thoracoscopic surgery 0.95 (0.61,1.46) 0.802

Surgery time, hour 1.16 (1.02, 1.31) 0.024

Intraoperative remifentanil dosage, mg 0.98 (0.64, 1.50) 0.908

Intraoperative rocuronium dosage, 10 mg 1.02 (0.96, 1.07) 0.596

Epidural analgesia 1.63 (0.57, 4.65) 0.362

Estimated blood loss, 100 mL 1.02 (0.91, 1.13) 0.785

Hydroxyethyl starch use 0.92 (0.37, 2.32) 0.866

Propofol based TIVA 1.22 (0.90, 1.69) 0.216

Histology of NSCLC

Squamous cell carcinoma 1

Adenocarcinoma 0.72 (0.51, 1.02) 0.062

Othersb 0.38 (0.90, 1.58) 0.182

Type of surgery

Lobectomy, sleeve lobectomy 1

Wedge resection, segmentectomy 0.55 (0.32, 0.94) 0.030

Bilobectomy, pneumonectomy 1.40 (0.66, 2.95) 0.383

Year of surgery 

2005–2009 1

2010–2014 0.99 (0.61, 1.61) 0.975

2015–2018 0.81 (0.50, 1.31) 0.389

Transfusion of pRBC during and up to 24 hours after surgery 0.98 (0.54, 1.81) 0.958
a, the patients in the medical aid beneficiary program are those who are classified to have low income, and most of their hospital 
charges are paid by the government. Meanwhile, for the patients in the national health insurance program, approximately two-thirds of 
their hospital charges are covered by the government. b, others: large cell, Sarcomatoid type, and mixed type. SD, standard deviation; 
ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; TB, tuberculosis; TIVA, total intravenous 
anesthesia; NSCLC, non-small cell lung carcinoma; pRBC, packed red blood cell.


