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Abstract

Background Although minimally invasive surgery (MIS) has been associated with improved postoperative clinical outcomes,
the widespread use of MIS by procedure and hospital has been limited. We sought to report on national trends postoperative
clinical outcomes for minimally invasive liver and pancreatic surgery.

Methods Patients undergoing an elective liver or pancreatic resection were identified using the Nationwide Inpatient Sample
between 2002 and 2012. Multivariable regression analysis was used to compare postoperative outcomes, and total hospital costs
between patients who underwent a MIS versus an open resection over the study time period.

Results A total of 47,685 patients were identified; 21,280 (44.6 %) patients underwent a hepatic resection while 26,405(55.4 %)
patients underwent a pancreatic resection. MIS was performed in 2674 (5.6 %) patients and increased from 2.6 % in 2002 to
9.6 % in 2012 (p < 0.001); this trend was observed for both pancreatic and liver resections (both p < 0.001). Over the study time
period, use of MIS was consistently associated with improved postoperative outcomes including decreased postoperative mor-
bidity (open vs. MIS: 32.9 vs. 29.6 %) and a shorter length-of-stay (<4 days; MIS, 21.4 %; Open, 13.7 %; both p <0.05). The
median costs associated with MIS decreased over time compared with the open surgical approach and were on average $572
lower than the cost associated with open surgery.

Conclusion Compared to open resection, MIS was associated with lower postoperative morbidity, a shorter length-of-stay, and
lower cost. The use of MIS should be encouraged in order to improve postoperative outcomes and decrease healthcare spending
via value enhancement.

Keywords Liver - Pancreas - MIS - Open - Outcome - Introduction

Costs - Trends

Over the past decade, the use of minimally invasive surgery
(MIS) for several gastrointestinal and cardiothoracic surgical
procedures has increased.’ * The increase in utilization of MIS
approaches has largely been attributed to patient demand, as
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contribute to a more limited acceptance of MIS. Specifically,
while several reports have suggested comparable healthcare
costs for certain MIS versus open surgical procedures, other
investigators have reported higher overall costs associated with
MIS.**? In turn, these authors have suggested that some of the
increased costs may be offset via healthcare savings derived
from improved perioperative outcomes associated with
MIS.**? To this point, Nakajima et al. reported lower overall
hospital charges associated with minimal invasive thoracic sur-
gery compared with open thoracotomy.” Although previous
reports have compared perioperative clinical outcomes follow-
ing MIS hepato-pancreatico-biliary (HPB) surgery, data exam-
ining the trends in the overall utilization of MIS as well as the
potential financial implications associated with the use of MIS
HPB surgery are lacking. Given this, the objective of the cur-
rent study was to examine national trends in the utilization of
MIS among patients undergoing liver and pancreatic resection.
More specifically, we sought to compare perioperative clinical
outcomes, as well as financial costs among patients undergoing
MIS versus open liver and pancreatic resection.

Methods
Data Sources and Patient Population

A retrospective cohort study was performed using data from the
National (formerly Nationwide) Inpatient Sample (NIS). The
NIS is maintained by the Agency for Healthcare Research and
Quality and represents the largest all-payer inpatient care data-
base in the USA including information from over 7 million hos-
pital stays.'” Data contained within the NIS is publicly available,
de-identified, and compliant with the Health Insurance
Portability and Accountability Act of 1996.'° Additional details
regarding the data elements contained within the NIS have been
previously described.'® This study was approved by the Johns
Hopkins University Institutional Review Board.

International Classification of Disease (ICD-9-CM) proce-
dure codes (Supplemental Table 1) were used to identify pa-
tients who underwent a liver or pancreatic resection between
2002 and 2012. Patients undergoing an emergent operation
were excluded from the final study population. MIS was clas-
sified as liver or pancreatic resections and sub-classified as
either robotic or laparoscopic approach. Preoperative comor-
bidity was classified using the Charlson comorbidity index
(CCI) and patients were categorized into five categories ac-
cording to their CCI score (CCI=0, 1, 2, 3, and >4).
Perioperative complications were defined as the occurrence
of one or more complications categorized using previously
validated codes for perioperative complications. In particular,
complications included surgical site infections, wound or fas-
cial dehiscence, pneumonia, sepsis, myocardial infarctions,
and gastrointestinal bleeding (Supplemental Table 2). LOS

was examined as a continuous variable as well as a categorical
and binary variable. Specifically, LOS was dichotomized at the
75th percentile for each procedure group (liver and pancreas)
whereby an “extended LOS” was defined as LOS >8 days
following a liver resection and >10 days following a pancreatic
resection. Discharge disposition was categorized such that a
patient who was discharged home was classified as a “routine
discharge,” while patients discharged to facilities requiring ad-
ditional care was classified as a “non-routine discharge.”

For each patient record, the NIS collects total charges sub-
mitted, which represent the total amount charged by hospitals
for an inpatient episode of care including perioperative and
hospital charges. Cost-to-charge ratios represent the ratio be-
tween the total charges submitted and the actual costs of care;
cost-to-charge ratios are calculated by the Agency for
Healthcare Research and Quality using data collected under
the Healthcare Cost Report Information System for Medicare.
Using hospital-specific cost-to-charge ratios, total inpatient
hospitalization costs for each episode of care were estimated.
All financial variables were inflation adjusted and reported to
2012 US dollars using the Gross Domestic Product Implicit
Price Deflator.'"!?

Statistical Analysis

Continuous variables were compared using the non-parametric
Kruskal-Wallis test while categorical variables were compared
using Pearson’s chi-squared test. Multivariable logistic regres-
sion analysis was used to evaluate perioperative clinical out-
comes including perioperative morbidity, LOS, mortality, and
discharge disposition between MIS and open surgery.
Specifically, independent models were built for each type of
surgery (liver and pancreas) and each model adjusted for all
patient and hospital characteristics. Multivariable linear regres-
sion analysis was used to compare total inpatient costs between
patients who underwent MIS versus open surgery. As cost data
were non-normal and right-skewed, a Modified Park test was
performed to determine the most appropriate modeling tech-
nique to be used.'*The final multivariable model used a log
link function with an underlying gamma distribution while
adjusting for patient and hospital characteristics. Statistical sig-
nificance was determined by a p value of <0.05 and all statis-
tical analyses were performed using the STATA statistical soft-
ware package, version 14.0 for windows.

Results
Baseline Patient Characteristics
A total of 47,685 patients were identified who underwent a liver

or pancreatic resection between 2002 and 2012. Patient charac-
teristics stratified by the surgical approach and the surgical
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procedure are presented in Table 1. Overall, 21,280 (44.6 %)
patients underwent a liver resection, while 26,405 (55.4 %)
patients underwent a pancreatic resection. Among the entire
cohort, 52.4 % (n=24,938) of the patients were female and
76.7 % (30,232) patients were Caucasian. Comorbidity was

Table 1 Patient characteristics

by operative approach

@ Springer

common with 46.6 % (n=22,195) of patients presenting with
a CCI score of >4. Private insurance was the most common
payer type with 48.3 % (22,980) of patients enrolled in private
healthcare plans followed by 56.4 % of patients enrolled in
either Medicare or Medicaid.

Characteristic Minimal invasive surgery ~ Open resection p value  Total
N % N % N %
Age group <0.001
18-45 318 11.9 % 6844 152 % 7162 15.0 %
46-55 456 17.1 % 8769 19.5 % 9225 19.4 %
56-65 679 25.4 % 11,793 262 % 12,472 262 %
66-75 778 29.1 % 11,568 257 % 12,346 259 %
76-85 405 15.2 % 5404 12.0 % 5809 12.2 %
>85 38 1.4 % 633 1.4 % 671 1.4 %
Sex 0.635
Male 1284 48.0 % 21,361  47.6 % 22,645 47.6 %
Female 1389 52.0 % 23,549 524 % 24,938 524 %
Race 0.002
White 1786 80.0 % 28,446  76.5 % 30,232 76.7 %
Black 148 6.6 % 3208 8.6 % 3356 8.5 %
Hispanic 143 6.4 % 2847 7.7 % 2990 7.6 %
Asian or Pacific Islander 90 4.0 % 1512 4.1 % 1602 4.1 %
Native American 5 0.2 % 140 0.4 % 145 0.4 %
Other 63 2.8 % 1017 2.7 % 1080 2.7 %
Charlson comorbidity index <0.001
0 543 20.3 % 8790 19.5 % 9333 19.6 %
1 173 6.5 % 3431 7.6 % 3604 7.6 %
2 496 18.6 % 7476 16.6 % 7972 16.7 %
3 311 11.6 % 4270 9.5 % 4581 9.6 %
4 or more 1151 43.0 % 21,044 468 % 22,195  46.6 %
Insurance <0.001
Medicare 1197 44.8 % 18,144 404 % 19,341  40.6 %
Medicaid 109 4.1 % 2638 59 % 2747 58 %
Private insurance 1253 46.9 % 21,727 484 % 22,980 483 %
Self-pay 48 1.8 % 1097 2.4 % 1145 24 %
No charge 6 02 % 147 0.3 % 153 0.3 %
Other 60 22 % 1186 2.6 % 1246 2.6 %
Hospital region <0.001
South 876 32.8 % 9539 212 % 10,415 21.8%
Midwest 702 26.2 % 10,087 224 % 10,789  22.6 %
West 582 21.8 % 15338  34.1% 15920 334 %
North East 514 192 % 10,047 223 % 10,561 222 %
Hospital location <0.001
Rural 13 0.6 % 960 2.4 % 973 23 %
Urban 2194 99.4 % 39,119 97.6 % 42,313 977 %
Procedure type <0.001
Liver resection 897 33.5 % 20,383 453 % 21,280 44.6 %
Pancreatic resection 1777 66.5 % 24,628  54.7 % 26,405 554 %
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Trends in the Use of MIS

A total of 45,011 (94.4 %) individuals had an open
resection while MIS was performed in 2674 (5.6 %)
patients. The use of MIS varied by the type of surgical
resection and was more frequently performed among
patients undergoing a pancreatic resection as 7.3 %
(1777 out of 24,628) of all patients undergoing a pan-
creatic resection underwent a MIS compared with 4.4 %
(897 out of 20,383) of patients undergoing a liver re-
section. As illustrated in Fig. la—c, the proportion of
patients undergoing a MIS increased over the study pe-
riod. Specifically, 2.6 % of all patients in 2002
underwent a MIS HPB procedure compared with
9.6 % of all patients undergoing surgery in 2012; in
contrast, there was a steady decline in the number of
open resections observed from 97.4 % in 2002 to
90.5 % in 2012 (p<0.001). Trends in the use of MIS
were also noted across different types of HPB surgery
(i.e., liver vs. pancreas). For example, among patients
undergoing a liver resection, 2.3 % of patients
underwent a MIS in 2002 compared with 7.0 % of
patients undergoing a MIS in 2012 (»p <0.001). A great-
er increase in the use of MIS was observed among
patients undergoing a pancreatic resection with the pro-
portion of patients undergoing a MIS increasing from
3.1 % in 2002 to 13.9 % in 2012 (p<0.001). Of note,
this trend was most pronounced among patients who
underwent a distal pancreatectomy (2002 vs. 2012: 3.6
vs. 14.9 %, Fig. 1d).
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Overall, postoperative morbidity was 32.7 % (15,608); the
incidence of complications was lower among patients under-
going a MIS (MIS vs. open: 29.6 vs. 32.9 %, p<0.001,
Table 2). Interestingly, this pattern in postoperative morbid-
ity persisted when stratified by the type of surgical proce-
dure and was more pronounced among patients undergoing
a pancreatic resection (Fig. 2a, b). On multivariable analysis,
after adjusting for patient and hospital characteristics
(Supplemental Tables 3a and 3b), only MIS pancreatic sur-
gery was associated with a 16 % decreased odds for devel-
oping a postoperative complication (odds ratio [OR] =0.84,
95 % CI 0.70-0.99). A similar trend was noted in the asso-
ciation between MIS and risk of morbidity following liver
resection (OR=0.92, 95 % CI 0.77-1.09). Similarly, MIS
was also associated with a 13 and 33 % lower odds of an
extended LOS for liver and pancreatic surgery, respectively
(liver: OR=0.87, 95 % CI 0.72—1.05; pancreas: OR =0.67,
95 % CI 0.54-0.83, Table 3).

The overall cost for surgery was $26,146 and ranged
from $26,201 following open HPB surgery to $25,173
following MIS. Of note, the median cost of MIS increased
from $15,517 (IQR, $23,078-9710) in 2002 to $20,693
(IQR, $28,925-$15,365) in 2012, while the median costs
associated with open surgery increased from $14,887
(IQR, $21,571-%$10,698) in 2002 to $21,265 (IQR,
$32,186-$15,221) in 2012 (Fig. 3a). Interestingly, costs
associated with MIS and open surgery were comparable
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Fig.1 Trends in the use of MIS from 2002 to 2012 among a all patients included within the study cohort; b patients who underwent a hepatic resection; ¢
patients who underwent a pancreatic resection; and d among patients who underwent a distal pancreatectomy
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Table 2  Postoperative clinical outcomes by operative approach

Characteristic Minimal invasive surgery Open surgery p value Total
N % N % N %
Postoperative complication <0.001
None 1882 70.4 % 30,195 67.1 % 32,077 67.3 %
Postoperative complication 792 29.6 % 14,816 329 % 15,608 32.7 %
Median LOS, days (IQR) 6 (84) 6 (9-5) 6 (9-5)
Length of stay (days) <0.001
04 573 214 % 6180 13.7 % 6753 14.2 %
5-9 1304 48.8 % 23,785 52.8 % 25,089 52.6 %
10-14 436 16.3 % 7771 17.3 % 8207 17.2 %
15 or more 361 135 % 7275 16.2 % 7636 16.0 %
Disposition at discharge <0.001
Routine 1719 64.3 % 30,266 67.3 % 31,985 67.1 %
Short-term hospital 3 0.1 % 171 04 % 174 0.4 %
Another type of facility 255 9.6 % 3388 7.5 % 3643 7.6 %
Home health care 633 23.7 % 9881 21.9 % 10,514 22.1 %
Against medical advice 0 0.0 % 16 0.1 % 16 0.0 %
Died 32 1.8 % 726 23 % 0.159 758 23 %

Median cost, $ (IQR)

20,907 (29,787-15,296)

21,059 (31,063-15,109)

21,045 (30,998-5118)

over time among patients who did not develop a postop-
erative complication (Fig. 3b). On multivariable analysis
adjusting for patient and hospital characteristics as well as
the development of postoperative complications, use of
MIS was associated with a 6 % lower inpatient
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Fig. 2 Comparison of postoperative clinical outcome including
postoperative complications, mortality, extended length-of-stay, and
non-routine discharge between patients undergoing MIS or open a hepat-
ic resections, and b pancreatic resections
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hospitalization cost (coefficient, 0.94; 95 % CI 0.88—
0.99); this effect was more pronounced among patients
undergoing pancreatic resection (coefficient, 0.92; 95 %
CI 0.85-0.99) compared with patients undergoing a liver
resection (coefficient, 0.99; 95 % CI 0.92-1.07, Table 3).

Discussion

Use of MIS following multiple gastrointestinal and thoracic
operations has been observed to increase in recent years.'*
Although MIS has been advocated as a means to improve
postoperative outcomes including postoperative pain, morbid-
ity, mortality, and LOS, the widespread implementation of the
MIS approach has been limited due to concerns regarding the
costs associated with MIS."> To date, most studies that have
examined trends and patterns of use of MIS following liver
and pancreas surgery have not specifically examined the fi-
nancial impact of minimally invasive HPB surgery. In the
current study, trends in the use of MIS were evaluated using
a large, nationally representative sample of patients undergo-
ing a liver or pancreatic resection. Of note, the use of MIS
increased among patients undergoing both liver and pancreat-
ic surgical procedures with a more pronounced increase in the
use of MIS for pancreatic resections. Consistent with previous
reports, use of MIS was also associated with improved post-
operative outcomes in the form of lower morbidity and a
shorter LOS. Perhaps of greater interest, the costs of MIS
remained relatively constant over the study time period and
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Table 3 Comparison of

postoperative outcomes by Liver Pancreas
operative approach
OR 95 % Confidence interval OR 95 % Confidence interval
Complication
Open Reference - - Reference - -
MIS 0.92 0.776 1.093 0.84 0.703 0.998
Extended LOS
Open Reference - - Reference - -
MIS 0.87 0.724 1.048 0.67 0.544 0.833
Routine discharge
Open Reference - - Reference - -
MIS 0.84 0.698 1.008 0.92 0.769 1.096
Hospital costs®
Open Reference - - Reference - -
MIS 0.99 0918 1.071 0.92 0.847 0.997

Complete regression models/analysis are presented within the Supplemental Tables 3—5

#Represents a coefficient from multivariable linear regression analysis and can be interpreted as the percentage
change in total hospital costs between the reference (open) and comparison (MIS) groups

were comparable to the costs associated with open surgery in
2002. Furthermore, when accounting for differences in patient
characteristics and postoperative outcomes, MIS was associ-
ated with a 6 % lower cost compared with open surgery.
Although the acceptance of MIS for hepatic and pan-
creatic surgical procedures has been slower compared
with other abdominal surgical procedures such as chole-
cystectomy and colectomy, there has been an increase in
the use of HPB MIS in recent years.® The slow uptake of
the MIS approach has undoubtedly been multifactorial

and may have been related to concerns among surgeons
regarding an increased risk of hemorrhage and difficulty
in securing hemostasis, pulmonary embolism, and bile
leakage.8 These concerns have, however, not been borne
out as experience in MIS among surgeons has increased
and more advanced surgical instruments and techniques
have been developed.® The current study is important be-
cause it provides further evidence that MIS is safe and can
offer favorable outcomes among patients undergoing liver
and pancreatic procedures. Zeh et al. reported potential
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advantages of a minimally invasive approach for pancre-
atic surgical procedures including reduced perioperative
morbidity, reduced length of hospital stay, reduced blood
loss, and a better acceptance of prophylactic
pancreatectomy.'® Taking hepatic and pancreatic surgical
procedures as a whole, data in the current study demon-
strated a lower incidence of perioperative complications
associated with MIS versus open resection (29.6 vs.
32.9 %). Considering hepatic and pancreatic surgical pro-
cedures separately, MIS still had more favorable outcomes
compared with open resections. For example, patients
who had an open resection for hepatic procedures were
more likely to have an extended length of hospital stay
versus patients who underwent MIS (23 vs. 20 %).
Similarly, compared with patients who had an open resec-
tion, patients who had a MIS pancreatic resection had
lower rates of postoperative complications (26 vs.
32 %), lower risk of sepsis (1 vs. 4 %), and were less
likely to have an extended hospital stay (15 vs. 24 %).
Consistent with our findings, Koffron et al. in their single
institution experience, demonstrated that patients who
underwent a MIS liver resection had a shorter length of
hospital stay, lower overall complications (9.3 vs. 22 %),
and lower blood loss compared with patients who
underwent an open liver resection.'’

Of note, there was an increased utilization of MIS among
patients undergoing hepatic and pancreatic operations over time
(2.6 % in 2002 and 9.5 % in 2012 for hepatic and pancreatic
surgeries combined, 2.3 % in 2002 and 7 % in 2012 for hepatic
surgeries alone, 3.1 % in 2002 and 13.9 % in 2012 for pancre-
atic surgeries alone). This observed increase in the use of
MIS may be attributed to an increasing level of experience
among surgeons in performing these operations using a MIS
approach. Perhaps more importantly, we also examined the
costs associated with MIS, as this topic has been of particular
interest due to concerns regarding the potentially higher eco-
nomic burden associated with MIS. To the best of our knowl-
edge, little evidence has been provided in the literature compar-
ing the trends in cost s associated with MIS versus open resec-
tion for hepatic and pancreatic surgical procedures. In the cur-
rent study, the median cost of MIS in 2002 was $630 higher
than the cost of an open resection for hepatic and pancreatic
surgeries ($15,517 vs $14,887). Interesting, over time the dif-
ference in costs comparing MIS versus an open approach
changed. Specifically, by 2012, the median cost of MIS was
$572 lower than the cost of an open resection ($20,693 vs
$21,265). The reason for the change in costs over time may
related to a decrease in the cost of instruments, shorter operative
times, as well as lower rates of perioperative complications.
Perioperative surgical complications can increase the overall
in-hospital cost; in turn, analyzing the median cost of uncom-
plicated hepatic and pancreatic surgeries may present a more
appropriate comparison of median in-hospital costs associated

@ Springer

with MIS versus open surgery. To this point, we compared costs
among patients who did not experience a postoperative com-
plication and noted that the median in-hospital costs of MIS
versus open HPB surgery were comparable over the study time
period. Furthermore, on multivariable analysis that adjusted for
patient and hospital characteristics, as well as postoperative
outcomes, MIS was associated with a 6 % lower total cost.
Collectively, our results suggest that MIS HPB surgery was
not associated with increased costs; rather, there was a modest
cost savings achieved with the use of MIS.

The current study should be interpreted with several limi-
tations, most of which are related to the use of administrative
data including incomplete coding of data.'® Similarly, as with
all retrospective surgery studies, there was undoubtedly some
selection bias regarding who underwent an MIS versus an
open HPB procedure. Specifically, as the NIS does not contain
detailed clinical or provider data, we were unable to account
for factors that may have influenced the use MIS including
disease severity, and the extent of the surgeon’s training and
experience in performing minimally invasive procedures.
Furthermore, while the NIS is an all-payer database that al-
lows for comparison of hospitals from across the country, all
possible contractual discounts and agreements between the
providers and the payers could not be accounted for.

In conclusion, the use of MIS for hepatic and pancreatic
surgical procedures increased over the last decade. Compared
with open resection, MIS was associated with lower postop-
erative morbidity, as well as lower total in-hospital costs. In
fact, over time, the costs associated with MIS decreased and
were comparable to the costs associated with open surgery. As
such, the use of an MIS HPB approach should be strongly
considered when assessing patients with liver and pancreatic
conditions as the MIS approach may decrease healthcare
spending via value enhancement.
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