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Abstract

Background: Prophylactic drainage following hepatectomy is frequently performed despite
evidence that drainage is unnecessary. It is unknown to what extent drain use is influenced by
hospital practice patterns. The objectives of this study were to identify factors associated with the
use of prophylactic drains following hepatectomy and assess hospital variation in drain use.

Methods: Retrospective cohort study of patients following hepatectomy without concomitant
bowel resection or biliary reconstruction from the ACS NSQIP Hepatectomy Targeted Dataset.
Factors associated with the use of prophylactic drains were identified using multivariable logistic
regression and hospital-level variation in drain use was assessed.

Results: Analysis included 10,530 patients at 130 hospitals. Overall, 42.3% of patients

had a prophylactic drain placed following hepatectomy. Patients were more likely to receive
prophylactic drains if they were =65 years old (adjusted odds ratio [aOR]: 1.34, 95%CI: 1.16—
1.56), underwent major hepatectomy (aOR: 1.42, 95%CI 1.15-1.74), or had an open resection
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(aOR 1.94, 95%CI 1.49-2.53). There was notable hospital variability in drain use (range: 0% to
100% of patients), and 77.5% of measured variation in drain placement was at the hospital level.

Conclusion: Prophylactic drains are commonly placed in both major and minor hepatectomy.
While some patient factors are associated with drain use, hospital-specific patterns appear to be a
major driver and represent a target for improvement.

Introduction

Methods:

As surgical technique and perioperative care have improved, rates of hepatic resection

have increased and the incidence of surgical complications has fallen, particularly

mortality and post-hepatectomy liver failure.1= Still, rates of complications, including
post-operative bile leakage and intra-abdominal abscess, occur after these procedures.>~’
These complications often necessitate percutaneous or operative drainage in order to prevent
clinical deterioration.8: 2 Prophylactic abdominal drainage has been utilized following
hepatic resection to reduce the occurrence of these events and decrease their associated
morbidity.10 11

In recent years, the practice of prophylactic drainage after hepatic resection has come

under increasing scrutiny. Numerous studies, including retrospective analyses, prospective
trials, and meta-analyses have suggested that prophylactic drainage after hepatic resection is
unnecessary, and may be harmful.11-20 This trend has held true across numerous high risk
subgroups of patients, a variety of surgical techniques, and multiple disease processes.?1: 22
Despite randomized trial evidence suggesting that prophylactic abdominal drainage after
hepatic resection is unnecessary, it is still frequently employed.23

Prior studies have identified patient and procedural characteristics that are associated with
the decision to employ drain placement, however, these factors may not explain a large
amount of the decision making.13 It is likely that institutional practices and biases are strong
drivers of decisions regarding drainage after hepatic resection. The objectives of this study
were to identify factors associated with the use of prophylactic surgical drains following
hepatectomy and assess hospital variation in drain use.

Study Design and Inclusion Criteria:

This retrospective cohort study was performed using the 2014-2017 American College

of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) Hepatectomy
Procedure Targeted Data File. Briefly, ACS NSQIP is a risk-adjusted multi-institutional
quality improvement program that collects data on more than 150 variables including
preoperative risk factors, intraoperative variables, and 30-day postoperative outcomes.

ACS NSQIP has been described in detail elsewhere.2 25 Hospitals participating in the
hepatectomy targeted dataset collect additional variables following liver resection, including
pathology, drain management, and bile leak. Missing data were imputed using maximum
likelihood.28 The Northwestern IRB deemed this study exempt from review because it used
pre-existing, de-identified data.
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Hepatectomy procedures were identified by CPT® code. Right hepatectomy, left
hepatectomy, and trisectionectomy were considered major hepatectomies. Other hepatic
resections were considered minor hepatectomies, including multi-segment and multiple
wedge resections. Patients with concomitant ablation were categorized with the highest
level of hepatic resection as outlined above. Recorded pathologic indications for surgery
included primary hepatic malignancies, hepatic metastatic disease, benign lesions, and other.
Operations were classified as open or minimally invasive (including both laparoscopic
and robotic), with surgical approach considered on an intention-to-treat basis (e.g., MIS
converted to open is considered MIS for analytic purposes). Patients were excluded if the
patient had a concomitant bowel resection, biliary reconstruction, ascites, cirrhosis, or if
the patient was American Society of Anesthesiology (ASA) class 5. Patients were also
excluded if the patient had unknown drain status, surgical approach, operative duration, or
neoadjuvant therapy status.

Outcome Variables:

Covariates:

The primary outcome variable was utilization of prophylactic drainage following
hepatectomy, defined by the presence of an intraabdominal drain at the conclusion of

the index operation. Rates of utilization of prophylactic drainage were aggregated to the
hospital-level to yield the rate of drain use for each facility. Secondary analyses were
performed to assess infectious outcomes of patients with and without prophylactic drains,
including surgical site infection (SSI; including superficial, deep, and organ space infections
not present at the time of surgery) and bile leak. Bile leaks were defined as drain bile

levels at least three times above the upper limit of normal serum bilirubin on or after

POD3 or placement of a new drain.2” No data were available on intraoperative bile leaks or
intraoperative leak tests.

Covariates included patient characteristics, documented comorbidities, preoperative
laboratory values, and intraoperative variables. Variables were chosen for analysis based

on clinical relevance in liver surgery. Variables of interest included patient age (grouped
into age <55, 56-69, and >70), sex, race, and comorbidities (e.g. diabetes, hypertension,
COPD, and hypoalbuminemia). Body mass index (BMI) was categorized using standard
clinical cutoffs (<18.5 is underweight, 18.5-24.9 is normal, 25-29.9 is overweight, =30 is
obese).28 ASA classification was categorized into two groups: classes 1-2 vs classes 3-4.
Year of surgery was included in models to adjust for any temporal variation in utilization of
prophylactic drains.

Statistical Analysis:

Bivariate chi-square tests were adjusted for patient clustering within hospitals, and presented
odds ratios are the results of hierarchical multivariable logistic regression models. Reported
confidence intervals are to the 95% level of significance, and tests of significance were 2-
sided with p values considered significant at the 0.05 level. Because analysis was performed
by internal ACS staff, hospital pseudo-identifiers were available for clustering, hierarchical
modeling, and hospital-level frequency description. Serial hierarchical regression models
were constructed to determine the relative contribution of patient-level characteristics
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in variation of prophylactic drain use following hepatectomy. Variance was ascribed to
hospital-level random effects in both an empty model and in a model adjusted for patient
characteristics. The residual hospital-level variance in the adjusted model is considered
hospital variance not accounted for by differences in patient characteristics. Statistical
analyses were performed using Stata v15.1 (StataCorp, College Station, TX).

Results

Patient Cohort Characteristics

Of 15,697 hepatectomies performed between 2014 and 2017, 1204 (7.6%) were excluded
as biliary reconstructions, 2513 (16.0%) for concomitant bowel resection, 1273 (8.1%)

for cirrhosis, 39 (0.2%) for ascites, 7 (<0.1%) for being ASA class 5, and 131 (0.8%)

for missing outcome data leaving 10,530 patients to be included in subsequent analyses.
Prophylactic drains were placed in 4455 patients (42.3%). Patient characteristics are shown
in Table 1.

Factors Associated with Prophylactic Drain Use

Unadjusted bivariate analysis demonstrated associations between utilization of prophylactic
drains and patient age, medical comorbidities, pathologic indication, technical approach,
and operative time. There was also a significant difference in drain use by year without an
obvious temporal trend (P=0.002). Full bivariate analysis are shown in Table 2.

Hierarchical multivariable modeling results are shown in Table 3 and demonstrated
associations between use of prophylactic drains and patient age, smoking status, pathologic
indication, extent of hepatectomy, operative approach, and time of operation. Sensitivity
analyses stratified by hepatectomy type yielded similar patient-level predictors.

Patient Outcomes

The overall rate of SSI and bile leak was 7.1% and 5.8%, respectively. Adjusted hierarchical
multivariable models are shown in Table 4.

Hospital-Level Variation in Use of Prophylactic Drains Following Hepatectomy

Hospital-level analysis included 130 hospitals over the study period. The median number

of observations at each hospital was 43 (IQR: 19-104; Range 1-550). The median rate

of prophylactic drain use by hospital was 47% (IQR 21%-69%; range 0% to 100%).
Similar results were obtained when limiting analysis to the 113 hospitals with at least 10
observations over the study period (median 47%, IQR 22%-67%; range 0% to 100%, Figure
1). A total of 47% (52/113) of hospitals with at least 10 observations used prophylactic
drains in more than 50% of patients. For minor hepatectomy, 40% (45/113) left drains in
more than half of patients, while 62% (70/113) left drains in more than half of patients
following major hepatectomy. Hierarchical analysis demonstrated that 43% (95%CI 37%

to 51%) of the overall variation in use of prophylactic drains was due to hospital-level
practices. When adjusting for patient characteristics, 78% of measurable variation was at the
hospital level, while 23% was due to patient selection factors.
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Discussion

In this study, a national cohort of patients undergoing hepatectomy without biliary
reconstruction or concomitant bowel resection were analyzed to ascertain factors associated
with the use of prophylactic operative drainage and hospital-level variation in the use of
prophylactic drains. Several patient factors, including age, comorbidities, and pathology
were associated with prophylactic drain use. Patients that received prophylactic drains

were more likely to experience surgical site infection or bile leak even when adjusting

for comorbidities and extent of resection. Variation in drain use appears to be heavily driven
by hospital practice rather than patient characteristics.

One of the striking findings of this study is consistent use of prophylactic drains over

time, despite high-level evidence indicating they do not improve outcomes, and may even
contribute to postoperative infections.24-16 Final models demonstrated no change in drain
use over time, with 42.6% of patients in 2014 and 42.8% of patients in 2017 receiving
drains. While there is often a significant delay between publication of data and clinical
implementation,2° the flat rates across the study period are somewhat surprising. Moreover,
it was observed that drains were used in more than one third of minor hepatectomies. While
some use of prophylactic drainage following major hepatectomy is expected due to surgical
complexity or a high clinical concern for a postoperative bile leak (e.g., positive leak test),
the persistently high rate of drain use following minor hepatectomy was less predictable and
surprising.

The worse outcomes in patients with prophylactic drain placement is in line with prior
extensive literature, including previous observational studies of ACS NSQIP, which have
linked infectious complications including bile leak and SSI with use of prophylactic
drains.13 Previous work by Brauer et al demonstrated higher rates of postoperative infections
complications in patients with prophylactic drains in a propensity matched analysis.13 These
results persist in this more modern analysis, despite a relatively restricted cohort (isolated
hepatectomy without biliary reconstruction, bowel resection, cirrhosis, or ascites).

The most important and unique results of this study are the statistics on hospital variation
in use of prophylactic drains. Inclusion criteria for this study were designed specifically to
approximate those procedures that surgeons would be most comfortable leaving undrained,
which is reflected by many facilities having very low rates of operative drainage.
Importantly, analysis of variance in use of prophylactic drains indicated that more than
only a minority of differences in hospital drain practices are explained by differences at

the patient level, with significantly more variation being between facilities and independent
of patient characteristics. Similar hospital variation was also observed in both major and
minor hepatectomy, further indicating that drain use may be more dependent on local
practice patterns than patient or technical considerations. In this cohort, made up on
relatively straightforward resections to approximate those patients in which drain use is
least supported, the substantial hospital variation provides a notable target for improvement.

There are caveats in interpretation of these findings. First, annual volume data were not
available and it is possible that facilities with high drain use rates are also relatively low
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volume and thus more uncomfortable with the procedure or unfamiliar with the literature.
The impact of this limitation is mitigated by using the ACS NSQIP hepatectomy targeted
dataset, which is comprised mostly of relatively high-volume centers. Second, a lack

of surgeon-level data makes it impossible to differentiate between surgeon and hospital
practice, though it is likely that individual surgeon practice underlies the hospital-level
findings. Third, ACS NSQIP does not have some data that might influence the use of
prophylactic drains (e.g. anatomic variation, difficulty of the resection). However, the fact
that many hospitals had very low or no drain use indicates that these missing data do not
explain hospital variation.

Conclusion

Funding:

Despite high-level evidence indicating that routine use of prophylactic drainage following
hepatectomy is not required, drains are still commonly placed in both major and minor
hepatectomy. While some patient factors are associated with drain use, hospital-specific
patterns appear to be a major driver and could be significantly improved. Additional high-
level data from multi-institutional prospective trials may be required to further change
national practice patterns.
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Figure 1. Utilization of Prophylactic Drains at 113 hospitals
Hospital-level rates of prophylactic drain use. Each marker represents a hospital, with black

representing overall use, light blue representing drain use in major hepatectomy, and purple
representing drain use in minor hepatectomy. Graph depicts only those hospitals with at least
10 observations during the study period.
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Table 1.

Characteristics of Patients Undergoing Hepatectomy

Patient Characteristic Overall N=10,530 n (%)
Age, y
<55 3827 (36.3)
55-64 2813 (26.7)
265 3890 (36.9)
Sex
Female 5707 (54.2)
Male 4823 (45.8)
Year
2014 2001 (19.0)
2015 2620 (24.9)
2016 2875 (27.3)
2017 3034 (28.8)
Race
Non-Hispanic White 6797 (64.6)
Non-Hispanic Black 810 (7.7)
Hispanic 485 (4.6)
Other/Unknown 2438 (23.2)
Diabetes 1662 (15.8)
Smoker 1568 (14.9)
COPD 345 (3.3)
Hypertension 4654 (44.2)
ASA Class
1-2 3124 (29.7)
3-4 7406 (70.3)
BMI (kg/m2)
<185 178 (1.7)
18.5-24.9 3180 (30.2)
25-29.9 3550 (33.7)
230 3622 (34.4)
Histologic Indication
Primary Hepatic Malignancy 2383 (22.6)
Metastatic Disease 4950 (47.0)
Benign 2716 (25.8)
Unknown 481 (4.6)
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Patient Characteristic

Overall N=10,530 n (%)

Neoadjuvant Therapy Received 3098 (29.4)
Extent of Hepatectomy
Minor 7023 (66.7)
Major * 3507 (33.3)
Surgical Approach
Open 7608 (72.3)
Minimally Invasive ™ 2922 (27.8)
Length of Operation
<3 hours 4130 (39.2)
3-5 hours 4302 (40.9)
>5 hours 2098 (19.9)
Prophylactic Drain Placed 4455 (42.3)

*
Major hepatectomy includes left hepatectomy, right hepatectomy, and trisectionectomy

Aok

Includes laparoscopic/robotic converted to open
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Bivariate Associations Between Patient Characteristics and Drain Use (N=10,530)

HPB (Oxford). Author manuscript; available in PMC 2021 October 01.

Patient Characteristic Drain Use (%) P Value

Overall Rate 423

Age,y <0.001
<55 38.7
55-64 42.3
265 45.9

Sex 0.085
Female 41.6
Male 43.2

Year 0.002
2014 42.6
2015 39.4
2016 443
2017 42.8

Race <0.001
Non-Hispanic White 44.6
Non-Hispanic Black 44.2
Hispanic 46.0
Other/Unknown 345

Diabetes 0.004
Yes 45.6
No 41.7

Smoker <0.001
Yes 47.9
No 413

COPD 0.035
Yes 47.8
No 42.1

Hypertension <0.001
Yes 45.0
No 40.2

ASA Class <0.001
1-2 39.2
3-4 43.6

BMI (kg/m2) 0.023

Table 2.
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Patient Characteristic Drain Use (%) P Value
<18.5 449
18.5-24.9 40.8
25-29.9 41.6
230 44.2

Histologic Indication <0.001
Primary Hepatic Malignancy 53.3
Metastatic Disease 379
Benign 43.2
Unknown 28.3

Neoadjuvant Therapy Received 0.214
Yes 41.4
No 42.7

Extent of Hepatectomy <0.001
Minor 37.6
Major ™ 51.8

Surgical Approach <0.001
Open 47.1
Minimally Invasive ™ 30.0

Length of Operation <0.001
<3 hours 332
3-5 hours 46.0
>5 hours 52.6

*
Major hepatectomy includes left hepatectomy, right hepatectomy, and trisectionectomy

Hok

Includes laparoscopic/robotic converted to open
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Table 3.

Multivariable Model of Factors Associated with Use of Drains Following Hepatectomy

All Patients (N=10,530)

Minor (n=7,023)

Major (n=3,507)

HPB (Oxford). Author manuscript; available in PMC 2021 October 01.

Patient Characteristic OR(95% Cl) PValue OR(95%CIl) PValue OR(95%Cl) P Value
Age,y

<55 1.0 REF 1.0 REF 1.0 REF

55-64 1.17 (1.05-1.30) 0.004 1.23 (1.08-1.40) 0.002 1.02 (0.85-1.21) 0.861

265 1.34(1.16-1.56) <0.001 1.42(1.19-1.69) <0.001  1.15(0.96-1.37) 0.143
Year

2014 1.0 REF 1.0 REF 1.0 REF

2015 0.90 (0.71-1.13) 0.372 0.84 (0.64-1.11) 0.221 0.98 (0.76-1.27) 0.888

2016 1.10 (0.85-1.43) 0.466 1.04 (0.79-1.38) 0.768 1.23 (0.90-1.70) 0.192

2017 1.08 (0.87-1.34) 0.483 0.98 (0.78-1.23) 0.863 1.27 (0.95-1.70) 0.107
Race

Non-Hispanic White 1.0 REF 1.0 REF 1.0 REF

Non-Hispanic Black 0.93(0.71-1.22)  0.613  0.93(0.70-1.24)  0.626  0.91(0.61-1.34)  0.624

Hispanic 1.09 (0.80-1.47) 0.583 1.04 (0.78-1.39) 0.779 1.18 (0.70-1.99) 0.534

Other/Unknown 0.63 (0.38-1.07) 0.086 0.77 (0.50-1.21) 0.264 0.50 (0.26-0.93) 0.029
Diabetes

Yes 1.00 (0.91-1.11) 0.962 0.99 (0.87-1.13) 0.904 1.02 (0.82-1.26) 0.874

No 1.0 REF 1.0 REF 1.0 REF
Smoker

Yes 1.26 (1.11-1.43) <0.001  1.28 (1.08-1.51) 0.005 1.26 (1.08-1.47) 0.003

No 1.0 REF 1.0 REF 1.0 REF
COPD

Yes 0.99 (0.81-1.21) 0.928 1.11 (0.89-1.39) 0.359 0.73 (0.50-1.09) 0.125

No 1.0 REF 1.0 REF 1.0 REF
Hypertension

Yes 1.06 (0.95-1.17) 0.284 1.01 (0.89-1.14) 0.924 1.18 (0.97-1.44) 0.093

No 1.0 REF 1.0 REF 1.0 REF
ASA Class

1-2 1.0 REF 1.0 REF 1.0 REF

3-4 1.06 (0.91-1.25) 0.450 1.03 (0.87-1.22) 0.741 1.05 (0.84-1.32) 0.645
BMI (kg/m2)

<185 1.16 (0.83-1.63)  0.391  1.65(1.05-2.59) 0.030  0.72(0.44-1.21)  0.216

18.5-24.9 1.0 REF 1.0 REF 1.0 REF

25-29.9 0.98 (0.88-1.10) 0.775 1.12 (0.98-1.28) 0.097 0.80 (0.66-0.97) 0.026

230 1.06 (0.95-1.18) 0.270 1.18 (1.04-1.35) 0.011 0.90 (0.73-1.10) 0.304
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All Patients (N=10,530)

Minor (n=7,023)

Major (n=3,507)

Patient Characteristic OR(95%CIl) PValue OR(9%CIl) PValue OR(95%CI) P Value
Histologic Indication
Primary Hepatic Malignancy ~ 1.80 (1.53-2.12)  <0.001  1.87 (1.56-2.25) <0.001  1.69 (1.32-2.16)  <0.001
Metastatic Disease 1.0 REF 1.0 REF 1.0 REF
Benign 1.77 (1.43-2.20) <0.001 1.90(1.52-2.39) <0.001  1.52 (1.15-2.01) 0.003
Unknown 0.69 (0.25-1.86)  0.458  1.42(0.78-2.60)  0.250  0.22 (0.06-0.78)  0.019
Extent of Hepatectomy
Minor 1.0 REF - - - -
Major ™ 1.42 (1.15-1.74)  0.001 - - - -
Surgical Approach
Open 1.94 (1.49-2.53) <0.001 2.02(1.55-2.63) <0.001 1.68(1.17-2.42)  0.005
Minimally Invasive 1.0 REF 1.0 REF 1.0 REF
Length of Operation
<3 hours 1.0 REF 1.0 REF 1.0 REF
3-5 hours 157 (1.28-1.94) <0.001 1.52(1.23-1.87) <0.001 1.65(1.16-2.34)  0.006
>5 hours 2.13(1.50-3.03) <0.001 2.31(1.64-3.26) <0.001  2.10(1.31-3.39)  0.002

Ak
Major hepatectomy includes left hepatectomy, right hepatectomy, and trisectionectomy

Hook:

*
Includes laparoscopic/robotic converted to open
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Table 4.

Multivariable Model of Factors Associated with Surgical Site Infection and Bile Leak Following
Hepatectomy *
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Surgical Site Infection (n=748, 7.1%) Bile Leak (n=611, 5.8%0)

Patient Characteristic Rate OR (95% CI) P Value Rate OR (95% CI) P Value
Age, y

<55 6.5 1.0 REF 5.2 1.0 REF

55-64 7.3 1.00 (0.82-1.21) 0.999 52  0.99(0.78-1.25) 0.931

>65 75 1.02 (0.85-1.22) 0.868 6.8  1.26 (1.01-1.57)
Sex

Female 5.8 1.0 REF 5.5 1.0 REF

Male 8.7 1.30 (1.09-1.55) 0.004 6.2 1.01(0.82-1.24) 0.925
Year

2014 6.9 1.0 REF 6.0 1.0 REF

2015 7.3 1.11 (0.88-1.41) 0.385 6.0 1.02(0.76-1.37) 0.875

2016 6.5 0.96 (0.77-1.21) 0.761 6.6  1.13(0.83-1.53) 0.440

2017 7.7 1.17 (0.92-1.50) 0.204 50 0.85(0.59-1.21) 0.368
Race

Non-Hispanic White 6.8 1.0 REF 5.7 1.0 REF

Non-Hispanic Black 7.2 1.08 (0.82-1.42) 0.595 6.5 1.24(0.91-1.69) 0.182

Hispanic 7.0 1.08 (0.75-1.55) 0.681 43  0.76 (0.49-1.18) 0.220

Other/Unknown 7.8 1.20 (0.92-1.56) 0.176 6.0 1.26 (0.86-1.84) 0.231
Diabetes

Yes 8.2 1.02 (0.81-1.28) 0.846 58  0.88(0.68-1.12) 0.300

No 6.9 1.0 REF 5.8 1.0 REF
Smoker

Yes 8.1 1.09 (0.91-1.30) 0.367 58  0.88(0.69-1.13) 0.313

No 6.9 1.0 REF 5.8 1.0 REF
COPD

Yes 10.4 1.47 (1.03-2.11) 0.034 6.4  1.05(0.70-1.58) 0.814

No 7.0 1.0 REF 5.8 1.0 REF
Hypertension

Yes 7.7 1.05 (0.87-1.27) 0.600 6.0 0.93(0.77-1.12) 0.446

No 7.0 1.0 REF 5.6 1.0 REF
ASA Class

1-2 5.8 1.0 REF 6.1 1.0 REF

3-4 7.6 1.09 (0.86-1.38) 0.481 50 1.07 (0.85-1.36) 0.565
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Surgical Site Infection (n=748, 7.1%)

Bile Leak (n=611, 5.8%0)

Patient Characteristic Rate OR (95% CI) PValue Rate OR(95%CIl) P Value
BMI (kg/m2)

<185 3.9 0.54 (0.27-1.06) 0.073 56  0.91(0.47-1.75) 0.783

18.5-24.9 7.0 1.0 REF 5.7 1.0 REF

25-29.9 6.9 0.93 (0.77-1.11) 0.411 57  0.98(0.82-1.18) 0.851

230 7.5 1.04 (0.88-1.23) 0.639 59  1.03(0.83-1.27) 0.817
Histologic Indication

Primary Hepatic Malignancy 8.9 1.12 (0.95-1.33) 0.185 75  1.05(0.82-1.33) 0.714

Metastatic Disease 4.6 1.0 REF 5.6 1.0 REF

Benign 49  090(0.73-1.12)  0.363 49 101(0.75-1.36)  0.935

Unknown 5.6 0.72 (0.34-1.50) 0.378 46  0.98 (0.55-1.76) 0.954
Neoadjuvant Therapy Received

Yes 8.5 1.11 (0.89-1.38) 0.346 6.3 1.01(0.77-1.31) 0.961

No 6.5 1.0 REF 55 1.0 REF
Extent of Hepatectomy

Minor 5.9 1.0 REF 4.3 1.0 REF

Major = 9.5 1.16 (0.98-1.37) 0.078 87 1.38(1.17-1.63) <0.001
Surgical Approach

Open 8.4 1.92 (1.55-2.38) <0.001 6.8  1.46(1.11-1.92) 0.007

Minimally Invasive * 3.6 1.0 REF 31 1.0 REF
Length of Operation

<3 hours 43 1.0 REF 3.2 1.0 REF

3-5 hours 7.9 1.54 (1.25-1.90) <0.001 6.4  1.51(1.19-1.93) 0.001

>5 hours 109  204(1.62-257) <0001 95 203 (1.52-2.72) <0.001
Prophylactic Drain Placed

Yes 9.3 1.49 (1.24-1.78) <0.001 112 6.08(4.47-8.27)  <0.001

No 54 1.0 REF 1.8 1.0 REF

*
Surgical Site Infection (SSI) includes superficial, deep, and organ space infections not present at the time of surgery

Hok

Major hepatectomy includes left hepatectomy, right hepatectomy, and trisectionectomy

Aok
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*
Includes laparoscopic/robotic converted to open
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