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Abstract

Background Since the introduction of laparoscopic chole-
cystectomy (LC), there has been continued evolution in
technique, instrumentation and postoperative management.
With increased experience, LC has migrated to the outpatient
setting. We asked whether increased availability and expe-
rience has impacted incidence of and indications for LC.
Methods The New York (NY) State Planning and Research
Cooperative System longitudinal administrative database was
utilized to identify patients who underwent cholecystectomy
between 1995 and 2013. ICD-9 and CPT procedure codes
were extracted corresponding to laparoscopic and open
cholecystectomy and the associated primary diagnostic codes.
Data were analyzed as relative change in incidence (nor-
malized to 1000 LC patients) for respective diagnoses.
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Results From 1995 to 2013, 711,406 cholecystectomies
were performed in NY State: 637,308 (89.58 %) laparo-
scopic. The overall frequency of cholecystectomy did not
increase (1.23 % increase with a commensurate population
increase of 6.32 %). Indications for LC during this time
were: 72.81 % for calculous cholecystitis (n = 464,032),
4.88 % for biliary colic (n = 31,124), 8.98 % for acalcu-
lous cholecystitis (n = 57,205), 3.01 % for gallstone pan-
creatitis (n = 19,193), and 1.59 % for biliary dyskinesia
(n = 10,110). The incidence of calculous cholecystitis
declined (—20.09 %, p < 0.0001) between 1995 and 2013;
meanwhile, other diagnoses increased in incidence: biliary
colic (4+54.96 %, p = 0.0013), acalculous cholecystitis
(+94.24 %, p < 0.0001), gallstone pancreatitis (+107.
48 %, p < 0.0001), and biliary dyskinesia (+331.74 %,
p < 0.0001). Outpatient LC incidence catapulted to
48.59 % in 2013, from 0.15 % in 1995, increasing >320-
fold. Analysis of LC through 2014 revealed increasing
rates of digestive, infectious, respiratory, and renal com-
plications, with overall cholecystectomy complication rates
of 9.29 %.

Conclusion A shifting distribution of operative indications
and increasing rates of complications should prompt care-
ful consideration prior to surgery for benign biliary disease.
For what is a common procedure, LC carries substantial
risk of complications, thus requiring the patient to be an
active participant and to share in the decision-making
process.
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In just over 30 years since its introduction, LC has rapidly
evolved to become the most commonly performed general
surgical procedure in the USA [1-3]. This unprecedented
rate of adoption resulted in nearly 80 % of cholecystec-
tomies being performed via a laparoscopic approach in NY
State by 1996. As experience and comfort with the tech-
nique grew, LC came to be accepted as the surgical stan-
dard, continuing to grow into the ambulatory and outpatient
settings as well. The increased availability and decreased
burden of recovery following laparoscopic day surgery
have led many to consider LC to now be a routine outpa-
tient ambulatory surgery [4, 5], a perception that could
easily predispose laxity of indications. In fact, the NIH
warned against this very possibility in their 1993 consensus
statement titled, “Gallstones and Laparoscopic Cholecys-
tectomy,” stating that, “the availability of laparoscopic
cholecystectomy should not expand the indications for
gallbladder removal.” [6] Our aim was to examine first
whether these changes have led to an increased frequency
of LC and second whether they have led to a shift in
operative indications for LC over time.

Methods

Following Institutional Review Board and NY State
approval, the NY State Planning and Research Cooperative
System (SPARCS) longitudinal administrative database
was used to identify patients. SPARCS captures patient-
level data from all inpatient hospital discharges and
ambulatory surgery visits in NY State. Using ICD-9 pro-
cedure codes: 51.2, 51.21-51.24 prior to 2008 and CPT
codes: 47,562-47564, 47570, 47600, 47605, 47610, 47612,
47620 after 2008, 713,996 records were identified for
cholecystectomies performed from 1995 to 2013 (Table 1).
When duplicate records were identified (1349 instances),
one of the multiple records was randomly retained for
analysis, and when internally discordant records, i.e.,
overlapping dates or different admission details, were
identified (1241 instances), these records were excluded.
Patient demographic characteristics were abstracted, as

Table 1 Procedural codes for cholecystectomy

Code type Operative technique
Laparoscopic Open
ICD-9 51.23 51.21
51.24 51.22
CPT 475624 47600
47570 47605
47610
47612
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well as operative year, operative setting: inpatient/outpa-
tient and priority: emergent/non-emergent status. Operative
indication was determined by the primary diagnosis code
associated with the procedure as follows: 575.1—acalcu-
lous cholecystitis, 574.1, 575.0, 574.0—calculous chole-
cystitis, 575.8—biliary dyskinesia, 577.0—gallstone
pancreatitis, and 574.2—biliary colic (Table 2). Rates were
expressed per 1000 patients undergoing cholecystectomy.
Absolute change was determined by subtracting the yearly
rate at 1995 from the yearly rate at 2013. Relative change
was measured as a percentage and determined by the
absolute change divided by the yearly rate at 1995. US
Census Bureau annual population data from 1995 to 2013
were obtained and trend analysis completed using popu-
lation incidences to correct for statewide population flux
over the study years [7-9]. Complications data were
extracted from NY SPARCS database for post-cholecys-
tectomy readmissions between 1995 and 2014. ICD-9
codes were categorized prior to reporting as: infectious,
cardiac, respiratory, thromboembolic, hemorrhagic, diges-
tive, bile duct injury, retained gallstone, shock (non-septic,
non-cardiogenic), surgical, transfusion reaction, wound
complication, renal failure, hypertension, and neurologic.
The five most frequent complication categories were
included in trend analysis as detailed below.

Statistical analysis

The linear trend in the rate of cholecystectomy with dif-
ferent diagnosis over years was examined using log-linear
Poisson regression models. Over-dispersion was checked
and corrected for when needed. Relative risks (RR) with
95 % confidence interval were reported. ARR > 1 indicates
an increasing pattern, while a RR < 1 suggests a decreasing
pattern. All rates were calculated per 1000 patients under-
going LC, except date in Table 5, which was calculated per
100,000 NY State population with LC surgery. All analyses
were performed in SAS 9.3 (SAS Institute Inc., Cary, NC),
and significance level is set at p value <0.05.

Results

Over the 19-year period of study, from 1995 to 2013,
711,406 unique records were identified for cholecystec-
tomies in NY State. Of these, 74,098 records (10.42 %)
were performed via an open approach, while 637,308
records (89.58 %) were performed laparoscopically.
Demographic and insurance payor class data are provided
(Table 3). The overall increase in operative volume for
cholecystectomy in NY State over this period was 410
cases (a 1.23 % increase) over the 19-year period of study.
This rate of increase was not commensurate with the
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Table 2 Referenced primary

Internal reference

diagnoses and associated ICD-9 ICD-9 code  ICD-9 descriptor

codes 575.1 Cholecystitis without gallstones
574.x Acute cholecystitis with gallstones
575.0
575.8 Other specified diseases of gallbladder
577.0 Pancreatitis
574.2

Gallstones without cholecystitis; “symptomatic cholelithiasis”

Acalculous cholecystitis

Calculous cholecystitis

Biliary dyskinesia

Gallstone pancreatitis

Biliary colic

Table 3 Demographics and payor status of study population by operative diagnosis

Category Subcategory Calculous Biliary Acalculous Biliary colic Gallstone
cholecystitis dyskinesia cholecystitis pancreatitis
Age 49.34 + 16.97 43.71 £ 13.92 46.56 + 16.20 46.95 + 15.40 54.49 £+ 19.04
Age group 18-30 15.53 % 18.48 % 18.80 % 1542 % 14.15 %
31-40 18.84 % 25.39 % 21.07 % 2147 % 12.69 %
41-50 1991 % 26.67 % 20.59 % 24.93 % 14.95 %
51-60 18.58 % 16.82 % 18.64 % 18.60 % 17.48 %
>60 27.15 % 12.65 % 2091 % 19.58 % 40.73 %
Race/ethnicity White White 49.79 % 61.48 % 39.55 % 60.24 %
Black Black 722 % 2.96 % 8.29 % 353 %
Asian Asian 1.68 % 0.36 % 1.55 % 1.21 %
Hispanic Hispanic 13.02 % 5.34 % 14.25 % 6.63 %
Other Other 28.28 % 29.86 % 36.35 % 28.38 %
Gender Female 74.57 % 81.10 % 80.13 % 74.08 % 66.15 %
Male 25.43 % 18.90 % 19.87 % 2592 % 33.85 %
Insurance Governmental 23.35 % 12.09 % 21.97 % 15.07 % 42.81 %
Commercial 47.59 % 51.26 % 44.89 % 45.12 % 55.81 %
Other/unknown 29.06 % 36.66 % 33.14 % 39.82 % 1.38 %

6.32 % increase in population seen in NY State during this
time [7-9]. Despite a stable operative volume, there has
been a notable shift in operative approach with 94.37 %
(31,753) of cholecystectomies being performed laparo-
scopically in 2013, increased from 78.10 % (25,957) in
1995. Similarly, there has been an increasing utilization of
the outpatient setting for LC, with 48.59 % of LC being
performed in the ambulatory context in 2013, up from
0.15 % in 1995 (Fig. 1). Interestingly, the majority of LC
being performed in NY State is being done electively
(58.1 %), with only 41.9 % being performed in an urgent
fashion.

Not only did the technique and operative venue for LC
evolve over time, but so did the distribution of operative
indications. Calculous cholecystitis remained the major
operative indication for LC throughout the period of study;
however, its frequency has declined over time, with a rel-
ative change of —20.09 % over 19 years (p < 0.0001). At
the same time, the rate of other diagnoses as operative
indications has increased significantly (relative change
reported), i.e., biliary colic (+54.96 %, p = 0.0013),

acalculous cholecystitis (+94.24 %, p < 0.0001), gallstone
pancreatitis (4107.48 %, p < 0.0001), and biliary dyski-
nesia (+331.74 %, p < 0.0001)) (Table 4).

In order to ensure changes in operative indications were
not secondary to population flux, indications were also
expressed as incidence per 100,000 NY State population
(Table 5). Similar trends were seen with a declining rate of
LC for calculous cholecystitis (—0.08 %, p = 0.0184) and
increases in rates of LC for biliary colic (+0.78 %,
p = 0.01), gallstone pancreatitis (+1.39 %, p < 0.0001),
acalculous cholecystitis (+1.23 %, p = 0.001), and biliary
dyskinesia (+3.97 %, p < 0.0001). Similarly, both in
operations done electively and urgently there was a
decrease rate of LC for calculous cholecystitis (—20.73 and
—18.77 %), with increased rates of LC for biliary colic
(+65.61 and 48.56 %), gallstone pancreatitis (+132.49 and
+84.99 %), acalculous cholecystitis (4148.47 and
+7.07 %), and biliary dyskinesia (4+454.98 and +152.99).
With the exception of urgent LC done for acalculous
cholecystitis, p = 0.5044, the p value for all urgent and
elective LC diagnoses was <0.0001.
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Annual Distribution of Cholecystectomy by Technique and Setting
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Fig. 1 Annual Distribution of Cholecystectomy, by Technique and Setting

Overall incidence of complications in cholecystectomy
in our data set was 9.29 %, with digestive system com-
plications being the leading complication category at
5.66 %, followed by infectious complications at 3.66 %,
respiratory complications at 3.15 %, surgical complications
at 1.71 %, renal complications at 1.01 %, and hemorrhage
at 1.00 %. The top five complication categories following
cholecystectomy were identified and analyzed for trends
over the 20-year period.

Trends (relative risk) for the top five categories of LC
complications were: digestive +447.10 %, infectious
+42.21 %, respiratory +16.68 %, renal +1074.69 %, and
surgical —16.27 %. Trends (relative risk) for the top five
categories of open cholecystectomy complications were:
digestive +169.08 %, infectious +84.75 %, respiratory
+43.50 %, surgical 422343 %, and hemorrhage
+130.56 %. With the exception of surgical complications
in the LC group, p = 0.7595, all identified trends were
statistically significant with a p value <0.0001.

Discussion
This, along with its migration to the outpatient setting has

led to the perception of LC as a low-risk, routine, and
outpatient procedure. As a result, cholecystectomy is

@ Springer

currently the fourth most common ambulatory surgery
performed in the USA and the most commonly performed
operation in general surgery across operative settings
[2, 3]. Early on, there was concern that rates of cholecys-
tectomy would rise after the adoption of a minimally
invasive approach [4-6]; several series subsequently
demonstrated increased rates of cholecystectomy beginning
in the mid-1990s. Steiner et al. [10] showed a 28 %
increase in volume in the state of Maryland over just an
8-year period. Meanwhile, Norwegian data demonstrated a
more remarkable rise in the rate of cholecystectomy,
52.94 % over the 12 years spanning 1992-2002, with
subsequent studies showing an even more impressive
72.58 % increase over the 22 years between 1990 and 2011
[5, 11]. Though an increased rate of cholecystectomy was
not evidenced in our series, a universal decline in the rates
of LC for calculous cholecystitis was noted, with an
increase in rates of LC for all other diagnoses. One reason
for this finding is very early adoption of LC in NY State, as
evidenced by a 1994 study demonstrating a 28.12 %
increase in volume of cholecystectomies in NY State in the
four years spanning 1990-1993 [12]. Similarly, early
adoption was demonstrated in a Pennsylvania HMO-based
study, with a 59.26 % increase in cholecystectomy
between 1988 and 1992 [13]. Thus, an increase in volume
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Table 4 Distribution of operative diagnoses for laparoscopic cholecystectomy, by year, per 1000 cholecystectomies

Year Calculous Biliary Acalculous Biliary colic Gallstone
cholecystitis dyskinesia cholecystitis pancreatitis

1995 833.69 5.20 49.16 41.72 18.68

1996 812.77 5.79 52.75 42.17 22.09

1997 772.85 5.98 72.81 46.60 22.17

1998 769.94 7.46 72.14 51.37 20.77

1999 766.96 8.64 75.61 46.40 21.96

2000 751.70 11.38 83.52 49.65 24.46

2001 744.75 10.84 88.97 47.98 25.86

2002 748.24 11.27 80.35 48.29 25.56

2003 733.19 14.92 88.23 43.09 29.35

2004 724.14 15.24 102.50 47.85 29.96

2005 721.24 18.39 106.87 45.83 30.02

2006 709.55 21.15 112.05 47.85 30.43

2007 702.26 19.86 106.25 45.05 35.70

2008 700.49 20.88 100.67 40.62 38.30

2009 689.97 20.86 103.10 48.11 37.32

2010 682.06 25.40 101.80 51.62 40.21

2011 670.70 25.58 97.99 55.74 39.76

2012 669.74 26.26 95.66 60.68 38.54

2013 666.24 22.45 95.49 64.66 38.77

Absolute change —167.45 17.25 46.33 22.93 20.08

Relative change —20.09 331.74 94.24 54.96 107.48

Relative risk 0.9890 1.0859 1.0278 1.0137 1.0438

Confidence interval (0.9879, 0.9900) (1.0715, 1.1005) (1.0164, 1.0393) (1.0053, 1.0222) (1.0384, 1.0493)

p value” <.0001 <.0001 <.0001 0.0013 <.0001

* p value was based on log-linear regression models with correction for dispersion

of cholecystectomy may have occurred several years prior
to the start of our study.

The trends in distribution of operative indications are
clearly demonstrated in our data. What is seen is a decrease
in rates of LC for calculous cholecystitis and increased
rates for less acute pathologies. The importance of this
shifting distribution of diagnoses is its implication for
assessing the risk/benefit ratio for LC. Despite conceptions
that LC is a routine and low-risk procedure, several groups,
including our own, have demonstrated inherent risks of the
operation. Though the benefits of LC were initially tem-
pered by concerns over bile duct injury, these concerns
have not been borne out in the current era. Modern studies
demonstrate that the rate of bile duct injury in LC now
equals that of open cholecystectomy [14]. Together, the
benefits of a laparoscopic approach with similar risk profile
to conventional open surgery have made LC a more
attractive option for both the physician and patient.

Though the dreaded complication of bile duct injury is
felt not to be significantly different between either
laparoscopic or open approaches, the risk is finite, as are

the risks of other more common complications. While
hemorrhage or renal complications only occur in approxi-
mately 1 % of cases, respiratory complications occur in
3.15 % of procedures, with infectious complications
occurring at a rate of 3.66 % and complications involving
the digestive tract affecting 5.66 % of cases. In fact, the
likelihood of developing any postoperative complication
following cholecystectomy is 1 in 11 operations (9.29 %).
These findings are consistent with data from the Swedish
GallRiks registry, which demonstrated complication rates
of 6.1 % for elective cholecystectomy and 1 in 9 rate of
complication for urgent cholecystectomy (11.2 %) [10].
Though LC may be a common procedure, given the rate of
complication, it should not be considered routine, as there
is a significant risk of postoperative complication inherent
to the procedure. Even with minimally invasive surgery
that drastically decreases operative mortality, increases in
operative volume can easily eliminate the strides in inci-
dence of mortality from a population standpoint. This was
illustrated in 1994, when Steiner et al. reported that oper-
ative mortality for cholecystectomy had decreased

@ Springer
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Table 5 Distribution of operative diagnoses for laparoscopic cholecystectomy, by year, per 100,000 NY State population

Year Calculous Biliary Acalculous Biliary colic Gallstone
cholecystitis dyskinesia cholecystitis pancreatitis
1995 116.82 0.73 6.89 5.85 2.62
1996 115.62 0.82 7.50 6.00 3.14
1997 136.38 1.06 12.85 8.22 391
1998 140.32 1.36 13.15 9.36 3.79
1999 137.80 1.55 13.58 8.34 3.95
2000 141.19 2.14 15.69 9.33 4.59
2001 140.06 2.04 16.73 9.02 4.86
2002 141.94 2.14 15.24 9.16 4.85
2003 131.95 2.69 15.88 7.75 5.28
2004 138.05 291 19.54 9.12 5.71
2005 137.11 3.50 20.32 8.71 5.71
2006 140.11 4.18 22.13 9.45 6.01
2007 118.46 3.35 17.92 7.60 6.02
2008 114.53 341 16.46 6.64 6.26
2009 118.54 3.58 17.71 8.27 6.41
2010 119.23 4.44 17.80 9.02 7.03
2011 117.00 4.46 17.09 9.72 6.94
2012 117.09 4.59 16.72 10.61 6.74
2013 107.41 3.62 15.39 10.42 6.25
Absolute change —-9.41 2.89 8.51 4.58 3.63
Relative change —0.08 3.97 1.23 0.78 1.39
Relative risk 0.9918 1.0840 1.0288 1.0150 1.0438
Confidence interval (0.9850,0.9986) (1.0648,1.1036) (1.0115,1.0465) (1.0035,1.0266) (1.0355,1.0522)
p value® 0.0184 <0.0001 0.001 0.01 <0.0001

* p value was based on log-linear regression models with correction for dispersion

significantly (33 %) in the state of Maryland; however, due
to the increased rate of LC (28 %), the total number of
deaths secondary to cholecystectomy did not decline.
Similarly, we demonstrate significant rise in the rates of
infectious, respiratory, and digestive complications in
cholecystectomy, with significant increase in the rates of
renal complications with LC and both hemorrhage and
surgical complications with open cholecystectomy.

The decision for surgery must carefully weigh the risk
and benefit of the proposed operation. Our data demon-
strate a shifting distribution of operative indications and an
increasing rate of peri- and postoperative complications.
Taken together, this should prompt patients and physicians
alike to reassess operative indications for cholecystectomy.
Despite its benefits over traditional open cholecystectomy,
LC, if performed for looser indications, rather than a more
restrictive, defined set of indications, can still result in
significant risk of morbidity. As such, not only is preop-
erative counseling and consent required, but the patient
must be an active participant in shared decision making for
elective LC for benign biliary disease.

@ Springer

The change in the distribution of operative indications
seen may reflect a shift in disease prevalence, patient fac-
tors affecting presentation, evolving practice patterns, and
even changing third-party payor policies. The ~20 %
decline in calculous cholecystitis as an operative indication
may reflect increased rates of operation for symptomatic
cholelithiasis, thereby decreasing the prevalence of gall-
stones (and gallbladders) which would otherwise put
patient at risk of developing calculous cholecystitis [15].
The rate of LC for the diagnoses of: Biliary colic, gallstone
pancreatitis, acalculous cholecystitis, and biliary dyskine-
sia demonstrated a steadily rising rate, with the frequency
of operation for biliary dyskinesia demonstrating the most
remarkable rise among all indications.

A full discussion of the clinical phenotype of biliary
dyskinesia and the relevant criteria is beyond the scope of
the current study. The entity is broad and it vaguely
defined, encompassing a phenotype that entails a functional
disorder of the gallbladder, delineated by international
consensus utilizing the Rome Foundation criteria, currently
in its fourth iteration [16]. The utility of LC for treatment
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of biliary dyskinesia remains debated widely, with existing
meta-analyses suggesting potential efficacy of LC for bil-
iary dyskinesia, based upon the limited data available
[17, 18]. Additionally, complicating the determination of
efficacy is the lack of a discrete diagnostic code for func-
tional gallbladder disease. Most studies, such as ours, uti-
lize ICD-9 code 575.8 for other specified diseases of the
gallbladder, of which approximately 81 % reflect the
diagnosis of biliary dyskinesia [19]. Despite these global
concerns regarding the diagnosis, our data mirror previous
findings demonstrating substantial increases in the rate of
cholecystectomy for biliary dyskinesia in the USA.
Cholecystectomy for biliary dyskinesia is predominantly a
US phenomenon, with rates disproportionately higher than
other western nations. Preston et al. [20] demonstrated that
operative rates for biliary dyskinesia are >340 % that of
referenced nations, identifying a >200 % increase in the
operative rate for biliary dyskinesia in the USA between
1991 and 2011. Thus the >330 % increase in operative rate
seen in our series is consistent with prior data.

The reason(s) for the nationwide rise in biliary dyski-
nesia remains unclear, and while patient and physician
factors may play a role, consideration must also be given to
evolving practice patterns in the diagnosis and treatment of
biliary pathology. The increased availability and utilization
of HIDA scan as a diagnostic adjunct [21, 22] may play a
role in the increased diagnosis of depressed gallbladder
ejection fraction. Other considerations include changes in
third-party payor reimbursement policies, such as coverage
for biliary dyskinesia as an operative indication.

It is prudent to mention that due to our use of an
administrative database lacking clinical data, there are
inherent constraints. Without radiographic or pathologic
data, patients with the diagnosis of “biliary dyskinesia”
may in fact have a pathologic, instead of a functional
diagnosis. Recent data suggest that up to 87 % of patients
with a preoperative diagnosis of biliary dyskinesia have
pathology consistent with chronic cholecystitis, while
42 % may have calculous disease in the form of small
stones and sludge that is not identified on preoperative
imaging evaluation [23, 24]. In comparing the rates of LC
for biliary dyskinesia in the USA with international
cohorts, the healthcare system of the cohort nation must
also be considered. In the study by Preston et al., besides
the USA, all other studied nations had a government
healthcare system; inherent in this structure of healthcare
delivery are queues for both diagnostics and procedures.
Thus, the diagnostic disparity seen in the USA regarding
biliary dyskinesia may be secondary to lower thresholds,
and/or smaller preoperative queues, rather than a difference
in incidence of pathology.

Though the lack of pathologic data limits determination
of the patient’s true diagnosis, the reported encounter

diagnosis does reflect the motivation for surgery, providing
insight into trends in operative indications. Additional
limitations include the inability to capture cholecystec-
tomies that were initiated using a laparoscopic approach
and later converted to an open approach. As a result, cer-
tain diagnoses, namely calculous cholecystitis may be
underreported. However, in a separate analysis of open
cholecystectomies during the study period, this concern is
not borne out. As with the LC population, a similar decline
in calculous cholecystitis is demonstrated in the open
cholecystectomy group (—28.59 %, p < 0.0001), with
increased rates of: gallstone pancreatitis (431.14 %,
p < 0.0001), acalculous cholecystitis (+128.14 %, p =
0.0020), biliary colic (+143.93 %, p < 0.0001), and biliary
dyskinesia (4-888.38 %, p < 0.0001).

As the composition of our population continues to change,
a better understanding of the distribution of pathology is
useful in determining the timing and role for cholecystec-
tomy in the management of benign biliary pathology. With
further population-based analyses of healthcare utilization
and societal costs, determining the optimal timing for and
clarifying the indications for cholecystectomy will become
of increased health and economic import.
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