1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Surg. Author manuscript; available in PMC 2020 April 17.

-, HHS Public Access
«

Published in final edited form as:
Ann Surg. 2020 April ; 271(4): 724-731. doi:10.1097/SLA.0000000000003043.

Comprehensive Complication Index Validates Improved
Outcomes Over Time Despite Increased Complexity in 3,707
Consecutive Hepatectomy

Jordan M. Cloyd, MD1*, Takashi Mizuno, MD, PhDY*, Yoshikuni Kawaguchi, MD, PhD1,
Heather A. Lillemoe, MD!, Georgios Karagkounis, MD?, Kiyohiko Omichi, MD, PhD?, Yun
Shin Chun, MD, FACS?, Claudius Conrad, MD, PhD?, Ching-Wei D. Tzeng, MD, FACS?,
Bruno C. Odisio, MD, FACS?, Steven Y. Huang, MD, FACS?2, Marshall Hicks, MD, FACS?,
Steven H. Wei, PA-C, Thomas A. Aloia, MD, FACS?, Jean-Nicolas Vauthey, MD, FACS?
1Department of Surgical Oncology, The University of Texas MD Anderson Cancer Center, 1515
Holcombe Boulevard, Houston, Texas 77030, USA

2Department of Interventional Radiology, The University of Texas MD Anderson Cancer Center,
1515 Holcombe Boulevard, Houston, Texas 77030, USA

Abstract

Objective: To evaluate trends over time in perioperative outcomes for patients undergoing
hepatectomy.

Background: As perioperative care and surgical technique for hepatectomy have improved, the
indications for and complexity of liver resections have evolved. However, the resulting effect on
the short-term outcomes over time has not been well described.

Methods: Consecutive patients undergoing hepatectomy during 1998-2015 at one institution
were analyzed. Perioperative outcomes, including the comprehensive complication index (CCl),
were compared between patients who underwent hepatectomy in the eras 1998-2003, 2004-2009,
and 2010-2015.

Results: The study included 3707 hepatic resections. The number of hepatectomies increased in
each era (794 in 1998-2003, 1402 in 2004-2009, and 1511 in 2010-2015). Technical complexity
increased over time as evidenced by increases in the rates of major hepatectomy (20%, 23%, 30%,
p<0.0001), two-stage hepatectomy (0%, 3%, 4%, p<0.001), need for portal vein embolization (5%,
9%, 9%, p=0.001), and preoperative chemotherapy for colorectal liver metastases (70%, 82%,
89%, p<0.001) and median operative time (180, 175, 225 min, p<0.001). Significant decreases
over time were observed in median blood loss (300, 250, 200 mL, p<0.001), transfusion rate (19%,
15%, 5%, p<0.001), median length of hospitalization (7, 7, 6 days, p<0.001), and rates of CCI
>26.2 (20%, 22%, 16%, p<0.001) and 90-day mortality (3.1%, 2.6%, 1.3%, p=0.008). On
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multivariable analysis, hepatectomy in the most recent era 2010-2015 was associated with lower
incidence of CCI =26.2 (odds ratio, 0.69, 95% CI 0.57-0.84, p<0.0001).

Conclusion: Despite increase in complexity over an 18-year period, continued improvements in
surgical technique and perioperative outcomes yielded a resultant decrease in CClI in the most
current era.

MINI ABSTRACT

Among 3707 consecutive hepatic resections performed during 1998-2015, significant
improvements were observed over time in estimated blood loss, perioperative transfusion
requirements, length of hospitalization, major complications, and 90-day mortality despite
increasing case complexity.

INTRODUCTION

Hepatic resection offers the best chance of long-term survival for patients with primary liver
cancer and colorectal liver metastases (CRLM) and may be indicated in patients with other
pathologic conditions as a means of improving associated symptoms or survival. Over the
past two decades, refinements in the surgical techniques for hepatic resection and the
perioperative care of patients undergoing the procedure have expanded the proportion of
patients with primary and secondary hepatobiliary malignancies whose disease is deemed
“resectable”.1=3 These refinements have included advances in the preoperative estimation of
future liver remnant (FLR) volume and postoperative hepatic function 4=, refinement of
preoperative portal vein embolization (PVE) techniques and indications, 810 advances in
anesthesia to minimize intraoperative blood loss and transfusion requirements, 31112 and the
development of advanced surgical techniques for parenchymal transection 1314, The degree
to which surgical boundaries have been expanded varies by institution, and the impact of
these changes on perioperative outcomes has not been well described.

In the present study, we reviewed our high-volume institutional experience with complex
hepatic resection in order to characterize the trends in perioperative outcomes of patients
undergoing hepatic resection over the past 18 years.

METHODS

Patients and data collection

The Institutional Review Board of The University of Texas MD Anderson Cancer Center
approved this study protocol (PA17-0564). A prospectively maintained hepatobiliary
database was reviewed to identify patients who underwent hepatic resection between 1998
and 2015. Patients who underwent only liver biopsy and/or radiofrequency ablation (RFA)
were excluded. The hepatic resections were divided into three eras according to the year
when resection was performed: early (1998-2003), middle (2004-2009), and late (2010-
2015). The following data were extracted from the electronic patient medical record for each
resection: sex, age, American Society of Anesthesiologists (ASA) physical status score,
body mass index, presence of cirrhosis, histologic subtype of disease resected from the liver,
number and size of any CRLM and treatment of CRLM, preoperative PVE, types of surgical
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procedures, use of RFA in conjunction with hepatic resection, operative time, intraoperative
estimated blood loss, intraoperative red blood cell transfusion, postoperative complications,
length of hospitalization, unplanned hospital readmission within 45 days, and 90-day
mortality.

Preoperative management

The decision to offer hepatic resection was made upon consideration of a patients’ physical
status, background liver function, tumor histology, and tumor resectability. All patients
underwent a high-resolution computed tomography scan using liver protocol with rapid
injection of intravenous contrast agent and acquisition of thin-cut images both before
contrast agent injection and in the late arterial, portal venous, and delayed phases. 3 In
patients scheduled to undergo major hepatectomy, standardized FLR volume was calculated
using volumetry based on the computed tomography images and standardized liver volume
as previously described. 8% Liver tumors were deemed resectable when hepatectomy could
achieve a negative margin while preserving more than 20% to 30% of the standardized FLR,
sparing two continuous hepatic segments, and maintaining vascular inflow and outflow and
biliary drainage. 16 If the calculated standardized FLR volume was deemed inadequate
(£20% in patients with normal liver, <30% in patients with fibrosis or liver injury, or <40%
in patients with cirrhosis), preoperative PVE, with or without extension to the segment 4
portal branch, was performed. 101718 Two-stage hepatectomy was proposed to patients with
advanced bilobar CRLM who responded to preoperative systemic chemotherapy. In two-
stage hepatectomy, first-stage resection involved minor hepatic resections on the less
affected side of the liver, followed by PVE. After confirmation of adequate hypertrophy of
the FLR, second-stage, contralateral major hepatectomy was performed. 1920 Patients
presenting with obstructive jaundice underwent preoperative endoscopic and/or
percutaneous biliary drainage to provide effective clearance of jaundice and/or cholangitis 21
and underwent hepatic resection when the serum total bilirubin level decreased to < 2
mg/dL. 3

Surgical technique

A standardized operative technique was used, with minor technical modifications made over
the study period. During the early years, an inverted “Y” subcostal incision was used; as
time progressed, this was changed to an “L” right upper quadrant incision (modified
Makuuchi incision).22 Intraoperative sonography was systematically performed to confirm
findings on preoperative radiologic imaging, detect radiologically occult lesions, and review
the intrahepatic portal and hepatic venous anatomy. For parenchymal transection, two-
surgeon technique, which combines ultrasonic dissection and saline-linked cautery, was
introduced at the end of 2002. 14 Hepatic inflow occlusion with the Pringle maneuver was
used and consisted of periods of occlusion lasting up to 15 minutes with intervening 5-
minutes periods of inflow restoration. 23 RFA was performed under ultrasonographic
guidance in conjunction with resection in selected patients with tumors not amenable to
resection due to their location or distribution in the remnant liver.

At the completion of hepatic resection, the cut surface was examined for hemostasis and
open bile ducts by direct visualization and with application of white gauze compresses. An
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intraoperative air leak test was introduced in 2009.24 This technique was consisted of
injection of air into the biliary tree via a transcystic cholangiogram catheter while finger
compression was used to occlude the distal common bile duct. Identified leaks were closed
with polypropylene suture. Surgical technique was standardized across all surgeons though
the number of full-time hepatobiliary surgeons increased throughout the study period (early:
3; middle: 4; late: 5).

Evaluation of perioperative outcomes

Major hepatectomy was defined as resection of three or more hepatic segments according to
the definition of the Brisbane 2000 terminology of hepatic anatomy and resection.?® Surgical
complications were defined as any deviation from the normal postoperative course within 90
days after hepatic resection, graded according to Clavien-Dindo classification, and scored
using the comprehensive complication index (CCI). 2627 |n previous studies, the CCI has
been shown to be a more sensitive measure of postoperative complications than traditional
indices. A CCI of 26.2, which corresponds to 1 postoperative complication of Clavien-Dindo
grade Illa severity, was used as the threshold between high (CCI 226.2) and low (CCI <26.2)
complication severity. 28 Postoperative hepatic insufficiency was defined as a peak
postoperative bilirubin >7 mg/dl. Postoperative bile leak was defined according to criteria
established by the International Study Group of Liver Surgery. Unplanned hospital
readmission within 45 days and 90-day mortality were defined and classified according to
previous definitions. 29-32

Statistical analysis

RESULTS

All statistical test were two-sided, and p<0.05 was considered statistically significant in all
analyses. Variables were presented as median (range), or number (percentage) as
appropriate. Continuous variables were compared using the Kruskal-Wallis test or Mann-
Whitney tests as appropriate, and categorical variables were compared using the Xz test. To
identify factors associated with postoperative major complication (CCI =26.2) and 90-day
mortality, multivariable logistic regression models were performed using non-collinear
clinical variables from the univariable analysis with p<0.05. Statistical analyses were
performed with IBM SPSS software (version 24.0; SPSS Inc., Chicago, IL, USA).

Patient characteristics

Between 1998 and 2015, 3707 hepatic resections were performed in 3348 patients. The
number of hepatic resections increased over the course of the study (early period, n=794;
middle period, n=1402; late period, n=1511) (Fig. 1a). The types of malignancy prompting
hepatic resection, in order from most to least common, were CRLM (n=2144, 58%), non-
colorectal/non-neuroendocrine liver metastasis (n=646, 17%), primary biliary malignancy
(n=295, 8%), neuroendocrine liver metastasis (n=259, 7%), and hepatocellular carcinoma
(n=258, 7%) (Fig. 1b). A total of 105 hepatic resections (3%) were performed for resection
of benign lesions. Patient characteristics are summarized in Table 1. Compared to the
patients in the early and middle study periods, the patients in the late study period were
younger and were more likely to be obese and to have an ASA physical status score =3.
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Only minor differences in underlying disease histology were observed between the three
time periods (Table 1). Among the 2144 hepatic resections performed for CRLM, the use of
preoperative chemotherapy increased significantly over the study period.

Perioperative outcomes

Perioperative outcomes are summarized in Table 2. In general, technical complexity
increased over the study period as evidenced by increases in the rates of preoperative PVE,
major hepatectomy, two-stage hepatectomy, and repeat hepatic resection as well as an
increase in median operative time. The use of simultaneous RFA decreased over the study
period, and the use of biliary reconstruction remained constant. Despite the increase in case
complexity observed over time, median estimated blood loss and the rate of intraoperative
red blood cell transfusion decreased significantly over time.

Of the 3707 hepatectomies, 1471 (40%) were associated with at least one complication,
including 157 (4%) with bile leakage of at least grade B according to the International Study
Group of Liver Surgery definition, and 137 (4%) with postoperative hepatic insufficiency. In
addition, 697 hepatectomies (19%) were associated with CCI =26.2, and in 81
hepatectomies (2%), the patient died within 90 days of surgery. Of the 697 cases with CCI
>26.2, 525 (75.3%) were associated with more than one complication. The most common
complication in patients with CCl =26.2 was organ space surgical site infection requiring
percutaneous drainage (n=303, 8%), and more than one-third of these cases (n=135, 4%)
were associated with confirmed biliary leakage. The rate of any complication and the rate of
a high CCl increased from the early period to the middle period and then decreased in the
late period to rates below those in the early period. The 90-day mortality rate (3.1%, 2.6%,
1.3%, p=0.008) decreased significantly over time.

On multivariable regression analysis, male sex, age =60 years, major hepatectomy,
combined biliary reconstruction, and intraoperative red blood cell transfusion were
significantly associated with an increased risk of high CCI (Table 3). Similarly, male sex,
age =60 years, major hepatectomy, combination use of RFA, and intraoperative red blood
cell transfusion were significantly associated with an increased risk of 90-day mortality
(Table 4). Hepatectomy performed during the late period compared to the middle period was
significantly associated with a decreased risk of high CCI (Table 3). While the time period
of hepatectomy was associated with 90-day mortality on univariable analysis, it was not
associated with 90-day mortality on multivariable analysis.

DISCUSSION

The results of this single-institutional review of 3707 consecutive hepatic resections over 18
years demonstrate significant trends over time both in the characteristics of patients
undergoing liver surgery and in the perioperative outcomes following hepatectomy.
Specifically, we found increases over the study period in the rates of major hepatectomy
(20% to 30%), repeat hepatic resection (6% to 11%), two-stage hepatectomy (0 to 4%), and
preoperative PVE (5% to 9%), suggesting a greater extent and/or complexity of resection in
more recent years. Despite this apparent increase in case complexity, we noted significant
decreases over the study period in the median estimated blood loss (300 mL to 200 mL),
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transfusion rate (19% to 5%), median length of hospitalization (7 days to 6 days), major
postoperative complication rate (20% to 16%), and 90-day postoperative mortality rate
(3.1% to 1.3%). These improvements in outcomes demonstrate that our continuous
refinements in liver surgery have expanded surgical boundaries while simultaneously
improving operative safety.

Our detailed evaluation of the trends in liver surgery at our institution suggests an increase in
the relative case complexity over the past two decades. First, despite potential adverse
effects of preoperative chemotherapy on liver function and the FLR, the percentage of
hepatectomies for CRLM in which preoperative chemotherapy was delivered increased
throughout the study period. Second, despite an increased emphasis at our institution on
using parenchymal-sparing approaches when applicable,33 the rate of major hepatectomy
increased throughout the study period. Although major versus minor hepatectomy does not
necessarily represent technical complexity (i.e. some anatomic segmentectomies are
technically more challenging than major hemihepatectomies), it does consistently correlate
with risk of postoperative complications. Finally, the proportion of cases that were two-stage
or repeat hepatectomies increased throughout the study period, whereas the use of combined
ablative procedures decreased. These observations may suggest that tumors that would have
been ablated or deemed unresectable in earlier time periods were either resected or
percutaneously ablated as a planned multidisciplinary treatment strategy in the later time
periods.3* These observations also may suggest an expansion of the indications for
hepatectomy at our institution in an effort to extend the benefits of hepatic resection to as
many patients as possible given the improving safety profile of major liver surgery.

Paramount in improving the outcomes of a high-volume hepatobiliary surgery service are
comprehensive preoperative evaluation and meticulous patient selection. All patients seen at
our institution are evaluated in three domains, physiologic, oncologic, and technical, to
determine if they are candidates for surgery. The goal of the physiologic assessment is to
determine if the patient can safely undergo one or more major abdominal operations. This
assessment involves a thorough history and physical examination, basic laboratory analyses,
frailty measurements, and consultations by appropriate internal medicine services. The
assessment may include measurements that fall outside traditional tools such as ASA
physical status score and body mass index, both of which increased over time in the current
study. The goal of the oncologic assessment, a multidisciplinary assessment of the patient’s
underlying tumor biology, is to determine if the patient is likely to benefit from major liver
surgery. Factors that inform the likelihood of benefit include serum tumor marker level,
disease-free interval after primary resection, presence of extrahepatic disease, tumor somatic
gene mutation status 3°, and response to preoperative chemotherapy. 36:37 Finally, technical
resectability means that the surgeon can obtain negative microscopic margins while
preserving an adequate FLR. At our institution, comprehensive liver volumetry is routinely
obtained whenever major hepatectomy is anticipated. When the FLR is expected not to meet
established thresholds, 16:17:38 PVE is then performed, not only to produce hypertrophy of
the FLR but also to serve as a physiologic test of hepatic function. 3% PVE can also be
helpful in reversing the hepatic atrophy that occurs secondary to preoperative chemotherapy
40 and is an independent predictor of postoperative hepatic insufficiency and death. 41 These
systematic assessments of physiologic, oncologic, and technical resectability, in addition to
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improvements in surgical technique and perioperative management, has led to a reduction in
the incidence of postoperative hepatic insufficiency over time, demonstrated by the low
incidence (1%) of patients experiencing hepatic insufficiency in the most recent time period.

In addition to careful preoperative evaluation and selection, several intraoperative and
postoperative strategies have been developed to improve postoperative outcomes at our
institution. At the beginning of the middle period (2004-2009), the two-surgeon technique
of parenchymal transection was developed 144243 In this technique, the primary surgeon
dissects using the Cavitron Ultrasonic Surgical Aspirator (Medtronic Inc, Minneapolis, MN)
while the assistant provides exposure and divides vessels. A saline-cooled radiofrequency
coagulation device is used for hemostasis. Other energy devices are not routinely used
during parenchymal dissection. Following implementation of this technique, combined with
low-central venous pressure anesthesia provided by anesthesiologists specializing in liver
surgery, estimated blood loss and intraoperative transfusion of red blood cells, both of which
are independent predictors of complications (high CCI) and mortality, gradually decreased
over time. In addition, the systematic use of an intraoperative air leak test was introduced
toward the end of the middle period, and reports show that this technique has been
associated with significant reductions in postoperative biliary complication and organ space
infections at our institution. 2444 In our study, there was an increase in the rate of
postoperative bile leaks between the early and middle periods, followed by a significant
decrease in the rate of bile leakage between the middle and late periods, after introduction of
this technique. Finally, the use of enhanced recovery protocols at our institution after both
minimally invasive and open operations has led to improved perioperative outcomes,

including a shortened length of hospital stay and faster return to intended oncologic therapy.
45

The strength of this study is its large sample size with relatively complete patient data from a
contemporary period (1998-2015). Previous studies evaluating trends in the characteristics
and outcomes of patients undergoing hepatic resection over time have had mixed results.
Most studies from the 2000s found evidence of increasing case complexity as the indications
for hepatectomy expanded, resulting in either stable rates or slight increases in the rate of
postoperative adverse events. 46-48 In contrast, the Memorial Sloan-Kettering Cancer Center
group recently studied 4152 consecutive hepatic resections performed between 1993 and
2012 and reported substantial improvements in postoperative morbidity and mortality with
emphasis on parenchyma-sparing approaches to hepatic resection. 4% Our group previously
reported that parenchyma-sparing hepatectomy is associated with a lower incidence of
postoperative hepatic insufficiency and improves salvageability and survival in the setting of
intrahepatic recurrence of CRLM.33 In this regard, the results of the current study suggest
that improvement in perioperative outcomes can be achieved while the complexity and
aggressiveness of surgical resection are simultaneously increased.

As the current study also represents one of the largest single-institution series of its kind, an
additional strength of this investigation is the opportunity to critically evaluate factors
associated with postoperative major morbidity at a high-volume, experienced, hepatobiliary
center. Indeed, risk factors for CCl >26.2 observed in the current study, namely increasing
age, major hepatectomy, combined biliary reconstruction, and intraoperative red blood cell
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transfusion, are consistent with the results of previous studies.®® The finding that male sex
was significantly associated with both major morbidity and mortality following liver
resection has been found in previous studies as well and may reflect worsened underlying
comorbidities.51-53

Several limitations of this retrospective single-institution study should be acknowledged.
First, minimally invasive approaches to hepatic resection® have only been recently
introduced at our institution and were not detailed in this analysis. Second, the purpose of
this study was to evaluate perioperative outcomes, and therefore long-term oncologic
outcomes were not included. Whether changes in margin status, recurrence rates and/or
overall survival have occurred as a result of improved outcome should be the subject of
future investigation. Third, primary liver cancers comprised a minority of the cases in our
experience which is a reflection of the referral practices at our independent cancer center as
well as the meticulous patient selection used to ensure patients have adequate liver function
prior to undergoing hepatectomy. A stronger focus on hepatocellular carcinoma or
cholangiocarcinoma could have altered the perioperative outcomes observed. Finally, the
results demonstrated in this study are the result of a multidisciplinary team focused
exclusively on hepatobiliary disease at a high-volume center and it is unclear if such results
are generalizable to low volume center.

In conclusion, this single-institution review of hepatic resections over the past 18 years
indicates that an evolving refinement in patient selection, perioperative optimization,
surgical technique, and perioperative management over time has led to improved outcomes
despite escalation in case complexity. Further advances in systemic therapies and
nonoperative liver-directed therapies should continue to expand the indications for liver
surgery as improvements in perioperative outcomes enable safe surgery to be applied more
broadly.
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Figure 1.
Number of hepatic resections performed for various tumor types and benign disease during

1998-2015 (A) by successive 6-year time period and (B) overall. The total number of
hepatic resections performed was 3707. HCC, hepatocellular carcinoma; CRLM, colorectal
liver metastasis; NELM, neuroendocrine liver metastasis; non-CR/NE LM, non-colorectal,
non-neuroendocrine liver metastasis.>®
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