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Abstract
Introduction Safety of synchronous hepatectomy and colorectal resection (CRR) for metastatic colorectal cancer remains con-
troversial. We hypothesized that both the extent of hepatectomy and CRR influences postoperative outcomes.
Methods Prospective 2005–2013 ACS-NSQIP data were retrospectively reviewed for mortality and major morbidity (MM) after
(1) isolated hepatectomy, (2) isolated CRR, and (3) synchronous resection for colorectal cancer. Hepatectomy and CRR risk
categories were created based on mortality and MM of respective isolated resections. The synchronous cohort was then stratified
based on risk categories. Cumulative asynchronous mortality and MM were estimated compared to that observed in the syn-
chronous cohort via unadjusted relative risk and risk difference.
Results There were 43,408 patients identified. Among isolated hepatectomy patients (N=6,661), trisectionectomy and
right hepatectomy experienced the greatest mortality and were defined as Bmajor^ hepatectomy. Among isolated
CRR patients (N=35,825), diverted left colectomy, abdominoperineal resection, total abdominal colectomy, and total
abdominal proctocolectomy experienced the greatest MM and were defined as Bhigh risk^ CRR. Synchronous
patients (N=922) were stratified by hepatectomy and CRR risk categories; mortality and MM varied from 0.9 to
5.0 % and 25.5 to 55.0 %, respectively. Mortality and MM were greatest for patients undergoing Bhigh risk^ CRR
and Bmajor^ hepatectomy and lowest for synchronous CRR and Bminor^ hepatectomy. As both CRR and hepatec-
tomy risk categories increased, there was a significant trend in increasing mortality and MM in synchronous patients.
Additionally, comparison of the synchronous resections versus the estimated cumulative asynchronous outcomes
showed that (1) mortality was significantly less after synchronous minor hepatectomy and either low or high risk CRR, and

(2) neither mortality nor major morbidity differed significantly
after major hepatectomy with either high or low risk CRR.
Conclusion Major morbidity after synchronous hepatic and
colorectal resections vary incrementally and are related to both
the risk of hepatectomy and CRR. Stratification of outcomes
by the hepatectomy and CRR components may reflect a more
accurate description of risks. Comparison of synchronous and
combined outcomes of individual operations supports a po-
tential benefit for synchronous resections with minor
hepatectomy.
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Introduction

Colon and rectal cancer is the third most common cancer
diagnosis and the third leading cause of cancer death among
both men and women in the USA.1

,2 Recent Surveillance,
Epidemiology, and End Results Program (SEER) statistics
reveal that 20 % of colorectal cancer patients have distant
disease at diagnosis.3 The liver is the most common site of
distant metastases, and among patients with stage IV colorec-
tal cancer, the liver is the only site of distant metastases in as
many as 77% of patients.4Modern chemotherapy has resulted
in improved response and survival rates for patients with he-
patic metastases and also has increased the rate of resectability
for hepatic metastases in selected patients.5

–8 To date, resec-
tion remains the best opportunity for long-term survival for
patients with hepatic metastases from colorectal cancer.9

–13

The synchronous management of both the primary and
metastatic colorectal cancer continues to evolve. Whether se-
quential resection of the primary and metastatic colorectal
cancer or synchronous resection of stage IV colorectal cancer
is in the best interest of the patient remains controversial.14

–16

The overall safety of hepatic resection for both primary
hepatobiliary and metastatic disease continues to improve
due to advances in preoperative imaging, improved under-
standing of liver anatomy, improved surgical techniques, im-
proved perioperative management, and patient selection.17

–19

Moreover, centralization of these procedures to high volume
and academic centers where they are performed by surgeons
with advanced specialty training and supporting institutional
infrastructure has contributed to the improved safety of major
hepatic resection.20 Consequently, synchronous resection of
stage IV colorectal cancer has been undertakenmore frequent-
ly. Al though low opera t ive mor ta l i ty has been
reported,8

,14,21–23 selection of patients often has been limited
to patients with lower T-stage primary colorectal cancers and
limited hepatic metastases compared to patients undergoing
sequential resection of stage IV colorectal cancer.24

,25

Currently, data regarding the surgical outcomes of synchro-
nous colorectal and hepatic resection for stage IV colorectal
cancer are limited largely to single-institution case
series.9

,15,21,26–28 Whether such reports are representative
broadly of other US hospitals is unknown. Many single-
institution studies lack sufficient power to adequately address
the differences in perioperative outcomes for different combi-
nations of synchronous colorectal and hepatic resections.
Moreover, most studies addressing mortality and morbidity
after synchronous hepatic and colorectal resections for stage
IV colorectal cancer have not stratified the outcomes by both
extent of hepatic resections and the location or type of con-
current colorectal resections. Most studies report morbidity
and mortality rates stratified only by the extent of hepatic
resection as major or minor hepatectomy but consolidate all
colorectal resections into a singular entity.14

,23,29 However,

current evidence suggests that morbidity for colorectal resec-
tions vary based on the type and location of resection as well
as the use of intestinal diversion.30

,31 Therefore, it is reason-
able to expect that type of colorectal resections may influence
the morbidity of synchronous resections as well.

We sought to assess perioperative major morbidity and
mortality after synchronous colorectal and hepatic resection
for stage IV colorectal cancer from a large, multi-institutional
database. Our primary aim was to identify whether operative
risk does in fact vary by both the risk due to the extent of
hepatectomy as well as the risk due to the type and location
of the colorectal resection. We further hypothesized that pre-
operative risk stratification of synchronous resections by both
hepatic and colorectal resection risk type would be useful
clinically and potentially allow more accurate identification
of patient outcomes and assist in preoperative planning and
counseling of this patient population. A secondary aim was to
compare the synchronous cohort’s morbidity and mortality to
those of similar isolated resections.

Methods

Data Source

The American College of Surgeons–National Surgical Quality
Improvement Program (ACS-NSQIP) database is a prospec-
tively maintained outcome database of 135 variables includ-
ing 30-day morbidity and mortality for patients undergoing
surgical procedures. Specific details regarding data collection,
outcome variable definitions, quality control, and personnel
training are available on the ACS-NSQIP website.14

Design

The 2005–2013 ACS-NSQIP database Participant-User
File (PUF) contains 2.97 million records and was
reviewed for three distinct cohorts: (1) all isolated open
colorectal resections for primary colorectal cancer, (2) all
isolated open hepatic resections for metastatic colorectal
cancer, and (3) all synchronous colorectal and hepatic
resections for primary and metastatic colorectal cancer.
Patients in the isolated colorectal and isolated hepatic re-
section cohorts were identified by primary procedure
using Current Procedural Terminology (CPT) codes.15

For colorectal resections, 44,160 represented right
colectomy; 44,140 represented left colectomy without di-
version; 44,145, 44,146, 44,147, 45,111, 45,112, 45,114,
and 44,119 represented partial proctectomy with low pel-
vic anastomosis/low anterior resection (LAR); 44,141, 44,
143 and 44,144 represented left colectomy with anasto-
mosis and diversion; 44,150 and 44,151 represented total
abdominal colectomy; 44,155, 44,156, 44,157, and 44,
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158 represented total abdominal proctocolectomy, and 45,
110 represented abdominal perineal resection (APR). For
hepatic resections, 47,120, 47,125, 47,130, and 47,122
represented partial hepatectomy (PH), left hepatectomy
(LH), right hepatectomy (RH), and trisectionectomy
(TS), respectively. The same colorectal and hepatic resec-
tion codes were used to identify the synchronous resection
cohort; patients were included in the synchronous cohort
if they had both a colorectal and hepatic resection during
the same operation with one of these was coded as their
primary procedure. Patients with procedure codes for
more than one type of hepatectomy were categorized
based on the larger of resections performed. For example,
if a right hepatectomy and a partial hepatectomy were
coded for a patient, right hepatectomy was used. If a pa-
tient had two or more partial hepatectomies, partial hepa-
tectomy was used. Patients having procedure codes for
more than one type of colorectal resection were excluded
from all cohorts (n=686).

Diagnoses of primary andmetastatic colorectal cancer were
identified using ICD9 codes 153, 153.0-4, 153.6-9, 154,
154.0-3, 154.8, 197.5, and 197.7.16

In an attempt to achieve mutually exclusive groups and
minimize ambiguity of diagnosis, patients were only in-
cluded if identified by the aforementioned CPT and ICD-
9 codes. Patients were also excluded for any of the fol-
lowing preoperative conditions: emergent operation, preg-
nant, American Society of Anesthesiologists (ASA) class
5, ventilator dependent, sepsis, septic shock, systemic in-
flammatory response syndrome (SIRS), pneumonia, open
wound, wound infection, acute renal failure, coma, trans-
fusion of >4 units RBCs in prior 72 h, and dialysis(n=43,
772). In an attempt to reduce confounding of operations
and to create sample populations that were limited to the
inherent risks of each of the three cohorts, patients with
concurrent operations not typical of an isolated colectomy,
isolated hepatectomy, and/or synchronous colorectal and
hepatic resection also were excluded (n=3,147) (e.g., hys-
terectomy, splenectomy, hernia repair, nephrectomy, pneu-
monectomy, thyroidectomy, etc.). Cases were not excluded
for common concomitant operations such as feeding tube,
central line placement, and laparoscopy.

Patient demographic and outcome variables were
reviewed. Primary end points for this study were major mor-
bidity and mortality within 30 days postoperatively. Compli-
cations defined as major morbidity included cardiac arrest
requiring cardiopulmonary resuscitation (CPR), myocardial
infarction, stroke/CVA with neurological deficit, wound dis-
ruption, deep incisional surgical site infection (SSI), organ
space SSI, sepsis or septic shock, unplanned intubation, ven-
tilator >48 h, pneumonia, acute renal failure, progressive renal
insufficiency, DVT/thrombophlebitis, pulmonary embolism,
and return to the operating room.

Statistical Methodology and Analysis

As previously described, mortality among open hepatic resec-
tions can accurately and sufficiently differentiate hepatic re-
sections into major and minor resection categories.32

,33 There-
fore, as previously described, mortality for each isolated he-
patic resection was reviewed. The two resections associated
with the greatest mortality were compared as were the two
resections with the lowest mortality32

,33 and consolidated into
major or minor hepatic resection categories. Chi-square tests
were then performed to assess differences in major morbidity
and mortality between the major and minor resection
categories.

Regardless of the type of colorectal operation, postopera-
tive mortality after elective resections remains relatively low
and without great variation31

,34,35 and therefore, a priori, was
considered an unlikely differentiating factor among colorectal
operations. Therefore, major morbidity, instead of mortality as
with hepatic resections, was reviewed for each isolated colo-
rectal resection. The rate of major morbidity for each isolated
colorectal procedure was calculated and ranked, least to
greatest. The isolated colorectal operations where then divided
into two groups based on the major morbidity rate per opera-
tion. The operations within each of these two groups were
then compared via chi-square test to determine whether they
were statistically not different and therefore could sufficiently
be consolidated into a singular risk category. These two risk
categories were labeled Bhigh risk^ and Blow risk^ with re-
spect to their relative major morbidity rates. After consolida-
tion of the isolated colorectal resections into two risk catego-
ries, chi-square test was performed to compare major morbid-
ity and mortality between the two risk categories.

After defining the risk categories for both CRR (high and
low risk) and hepatectomy (major and minor), the synchro-
nous cohort was then stratified according to the combination
of the new CRR and hepatectomy risk categories. Major mor-
bidity and mortality rates of the stratified synchronous cohort
were determined and compared. A one-sided Cochran-
Armitage trend test was utilized to assess whether major mor-
bidity and mortality rates increased significantly as the as the
risk of CRR and risk of hepatectomy increases.

Currently, the ACS-NSQIP PUF data are reported without
patient identifiers, any longitudinal data, or ability to link pa-
tient occurrences and therefore all entries are assumed to be
independent patient encounters. As such, each encounter rep-
resents an occurrence and a contribution to the probability of
an outcome for their respective operation specific cohort. For
further inferential and supplemental analysis, we estimated the
cumulative asynchronous probabilities of major morbidity
and mortality of the two independent events isolated hepatec-
tomy (major or minor) and an isolated colectomy (high risk or
low risk). The cumulative asynchronous estimates of major
morbidity and mortality were performed via the addition law
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of probability (or the sum rule) method of adding mutually
inclusive probabilities which accounts for the statistical
Boverlap^ that is not accounted for by simply adding the two
outcomes of interest.36

,37 The method estimates the probabil-
ity of an outcome of interest occurring in either or both oper-
ations. The probability of experiencing morbidity or mortality
after the two isolated procedures was derived as one minus the
probabilities of being morbidity or mortality free from the two
independent procedures. Standard errors of the combined es-
timate were derived using the delta method, as previously
described.38

,39 The estimated cumulative asynchronous major
morbidity and mortality then were compared to actual ob-
served outcomes of the synchronous cohort via relative risk
(RR) and risk difference (RD). RR was calculated with the
synchronous cohort’s outcomes in the numerator, whereby
RR >1 confers a greater estimated risk within the synchronous
cohort. RD was calculated by subtracting the estimated cumu-
lative asynchronous outcomes from the outcomes of the syn-
chronous cohort, whereby a positive RD confers greater risk
in the synchronous cohort.

All p values were considered significant at p <0.05. All
statistical analysis was performed using SAS version 9.3
(SAS Institute Inc., Cary, NC).

Results

Isolated Hepatectomy for Colorectal Cancer Cohort

Six thousand six hundred sixty-one (6661) patients were iden-
tified in NSQIP 2005–2013 PUF undergoing an isolated hep-
atectomy and met inclusion criteria. There were 4009 partial
hepatectomies, 583 left hepatectomies, 1466 right hepatecto-
mies, and 603 trisectionectomies (Fig. 1).

Definition of Hepatic Resection Risk Category Using
the Isolated Hepatectomy Cohort

Overall 30-day major morbidity rate for all isolated hepatic
resections was 14.0 % (n=934). Overall 30-day mortality was
1.11 % (n=74). Hepatic resections associated with the greatest
mor ta l i ty were r igh t hepa tec tomy (2 .3 %) and
trisectionectomy (2.0 %). Mortality rates did not differ be-
tween these hepatic resections (p=0.71); therefore, they were
combined and labeled as BMajor^ hepatectomies. Hepatic re-
sections associated with the lowest mortality were partial hep-
atectomy (0.6 %) and left hepatectomy (0.5 %). Mortality
rates after these hepatic resections were not different (p=
1.00) and therefore were combined and labeled as BMinor^
hepatectomies.

Mortality of minor hepatectomies (0.6 %) was significantly
lower than major hepatectomies (2.2 %) (p<0.001) (Fig. 2).
Major morbidity was 11.0 % in the minor hepatectomy

category compared to 20.8 % in the major hepatectomy cate-
gory (p<0.001).

Isolated Colectomy for Colorectal Cancer Cohort

Thirty-five thousand eight hundred twenty-five (35,825) pa-
tients were identified in ACS-NSQIP 2005–2013 PUF under-
going an isolated colectomy for colorectal cancer and met
inclusion criteria. There were 5644 right colectomies, 11,751
left colectomies without diversion, 11,025 LAR, 2287 left
colectomies with diversion, 787 total abdominal colectomies,
812 total abdominal proctocolectomies, and 3519 APRs
(Fig. 3).

Definition of Colorectal Resection Risk Categories Using
the Isolated CRR Cohort

Overall 30-day major morbidity rate for all isolated colorectal
resections was 17.1 % (n=6141). Overall 30-day mortality for
all isolated colorectal resections was 2.1 % (n=759). Colorec-
tal resections associated with the greatest major morbidity
were left colectomy with diversion (22.2 %), total abdominal
colectomy (24.5 %), total abdominal proctocolectomy
(24.0 %), and APR (21.8 %). Major morbidity rates did not
differ among these colorectal resections (p=0.26); therefore,
they were combined and labeled as BHigh Risk^. Colorectal
resections associated with the least major morbidity were right
colectomy (15.8 %), left colectomy without diversion
(15.4 %), and LAR (16.2 %). Major morbidity rates did not
differ among these colorectal resections (p=0.27) and there-
fore were combined and labeled as BLow Risk^.

Major morbidity after colorectal resections categorized as
low risk (15.8 %) was significantly lower than after colorectal
resections categorized as high risk (22.4 %) (p<0.001)
(Fig. 4). The mortality rate was significantly greater for the
high risk category (2.5 %) than for the low risk category
(2.0 %) (p=0.014).

Synchronous Resection of Colorectal Primary and Liver
Metastasis Cohort

Nine hundred twenty-two (922) patients were identified in
ACS-NSQIP 2005–2013 PUF undergoing synchronous colo-
rectal and liver resection for primary and metastatic colorectal
cancer and met inclusion criteria. The synchronous cohort was
stratified by the previously defined Bhigh^ or Blow^ risk co-
lorectal resections and by Bmajor^ or Bminor^ hepatectomy.
Thus, there were four possible synchronous resection catego-
ries: (1) high risk CRR and major hepatectomy (n=20), (2)
low risk CRR and major hepatectomy (n=148), (3) high risk
CRR and minor hepatectomy (n=112), and (4) low risk CRR
and minor hepatectomy (n=642) (Fig. 5).
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Synchronous Resection Cohort: Preoperative
Characteristics

Among patients undergoing synchronous resection, 33.9 % of
patients were 65+ years, 9.3 % were 75+, 29.4 % were obese
(BMI≥30), 13.0 % were diabetic requiring insulin or non-
insulin oral medication, and 19.9 % had received chemother-
apy within 30 days prior to their operation. These patient
characteristics were not significantly different among the four
synchronous resections (p>0.05). Similarly preoperative lab-
oratory findings including preoperative serum creatinine, se-
rum albumin, total bilirubin, SGOT, INR, and platelet counts
did not differ among the four synchronous resections
(p>0.05). There was a significant differences in preoperative
alkaline phosphatase (p=0.004) in patients who underwent

synchronous resection and major hepatectomy compared to
patients who underwent synchronous resection and minor
hepatectomy (Table 1).

Synchronous Resection Cohort: Postoperative Outcomes

Major Morbidity Stratified by Colorectal and Hepatic
Resection Risk Groups

The overall observed rate of major morbidity for pa-
tients after synchronous resection was 29.0 % (n=
267). Observed major morbidity among the four syn-
chronous resection categories was 55.0 % (n=11) for
high risk CRR and major hepatectomy, 39.2 % (n=58)
for low risk CRR and major hepatectomy, 30.4 % (n=

Fig. 1 Frequency of isolated
hepatic resection

Fig. 2 Defining hepatic resection
risk categories by observed 30-
day mortality in the isolated hep-
atectomy cohort
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34) for high risk CRR and minor hepatectomy, and
25.5 % (n=164) for low risk CRR and minor hepatec-
tomy (p<0.001). Cochran-Armitage Trend Test con-
firmed these findings as a statistically significant trend
in major morbidity across the four synchronous resec-
tion risk categories (p<0.001) (Fig. 6).

Mortality Stratified by Colorectal and Hepatic Resection Risk
Groups

The overall 30-day mortality rate for the synchronous cohort
was 1.7 % (n=16). Observed 30-day mortality rate among the
four possible synchronous resection categories was 5.0 % (n=

Fig. 3 Frequency of isolated colorectal resection

Fig. 4 Defining colorectal resection risk categories by observed 30-day major morbidity in the isolated CRR cohort

J Gastrointest Surg (2015) 19:1982–1994 1987



1) for high risk CRR and major hepatectomy, 3.4 % (n=5) for
low risk CRR and major hepatectomy, 0.9 % (n=1) for high
risk CRR and minor hepatectomy, and 1.4 % (n=9) for low
risk CRR and minor hepatectomy (p=0.15). Cochran-
Armitage Trend Test again confirmed these findings as a sta-
tistically significant trend in mortality (p=0.038) (Fig. 7).

Additional Analysis

Comparison of Estimated Cumulative Major Morbidity
and Mortality of Isolated Colorectal and Hepatic Resections
to that of the Synchronous Resection Cohort

Estimated cumulative asynchronous risk of major morbidity
and mortality for isolated high risk colorectal resection and
isolated major hepatectomy was 38.6 and 4.6 %, respec-
tively. When compared to the synchronous high risk colo-
rectal resection and major hepatectomy cohort, the relative
risk for major morbidity and mortality was 1.43 and 1.09,
respectively, and the risk difference was 16.4 and 0.4 %,
respectively. The risk difference was not significantly dif-
ferent for either major morbidity or mortality (p>0.05)
(Tables 2 and 3).

Estimated cumulative asynchronous risk of major morbid-
ity and mortality for isolated low risk colorectal resection and
isolated major hepatectomy was 33.3 and 4.2 %, respectively.
When compared to the synchronous low risk colorectal resec-
tion and major hepatectomy cohort, the relative risk for major
morbidity and mortality were 1.18 and 0.81, respectively, and

the risk difference was 5.9 and −0.78 %, respectively. The risk
difference was not significantly different for either major mor-
bidity or mortality (p>0.05) (Tables 2 and 3).

Estimated cumulative asynchronous risk of major mor-
bidity and mortality for isolated high risk colorectal resec-
tion and isolated minor hepatectomy was 31.0 and 3.1 %,
respectively. When compared to the synchronous high risk
colorectal resection and minor hepatectomy cohort, the rel-
ative risk for major morbidity and mortality was 0.98 and
0.29, respectively, and the risk difference was −0.60 and
−2.2 %, respectively. The risk difference revealed a statis-
tically significant decrease in the risk of mortality in the
synchronous cohort compared to estimated cumulative
asynchronous risk observed in the isolated resections (p=
0.016). The risk difference for major morbidity was not
significant (p=0.89) (Tables 2 and 3).

Estimated cumulative asynchronous risk of major mor-
bidity and mortality for isolated low risk colorectal resec-
tion and isolated minor hepatectomy was 25.0 and 2.6 %,
respectively. When compared to the synchronous low risk
colorectal resection and minor hepatectomy cohort, the rel-
ative risk for major morbidity and mortality was 1.02 and
0.53, respectively, and the risk difference was 0.54 and
−1.2 %, respectively. The risk difference revealed a statis-
tically significant decrease in the risk of mortality in the
synchronous cohort compared to the estimated cumulative
asynchronous risk observed in the isolated resections (p=
0.011). The risk difference for major morbidity was not
significant (p=0.76) (Tables 1 and 2).

Fig. 5 Frequency of synchronous resection by isolated resection risk categories
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Table 1 Synchronous cohort preoperative patient characteristics

All
(n=922)

High risk
colectomy+
major hepa
tectomy
(n=20)

Low risk
colectomy+
major hepa
tectomy
(n=148)

High risk
colectomy+
minor hepa
tectomy
(n=112)

Low risk
colectomy+
minor hepa
tectomy
(n=642)

P value

Age category, no. (col %) 0.32

<50 199 (21.6) 7 (35.0) 39 (26.4) 27 (24.1) 126 (19.6)

50–64 410 (44.5) 7 (35.0) 60 (40.5) 54 (48.2) 289 (45.0)

65–74 227 (24.6) 6 (30.0) 36 (24.3) 24 (21.4) 161 (25.1)

75+ 86 (9.3) 0 (0.0) 13 (8.8) 7 (6.3) 66 (10.3)

Body mass index, no. (col %) 0.64

Not available 9 2 1 6

<18.5 21 (2.3) 0 (0.0) 5 (3.4) 3 (2.7) 13 (2.0)

18.5–24.9 297 (32.5) 10 (50.0) 52 (35.6) 36 (32.4) 199 (31.3)

25.0–29.9 327 (35.8) 4 (20.0) 53 (36.3) 40 (36.0) 230 (36.2)

30+ 268 (29.4) 6 (30.0) 36 (24.7) 32 (28.8) 194 (30.5)

Diabetes mellitus (any), no. (col %) 0.32

Insulin or non-insulin/oral 120 (13.0) 1 (5.0) 14 (9.5) 17 (15.2) 88 (13.7)

Chemotherapy in ≤30 days pre-op,
no. (col %)

0.83

Not available 434 6 75 42 311

Yes 97 (19.9) 3 (21.4) 15 (20.5) 11 (15.7) 68 (20.5)

Preoperative serum creatinine, no. (col %) 0.72

Not available 33 1 6 6 20

≤1.0 717 (80.7) 14 (73.7) 118 (83.1) 88 (83.0) 497 (79.9)

>1.0 to <1.5 148 (16.6) 4 (21.1) 21 (14.8) 17 (16.0) 106 (17.0)

1.5+ 24 (2.7) 1 (5.3) 3 (2.1) 1 (0.9) 19 (3.1)

Preoperative serum albumin, no. (col %) 0.55

Not available 154 2 24 28 100

<3.5 126 (16.4) 1 (5.6) 18 (14.5) 14 (16.7) 93 (17.2)

≥3.5 642 (83.6) 17 (94.4) 106 (85.5) 70 (83.3) 449 (82.8)

Preoperative total bilirubin, no. (col %) 0.51

Not available 119 2 14 20 83

≤1.0 747 (93.0) 16 (88.9) 128 (95.5) 86 (93.5) 517 (92.5)

>1.0 to <2.0 51 (6.4) 2 (11.1) 5 (3.7) 5 (5.4) 39 (7.0)

≥2.0 5 (0.6) 0 (0.0) 1 (0.7) 1 (1.1) 3 (0.5)

Preoperative alkaline phosphatase, no. (col %) 0.004

Not available 119 2 15 19 83

<120 660 (82.2) 13 (72.2) 96 (72.2) 81 (87.1) 470 (84.1)

120+ 143 (17.8) 5 (27.8) 37 (27.8) 12 (12.9) 89 (15.9)

Preoperative SGOT, no. (col %) 0.071

Not available 132 2 20 20 90

≤44 704 (89.1) 15 (83.3) 107 (83.6) 86 (93.5) 496 (89.9)

45–300 86 (10.9) 3 (16.7) 21 (16.4) 6 (6.5) 56 (10.1)

301–500 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

501+ 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Preoperative INR, no. (col %) 0.33

Not available 200 4 24 32 140

<1.5 710 (98.3) 16 (100.0) 124 (100.0) 78 (97.5) 492 (98.0)

1.5+ 12 (1.7) 0 (0.0) 0 (0.0) 2 (2.5) 10 (2.0)

Preoperative platelet count, no. (col %) 0.22

Not available 22 1 4 2 15

≤100 19 (2.1) 0 (0.0) 1 (0.7) 0 (0.0) 18 (2.9)
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Discussion

To our knowledge, this study is the first large multi-institutional
investigation assessing operative morbidity and mortality after
synchronous surgical management of stage IV colorectal cancer
by stratifying synchronous colorectal and hepatic resections by
both the extent and risk of the hepatectomy as well as the type
and risk of the colorectal resection. Our findings from this review
of the ACS-NSQIP PUF reveal that both postoperative mortality
and major morbidity can be effectively stratified by the type of
isolated hepatectomy and isolated colorectal resection for stage
IV colorectal cancer. Furthermore, we have shown that synchro-
nous colorectal and hepatic resections for stage IV colorectal
cancer can be stratified using these newly defined risk categories.
Finally, our primary hypothesis was confirmed; outcomes after
synchronous resections do in fact vary based upon both the ex-
tent of hepatic resection and the type of colorectal resection per-
formed. In fact, when the synchronous resection cohort is strati-
fied by both the risk of the hepatectomy and risk of the
colectomy, there is a significant trend in major morbidity and
mortality as risk of colectomy and risk of hepatectomy increase.

We also performed inferential statistical comparisons of the
estimated cumulativemortality andmorbidity of two isolated and
independent operations (hepatectomy and colorectal resection) to
that of a similarly stratified synchronous cohort. While sample
size is certainly lacking from the synchronous cohort, several
interesting observations were found. Synchronous colorectal
and hepatic resections were associated with a reduced operative
mortality risk for any colorectal resection (high or low risk) with
minor hepatectomy compared to the estimated cumulative mor-
tality from similar isolated resections. Conversely, we found no
such association or benefit for synchronous resections involving
major hepatectomy. Despite the overall patients’ sample size, the
small number of patients undergoing synchronous major hepatic
resection and CRR was insufficient to determine whether actual
risk differed significantly.

Prior studies have demonstrated the overall safety of synchro-
nous resections,40 though synchronous resections are often per-
formed for less extensive hepatic disease. Clearly in patients who
harbor metastases that require a major hepatectomy, careful pa-
tient selection has been advocated. In fact, even in selected pa-
tients, hepatectomy may be aborted intraoperatively for issues
related to the CRR. Moreover, although extensive hepatic

metastases may prompt major hepatectomy, staged hepatectomy
may be required to address the extent of hepatic disease which
precludes synchronous resection of the primary colorectal cancer
and all hepatic metastases. However, because minor hepatic re-
sections are not associated with increased risk of perioperative
mortality or major morbidity, synchronous resection of the minor
component of the staged hepatic resection and CRR are support-
ed by these data. Regardless of specific patient selection criteria
for complex hepatic resections, our results support the efficacy of
any colorectal resection with minor hepatectomy. Specifically,
these ACS-NSQIP data show that low risk colorectal resection
and minor hepatectomy is the most frequent synchronous surgi-
cal approach for stage IV colorectal cancer, and these data sup-
port its efficacy. Further study of synchronous high risk colorec-
tal resection withmajor hepatectomywill be required to establish
clinical recommendations for such patients.

Although outcomes for synchronous resection have been pub-
lished stratifying by major and minor hepatectomy, this report is
first to (1) define major and minor hepatectomy as well as high
and low risk colorectal resections for stage IV colorectal cancer
based on the statistical differences in actual outcomes encoun-
tered, (2) stratify synchronous resection outcomes based on the
individual risks of both the hepatic and colorectal resection com-
ponents, and (3) estimate the potential benefit or harm posed by
synchronous resection when compared to the estimated cumula-
tive mortality and major morbidity experienced by the same
resections performed in an isolated and independent fashion.

These findings have potential impact to patient care and
quality of life. The ability to counsel patients on their risks
of surgical resection in a more granular fashion, with respect
to the risk of the colorectal and hepatic components, will aid in
surgical and patient informed decision making. Moreover,
given the national multi-institutional source of the data and
large sample size of patients with colorectal and hepatic resec-
tions, these findings may serve as national benchmarks for
which major morbidity and mortality following synchronous
resections can be compared. The ability to perform colorectal
and hepatic resections in a synchronous fashion have several
potential benefits to patient care including limiting surgical
care to one general anesthetic, overall less inpatient time,
and an earlier resumption of adjuvant therapy. However, these
potential benefits are likely to only be possible if the patient
has a relatively uncomplicated postoperative period.

Table 1 (continued)

All
(n=922)

High risk
colectomy+
major hepa
tectomy
(n=20)

Low risk
colectomy+
major hepa
tectomy
(n=148)

High risk
colectomy+
minor hepa
tectomy
(n=112)

Low risk
colectomy+
minor hepa
tectomy
(n=642)

P value

101–450 847 (94.1) 19 (100.0) 134 (93.1) 106 (96.4) 588 (93.8)

451+ 34 (3.8) 0 (0.0) 9 (6.3) 4 (3.6) 21 (3.3)
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Therefore, the safety of (and not simply the ability) to perform
synchronous colorectal and hepatic resections must be
weighed against the safety of performance in an asynchronous
fashion. The findings of this study have demonstrated the
safety of synchronous resection when involving a minor hep-
atectomy at the time of high or low risk colorectal resections.
However, there are insufficient data and sample size within

this study to conclude confidently that synchronous colorectal
resection and major hepatectomy is unsafe or significantly
harmful. Although these findings support synchronous resec-
tions for stage IV colorectal cancer, intraoperative clinical
judgment of patient factors, technical factors, and institutional
factors will determine completion of the planned preoperative
strategy for the individual patient. Further strategies and

Fig. 6 Observed incidence of
major morbidity among
synchronous resection categories

Fig. 7 Observed incidence of
mortality among synchronous
resection categories
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experience in high volume centers to address specific issues
affecting the safety of synchronous major hepatectomy at the
time of high and low risk colorectal resections are needed.

Limitations

This study has several potential limitations. First, it is a retro-
spective review of a prospective database. Although the
American College of Surgeons has stringent quality control

measures in place to maintain the integrity of the data, there
are inherent limitations of such a dataset. Second, the database
does not contain colectomy- or hepatectomy-specific vari-
ables. Thus, factors predictive of complications for each oper-
ative component could not be determined. Specific complica-
tions which may be graded as major morbidity such as fistula
or pelvic abscess, biliary leak or fistula, hepatic failure, etc. are
not available; therefore, our analysis may underestimate mor-
bidity rates. ACS-NSQIP provides only one postoperative

Table 2 Estimated cumulative major morbidity of isolated hepatectomy and isolated colorectal resection compared to the observed major morbidity of
synchronous resection

Major
morbidity

Isolated
hepatectomy

Isolated
colorectal
resection

Estimated
cumulative
major
morbidity:
isolated
hepatectomy
and isolated
CRR

Observed
major
morbidity of
synchronous
resection

Relative risk
(synchronous/
estimated)

Risk difference
(synchronous−
estimated)

p value of
risk
difference

95 %Confidence
interval of risk
difference

High risk colectomy
and major
hepatectomy

20.8 % 22.4 % 38.6 % 55.0 % 1.43 16.4 % 0.14 −5.4 %, 38.3 %

Low risk colectomy
and major
hepatectomy

20.8 % 15.8 % 33.3 % 39.2 % 1.18 5.9 % 0.15 −2.1 %, 14.0 %

High risk colectomy
and minor
hepatectomy

11.0 % 22.4 % 31.0 % 30.4 % 0.98 −0.60 % 0.89 −9.2 %, 8.0 %

Low risk colectomy
and minor
hepatectomy

11.0 % 15.8 % 25.0 % 25.6 % 1.02 0.54 % 0.76 −3.0 %, 4.0 %

Table 3 Estimated cumulative mortality of isolated hepatectomy and isolated colorectal resection compared to the observed mortality of synchronous
resection

Mortality Isolated
hepatectomy

Isolated
colorectal
resection

Estimated
cumulative
probability: isolated
hepatectomy and
isolated CRR

Observed
mortality of
synchronous
resection

Relative risk
(synchronous/
estimated)

Risk difference
(synchronous−
estimated)

p value of
risk
difference

95 % Confidence
interval of risk
difference

High risk
colectomy and
major
hepatectomy

2.2 % 2.5 % 4.6 % 5.0 % 1.09 0.39 % 0.94 −9.2 %, 10.0 %

Low risk
colectomy and
major
hepatectomy

2.2 % 2.0 % 4.2 % 3.4 % 0.81 −0.78 % 0.61 −3.8 %, 2.2 %

High risk
colectomy and
minor
hepatectomy

0.63 % 2.5 % 3.1 % 0.89 % 0.29 −2.2 % 0.016 −4.0 %, −0.42 %

Low risk
colectomy and
minor
hepatectomy

0.63 % 2.0 % 2.6 % 1.4 % 0.53 −1.2 % 0.011 −2.2 %, −0.29 %
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diagnosis code. Therefore, patients with a diagnosis of cirrho-
sis could not be specifically identified in this study. Third,
there are also no hospital- or surgeon-specific variables to
compare volume or experience. Fourth, survival analysis is
limited to 30-day outcomes although 90 days is considered
more clinically relevant. Fifth, as previously noted, ACS-
NSQIP data lack any patient identifiers or longitudinal data;
therefore, all resections and patient encounters within the
dataset are assumed to be independent observations and is in
general a limitation of the dataset. Although there is an as-
sumption of independence among the patient encounters, this
is not unique to this study or even this dataset, and in general
there exists a trade-off between variance and independence.
Also, the number of patients undergoing high risk colorectal
resection and major hepatectomy in a synchronous fashion
was too few for meaningful comparisons. Additionally, as
the primary aim of this study was the evaluation of a new
methodology for stratifying synchronous colorectal and he-
patic resection, the isolated resections groups were only used
for defining the cohorts by risk of major morbidity, mortality,
and procedure type. Therefore, no preoperative patient char-
acteristics were investigated or risk adjusted for. Finally, there
could certainly be selection bias among the synchronous co-
hort, beyond the predilection for minor hepatic resection that
cannot be fully explained given the data available within the
ACS-NSQIP PUF. Despite these limitations, however, this
report represents a large multicenter analysis evaluating the
impact of risk stratification by both the colorectal and hepatic
resection components of synchronous resections and the re-
spective postoperative outcomes.

Conclusions

We have shown that a more accurate and granular representa-
tion of 30-day outcomes following synchronous colorectal
and liver resection for primary and metastatic colorectal can-
cer can be achieved by stratification by both major and minor
hepatectomy as well as high and low risk colorectal resection.
Minor hepatectomies performed at the time of low and high
risk colorectal resections appear to be associated with relative-
ly low rate of major morbidity and mortality. This study was
insufficiently powered to make any significant conclusions
regarding synchronous resection involving major hepatecto-
my; therefore, cautious patient selection is warranted in can-
didates for synchronous major hepatectomy.

Finally, our findings suggest that future outcomes studies,
inter-institutional comparisons, performance measures, risk
calculators, and patient informed consent for synchronous co-
lorectal and liver resection should consider both the extent of
liver resection and the type of colorectal resection. This should
be done in order to more accurately account for anticipated
major morbidity, mortality, complexity of care as well as case

mix variation. Reporting outcomes without such stratification
may miss the opportunity to identify areas for improvement,
anticipate resource needs, and/or shed further light on the re-
maining areas without definitive conclusions. These data pro-
vide patients and providers with clinically relevant bench-
marks regarding synchronous hepatic and colorectal resection.
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