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Abstract

Background Precise estimates of risk-adjusted increases in postoperative length of stay (LOS) associated with post-
operative complications across a range of complications and operations are not available in the existing literature.

Methods Associations between preoperative characteristics, postoperative complications and postoperative LOS
were tested using medians, interquartile ranges, and nonparametric rank sum tests in a retrospective cohort study
using the 2005-2018 American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP)
dataset. A negative binomial model was used with postoperative LOS as the dependent variable and preopera-
tive characteristics and postoperative complications as independent variables. The model was applied to estimate
each patient’s postoperative LOS with and without each postoperative complication to measure the association
between each complication and risk-adjusted change in postoperative LOS.

Results A total of 4,495,582 patients were included. After risk-adjustment, occurrence of each postoperative compli-
cation was associated with significantly increased postoperative LOS (between +3.9 and + 20.1 days, p <0.0001). The
longest risk-adjusted postoperative LOS increases were associated with prolonged ventilator use (+20.1 days), wound
disruption (+19.4 days), and acute renal failure (+17.1 days).

Conclusion Occurrence of any postoperative complication was associated with increased risk-adjusted postopera-
tive LOS. Degree of increase varied by complication. These data could be useful for patient counseling, allocation
of resources, discharge planning, and quality improvement efforts.
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Background

Postoperative complications occur in 15% of nonemer-
gent inpatient surgeries, with up to 6% of patients experi-
encing multiple complications [1]. Anecdotally, surgeons
know that these complications impact postoperative
length of stay (LOS) but lack precise estimates of the
effect magnitude. In 2022, the average adjusted expense
per inpatient hospital day in the United States was $3,025
[2], and delayed discharge leads to fewer open beds in
acute care hospitals [3]. Targeted quality improvements
to reduce this burden can significantly impact healthcare
expenditures.

In a literature review of studies whose primary pur-
pose was to examine the associations between post-
operative complications and postoperative LOS, we
identified 18 relevant articles (Supplemental Table 1)
[4—21]. The majority (78%) of these studies were done
for specific operations, such as lumbar spine surgery or
lower extremity bypass, and 72% had small sample sizes
of patients (<7,500). Furthermore, complications were
not uniformly defined and changes in LOS were vari-
ously measured. The literature lacked studies using broad
surgical populations, large sample sizes, examining an
array of specific complications, and incorporating risk
adjustment for preoperative patient characteristics and
other complications. Such a study would provide more
precise estimates of risk-adjusted increases in postop-
erative LOS associated with postoperative complications
across a range of complications and operations. These
might inform clinical decision making, guide hospital
resource allocation, and alleviate reliance on subjective
and anecdotal evidence. This study could also provide
implementable data for reference in programs for quality
improvement and cost reduction, as LOS is often used as
a proxy for value and quality of care for hospitals [3, 22].

The objective of this study was to estimate the unad-
justed and risk-adjusted changes in postoperative LOS
associated with specific types of postoperative com-
plications in a broad inpatient surgical population. We
hypothesized that each type of postoperative compli-
cation would be associated with significant changes in
postoperative LOS, even after adjusting for preoperative
risk and other complications, and that the changes in
postoperative LOS would vary for the different types of
complications.

Methods

Study design and data source

This was a retrospective cohort study using the prospec-
tively collected 2005—-2018 American College of Surgeons

National Surgical Quality Improvement Program partici-
pant use file (ACS-NSQIP PUF). The ACS-NSQIP PUF
contains surgical data from over 700 institutions primarily
in the United States and Canada, across nine surgical sub-
specialties, including general, gynecology, neurosurgery,
orthopedic, otolaryngology, plastic, thoracic, urology,
and vascular surgery. Trained clinical nurses collect data
from a systematic sample of operations within each par-
ticipating institution. Data include patient demographic
and preoperative medical characteristics and comorbidi-
ties, preoperative laboratory work, operative information,
and 30-postoperative outcomes including mortality and
18 different complications [23]. In this study, laboratory
variables were not used because we previously found that
they did not add significantly to a patient’s risk predic-
tion beyond the non-laboratory preoperative variables
collected in the ACS-NSQIP and they are often missing
in a non-random fashion [24]. This study was reviewed
by the Colorado Multiple Institutional Review Board and
deemed exempt as it used deidentified and publicly avail-
able data.

Study sample

Because LOS is generally relevant only to inpatients, the
study population was limited to inpatients in the ACS-
NSQIP database. Patients were excluded if they had
operations that were not in the nine designated subspe-
cialties of the ACS-NSQIP Essentials Program or if they
were missing data for key variables.

Dependent and independent variables

The primary dependent variable or outcome was patient
postoperative LOS, defined as the number of days from
the day of operation to the day of discharge from the hos-
pital. The primary independent variable was each of the
18 ACS-NSQIP postoperative complications. Postop-
erative complications were counted only if they occurred
prior to the patient’s discharge from the hospitalization
for the primary operation.

The independent variables for risk adjustment included
27 preoperative, non-laboratory ACS-NSQIP variables
and Current Procedural Terminology (CPT)-specific
median LOS calculated from the ACS-NSQIP database.
The 27 preoperative variables of the patients included:
age, sex, race/ethnicity, body mass index (BMI), func-
tional health status (independent, partially dependent,
totally dependent), transfer status (from home, acute
care, or chronic care), surgeon specialty, emergency
status, work relative value unit (WRVU) of the primary
operation, and American Society of Anesthesiologists
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physical status classification (ASA class, 1 to 5), and 17
different types of comorbidities.

Statistical analysis
The unadjusted associations between preoperative char-
acteristics, postoperative complications, and LOS were
examined by comparing median postoperative LOS for
the categories of the categorical variables and tested for
statistical significance using a Wilcoxon rank sum test for
variables with two categories or a Kruskal-Wallis test for
variables with >2 categories. For continuous variables, a
Pearson correlation coefficient was calculated between
the continuous variable and postoperative LOS.
Risk-adjustment was accomplished using a negative
binomial model with postoperative LOS as the dependent
variable and the preoperative variables and postoperative
complications as the independent variables. Once a nega-
tive binomial model was estimated, the model was applied
to the patients to estimate the risk-adjusted postoperative
LOS for patients with or without the preoperative char-
acteristic or postoperative complication, and risk-adjusted
median postoperative LOSs were compared and tested
as above. Two-sided p-values<0.05 were considered
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statistically significant. All statistical analyses were per-
formed using SAS version 9.4 (SAS Inc, Cary, NC).

Results

A total of 4,603,064 inpatients were included in the ACS-
NSQIP PUF from 2005-2018. Of these, 38,211 patients
(0.8%) were excluded for having operations in specialties
other than the nine targeted surgical specialties; 69,271
patients (1.5%) were excluded for missing key data. This
left a total of 4,495,582 patients (97.7%) in the analytic
dataset (Fig. 1, Strength in Reporting of Observational
Studies in Epidemiology (STROBE) diagram).

General preoperative characteristics of patients

The preoperative characteristics of this cohort and asso-
ciations between characteristics and LOS are shown in
Table 1, with unadjusted and risk-adjusted median post-
operative LOS. The majority of patients were female
(56.3%), white (67.2%), functionally independent (94.9%),
admitted directly from home (94.0%), American Society
of Anesthesiology Physical Status Classification (ASA
class) II-III (86.4%), and underwent general or ortho-
pedic surgery procedures (70.0%) and non-emergent

Inpatients for ACS NSQIP 2005 to 2018
N=4,603,064

A 4

Not within the targeted surgical specialty*
N=38,211 (0.8%)

A 4

Within the targeted surgical specialty*
N=4,564,853 (99.2%)

A 4
.

Key missing data

¢ Transfer status

¢ Functional health status

* ASA classification

Systemic sepsis

¢ Postoperative length of stay

¢ Gender N=2,626 (0.1%)
* Age N=1,743 (<0.1%)
¢ Othert N=23 (<0.1%)

N=21,113 (0.5%)
N=20,181 (0.4%)
N=8,605 (0.2%)
N=7,473 (0.2%)
N=7,507 (0.2%)

Study cohort
N=4,495,582 (97.7%)

Abbreviation: ACS NSQIP, American College of Surgeons National Surgical Quality Improvement

Program; ASA, American Society of Anesthesiologist.

*Surgery specialty included general surgery, Gynecology, Neurosurgery, Orthopedics,
Otolaryngology, Plastics, Thoracic, Urology, and Vascular surgery.
tEmergency status, Dyspnea, chronic steroid use, cigarette smoker, and acute renal failure.

Fig. 1 STROBE DiagramSTROBE diagram of total initial patient cohort, those excluded for not undergoing operations within the targeted surgical

subspecialties, those missing key data, and the final analyzed patient cohort
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Table 1 General preoperative characteristics of patients and their associations with PLOS (n=4,495,582)
Preoperative Characteristics N (%) Median LOS (IQR)* Risk-Adjusted Median Risk-Adjusted

LOS (IQR)*A Change in LOS
(days)
Sex
Female 2,531,936 (56.3) 3(1-5) 29(23-43) Reference
Male 1,963,646 (43.7) 3(1-6) 32(25-52) +0.3
Race/Ethnicity
American Indian or Alaska Native 24,340 (0.5) 3(2-6) 3(25-52) -0.7
Asian or Pacific Islander 130,498 (2.9) 3(1-5) 0(23-4.8) +0.0
Black, not of Hispanic origin 456,372 (10.2) 3(2-6) 33 (2.5-5.6) +0.3
Hispanic origin 230,670 (5.1) 2(1-4) 2.721-4.7) -0.3
White, not of Hispanic origin 3,019,096 (67.2) 3(2-5) 0(2.3-4.6) Reference
Null/unknown 634,606 (14.1) 3(1-5) 1(4-4.8) +0.1
Smoking within one year
No 3,655,837 3(1-5) 3.0(23-4.9) Reference
Yes 839,745 (18.7) 3(2-6) 33(25-54) +0.3
Functional health status prior to surgery
Independent 4,266,622 (94.9) 3(1-5) 29(23-44) Reference
Partially dependent 179,109 (4.0) 5(3-10) 6.3 (4.3-10.2) +34
Totally dependent 49,851 (1.1) 8(4-16) 9.6 (6.1-17.6) +6.7
Transferred status
Admitted directly from home 4,227,105 (94.0) 3(1-5) 29(2.3-44) Reference
Acute care hospital 201,539 (4.5) 5(3-10) 5.8 (3.6-10.0) +29
Chronic care facility 66,938 (1.5) 5(3-10) 6.6 (4.5-10.2) +3.7
Surgeon specialty
General surgery 2,185,696 (48.6) 3(2-6) 4(24-57) Reference
Gynecology 251,631 (5.6) 2(1-3) 1(1.8-24) -1.3
Neurosurgery 255,275 (5.7) 3(2-5) 3(27-4.2) -0.1
Orthopedics 963,743 (21.4) 3(2-3) 9 (2.5-3.5) -0.5
Otolaryngology 56,636 (1.3) 2(1-4) 26(2.2-33) -0.8
Plastics 53,235(1.2) 3(1-5) 9(23-4.3) -0.5
Thoracic 77,900 (1.7) 4(2-7) 5(3.5-6.3) +1.1
Urology 210,058 (4.7) 2(1-4) 6(2.2-34) -0.8
Vascular 441,408 (9.8) 3(1-6) 5(25-5.8) +0.1
Emergency status
No 3,903,090 (86.8) 3(1-5) 3.0 (24-44) Reference
Yes 592,492 (13.2) 4(1-8) 4.1 (24-8.0) +1.1
ASA classification
I 224,866 (5.0) 1(1-3) 8(1.6-2.1) Reference
Il 1,724,196 (38.4) 2(1-4) 521-34) +0.7
I 2,158,858 (48.0) 3(2-6) 5(2.7-54) +1.7
I\ 373,838 (8.3) 6(3-10) .3(3.8-10.8) +4.5
\% 13,824 (0.3) 8(2-17) 9.8 (5.9-18.1) +8.0
Preoperative Characteristics Mean (SD) Unadjusted Pearson Correlation Coefficient* Risk-Adjusted
Pearson Correla-
tion CoefficientA
Age, years 594 (16.4) 0.125 -0.00025
Work relative value unit 19.8(9.5) 0.194 -0.00056
CPT specific median length of stay 30(23) 0433 0.02242*

Abbreviations: IQR Interquartile range, / normal health patient, I/ patient with mild systemic disease, /Il Patient with severe systemic disease, IV patient with severe
systemic disease that is a constant threat to life, V A moribund patient who is not expected to survive without the operation

A Risk-adjustment was accomplished using a negative binomial model with PLOS as the dependent variable and the preoperative variables and postoperative

complications as the independent variables

" All p values were <0.0001
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operations (86.8%). The average age was 59.4 (SD=16.4);
average wRVU was 19.8 (SD=9.5).

The typical patient had an unadjusted median post-
operative LOS of 3 days. Characteristics that increased
median postoperative LOS included: partial (5 days) or
total (8 days) functional dependence; transfer from acute
or chronic care facility (5 days); or having an emergent
or thoracic operation (4 days). A higher ASA class was
monotonically related to a larger median LOS: ASA class
I, 1 day; II, 2 days; III, 3 days; IV, 6 days; and V, 8 days.
Increased age (r=0.125) and complexity of the operation
as measured by wRVU (r=0.194) were moderately cor-
related with higher postoperative LOS. All p-values for
testing the unadjusted association between patient char-
acteristics and postoperative LOS were statistically sig-
nificant at p <0.0001.

After risk adjustment, these same general trends were
true also for adjusted median postoperative LOS. In addi-
tion, males (3.2 days) had a longer adjusted median post-
operative LOS than females (2.9 days), black patients had
the highest adjusted median postoperative LOS (3.3 days)
of all race/ethnicity groups, and smokers had a higher
adjusted median postoperative LOS (3.3 days) compared
to non-smokers (3.0 days). Patients undergoing thoracic
(4.5 days), vascular (3.5 days), general (3.4 days), and
neurosurgery (3.3 days) had the highest median postop-
erative LOS compared with other analyzed surgical spe-
cialties. All risk-adjusted comparisons were statistically
significant at p <0.0001 except for age and wRVU, which
were not significantly correlated with postoperative LOS.

Preoperative comorbidities of patients

The 17 preoperative comorbidities for patients and their
unadjusted and risk-adjusted associations with postopera-
tive LOS are shown in Table 2. The most common comor-
bidities were hypertension (51.4%), obesity (42.8%), and
diabetes mellitus (18.0%). Patients with each preoperative
comorbidity, except for obesity, had higher median LOS
compared to patients without the comorbidity. An under-
weight BMI, as opposed to obesity, was associated with
higher median LOS. The largest differences in unadjusted
medians were for ventilator dependence (+10 days), sep-
tic shock (+9 days), and ascites, acute renal failure, and
preoperative transfusion (each+4 days). These same
trends held for the risk-adjusted median postopera-
tive LOS. The largest increases in risk-adjusted median
postoperative LOS between patients with vs. without
the comorbidities were noted for prolonged ventilator
dependence within 48 h of surgery (+12.4 days), septic
shock (+11.3), acute renal failure (+6.1), ascites (+5.1),
and prior transfusion (+5.0). All comparisons were statis-
tically significant at p <0.0001.
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Postoperative complications

Table 3 presents the incidence of each of the 18 post-
operative complications, and their unadjusted and risk-
adjusted association with postoperative LOS. A total of
600,004 patients (13.4%) had at least one postoperative
complication, with a subsequent increase in their median
LOS of 6 days, from 2 (IQR 1-4) to 8 (4—14) days. The
most common complications were the occurrence of
bleeding requiring transfusion (7.4%), sepsis (1.9%),
prolonged ventilator use (1.7%), pneumonia (1.6%),
unplanned intubation (1.2%), septic shock (1.1%), and
organ space surgical site infection (SSI) (1.0%). The other
11 complications had incidences of <1.0%. Each compli-
cation resulted in an unadjusted increase in median LOS,
with the largest differences occurring for wound disrup-
tion (+16 days), prolonged ventilator use (+15), organ
space SSI (+14), unplanned intubation, septic shock,
deep incisional SSI, deep veinous thrombosis (DVT), and
acute renal failure (all+ 12). All p-values were < 0.0001.

In risk-adjusted analyses, the trends were similar.
Adjusted LOS increase was highest for prolonged ven-
tilator use (4+20.1 days), followed by wound disrup-
tion (+19.4), acute renal failure (+17.1), organ space
SSI (+16.0), septic shock (+15.7), unplanned intuba-
tion (+14.3), DVT (+13.9), deep incisional SSI (+13.8),
and pneumonia (+13.7). The lowest risk-adjusted LOS
increase was for bleeding requiring transfusion (+3.9)
(Table 3, Fig. 2).

Discussion

We conducted a comprehensive analysis of the associa-
tions between postoperative complications and postop-
erative length of stay in a broad surgical population.
To our knowledge, this is the first study to publish pre-
cise estimates of risk-adjusted increases in postopera-
tive LOS associated with postoperative complications
across a broad range of complications and operations.
While this has been suspected by surgeons, confirma-
tory data and precise estimates are lacking in the litera-
ture. All 18 postoperative complications collected by the
ACS-NSQIP were significantly associated with increased
postoperative LOS in unadjusted analysis and remained
significant after adjusting for preoperative risk charac-
teristics and concomitant complications. The increase in
postoperative LOS varied by different complications, and
prolonged ventilation use, wound disruption, and acute
renal failure were associated with the greatest increases
in LOS. These findings have implications in resource allo-
cation in the 13.4% of patients who have postoperative
complications. If the postoperative complication rates
could be reduced by only a few percentage points, this
could save many additional inpatient hospitals days.



Healy et al. Patient Safety in Surgery

Table 2 Unadjusted and risk-adjusted associations of patient preoperative comorbidities and PLOS (n=4,495,582)

(2024) 18:29

Page 6 of 11

Patient Comorbidities N (%) Unadjusted Median LOS  Risk-Adjusted Median LOS  Risk-Adjusted
(IQR)* (IQR)*A Change in LOS
(days)

Ascites

No 4,463,494 (99.3) 3(1-5) 3.0 (24-4.7) Reference

Yes 32,088 (0.7) 7 (4-13) 8.1 (4.6-15.2) +5.1
Bleeding Disorder

No 4,221,545 (93.9) 3(1-5) 3.0(23-45) Reference

Yes 274,037 (6.1) 4(2-8) 4.7 (3.1-7.8) +1.7
Congestive Heart Failure

No 4,442,958 (98.8) 3(1-5) 3.0(24-4.7) Reference

Yes 52,624 (1.2) 6(3-11) 6.8 (4.2-11.7) +3.8
Chronic Obstructive Pulmonary Disease

No 4,238,804 (94.3) 3(1-5) 3.0(23-46) Reference

Yes 256,778 (5.7) 4 (2-8) 44(3.1-73) +14
Diabetes

None 3,686,880 (82.0) 3(1-5) 29(23-45) Reference

Oral 488,422 (10.9) 3(2-5) 3.2(26-5.0) +0.3

Insulin 320,280 (7.1) 4(2-7) 43(3.0-73) +14
Dialysis Within 2 Weeks

No 4,419,883 (98.3) 3(1-5) 3.0(2.4-4.6) Reference

Yes 75,699 (1.7) 5(3-10) 6.5 (4.0-11.0) +3.5
Disseminated Cancer

No 4,346,644 (96.7) 3(1-5) 30(23-45) Reference

Yes 148,938 (3.3) 5(3-9) 5.8 (4.3-85) +2.8
Dyspnea

None 4,132,503 (91.9) 3(1-5) 3.0(23-4.6) Reference

Moderate Exertion 324,162 (7.2) 3(2-6) 3.5(2.7-5.9) +0.5

At Rest 38,917(0.9) (3-12) 6.8 (3.9-134) +3.8
Hypertension

No 2,185,001 (48.6) 2(1-5) 2.7 (2.2-4.2) Reference

Yes 2,310,581 (51.4) 3(2-6) 33(26-52) +0.6
Acute Renal Failure

No 4,470,065 (99.4) 3(1-5) 30(4-47) Reference

Yes 25,517 (0.6) 7(3-15) 9.1 (5.0-17.2) +6.1
Body Mass Index

Null/unknown 116,741 (2.6) 3(1-7) 4.1 (2.6-7.1) +0.6

Underweight (< 18.5) 93,640 (2.1) 5(2-8) 53(3.2-83) +1.8

Normal weight (18.5-24.9) 1,046,902 (23.3) 3(2-6) 3.5(4-57) Reference

Overweight (25.0-29.9) 1,316,392 (29.3) 3(1-5) 30(23-47) -0.5

Obese Class | (30.0-34.9) 907,049 (20.2) 3(1-5) 29(2.3-4.2) -0.6

Obese Class I (35.0-39.9) 495,640 (11.0) 3(1-4) 28(2.3-2.8) -0.7

Obese Class Il (= 40) 519,218 (11.6) 2(1-4) 2.7 (24-33) -0.8
Chronic Steroid Use

No 4,296,364 (95.6) 3(1-5) 3.0(23-46) Reference

Yes 199,218 (4.4) 4(2-7) 43(3.1-6.9) +13
Transfusion of >4 pRBC Within 72 Hours

No 4,432,967 (98.6) 3(1-5) 3.0(24-46) Reference

Yes 62,615 (1.4) 7(4-13) 8.0(5.1-13.7) +5.0
Ventilator Dependent within 48 h

No 4,464,439 (99.3) 3(1-5) 3.0(24-4.7) Reference




Healy et al. Patient Safety in Surgery (2024) 18:29

Table 2 (continued)
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Patient Comorbidities N (%) Unadjusted Median LOS  Risk-Adjusted Median LOS  Risk-Adjusted
(IQR)* (IQR)*A Change in LOS
(days)
Yes 31,143 (0.7) 13 (5-23) 15.4 (8.8-28.5) +124
Open Wound With or Without Infection
No 4,291,538 (95.5) 3(1-5) 3.0(23-44) Reference
Yes 204,044 (4.5) 6(3-10) 7.1 (49-10.8) +4.1
Weight Loss > 10% Within 6 Months
No 4,399,721 (97.9) 3(1-5) 3.0(23-4.6) Reference
Yes 95,861 (2.1) 6 (4-10) 7.1(4.7-11.0) +4.1
Systemic Sepsis (Within 48 Hours)
None 4,107,362 (91.4) 3(1-5) 29(2.3-44) Reference
Systemic Inflammatory Response 209,239 (4.7) 4(2-8) 4.2(25-7.9) +1.3
Syndrome
Sepsis 144,660 (3.2) 6(3-11) 74(3.9-133) +4.5
Septic Shock 34,321 (0.8) 12 (5-21) 14.2 (84-25.7) +11.3

Abbreviation: IQR Interquartile range, LOS Length of stay, pRBC packed Red Blood Cells

A Risk-adjustment was accomplished using a negative binomial model with PLOS as the dependent variable and the preoperative variables and postoperative

complications as the independent variables
“ All p values were <0.0001

In addition to identification of postoperative compli-
cations that most affect postoperative LOS, this study
provides evidence for preoperative characteristics and
comorbidities that may modify LOS. While some risk
factors for prolonged postoperative LOS are non-mod-
ifiable, others may be targeted for patient optimization
prior to surgery. A potential target of optimization is
underweight patients, who had a 2-day extended stay in
the hospital postoperatively compared to normal weight
patients. While many patients may be underweight due
to systemic comorbidities such as cancer or severe ill-
ness, surgeons may counsel patients that improving their
weight in a healthy manner may reduce the time they
spend in the hospital after an operation by reduction of
complications and improved recovery.

Our data are consistent with other smaller studies that
have found associations between postoperative compli-
cations and length of stay in various subsets of surgeries
and using different databases. Out of 18 studies in the lit-
erature that we reviewed [4-21], only two did not find a
strong association between postoperative complications
and increased LOS [4, 16]. In 2017, Mrdutt et al. analyzed
42,365 ACS-NSQIP patients undergoing elective laparo-
scopic colectomy and found that each postoperative com-
plication increased the LOS [20]. In 2008, Boakye et al.
examined the National Inpatient Sample and found that
complications after laminectomy doubled postoperative
LOS [6]. Additionally, in 2015 Damrauer et al. found simi-
lar results while investigating the effect of postoperative
complications on postoperative LOS in 6,307 patients

undergoing lower extremity bypass surgery using the
California State Inpatient Database [7]. That study also
found an independent association between postopera-
tive LOS and patient readmission, indicating that finding
avenues to reduce postoperative LOS could also have an
effect on patient readmission, although further study is
needed to determine if that is the case in a general surgi-
cal population. These findings suggest that the results of
our study in a broad surgical population are in concord-
ance with much of the research already done in individ-
ual operations.

There were two studies in our review that did not dem-
onstrate a significant association between postoperative
complications and postoperative LOS. In 2014, Krell et al.
found that much of the variations in postoperative LOS
were not attributable to either preoperative character-
istics or postoperative complications in 22,664 patients
undergoing inpatient colorectal resections [16]. Adogwa
et al. reached the same conclusion in 23,102 patients after
lumbar decompression and fusion procedure [4]. How-
ever, these studies used a different postoperative LOS
outcome, whether patients had a LOS>the 75th per-
centile of LOS. A binary cutoff could mask some of the
effects of complications. This, plus a smaller sample size
and more distinct patient populations, could explain the
differences in the findings between these two studies and
our study.

Our study is novel in that it has four important char-
acteristics not currently found in the studies on post-
operative complications and postoperative LOS in the
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Table 3 Unadjusted and risk-adjusted association between in-hospital postoperative complications and PLOS (n=4,495,582)

Postoperative N (%) Unadjusted Median LOS, Unadjusted Changein Risk-Adjusted Median Adjusted
Complication days (IQR)* LOS, days LOS, days (IQR)*A Changein
LOS, days

Any Complication

No 3,895,578 (86.7) 2(1-4) Reference N/A N/A

Yes 600,004 (13.4) 8 (4-14) +6 N/A N/A
Pneumonia

No 4,424,945 (98.4) 3(1-5) Reference 3.0(24-46) Reference

Yes 70,637 (1.6) 14 (8-24) +11 16.7 (9.1-32.7) +13.7
Unplanned Intubation

No 4,442,332 (98.8) 3(1-5) Reference 3.0(4-46) Reference

Yes 53,250 (1.2) 15 (8-26) +12 173 (8.8-34.2) +14.3
Prolonged Ventilator Use

No 4,416,896 (98.3) 3(1-5) Reference 3.0(2.3-46) Reference

Yes 78,686 (1.7) 18 (11-29) +15 23.1(14.3-39.3) +20.1
Septic Shock

No 4,443,855 (98.9) 3(1-5) Reference 3.0(24-46) Reference

Yes 51,727 (1.1) 15 (8-26) +12 18.7 (10.8-34.0) +15.7
Sepsis

No 4,409,471 (98.1) 3(1-5) Reference 3.0(2.3-4.6) Reference

Yes 86,111 (1.9) 11 (6-19) +8 12.9(7.3-22.9) +99
Superficial SSI

No 4,459,855 (99.2) 3(1-5) Reference 3.0(2.4-46) Reference

Yes 35,727 (0.8) 12 (8-19) +9 13.2(8.9-22.1) +10.2
Deep Incisional SSI

No 4,481,230 (99.7) 3(1-5) Reference 3.0124-4.7) Reference

Yes 14,352 (0.3) 15 (9-25) +12 16.8 (10.2-31.3) +13.8
Organ Space SSI

No 4,448,271 (99.0) 3(1-5) Reference 3.0(24-46) Reference

Yes 47,311 (1.0) 17 (11-26) +14 19.0 (11.2-34.1) +16
Wound Disruption

No 4,483,692 (99.7) 3(1-5) Reference 3.0(24-47) Reference

Yes 11,890 (0.3) 19 (12-28) +16 224 (11.7-44.9) +194
Urinary Tract Infection

No 4,455,101 (99.1) 3(1-5) Reference 3.0 (24-4.6) Reference

Yes 40,481 (0.9) 11(6-19) +8 11.9(7.4-223) +89
Deep Venous Thrombosis/Thrombophlebitis

No 4473129 (99.5) 3(1-5) Reference 3.0(2.4-47) Reference

Yes 22,453 (0.5) 15 (9-24) +12 15.9 (8.7-32.8) +139
Pulmonary Embolism

No 4.483,644 (99.7) 3(1-5) Reference 3.024-4.7) Reference

Yes 11,938(0.3) 11(7-19) +8 11.8 (6.7-24.6) +88
Cardiac Arrest Requiring CPR

No 4,476,856 (99.6) 3(1-5) Reference 30(24-47) Reference

Yes 18,726 (0.4) 7 (2-15) +4 8.6 (5.1-164) +5.6
Myocardial Infarction

No 4,476,254 (99.6) 3(1-5) Reference 3.024-47) Reference

Yes 19,328 (0.4) 9 (6-16) +6 104 (6.4-19.6) +74
Bleeding Requiring Transfusion

No 4162,382 (92.6) 3(1-5) Reference 29(2.3-43) Reference

Yes 333,200 (7.4) 6 (4-10) +3 6.8 (44-11.2) +39
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Table 3 (continued)
Postoperative N (%) Unadjusted Median LOS, Unadjusted Changein Risk-Adjusted Median Adjusted
Complication days (IQR)* LOS, days LOS, days (IQR)*A Changein
LOS, days
Progressive Renal Insufficiency
No 4,482,760 (99.7) 3(1-5) Reference 3.0(24-47) Reference
Yes 12,822 (0.3) 13 (7-21) +10 144 (7.9-29.8) +114
Acute Renal Failure
No 4,477,336 (99.6) 3(1-5) Reference 3.0(24-47) Reference
Yes 18,246 (0.4) 16 (8-27) +12 20.1(10.8-37.6) +17.1
Cardiovascular Accident/Stroke with Neurologic Defect
No 4,485,535 (99.8) 3(1-5) Reference 3.0(24-47) Reference
Yes 10,047 (0.2) 10 (6-18) +7 11.7 (6.5-25.3) +87

Abbreviations: IQR interquartile range, CPR cardiopulmonary resuscitation, LOS postoperative length of stay, SS/ surgical site infection

A Risk-adjustment was accomplished using a negative binomial model with PLOS as the dependent variable and the preoperative variables and postoperative

complications as the independent variables
" All p values were <0.0001

Prolonged Ventilation =
Wound Disruption =
Acute Renal Failure=—
Organ Space SSI=
Septic Shock=]
Unplanned Intubation =
DVT/Thrombophlebitis =
Deep Incisional SSI=
Pneumonia=-
Progressive Renal Insufficiency =
Superficial SSI=—

Sepsis =

Urinary Tract Infection =]
Pulmonary Embolism =
Stroke -

Myocardial Infarction =
Cardiac Arrest =

Bleeding Requiring Transfusion =

» o +20.1days

P o +19.4 days

P o +17.1days

P o +16.0 days

P o +15.7 days

P o +14.3 days

P o +13.9 days

» o +13.8 days

» o +13.7 days

» o +11.4 days

P o +10.2 days

P e +9.9days
— @ +8.9 days
— @ +8.8 days
—- @ +8.7 days
————P ¢ +7.4days
—- 0 +5.6 days
— 0 +3.9 days

0

T
5 10 15 20 25
Postoperative Length of Stay

Fig. 2 Risk-adjusted Increase in Median Postoperative Length of Stay. The increase in postoperative length of stay associated with postoperative
complications after risk-adjusting for preoperative characteristics and comorbidities and concomitant postoperative complications

literature: (1) analysis of a broad surgical population;
(2) use of very large sample sizes; (3) inclusion of a wide
array of postoperative complications; and (4) use of a
straightforward analysis that provides average changes
in LOS to be expected for each individual postopera-
tive complication after adjusting for preoperative patient

factors and other complications. Our data demonstrate
that there is a strong association between postopera-
tive complications and postoperative LOS, even when
accounting for preoperative characteristics and concur-
rent complications. The results of this study provide
concrete data for guiding decision making and resource
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allocation, providing hospitals with data to improve
quality at their institutions and target complications that
can most severely impact patient postoperative LOS.
In addition, it provides information that a surgeon can
share with patients and their families to better under-
stand the course of their hospital stay.

Strengths of this study include: (1) the use of a large,
audited, comprehensive database capturing a representa-
tive sample of the national surgery volume; (2) considera-
tion of postoperative complications across many surgical
specialties; and (3) inclusion of data over 14 years. How-
ever, there are several important limitations of our study
to consider. First, we analyzed a broad surgical popula-
tion, and the associations may vary in more specific sur-
gical subspecialties and operations. In addition, predictor
variables and complications analyzed were limited to
those measured in the ACS-NSQIP. In this analysis, we
included patients who died in the 30-day window post-
operatively, which may potentially artificially depress
their postoperative LOS. There has also been concern
that the “inpatient” variable in ACS-NSQIP may not be
standardized between institutions, potentially complicat-
ing an inpatient-specific analysis [25]. Finally, while we
were able to use a large dataset from the ACS-NSQIP,
there may be bias in which institutions participate, favor-
ing large academic centers, and therefore these data may
not be applicable to all hospitals.

Our study demonstrates how postoperative complica-
tions significantly affect hospital resources, particularly
by prolonging the length of stay. These findings stress
the importance of careful perioperative management
and prompt intervention when complications arise. The
varying impact of different complications on length of
stay highlights the need for tailored strategies to address
specific postoperative challenges. For example, imple-
menting enhanced protocols to prevent and manage
prolonged ventilator use, wound disruptions, and acute
renal failure could substantially reduce hospital stays and
enhance patient outcomes. Furthermore, this study offers
valuable data for developing predictive models for risk
assessment, which can help healthcare providers allocate
resources more efficiently and take proactive measures
for high-risk patients [26-30]. Future research should
focus on identifying the most effective interventions to
lessen the impact of these complications and explore
the potential benefits of personalized postoperative care
plans.

Conclusions

In a broad surgical population, postoperative compli-
cations were significantly associated with increased
postoperative LOS. The increase varied depending
on the complication, and was greatest for prolonged
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ventilation, wound disruption, and acute renal failure.
These data provide clinicians with additional informa-
tion for counseling patients on the possible outcomes of
surgery including postoperative LOS after complication,
can allow administration to better allocate resources
where they are needed, and can help guide clinicians on
expected clinical course and discharge after a postopera-
tive complication occurs.
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