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ABSTRACT ARTICLE HISTORY
Objective: The issue of unplanned reoperations poses significant challenges within healthcare Received 14 December
systems, with assessing their impact being particularly difficult. The current study aimed to assess 2024

the influence of unplanned reoperations on hospitalized patients by employing the diagnosis- Revised 27 January 2025
related group (DRG) to comprehensively consider the intensity and complexity of different medical lz\gggpwd 28 January
services.

Methods: A retrospective cohort study of surgical patients was conducted at a large tertiary KEYWORDS

hospital with two hospital districts employing data sourced from a DRG database. Hospital length Unplanned reoperation;
of stay (LOS) and hospitalization costs were measured as the primary outcomes. Discharge to diagnosis-related group;
home was measured as the secondary outcome. Frequency matching based on DRG, regression hospital length of stay;
modeling, subgroup comparison and sensitivity analysis were applied to evaluate the influence of ggsc’;';fl'za:(')o';:rz?
unplanned reoperations. retrospgctive cohort
Results: We identified 20820 surgical patients distributed across 79 DRGs, including 188 individuals study

who underwent unplanned reoperations and 20632 normal surgical patients in the same DRGs.

After DRG-based frequency matching, 564 patients (188 with unplanned reoperations, 376 normal

surgical patients) were included. Unplanned reoperations led to prolonged LOS (before matching:

adjusted difference, 12.05days, 95% confidence interval [Cl] 10.36-13.90days; after matching:

adjusted difference, 14.22days, 95% Cl 11.36-17.39days), and excess hospitalization costs (before

matching: adjusted difference, $4354.29, 95% Cl: $3,817.70-$4928.67; after matching: adjusted

difference, $5810.07, 95% Cl $4481.10-$7333.09). Furthermore, patients who underwent unplanned

reoperations had a reduced likelihood of being discharged to home (before matching: hazard ratio

[HR] 0.27, 95% Cl 0.23-0.32; after matching: HR 0.31, 95% Cl 0.25-0.39). Subgroup analyses indicated

that the outcomes across the various subgroups were mostly uniform. In high-level surgery

subgroups (levels 3-4) and in relation to complex diseases (relative weight > 2), the increase in

hospitalization costs and LOS was more pronounce after unplanned reoperations. Similar results

were observed with sensitivity analysis by propensity score matching and excluding short LOS.

Conclusions: Incorporating the DRG allows for a more effective assessment of the influence of

unplanned reoperations. In managing such reoperations, mitigating their influence, especially in

the context of high-level surgeries and complex diseases, remains a significant challenge that

requires special consideration.

Introduction burden on the healthcare system and are associated

An unplanned reoperation is an adverse event in which with significant morbidity and mortality worldwide

a patient returns to the operating room owing to com-  [2-5- Starting from 2021, based on prominent issues
plications or other adverse outcomes following an initial ~ and weak links in national medical quality and safety,
index operation [1]. Unplanned reoperations are a major ~ the National Health Commission of China has issued
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annual national medical quality and safety improvement
goals. As an important indicator for evaluating operation
quality in medical institutions, reducing the incidence of
unplanned reoperations has been included as a national
medical quality and safety improvement goal for both
2022 and 2024 in China [6], as lowering the number of
unplanned reoperations remains an urgent medical
quality, economic, and social challenge.

In terms of unplanned reoperations, most studies to
date have described the incidence of unplanned reop-
erations from a clinical perspective and analyzed the
causes and influencing factors [2,4,5,7-13]. A small
number of studies have discussed the effect of
unplanned reoperations and reported that patients
with unplanned reoperations had longer hospitaliza-
tion days and higher hospitalization costs compared
with patients undergoing surgery without unplanned
reoperation [4,5,9,14]. Moreover, previous studies have
mainly performed simple single factor comparisons
and have not systematically controlled for confound-
ing factors to indicate the degree of difference con-
cerning expenses for inpatient care and hospital length
of stay (LOS). The effect of unplanned reoperations
remains unclear.

Furthermore, the results of previous studies are not
consistent, with large differences. For example, previous
studies have shown that the incidence of unplanned
reoperations has ranged from 0.6% to 14.2% [10,11,
15-17], and the length of stay of unplanned reopera-
tion has ranged from 12.1 to 35.03days [4,5,9,13,16,18].
The reasons for these differences are complex. One is
that individuals receiving care across various healthcare
institutions and departments have varying medical
conditions, disease types, surgical risks, and surgical
challenges. Therefore, it is imperative to employ more
scientifically stringent approaches, including diagnostic
categorization systems, for an exhaustive analysis. There
are several validated diagnostic classification schemes
in existence, but the investigators have opted to use
the disease diagnosis-related group (DRG). Developed
at Yale University in 1967, DRG aggregates cases with
comparable clinical pathways and cost profiles into
clusters, taking into account a range of individual attri-
butes such as gender, age, coexisting conditions, and
associated complications, as well as specific diagnoses
and surgical procedures, so that there is a standardized
and equitable basis for comparing the intensity and
complexity of diverse medical services [19,20]. This
management tool has been widely used in medical
payments, performance evaluations, and medical qual-
ity management [21-24]. However, to our best knowl-
edge, the application of DRG in evaluating the influence
of unplanned reoperations has been rarely undertaken.

Therefore, the current study aimed to assess the
influence of unplanned reoperations on hospitalized
patients by employing the DRG, and provide guidance
for the prevention and management of unplanned
reoperations.

Material and methods
Sample collection

This study was a retrospective cohort study of surgical
patients. There were 48032 surgical patients in the
cohort, distributed among 399 DRGs at Ningbo Medical
Center LiHuili Hospital, a large tertiary hospital with
2200 beds and two hospital districts in Ningbo, China,
from January 2021 to December 2021. We included
patients who had unplanned reoperations and those
without for their entire hospital stay in the same DRGs.
According to the exclusion and inclusion criteria, 20820
surgical patients were recruited, including 188 patients
with unplanned reoperations and 20632 normal surgi-
cal patients (without reoperation) in the same DRGs.
Moreover, to eliminate the effect of inconsistent DRG
distribution between the two groups, we performed
DRG-based frequency matching. Normal surgical
patients were randomly selected from the normal sur-
gical group and frequency-matched with patients with
unplanned reoperations in a 2:1 ratio based on the
distribution ratio of unplanned reoperations among
DRGs. After matching, 564 patients (188 patients with
unplanned reoperations; 376 normal surgical patients)
were included in the study. All patients were followed
up from admission to discharge. All clinical and surgi-
cal data were recorded prospectively.

Surgery was coded according to the International
Classification of Diseases 9t Revision Clinical Modification,
Operations and Procedures, Volume 3 (ICD-9-CM-3). An
unplanned reoperation refers to an adverse event where-
upon inpatients return to the operating room due to
complications or other adverse results from the index
operation during the same hospitalization. An unplanned
reoperation met at least one of three main criteria [25]:
(i) a secondary operation due to postoperative complica-
tions such as postoperative bleeding/hematoma, anasto-
motic fistula, postoperative infection, arteriovenous
thrombosis, and incision dehiscence/poor healing; (ii) a
secondary operation due to medical errors such as for-
eign body retention after surgery, injury or removal of
healthy organs of non-operative targets, and catheter
breakage after surgery; and (iii) a secondary operation
due to inspection errors. For example, the frozen section
pathological results during the first operation were
benign, whereas the tissues examined postoperatively
showed malignancy, leading to the secondary operation.



The unplanned reoperation monitoring was com-
pleted by a five-person team, including three doctors
and two operating room nurses. All team members had
received uniform training. The determination of an
unplanned reoperation included two steps: information
system screening and a manual review. First, two nurses
in the operating room screened for patients undergoing
reoperation through the operation management system
every day. Two doctors then independently determined
whether an unplanned reoperation had occurred
according to the definition of an unplanned reoperation
in relation to the electronic health record system and
the medical safety (adverse) events reporting system. If
the determination results were inconsistent, a third doc-
tor reviewed the disagreements to decide.

Inclusion criteria comprised the following: surgical
inpatients aged 18years and older, who had a dis-
charge date ranging from January 2021 to December
2021. For unplanned reoperations, that definition also
needed to be met. Exclusion criteria comprised the fol-
lowing: emergency patients and outpatients. Individuals
lacking key data, including date of discharge, surgery
information, DRG information, hospitalization costs
and length of hospital stay, were also excluded.

Data collection and definition

In the present study, we collected data from multiple
systems including DRG system, medical safety (adverse)
events reporting system, operation management sys-
tem and electronic medical record system (Figure S1 in
additional file 1). From the Shanghai-DRG system, a
refined version based on the Australian DRG, we gath-
ered information on age, sex, surgery category, surgery
level, hospital district, relative weight (RW), type of hos-
pital discharge, hospitalization costs and LOS.
Furthermore, we retrieved data on adverse events from
the medical safety (adverse) events reporting system,
encompassing a total of 18 event types (surgical events,
anesthesia events, medical care events, blood transfu-
sion events, unexpected cardiac arrest events in the
hospital, hospital infection events, drug events, inspec-
tion/inspection/pathological section events, falls, pipe-
line events, pressure injuries, adverse device events,
injury behavior events, public accidents, information
security events, public security events, occupational
exposure events, and other events). Unplanned reoper-
ation information was collected from the operation
management system, electronic medical record system,
and medical safety (adverse) events reporting system.
The studied hospital had two hospital districts,
recorded as district 1 and district 2. Age was recorded
as a binary variable (classified into two groups: <
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65years and > 65years) in analyses. Sex was recorded as
either male or female. The index surgery category was
divided into general surgery, cardiothoracic surgery,
neurosurgery, urology, otorhinolaryngology, orthopedic
surgery, and others according to discipline. The index
surgery level was divided into levels 1-4, according to
operation difficulty, based on the Classification Catalogue
of Surgery in Zhejiang Province, China (Performance
Edition). The higher the surgical level, the more chal-
lenging the operation. RW is a distinctive metric within
the DRG system, serving as a proxy for the complexity
of diagnosis and therapy, the acuity of the disease, and
the consumption of medical resources. An RW s
assigned to each DRG category, signifying a cluster of
cases with similar diagnostic profiles, treatment modali-
ties, disease severity, and resource utilization. The higher
the RW, the more complex the disease. RW was dichot-
omized into two categories: <2 and >2. To exclude the
effect of other adverse events, adverse events data from
the hospital’s medical safety (adverse) events reporting
system were included. If a patient had other adverse
events during hospitalization other than for an un-
planned reoperation, this was categorized as ‘yes, and
‘no’ otherwise.

The primary exposure was unplanned reoperation.
The primary outcomes were length of hospital stay
(calculated from the time/date of admission to the
time/date of discharge) and the total hospitalization
expenses. The secondary outcome was discharge to
home, which was defined as the patient’s return to
their residence for ongoing recovery, as directed by
the physician, in contrast to other discharge ways such
as transfer to another healthcare facility, transfer to
community health services or township health centers,
non-home discharge, death and others.

According to data from the People’s Bank of China,
the mean exchange rate between the Chinese Yuan
(CNY, ¥) and the United States Dollar (USD, $) was
6.45:1 throughout the duration of this study.

Statistical analysis

In the descriptive statistical analysis, categorical vari-
ables were depicted by their frequency counts and
proportions. For continuous variables, means and stan-
dard deviations were reported when the data followed
a normal distribution, and medians along with inter-
quartile ranges (IQRs) were used for data that did not
conform to a normal distribution. Comparative analy-
ses between groups were conducted using the
chi-square test for nominal variables, the Student’s
t-test for normally distributed continuous variables,
and the Kruskal-Wallis test for continuous variables
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that were not normally distributed. The Hodges-
Lehmann estimate, derived from the Mann-Whitney U
test, was employed to calculate the pseudo-median
difference, which represents the median of all possible
pairwise differences between groups.

For continuous outcomes (LOS and hospitalization
costs), we estimated differences with 95% confidence
intervals (Cls) using linear regression models through
adjusting for confounding variables, which were
log-transformed to ensure a normal distribution. For
the categorical outcome of being discharged to home,
a Kaplan-Meier survival curve was generated, followed
by log-rank testing to assess differences between
groups. This approach allowed us to evaluate the
impact of unplanned reoperations on patient out-
comes over time. We estimated hazard ratios (HRs)
with 95% Cls using a Cox regression model to assess
the risk associated with unplanned reoperations. An
HR greater than 1 indicated increased risk, while an HR
less than 1 indicated reduced risk. The selection of
confounders for adjustment in the multivariable regres-
sion analysis was informed by the existing literature
[5,16,26-32] and included hospital district, age, sex,
adverse event, surgery category, surgery level and RW.
Additionally, analyses for interactions and subgroups
were performed based on the aforementioned con-
founding variables to examine whether the impact of
unplanned reoperations on patient outcomes varied
across different subgroups.

We performed two sensitivity analyses to test
whether findings in the primary outcomes were robust.
First, although theoretically the DRGs are designed to
be homogenous within each group, there may still be
some variability present. Thus, propensity score match-
ing (PSM) was applied to match the potential con-
founding factors described above. For PSM, we used
greedy matching with a caliper width of 0.2 times the
standard deviation of the PS logit [33] and matched
patients with unplanned reoperations with the other
surgical patients 1:1. Second, the primary analyses
were repeated, excluding patients whose LOS was
<2days, as short stay patients might not have the
opportunity to benefit from cohorting (i.e. be harmed
by unplanned reoperations).

Patients with missing data (n=609, 2.63%) were
excluded because of variables < 5% overall missing
data were considered missing completely at random
and hence were not imputed.

All statistical analyses were performed using R ver-
sion 3.6.1 (http://www.R-project.org) and PASW Statistics
25.0 (SPSS, Inc., Somers, NY, USA) software. A two-sided
P-value <0.05 was considered statistically significant.
Detailed explanations of statistical terms were provided

in the Supplementary Statistical Terms section of
Additional File 1.

Results
Baseline patient data

We identified 20820 patients undergoing surgery who
had been divided into 79 DRGs in 2021 (Figure 1).
According to postoperative assessment, 188 (0.90%)
patients had undergone unplanned reoperations, with
percentages ranging from 0.84% (103/12226) to 0.99%
(85/8594) in districts 1 and 2, respectively, and 20632
patients had not undergone unplanned reoperations.
The median age was 56 (IQR 45-66) years, 10129
(48.7%) patients were male, and 267 (1.3%) patients
had adverse events other than unplanned reopera-
tions. The index surgery of most patients was general
surgery (32.8%), surgery level 3-4 (64.8%). The median
RW was 1.61 (IQR 1.33-2.73), and 8717 (41.9%) patients
were in the RW >2 group. In addition, we found that
186 (98.94%) patients with unplanned reoperations
were caused by postoperative complications, 1 caused
by medical errors, and 1 caused by inspection errors.
Among the surgical complications, the main one was
postoperative bleeding/hematoma (92 patients). After
index surgery, 40 (21.28%) patients experienced
unplanned reoperation <1day, 69 (36.70%) patients
experienced reoperation greater than 1day but less
than or equal to 7days, 61 (32.45%) patients experi-
enced reoperation greater than 7 days but less than or
equal to 14days, and 18 (9.57%) patients experienced
reoperation >14days. The median postoperative day of
unplanned reoperations taking place was 6 (IQR 2-10)
days. The characteristics of the cohorts before and
after matching are presented in Table 1.

Primary outcome

As shown in Table 2, before matching, univariate anal-
ysis suggested that unplanned reoperations resulted in
an excess of 16 (14-18) days of LOS and $7357.07
($6438.15-$8405.88) in hospitalization costs, as deter-
mined by the Hodges-Lehmann estimate from the
Mann-Whitney U test. Subsequent multivariable linear
regression analysis, which controlled for hospital dis-
trict, age, sex, adverse event, surgery category, surgery
level and RW, revealed that unplanned reoperations
were associated with an increased LOS of 12.05 (10.36—
13.90) days and an increased hospitalization costs of
$4354.29 ($3817.70-$4928.67).

After DRG-based matching (Table 2), univariate
analysis revealed that unplanned reoperations led to
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Figure 1. Flow chart of study participants.

Table 1. Characteristics of study participants before and after matching.

Unmatched (n=20820) DRG-based frequency-matched (n=>564)
Unplanned Unplanned
reoperations Normal reoperations

Characteristics Total (n=20820) (n=188) (n=20632) p value (n=188) Normal (n=376)  p value

Hospital district, no.(%) 0.271 0.251
District 1 12226 (58.7) 103 (54.8) 12123 (58.8) 103 (54.8) 225 (59.8)

District 2 8594 (41.3) 85 (45.2) 8509 (41.2) 85 (45.2) 151 (40.2)

Age (years), median (IQR) 56 (45,66) 58 (49,69) 56 (45,66) 0.005 58 (49,69) 60 (49,70) 0.485

Categorical variable, no.(%) 0.001 0.759
<65years 15448 (74.2) 119 (63.3) 15329 (74.3) 119 (63.3) 233 (62.0)
>65years 5372 (25.8) 69 (36.7) 5303 (25.7) 69 (36.7) 143 (38.0)

Sex, no.(%) <0.001 0.161
Male 10129 (48.7) 122 (64.9) 10007 (48.5) 122 (64.9) 221 (58.8)

Female 10691 (51.3) 66 (35.1) 10625 (51.5) 66 (35.1) 155 (41.2)

Adverse event, no.(%) <0.001 0.036
Yes 267 (1.3) 11 (5.9) 256 (1.2) 11 (5.9) 9 (24)

No 20553 (98.7) 177 (94.1) 20376 (98.8) 177 (94.1) 367 (97.6)

Index surgery category, no.(%) <0.001 0.696
General surgery 6825 (32.8) 92 (48.9) 6733 (32.6) 92 (48.9) 177 (47.1)
Cardiothoracic Surgery 3405 (16.4) 26 (13.8) 3379 (16.4) 26 (13.8) 52 (13.8)

Neurosurgery 616 (3.0) 19 (10.1) 597 (2.9) 19 (10.1) 38 (10.1)
Urology 2106 (10.1) 18 (9.6) 2088 (10.1) 18 (9.6) 0 (8.0)
Otorhinolaryngology 4089 (19.6) 14 (7.4) 4075 (19.8) 14 (7.4) 28 (7.4)
Orthopedics 1592 (7.6) 14 (7.4) 1578 (7.6) 14 (7.4) 7 (7.2)
Others 2187 (10.5) 5(2.7) 2182 (10.6) 5(2.7) 24 (6.4)

Index surgery level, no.(%) 0.003 0.355
1-2 level 7319 (35.2) 47 (25.0) 7272 (35.2) 47 (25.0) 81 (21.5)

3-4 level 13501 (64.8) 141 (75.0) 13360 (64.8) 141 (75.0) 295 (78.5)

RW, median (IQR) 1.61 (1.33,2.73) 2.71 (1.68,3.57) 1.60 (1.33,2.73) <0.001 2.71 (1.68,3.57) 2.71 (1.68,3.57) 1.000

As a categorical variable, no.(%) <0.001 1.000
<2 12103 (58.1) 53 (28.2) 12050 (58.4) 53 (28.2) 106 (28.2)
>2 8717 (41.9) 135 (71.8) 8582 (41.6) 135 (71.8) 270 (71.8)

DRG: diagnosis-related group; RW: relative weight; IQR: interquartile range.
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Table 2. Associations between unplanned reoperations and hospitalized patient outcomes.

Unadjusted estimated

Adjusted estimated effect

Outcomes Unplanned reoperations Normal effect (95%Cl) p value (95%Cl) p value
Unmatched
(n=20820)
LOS (days), 25 (15,42) 8 (5,13) 16 (14,18) <0.001 12.05 (10.36,13.90)° <0.001
median (IQR)
Hospital 10660.50 254213 7357.07 <0.001 435429 <0.001
expenses ($), (5698.04,20448.47) (1508.82,5482.39) (6438.15,8405.88)° (3817.70,4928.67)°
median (IQR)
Discharge to 159/29 19641/991 0.27 (0.23,0.31)¢ <0.001 0.27 (0.23,0.32)¢ <0.001
home (yes/no)
DRG-based frequency-matched (n=>564)
LOS (days), 25 (15,42) 13 (8,18) 12 (10,14)? <0.001 14.22 (11.36,17.39)° <0.001
median (IQR)
Hospital 10660.50 5251.13 5043.05 <0.001 5810.07 <0.001
expenses ($), (5698.04,20448.47) (2629.53,8786.03) (3726.66,6400.51)° (4481.10,7333.09)°
median (IQR)
Discharge to 159/29 340/36 0.36 (0.30,0.45)° <0.001 0.31 (0.25,0.39)¢ <0.001

home (yes/no)

LOS: length of stay; Cl: confidence interval; IQR: interquartile range.

Estimated effects between groups were expressed as follows: as a pseudo-median difference calculated using the Hodges-Lehmann estimate based on
the Mann-Whitney U test; as a coefficient calculated by linear regression models; as a hazard ratio calculated by Cox regression models. Because the
Hodges-Lehmann estimator was used, the estimated difference was not the crude difference between the medians.

This estimated difference effect was calculated by Mann-Whitney U test.

bThis estimated difference effect was calculated by linear regression model that adjusted for hospital district, age, sex, adverse event, surgery category,

surgery level, and RW.

This estimated hazard ratio effect was calculated by univariable Cox regression model.
dhis estimated hazard ratio effect was calculated by Cox regression model that adjusted for hospital district, age, sex, adverse event, surgery category,

surgery level, and RW.

an excess of 12 (10-14) days of LOS and $5043.05
($3726.66-$6400.51) in hospitalization costs, as deter-
mined by the Hodges-Lehmann estimate from the
Mann-Whitney U test. Subsequent multivariable linear
regression analysis, which controlled for hospital dis-
trict, age, sex, adverse event, surgery category, surgery
level and RW, revealed that unplanned reoperations
were associated with an increased LOS of 14.22 (11.36-
17.39) days and an increased hospitalization costs of
$5810.07 (54481.10-57333.09).

Secondary outcome

Before matching, Kaplan-Meier curve analysis showed
a positive association between unplanned reoperations
and a decreased rate of discharge to home (a greater
risk of hospitalization) (p<0.001; Figure 2). Univariable
Cox regression analysis demonstrated that patients
underwent unplanned reoperations had a reduced
likelihood of being discharged to home compared
with normal surgical patients (HR 0.27, 95% Cl 0.23-
0.31; p<0.001; Table 2). Subsequent multivariable Cox
regression analysis, which controlled for hospital dis-
trict, age, sex, adverse event, surgery category, surgery
level, and RW, revealed that the risk effect remained
consistent (HR 0.27, 95% Cl 0.23-0.32; p<0.001; Table
2), indicating that unplanned reoperations were associ-
ated with a lower discharge-to-home rate.

After DRG-based matching, Kaplan-Meier curve anal-
ysis showed a positive association between unplanned

reoperations and a decreased rate of discharge to home
(@ greater risk of hospitalization) (p=0.0047; Figure 2).
Univariable Cox regression analysis demonstrated that
patients underwent unplanned reoperations had a
reduced likelihood of being discharged to home com-
pared with normal surgical patients (HR 0.36, 95% ClI
0.30-0.45, p<0.001; Table 2). Subsequent multivariable
Cox regression analysis, which controlled for hospital
district, age, sex, adverse event, surgery category, sur-
gery level, and RW, revealed that the risk effect remained
consistent (HR 0.31, 95% Cl 0.25-0.39, p<0.001; Table 2),
indicating that unplanned reoperations were associated
with a lower discharge-to-home rate.

Additionally, the present study revealed that the mor-
tality rate for patients who underwent unplanned reop-
erations (1.60%, 3/188) was higher than that for patients
with normal surgical patients (0.073%, 15/20632).
However, due to the small number of deaths, no further
analysis was made.

Subgroup analyses

Subsequently, we conducted subgroup analyses to
assess the influence of potential confounding variables
on the primary outcomes. The subgroup analyses indi-
cated a highly consistent pattern (Figures 3 and 4).

In the subgroup analyses for LOS, significant interac-
tions were observed between unplanned reoperations
and index surgery category (P = 0.005), index sur-

interaction
gery level (P, raction < 0.001), and RW (P = 0.016)

interaction
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Figure 2. Probability of discharge to home of study participants. (A) Probability of discharge to home of study participants before
matching. (B) Probability of discharge to home of study participants after DRG-based frequency matching.

before matching (Figure 3 and table S1 in additional file
1), indicating that the impact of unplanned reoperations
on LOS varied across seven index surgery category sub-
groups,two index surgery level subgroups and two RW
subgroups. There were statistically significant interac-
tions between unplanned reoperations and index sur-
gery level (P eracion = 0.006) after matching (Figure 3
and table S1 in additional file 1), indicating that the
impact of unplanned reoperations on LOS varied across
two index surgery level subgroups.

In the subgroup analyses for hospitalization costs,
significant interactions were observed between
unplanned reoperations and age both before and after
matching (before matching: P, .0, = 0.005; after
matching: P, craction = 0-014), and index surgery level
(before matching: P rucion < 0.001; after matching:
Pinteraction = 0.003) (Figure 4 and table S2 in additional
file 1), indicating that the impact of unplanned reoper-
ations on hospitalization costs varied across two age

subgroups and two index surgery level subgroups.

Sensitivity analysis

PSM of 1:1 was used to match 188 patients who had
undergone unplanned reoperations with 188 patients
who had not, based on the following potential con-
founding variables: hospital district, age, sex, adverse
event, surgery category, surgery level, and RW. The
clinical characteristics exhibited similarity and were

comparable between the two groups (table S3 in addi-
tional file 1). After PSM (Table 3), univariate analysis
indicated that unplanned reoperations led to an excess
of 8 (5-10) LOS days and $4521.60 ($2977.44-56069.84)
in hospitalization costs, as determined by the Hodges-
Lehmann estimate from the Mann-Whitney U test.
Multivariable linear regression analysis, which con-
trolled for hospital district, age, sex, adverse event, sur-
gery category, surgery level, and RW, revealed that
unplanned reoperations led to an excess of 6.98 (3.94-
10.51) LOS days and $4240.09 ($2660.96-56109.51) in
hospital costs.

Using univariable Cox regression analysis, patients
underwent unplanned reoperations had a reduced like-
lihood of being discharged to home compared with
normal surgical patients (HR 0.48, 95% Cl 0.38-0.60,
p<0.001; Table 3). Subsequent multivariable Cox regres-
sion analysis, which controlled for hospital district, age,
sex, adverse event, surgery category, surgery level, and
RW, revealed that the risk effect remained consistent
(HR 0.42, 95% Cl 0.32-0.55, p<0.001; Table 3)

When excluding patients with LOS < 2days (the
clinical characteristics were detailed in table S4 in
additional file 1), the findings remained consistent
with those of the primary analysis. Univariate analysis
indicated that unplanned reoperations led to an excess
of 15 (13-17) LOS days and $7007.58 ($6085.22-
$8043.62) in hospitalization costs (Table 3), as deter-
mined by the Hodges-Lehmann estimate from the
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Figure 3. Forest plots of subgroup analyses for LOS. (A) Forest plot of subgroup analyses for LOS before matching. (B) Forest plot
of subgroup analyses for LOS after DRG-based frequency matching. Subgroup analyses with adjusted differences and 95% confi-
dence intervals for LOS adjusted, if not be stratified, for hospital district, age, sex, adverse event, surgery category, surgery level,
and RW.

Figure 4. Forest plots of subgroup analyses for hospitalization costs. (A) Forest plot of subgroup analyses for hospitalization costs
before matching. (B) Forest plot of subgroup analyses for hospitalization costs after DRG-based frequency matching. Subgroup
analyses with adjusted differences and 95% confidence intervals for hospitalization costs adjusted, if not be stratified, for hospital
district, age, sex, adverse event, surgery category, surgery level, and RW.).

Mann-Whitney U test. Multivariable linear regression of 11.85 (10.46-13.34) LOS days and $4886.84
analysis, which controlled for hospital district, age, sex, ($4337.74-$5468.45) in hospitalization costs.

adverse event, surgery category, surgery level, and RW, Using univariable Cox regression analysis after
indicated that unplanned reoperations led to an excess excluding patients with LOS < 2days, the remaining
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Table 3. Sensitivity analysis of the associations between unplanned reoperations and hospitalized patient outcomes.

Unplanned Unadjusted estimated Adjusted estimated

Outcomes reoperations Normal effect (95%Cl) p value effect (95%Cl) p value

PSM (n=376)
LOS (days), median 25 (15,42) 16 (11,23.75) 8 (5,10) <0.001 6.98 (3.94,10.51)° <0.001
(IQR)
Hospital expenses 10660.50 (5698.04, 5596.08 (2938.80, 4521.60 (2977.44, <0.001 4240.09 (2660.96, <0.001
($), median (IQR) 20448.47) 10877.81) 6069.84)° 6109.51)°

Discharge to home 159/29 179/9 0.48 (0.38, 0.60)¢ <0.001 0.42 (0.32, 0.55)¢ <0.001
(yes/no)

Excluding short LOS (n=18565)
LOS (days), median 25 (15,42) 9 (6,13) 15 (13,17)? <0.001 11.85 (10.46, 13.34)° <0.001
(IQR)

Hospital expenses (5), 10660.50 (5698.04, 3017.42 (1854.58, 7007.58 (6085.22, <0.001 4886.84 (4337.74, <0.001
median (IQR) 20448.47) 5820.97) 8043.62)* 5468.45)°

Discharge to home 159/29 17438/939 0.28 (0.24, 0.33) <0.001 0.28 (0.24, 0.33)¢ <0.001
(yes/no)

LOS: length of stay; Cl: confidence interval; IQR: interquartile range.

Estimated effects between groups were expressed as follows: as a pseudo-median difference calculated using the Hodges-Lehmann estimate based on
the Mann-Whitney U test; as a coefficient calculated by linear regression models; as a hazard ratio calculated by Cox regression models. Because the
Hodges-Lehmann estimator was used, the estimated difference was not the crude difference between the medians.

This estimated difference effect was calculated by Mann-Whitney U test.

bThis estimated difference effect was calculated by linear regression model that adjusted for hospital district, age, sex, adverse event, surgery category,

surgery level, and RW.

This estimated hazard ratio effect was calculated by univariable Cox regression model.
9This estimated hazard ratio effect was calculated by Cox regression model that adjusted for hospital district, age, sex, adverse event, surgery category,

surgery level, and RW.

patients with unplanned reoperations had a reduced
likelihood of being discharged to home compared with
normal surgical patients (HR 0.28, 95% CI 0.24-0.33,
p<0.001; Table 3). Subsequent multivariable Cox regres-
sion analysis, which controlled for hospital district, age,
sex, adverse event, surgery category, surgery level, and
RW, revealed that the risk effect remained consistent
(HR 0.28, 95% CI 0.24-0.33, p<0.001; Table 3).

Discussion

By combining with multiple systems (including DRG
system, operation management system, electronic
medical record system, and medical safety (adverse)
events reporting system), and multiple real-world
study methods (including frequency matching based
on DRG, regression modeling, subgroup comparison
and sensitivity analysis), our study of unplanned reop-
erations showed a significantly prolonged hospital
LOS, higher hospitalization costs, and lower discharge-to-
home rate, suggesting poorer patient prognosis,
increased patient and hospital burden, and lower med-
ical efficiency of hospitals. Additionally, subgroup anal-
ysis indicated that for patients with high-level surgery
(levels 3-4) and complex diseases (relative weight =2),
there was a substantial rise in both LOS and hospital-
ization expenses after unplanned reoperations, indicat-
ing a more pronounced increase in both the duration
and financial impact. To ensure patient safety, medical
institutions should apply targeted management con-
cerning unplanned reoperations in relation to DRGs
and apply appropriate prevention and improvement

measures. These steps are necessary to reduce more
accurately and effectively the burden of unplanned
reoperations and improve the overall medical effi-
ciency of hospitals.

Unplanned reoperations pose important medical qual-
ity, economic, and social challenges. Previous studies
have found that the LOS of unplanned reoperations has
ranged from 12.1days to 35.03days [4,5,9,13,16,18], sig-
nificantly higher than that of normal surgical patients.
However, due to different baseline characteristics, disease
types, surgery risk, and surgery difficulty among individ-
uals in various healthcare institutions and departments, it
is difficult to evaluate accurately the excess of LOS due
to unplanned reoperations. The DRG system involves
case-mix classification in which patients are divided into
different diagnosis groups for management according to
sex, age, coexisting conditions, and associated complica-
tions, as well as specific diagnoses and surgical proce-
dures [19,20] for use in relation to cost control,
performance evaluation, and medical quality manage-
ment. Combined with DRG, a previous study showed a
1.4 - fold increase in LOS and a 1.0 - fold increase in
hospitalization costs for unplanned reoperations, mainly
through descriptive statistical analyses and univariate
comparisons [34]. Zhang et al. controlled for the influ-
ence of confounding varioubles by DRG matching and
found that medical injuries were related to $57727 in
excess hospitalization costs and 10.89 extra LOS days
[32]. Similarly, through DRG matching, the present study
found that unplanned reoperations led an excess of
14.22 LOS days and an additional increase of $5810.07 in
terms of average cost per case. Moreover, after subgroup
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analysis, PSM analysis, and sensitivity analysis excluding
short hospital stay, the results were similar, indicating
that unplanned reoperations resulted in a heavy burden
for patients, hospitals, and the government.

Previous studies have indicated that unplanned reop-
erations are associated with increased mortality [4,5]. The
present study also showed that the mortality rate for
patients with unplanned reoperations (1.60%) was higher
than that for patients with normal surgeries (0.073%).
However, owing to the limited number of deaths, no
additional analyses were conducted. In order to compre-
hensively evaluate the prognosis of hospitalized patients,
some studies have incorporated novel indicators of dis-
charge outcomes. Kohn et al. examined the relationship
between bedspacing and the likelihood of being dis-
charged to home, finding that increased bedspacing was
linked to reduced probabilities of discharge to home
[35]. Accordingly, we conducted analyses to compare the
likelihood of being discharged to home between the
groups, an outcome variable that had not been explored
in prior studies within this context. Our findings indi-
cated that patients with unplanned reoperations had a
reduced likelihood of being discharged to home com-
pared with normal surgical patients. The results remained
consistent following sensitivity analyses conducted via
PSM and after the exclusion of cases with short hospital-
ization days. These results further indicated that
unplanned reoperations resulted in longer LOS and were
less likely to discharge to home, indirectly reflecting a
less favorable prognosis for these individuals, suggesting
potential medium to long-term adverse effects associ-
ated with unplanned reoperations.

The analyses of the subgroups demonstrated a uni-
form finding that patients who underwent unplanned
reoperations had an extended length of stay and higher
hospitalization costs across the two hospital districts, fur-
ther confirming the influence of unplanned reoperations.
Additionally, our subgroup analysis of LOS and hospitaliza-
tion costs within both matched and unmatched groups
revealed significant interactions between the index sur-
gery level and unplanned reoperations, which indicated
that after unplanned reoperations in the high-level sur-
gery group, LOS and hospitalization costs were notably
greater compared with those in the low-level surgery
group, suggesting that the perioperative management of
high-level surgeries is particularly important. In the sub-
group analysis of LOS, we found that, prior to matching
and after correction for multiple factors, there were inter-
actions between the LOS and RW groups, and between
the LOS and surgery category groups, suggesting that the
LOS for the RW =2 group and the orthopedic surgery
group were the most prolonged. Although the interac-
tions after matching were not statistically significant, they

all showed the same trend. Moreover, in the subgroup
analysis of hospitalization costs, interactions were observed
between hospitalization costs and age groups in both the
matched and unmatched groups, which indicated that
after unplanned reoperations in the older adult group,
hospitalization costs were significantly higher. These find-
ings suggest that there is a need for focused consider-
ation on patients with challenging and complex diseases,
those undergoing orthopedic surgeries, as well as older
adult patients. However, given the differences in interac-
tion analysis results between different methods used in
these studies, further studies are needed.

Unplanned reoperations are a major burden on the
healthcare system and are associated with significant
morbidity and mortality [2-5]. Avoiding the occurrence
of unplanned reoperation and reducing their effect is
essential. The National Health Commission has twice
designated the reduction of the incidence of unplanned
reoperations as a national target for improving medical
quality and safety in China. In actual management, focus
should be placed on core strategies, as follows: (i) med-
ical institutions should establish working groups com-
posed of members from medical, surgical, anesthetic,
nursing, and other relevant departments; (i) medical
institutions should strengthen the management of sur-
gery, and ensure the implementation of surgery related
management systems such as hierarchical management
of surgery, physician authorization management, and a
surgical safety verification system; (iii) medical institu-
tions should establish multi-department joint monitoring
and evaluation mechanisms for unplanned reoperations,
conduct data analysis and feedback; and (iv) medical
institutions should apply quality management tools to
identify and analyze key factors [6].

As far as we know, this is the first research system-
atically evaluating the impact of unplanned reopera-
tions on hospitalized patients combined with multiple
systems including DRG system, operation management
system, electronic medical record system, and medical
safety (adverse) events reporting system. By facilitating
interconnectivity and interoperability among multiple
systems, the impact of ‘information silos’ has been
effectively mitigated, resulting in the acquisition of
more comprehensive and authentic data. Furthermore,
through the application of DRG matching, regression
analysis, subgroup analysis, and sensitivity analysis, the
research findings have been rendered more reliable
and possess enhanced generalizability.

There were several limitations in the present study.
First, this study was conducted at a large tertiary hos-
pital with 2200 beds and two hospital districts, which
was a single center study. In total 20820 patients
were included; however, only 188 patients underwent



unplanned reoperations following a rigorous selec-
tion process based on inclusion and exclusion crite-
ria. Consequently, the study population was relatively
small. Second, patients were only followed up from
hospitalization to hospital discharge, and the
long-term outcomes of unplanned reoperations on
patients post-discharge remain unclear. Third, multi-
ple versions of DRG exist in China, among which the
Shanghai version was chosen for the present study.
The consistency of results across various DRG ver-
sions requires further exploration.

Our study provided critical insights into the impact of
unplanned reoperations on patient outcomes. Although
our findings were based on a specific dataset, the core
mechanisms of unplanned reoperations were consistent
and held broader implications for understanding their
multifaceted effects across different healthcare settings.
The use of DRG in our study, an international standard
for healthcare resource allocation and quality assessment,
further validated the potential generalizability of our
results. DRG was used worldwide to classify hospital
cases, thereby allowing for comparisons across different
hospitals and regions. The analysis of unplanned reoper-
ations within the DRG framework provided valuable
insights for international healthcare policymakers and
providers. Future research may focus on the following
directions: First, conducting multi-center studies based
on DRG and developing predictive models using machine
learning techniques would identify high-risk patients
early, facilitating timely interventions to enhance out-
comes. Second, longitudinal studies to track the long-term
outcomes of patients undergoing unplanned reopera-
tions will provide insights into their persistent impact on
health and healthcare resources. Third, a cost-effectiveness
analysis of interventions aimed at reducing unplanned
reoperations could offer valuable information for health-
care policymakers and administrators.

Conclusions

Unplanned reoperations significantly prolonged LOS
and hospitalization costs and affected patient progno-
sis. Incorporating the DRG allows for a more effective
assessment of the influence of unplanned reopera-
tions. In managing such reoperations, mitigating their
influence, especially in the context of high-level sur-
geries and complex diseases, remains a significant
challenge that requires special consideration.
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