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Abstract: Objective To investigate the influencing factors of delayed postoperative discharge in patients with pulmonary
nodules. Methods Electronic medical records of 223 patients, 91 males and 132 females, who underwent thoracoscopic/Da
Vinci robotic surgery for pulmonary nodules under general anesthesia in Eastern Theater General Hospital, from June to
August 2021 were analyzed retrospectively. Univariate analysis and binary logistic regression analysis were used to screen the
risk factors for delayed postoperative discharge in patients with pulmonary nodules. Results One hundred and fifty-nine
patients (71.3%) with a postoperative hospital stay of≥3 days were considered the delayed discharge group, and the 64
patients (28.7%) with＜3 days were considered the normal discharge group. The age, proportion of males, proportion of
smoking history, proportion of thoracoscopic surgery, operation duration, intraoperative fluid volume, intraoperative loss,
propofol consumption, incidence of postoperative complications, duration of thoracic drainage tube retention, and drainage
volume of patients in the delayed discharge group were significantly higher than those in the normal discharge group (P<0.05).
Binary logistic regression analysis showed that older age ［OR=1.063, 95% CI (1.016-1.111), P=0.008］, longer duration of
thoracic drainage tube retention ［OR=8.743, 95%CI (4.144-18.445), P<0.01］ and use of conventional analgesic pump
［OR=3.759, 95%CI (1.232-11.468), P=0.020］ were independent risk factors for the duration of postoperative hospitalization
≥3 days. Conclusion Older age, longer duration of thoracic drainage tube retention and use of conventional analgesic pump
can affect the length of postoperative hospitalization in patients undergoing lung nodule surgery.
Keywords: Thoracic surgery; Pulmonary nodules; Thoracoscope; Da Vinci robotics; Delayed discharge; Risk factors; Opioids

The incidence of pulmonary nodules (small round or
oval lesions in the lung) is increasing year by year [1].
With widespread screening of lung nodules and advances
in detection techniques, more and more patients require
surgical treatment. Pulmonary nodule surgery is a
common type of thoracic surgery in which lung lesions
are removed to prevent malignant transformation and
further spread.

However, the length of stay after pulmonary nodule
surgery has always been a clinical concern [2]. Delayed
discharge after surgery may increase the hospitalization
cost and infection risk of patients, and also affect the
quality of life and rehabilitation process of patients [3-4].
Therefore, it is important to analyze the risk factors for
delayed discharge after surgery to optimize patient
management and improve surgical outcomes. There have
been extensive studies on the risk factors of delayed
discharge after surgery. For example, factors such as age,
gender, co-morbidities, operation method, and
preoperative lung function are considered to be closely
related to postoperative length of stay [5-6]. In addition,
postoperative complications are also one of the important
factors affecting the length of hospitalization [7].
Therefore, there is an urgent need to further study and
analyze these risk factors in order to provide clinicians
with more accurate prediction and intervention means to
optimize the therapeutic effect of pulmonary nodule
surgery. Through in-depth understanding of the risk
factors of delayed discharge after surgery, we can better

guide the postoperative management and rehabilitation of
patients, reduce the length of hospital stay of patients, and
improve their quality of life.

1 Data and methods

1.1 General data

The electronic medical records of patients received
pulmonary nodule surgery under general anesthesia in
Eastern Theater General Hospital from June to August
2021 were retrospectively analyzed.

Inclusion criteria:
(1) Preoperative diagnosis of pulmonary nodule or

lesion;
(2) Patients received thoracoscopic/Da Vinci robotic

pulmonary nodule surgery under general anesthesia.
Exclusion criteria:
(1) American Society of Anesthesiologists (ASA)

grade Ⅲ or above;
(2) Patients with severe cardiopulmonary function

disease before surgery, or within 6 months after
myocardial infarction, or within 1 month after cerebral
infarction;

(3) Medical record data was incomplete, and
relevant data required in this study was missing.

The postoperative discharge time of all cases was
divided according to the quartile, and considering the
left-skewed distribution of the data, 25% was finally
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selected as the cutting point, and the patients discharged 1
day after surgery were taken as the first day after surgery,
1-2 days after surgery were classified as the normal group,
and the patients discharged 3 days or more after surgery
were classified as the delayed group [8]. This study was
approved by the hospital Ethics Committee
(2022DZKY-042-01).

1.2 Observation indicators

The patients’ clinical data were retrospectively
collected by consulting the inpatient electronic medical
record system, electronic anesthesia record sheet and
Ruimei Laboratory Information System. The data were
collected by two researchers at the same time, and the
data were proofread after collection, and the data found to
be different were retrieved and entered again by another
researcher.

(1) Patient's general clinical data: age, gender, body
mass index (BMI), ASA grade, underlying diseases
(diabetes, coronary heart disease), smoking history;

(2) Perioperative indicators: Surgical time,
extubation time, surgical type (thoracoscopic surgery, Da
Vinci robot surgery), surgical site (upper lobe of left lung,
lower lobe of left lung, upper lobe of right lung, middle
lobe of right lung, lower lobe of right lung, both lung
lobes and above), resection scope (wedge resection,
segmental resection, lobectomy, whole lung resection),
intraoperative hypotension, intraoperative fluid
rehydration, intraoperative fluid loss, intraoperative drug
use (midazolam, propofol, etomidate, dexmedetomidine,
rocuronium, cisatracurium, sufentanil, reifentanil,
flurbiprofen axetil, 0.75% ropivacaine, 2% lidocaine),

Postoperative complications, type of postoperative
analgesic pump (conventional analgesic pump,
subcutaneous analgesic pump), retention time and
drainage flow of thoracic drainage tube.

1.3 Statistics Methods

SPSS 27.0 software was used to analyze the data.
The measurement data of normal distribution are
expressed as x ±s, and the comparison between groups
was conducted by t test. Measures of non-normal
distribution were presented with M(P25, P75). Inter-group
comparisons were conducted by Mann-Whitney U test.
Counting data were expressed as example (%) using
chi-square test or its modified method or Fisher exact
probability method. Variables with P < 0.05 in univariate
analysis were included in multivariate logistic regression
analysis to evaluate the risk factors of delayed discharge
after surgery. P < 0.05 was considered statistically
significant.

2 Results

2.1 General data

A total of 223 patients were included in the study,
and the postoperative hospital stay data showed a
left-skewed distribution. There were 64 patients (28.7%)
of normal discharge and 159 patients (71.3%) of delayed
discharge. Univariate analysis showed that the age, male
proportion and smoking history of patients in the delayed
group were significantly higher than those in the normal
group, with statistical significance (P < 0.01). [Table 1]

Tab.1 Comparison of general clinical data between two groups

2.2 Perioperative indicators

Compared with the normal discharge group, the proportion of thoracoscopic surgery, operation duration,
intraoperative fluid rehydration, intraoperative fluid loss, and the use of propofol were significantly increased in the
delayed discharge group (P < 0.05). In addition, the incidence of postoperative complications, retention time of thoracic
drainage tube and drainage flow in the delayed discharge group were significantly higher than those in the normal
discharge group (P < 0.05).[Table 2]
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2.3 Multivariate regression analysis of influencing length of postoperative hospitalization in patients with
pulmonary nodules

With postoperative length of stay (transformed into categorical variable) as the dependent variable, variables with
statistical differences, such as age, operation time, operation type, drainage tube retention time, drainage volume,
intraoperative fluid rehydration, intraoperative fluid loss, propofol dosage, gender, smoking, postoperative complications,
postoperative analgesia pump and other independent variables, were incorporated into binary logistic regression analysis.
Older age, long retention time of drainage tube and use of conventional analgesic pump were independent risk factors for
postoperative hospital stay ≥3 days. [Table 3]

Tab.2 Comparison of perioperative indexes between two groups

Indicators
Normal group

(n=64)
Delayed group

(n=159)
t/Z/χ2 value P value

Surgical type [case (%)]

28.570 <0.001Thoracoscopic surgery 44(68.8) 151(95.0)

Da Vinci robot 20(31.2) 8(5.0)

Surgical site [case (%)]

0.576

Left upper lobe 12(18.8) 39(24.5)

3.818

Left lower lobe 15(23.4) 23(14.5)
Right upper lobe 14(21.9) 44(27.7)
Right middle lobe 4(6.2) 12(7.5)
Right lower lobe 13(20.3) 27(17.0)
Two lobes or more 6(9.4) 14(8.8)

Resection scope [case (%)]

0.606

Wedge resection 20(31.3) 41(25.8)

1.839
Segmentectomy 15(23.4) 37(23.3)
Lobectomy 29(45.3) 78(49.0)
Whole lung resection 0 3(1.9)

Postoperative complication [case (%)] 8(12.5) 53(33.3) 9.967 0.002

Hypotension [case (%)] 2(3.1) 3(1.9) 0.002 0.964

Postoperative analgesic pump [case (%)]

0.050 0.975
Not used 17(26.6) 44(27.7)

Conventional 43(67.2) 106(66.6)

Subcutaneous 4(6.2) 9(5.7)

Intraoperative fluid rehydration (mL)b 1143.75±251.27 1279.03±380.01 3.089 0.002

Intraoperative fluid loss (mL)b 355.47±154.38 447.08±232.71 2.897 0.004

Operation time (h)c 2(1.5,2.5) 2.5(1.8,3) 2.238 0.026

Extubating time (h)b 2.52±1.39 2.59±1.37 0.346 0.732

Drainage tube retention time (d)b 1.80±0.41 3.02±1.28 10.729 <0.001

Drainage volume (mL)c 240(166.25,375) 490(300,740) 6.638 <0.001

Midazolam (mg)c 2(2,2) 2(2,2) 0.352 0.725

Propofol (mg)c 700(680,777.5) 900(700,1 280) 3.143 0.002

Etomidate (mg)c 12(0,50) 12(0,57.5) 0.007 0.994

Dexmedetomidine (μg)c 200(37.5,230) 200(50,230) 0.396 0.692

Rocuronium [case (%)]
Used 11(17.2) 24(15.1)

0.151 0.680
Unused 53(82.8) 135(84.9)

Cisatracurium (mg)c 36(35,41.5) 35(35,40) 0.479 0.632

Sufentanil (μg)c 90(72.5,100) 90(50,100) 0.510 0.610
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Remifentanil (mg)c 1(1,1) 1(1,1) 0.259 0.796

Flurbiprofen axetil (mg)c 100(100,100) 100(100,100) 0.041 0.967
0.75% Ropivacaine [case (%)]
Used 5(7.8) 11(6.9) 0.05

5 0.815
Unused 59(92.2) 148(93.1)

2% Lidocaine [case (%)]

Used 5(7.8) 11(6.9)
0.055 0.815

Unused 59(92.2) 148(93.1)

Note: a indicates the data were expressed as case (%); b indicates the data were expressed as x ±s; b indicates the data were expressed as M(P25, P75).

Tab.3 Binary logistic regression analysis of postoperative length of hospital stay

3 Discussion

Postoperative hospital stay is one of the main
indicators to evaluate postoperative recovery.
Perioperative treatment includes promoting the best
postoperative recovery of patients, so that patients can
return home safely and resume daily activities as soon as
possible [9]. Complications, readmissions and economic
costs of patients with delayed discharge have increased
significantly. Therefore, a large number of studies have
built prediction models to analyze the risk factors of
delayed discharge [10], so as to make targeted diagnosis
and treatment plans. Previous studies have suggested that
the length of hospital stay after thoracic surgery is related
to the patients’ age, gender, smoking history, presence of
comorbidities, surgical indicators and anesthesia
indicators, etc. Therefore, this study retrospectively
analyzed the correlation between the patients’ general
data, surgical methods, drainage tube retention time,
drainage volume, anesthetics, postoperative analgesia and
length of hospital stay [11-12].

The results of univariate analysis in this study
showed that age, drainage tube retention time,
postoperative complications and conventional analgesic
pump were significantly correlated with the length of
hospital stay of patients after pulmonary nodule surgery,
which was consistent with the studies of Greer et al. [13]
and Rogers et al. [14]. Age was a predictor of delayed
hospitalization after pulmonary nodule surgery. In

addition, the length of postoperative hospital stay was
divided into two categorical variables based on the
median, and binary logistic regression was performed.
The results showed that age, drainage tube retention time
and use of conventional analgesic pump were
independent risk factors for postoperative hospital stay
≥ 3 days. Hyer et al. [15] found that the age of spinal
surgery patients did increase the length of hospital stay,
independent of opioid dependence status. Older adults
stay longer in the hospital for a variety of reasons that
may be related to comorbidities. The results of this study
are consistent with them.

We found a significant positive correlation between
the use of conventional intravenous analgesia pumps and
delayed discharge after surgery. Previously, Pizzi et al.
[16] found that adverse reactions related to patients
receiving opioid therapy after orthopedic surgery were
associated with increased length of hospital stay. In the
field of thoracic surgery, D’Amico et al. [17] found that
compared with opioid-based anesthesia, opioid-free
anesthesia in thoracic surgery was associated with lower
postoperative complications, less opioid demand, better
analgesia within 48 h after operation, and reduced patient
length of hospital stay. Therefore, it is reasonable to
speculate that, increased risk of patients staying in
hospital with the use of an analgesic pump is partly due to
opioid use. Recently, the concept of enhance recovery
after surgery (ERAS) has been widely proposed at home
and abroad. Based on multidisciplinary cooperation,
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clinical anesthesia plays an important role in preventing
delayed postoperative recovery and reducing length of
hospital stay. A large number of studies recommend
epidural analgesia, regional analgesia and multimodal
analgesia for relieving acute pain after thoracic surgery,
reducing the use of opioids and promoting rapid recovery
after surgery, and this study is consistent with the results
of relevant studies [18]. However, there is no consensus
on whether the best analgesic technique is intravenous
analgesia or epidural analgesia after thoracic surgery,
which needs further study.

The results of univariate analysis in this study
showed that there were statistically significant differences
between the two groups in terms of the type of surgery
and the amount of intraoperative fluid rehydration and
intraoperative fluid loss. However, in subsequent
regression analyses, these differences did not reach a
significant level. This may be due to the existence of
other confounding factors. In multi-factor analysis, the
influence of other confounding factors can be adjusted by
establishing a regression model, so as to reveal the true
effect of the independent variable on the dependent
variable.

There are still some limitations in this study. First, as
a retrospective study, data collection may be biased.
Secondly, due to the imperfection of electronic
information systems, retrospective studies rely on
existing medical records and data, and there is a risk of
information bias. Thirdly, data quality may be affected by
the accuracy and completeness of medical records, there
may be missing or erroneous data, and in addition, there
may be limitations in data availability and availability,
certain important variables or indicators may not be
recorded or measured, limiting the depth and breadth of
the study.

To sum up, this study found that age, long retention
time of drainage tube and use of conventional analgesic
pump were independent risk factors for postoperative
hospitalization ≥3 days, and targeted and active
preoperative intervention should be performed to reduce
postoperative complications. Although the dosage of
opioids and the rate of adverse reactions are typical, the
need to balance pain management and event risk should
also be emphasized.
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