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a b s t r a c t

Background: The aim of the present study was to evaluate the mortality, morbidity, and readmissions
associated with management of grade 3 cholecystitis in the elderly, vulnerable population.
Methods: This was a retrospective cohort study of non-elective admissions for acute cholecystitis from
2010 to 2015 using the nationwide readmissions database for adults � 65 years with evidence of end-
organ dysfunction (grade 3) who underwent percutaneous cholecystostomy (PC), laparoscopic (LC) or
open cholecystectomy (OC). Index and readmission outcomes were analyzed using logistic regression
and inverse probability treatment weight analysis.
Results: Of the estimated 358,624 patients, 14.9% underwent PC, 15.7% OC, and 69.4% LC. PC had
significantly higher odds of mortality (AOR 5.8, 95%CI 5.1e6.6), composite morbidity (AOR 3.8, 95%CI 3.5
e4.1), early (AOR 1.9, 95%CI 1.7e2.0) and intermediate (AOR 2.2, 95%CI 2.0e2.5) readmission compared to
LC and OC.
Conclusions: Patients undergoing cholecystostomy had higher mortality, complications, and readmission
rates warranting revaluation of criteria for cholecystostomy at initial presentation.

© 2019 Elsevier Inc. All rights reserved.
Introduction

The Tokyo Guidelines were established to help guide the man-
agement and stratify the severity of acute cholecystitis.1 Such
stratification scheme is particularly important in the elderly who
have a relatively high burden of acute cholecystitis, lack physiologic
reserve, and are at elevated surgical risk due to multiple comor-
bidities. Although the past two decades have seen major advances
in the management of the critically ill, elderly patients continue to
suffer death rates that are 2e3 fold higher following cholecystec-
tomy for acute cholecystitis. Thus, this cohort presents a challenge
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in clinical decision making and management of acute
cholecystitis.2e6

The management of grade III cholecystitis, defined as being
associated with end organ dysfunction, remains controversial.
Percutaneous cholecystostomy (PC) has emerged as an alternate to
definitive cholecystectomy, and in fact is the first line recommen-
dation according to the Tokyo Guidelines.7 As a result, PC is
increasingly utilized in patients considered at high risk for con-
ventional cholecystectomy. However, the Tokyo Guidelines are
based on expert opinion rather than Level 1 evidence. Indeed, most
reports on the short and medium term outcomes of PC have been
retrospective, limited by small sample size, or are dated studies
making definitive conclusions on its efficacy questionable.8e10

More recent studies have revealed that the majority of patients
managed with PC require repeated hospitalizations, do not ulti-
mately receive a cholecystectomy, and exhibit a mortality of ~10% in
the year following PC.11e15

As the US health care system has transitioned from episodic care
to bundled payments for disease states, the principle of value has
emerged as a global measure of performance. The concept of value-
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ratio of quality to costs of patient care-is particularly relevant to the
care of frail and high-risk patients such as those targeted in the
Tokyo Guidelines. While the acute procedural mortality of PC is low
due to avoidance of general anesthetic, this technique does not
definitely remove inflamed and potentially necrotic tissue. There-
fore, the present study used a contemporary national sample to
evaluate the acute clinical outcomes and costs for elderly patients
admitted for acute cholecystitis and end organ dysfunction
managed by PC or cholecystectomy. We further examined reho-
spitalizations and clinical outcomes of delayed cholecystectomy
based on initial management strategy. We hypothesized increased
morbidity, mortality, readmissions, and costs associated with PC
compared to OC and LC.

Methods

This was a retrospective analysis of data obtained from the
2010e2015 Nationwide Readmissions Database (NRD), the largest
publicly available all-payer discharge database maintained by the
Agency of Healthcare Research and Quality (AHRQ).16 Patient data
are extracted from individual State Inpatient Databases with unique
patient identifiers to allow for visit linkage of all inpatient facilities,
excluding rehabilitation and long-term acute hospitals.16

Discharge-weights assigned to each sampled institution allow for
survey-weighted national estimates that account for up to 57.8% of
all US discharges.

The study cohort was derived from the approximately 36million
annual weighted discharges in the NRD using International Clas-
sification of Disease (ICD9) and ICD10 administrative coding. All
elderly adults (�65 years) admitted non-electively (NRD “elective”
variable) with a diagnosis of cholecystitis in the first three available
diagnosis fields with end-organ dysfunction were considered
(Supplemental Fig. 1). Procedure codes were utilized to identify
patients who underwent PC, open cholecystectomy (OC), or lapa-
roscopic cholecystectomy (LC), excluding those who underwent
both cholecystostomy and cholecystectomy during the same
admission as well as patients who were converted from laparo-
scopic to an open approach. Grade III cholecystitis was defined
using methods previously described by Dimou et al. (Supplemental
Table 1).6 Patients who underwent cholecystectomy in the first four
months or PC in the last four months of each calendar year were
excluded to avoid incorrect characterization of interval cholecys-
tectomy as primary cholecystectomy. Length of the exclusion
period was calculated as three-standard deviations from the mean
interval from PC discharge to cholecystectomy in the cohort.
Furthermore, patients who did not undergo PC, OC, or LC were
excluded from the analysis.

Comorbidities were characterized using the available ICD9 and
10 diagnosis codes. A composite malignancy variable was gener-
ated using ICD coding that included thoracic, gastrointestinal,
musculoskeletal, gynecologic, urologic, and hematologic diagnoses.
Elixhauser Comorbidity Index was used as a validated method of
characterizing patient comorbidity over the study period.17 We
adopted the Johns Hopkins Frailty Score to further characterize
frailty status.18,19 Annual institutional cholecystectomy volume was
calculated, with hospitals within the highest volume tertile desig-
nated as High Volume Hospitals (HVH). Hospitals in the lowest
tertile of cholecystectomy volume were used as reference in com-
parisons with HVH. NRD provided variables were used to charac-
terize transfer status and admission to non-index hospitals. Time to
cholecystectomy and cholecysostomy were calculated, but given
significant missingness in procedure temporal information, time to
intervention was not included in multivariable analyses.

The primary study outcome was �30 day (early) and 31e90 day
(intermediate) readmission following elderly admission for grade III
cholecystitis requiring intervention. Secondary outcomes were in-
dex mortality, composite morbidity defined as neurologic, cardio-
vascular, thromboembolic, respiratory, and infectious
complications; hospitalization costs; and length of stay (LOS).
Readmission diagnoses were categorized based on grouping of
similar Diagnoses-Related-Group codes for all patients with a
linked, non-elective second visit within 30- and 31e90 days of
discharge from the index hospitalization for cholecystitis.

Demographics were compared using chi-squared analysis be-
tween the PC, OC, and LC groups for categorical variables and stu-
dent’s t-test for continuous variables with alpha <0.05 established
as significant. Royston’s chi-square test of trend was used to eval-
uate trends in PC, OC, and LC utilization among the elderly chole-
cystitis population that required intervention over the study
period.20 Multivariable logistic models were generated for cate-
gorical outcomes of mortality, as well as early or intermediate non-
elective readmission using survey weighted analyses to account for
hospital clustering effects. Readmission mortality was also exam-
ined in the subgroup of patients who received PC at the index
hospitalization. Model selectionwas based on inclusion of clinically
relevant variables as well as those with P < 0.2 on univariate
comparisons in order to optimize the C-statistic. Incremental
length of stay (LOS) and cost analysis was performed using linear
regression models with LC as the reference group. Odds ratios (OR)
were reported with corresponding 95% Confidence Interval (95%
CI). The Kaplan-Meier method was used to illustrate time to read-
mission performance. Wilcoxon Log-rank test was used to evaluate
discrepancies in readmission performance amongst the PC, LC, and
OC patients who survived to discharge.

Inverse probability of treatment weighting was also used to
address treatment-selection bias. Inverse probability weights (IPW)
were generated using multi-level mixed-effect logistic regression
predicting treatment with PC using patient and hospital charac-
teristics detailed in Supplemental Table 1. A new patient-level
weight was generated using the product of NRD provided
“discwt” and the calculated IPW. Survey-weighted multivariable
regression examining outcomes of interest, including mortality,
early and intermediate readmissions, and costs were then replicated
to complete a sensitivity analysis, accounting for baseline comor-
bidity imbalance. All statistical analyses were performed using
Stata 15 (StataCorp, College Station, Tx). This study was deemed
exempt from review by the Institutional Review Board at the Uni-
versity of California, Los Angeles.1e4

Results

Of an estimated 358,624 elderly patients admitted non-
electively with cholecystitis, 29.8% demonstrated features of
grade III cholecystitis, of whom 14.9% underwent PC, 15.7% OC and
69.4% LC (Supplemental Fig. 1). Over the study period, the pro-
portion of patients who underwent OC significantly decreased from
20.3% to 11.7% (P < 0.001), the rate of PC rose from 9.0% to 17.8%
(P < 0.001), while LC utilization exhibited a relatively steady trend
(67.7e63.5%, P < 0.001) Fig. 1(). Overall patient comorbidity,
measured by the average Elixhauser Comorbidity Index, increased
slightly (3.9e4.1, Ptrend <0.001). Patients who underwent PC were
on average older and more likely to be at the highest quartile of the
Elixhauser Comorbidity Index compared to OC and LC patients
(Table 1). PC patients had the highest prevalence of frailty and
cholangitis, with the lowest rate of concurrent acute pancreatitis
(Table 1). Furthermore, malignancy was more prevalent in the PC
cohort compared to OC and LC as shown in Table 1. After risk-
adjustment, elderly patients with grade III cholecystitis and ma-
lignancy (AOR 1.6, 95% CI 1.5e1.9), frailty (AOR 2.0, 95% CI 1.8e2.1),
or heart failure (AOR 1.8, 95% CI 1.7e1.9) had the greatest odds of



Fig. 1. Rate of Procedure Utilization for Patients Age�65 years admitted non-electively
with Grade III cholecystitis.
*Ptrend<0.001 for PC, OC, and LC.
Standard error represented with error bars.

Fig. 2. Unadjusted Index Hospitalization Outcomes
Standard error represented with error bars. *P < 0.001.
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receiving cholecystostomy (Supplemental Table 2).
Unadjusted index mortality and composite complication rates

were lowest for LC compared to OC and PC (Fig. 2). PC also had the
highest utilization of non-home discharge and use of home health
services compared to OC and LC (Fig. 3). After adjusting for insti-
tutional cholecystectomy volume, transfer status, frailty, and pa-
tient comorbidities, including malignancy, acute pancreatitis, and
cholangitis, PC and OC had significantly higher odds of inpatient
mortality and composite morbidity compared to LC (Fig. 4). Frailty
was also associated with significantly higher risk-adjusted mor-
tality (AOR 1.6, 95% CI 1.4e1.8). Furthermore, OC ($10,722, 95% CI
$9,777e11,667) but not PC was associated with significantly higher
risk-adjusted incremental index costs when LC was used as the
reference operation, accounting for occurrence of pancreatitis and
Table 1
Patient and hospital characteristics.

PC
N ¼ 15,884 (%)

Mean Age, years (SE) 79.2 (0.09)
Female Gender 40.6
Heart Failure 35.0
Chronic Obstructive Pulmonary Disease 25.1
Diabetes with systemic complications 10.1
Renal Dysfunction 44.1
Chronic Liver Disease 3.3
Obesity 13.7
50th Percentile Elixhauser Comorbidity Index 65.3
Acute Pancreatitis 6.9
Cholangitis 8.4
Malignancy 8.0
Frailty 33.9
Transfer 7.1
Cholecystectomy Volume Tertiles
LVH 33.6
MVH 34.1
HVH 32.2

Hospital Metropolitan Statusa

Large metropolitan area �1 million residents 59.5
Small metropolitan area �1 million residents 34.9
Micropolitan area 5.0
Rural 0.5

Hospital Teaching Status
Metropolitan non-teaching 29.5
Metropolitan teaching 64.9
Non-metropolitan teaching 5.6

a NRD predefined variable of “HOSP_URCAT4”; LVH ¼ Low volume hospital, MVH ¼ H
morbidity Index (ECI) represents a categorical value for patients with a mean ECI at or h
cholangitis. In contrast, both OC (3.9 days 95% CI 3.6e4.2 days) and
PC (2.7 days, 95% CI 2.4e3.0 days) were associated with increased
LOS compared to LC. The above multivariable results were
confirmed after application of inverse probability treatment
weights (Supplemental Fig. 2).

As shown in Supplemental Fig. 3, unadjusted early and inter-
mediate readmission rates were higher in the PC cohort compared
to OC and LC. After risk-adjustment, PC and OC had greater odds of
early readmission compared to LC, while only PC was associated
with increased odds of 31e90 day rehospitalization (Fig. 4 and
Supplemental Fig. 2). Over the remaining calendar year, a higher
proportion of PC patients were rehospitalized at least once
compared to OC and LC (P < 0.001) (Fig. 5). All-together, 22.5% of
those readmitted following PC within 30- days and 41.3% between
31 and 90 days had biliary complaints, which significantly exceeded
OC
N ¼ 16,801 (%)

LC
N ¼ 74,144 (%)

P-Value

77.3 (0.08) 77.3 (0.04) <0.001
39.4 45.0 <0.001
22.6 21.7 <0.001
22.7 21.3 <0.001
8.0 9.4 0.002
40.4 48.6 <0.001
6.2 6.4 <0.001
15.6 15.5 0.006
55.6 58.0 <0.001
11.1 19.0 <0.001
6.5 6.5 <0.001
6.7 4.3 <0.001
26.5 17.6 <0.001
7.0 4.2 <0.001

37.4 34.9 0.64
32.0 33.6
30.6 31.5

49.1 50.8 <0.001
39.8 38.7
8.9 8.8
2.2 1.6

41.7 47.2 <0.001
47.1 42.3
11.1 10.5

igh volume hospital, HVH¼ High volume hospital; 50th percentile Elixhauser Co-
igher than the 50th percentile for the entire population.



Fig. 3. Disposition after Index Hospitalization for Grade III Cholecystitis in the Elderly.
Standard error represented with error bars. *P < 0.001.

Fig. 4. Adjusted Index and Readmission Outcomes.
Standard error represented with error bars. *P < 0.001
*LC as reference operation indicated by horizontal line.

Fig. 5. Readmission Analysis by Cholecystitis Management Strategy.
*OC vs PC and LC vs PC Log-rank test P < 0.001.
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biliary readmissions for OC (30 day: 5.5% and 31e90 day: 6.1%) and
LC (30 day: 7.2% and 31e90 day: 6.7%) (P < 0.001). Cardiovascular
and respiratory indications for readmission comprised over 20% of
readmissions within 30 days for all three groups, with a higher
prevalence among LC patients (Table 2).

Of all patients who received PC at index hospitalization and
survived to discharge (13,341), 19.2% returned for laparoscopic or
open cholecystectomy by the end of the year, with 74.5% of interval
cholecystectomy occurring at the first readmission. On average, the
second hospitalization for cholecystectomy was 50 days from index
discharge with no difference in time to OC or LC (53.4 vs 47.3 days,
P ¼ 0.05). Female gender (AOR 0.70, 95% CI 0.58e0.85), history of
heart failure (AOR 0.62, 95% CI 0.51e0.76), chronic liver disease
(AOR 0.43 95% CI 0.22e0.84), and frailty (AOR 0.67, 95% CI
0.54e0.82) were associated with decreased odds of undergoing OC
or LC after PC. Compared to PC patients withmultiple readmissions,
interval cholecystectomy at the first readmission following PC was
associated with lower odds of readmission mortality (AOR 0.52,
95% CI 0.34e0.81, C-Statistic 0.64). Furthermore, interval-LC was
associated with lower readmission mortality compared to interval-
OC in patients initially treatedwith PC (OR 0.42, 95% CI 0.0.20e0.86,
C-Statistic 0.76). Cumulative costs at 3 months were significantly
higher for PC ($46,773) compared with LC ($26,118) and OC
($41927) patients (P < 0.001).

Discussion

Elderly patients with biliary disease are at markedly increased
risk of death following cholecystectomy.21 Despite the maturation
of laparoscopic cholecystectomy as a surgical technique and ad-
vances in critical care, patients with organ dysfunction represent a
very high-risk cohort who may be unfit for cholecystectomy. The
Tokyo Guidelines, based on expert opinion and small reported se-
ries, recommend such patients to be treated via early PC.1,7,10 Such
an approach might lead to less physiologic derangement by cir-
cumventing general anesthesia and its associated cardiovascular
risks. Unlike cholecystectomy, however, PC simply drains the gall-
bladder and does not remove the main culprit for the disease,
raising concerns about its true benefits and cost-efficiency. The
present study provides a contemporary assessment of rates and
outcomes of cholecystostomy utilization in the elderly with grade
III cholecystitis at the national level and yields several noteworthy
findings. First, utilization of PC has increased, supplanting open
cholecystectomy, while the utilization of LC remained relatively
stable. Of all patients who undergo PC, a low proportion return for
definitive cholecystectomy as an inpatient. And finally, PC was
associated with increased odds of index mortality, morbidity, and
readmissions.

The increased rate of PC observed in this retrospective study is
consistent with several other reports including Cherng and Dimou
et al.6,22 While reasons for this trend may be multi-factorial, the
potential influence of the Tokyo Guidelines warrants discussion.
Aimed at reducing the mortality and complications associated with
the disease, a series of Tokyo Guidelines have provided recom-
mendations in themanagement of cholecystitis and the use of early
drainage. Based on expert consensus, the Tokyo Guidelines have
suggested the routine use of PC instead of cholecystectomy in pa-
tients with end organ dysfunction. Using the available variables in
the database, we did not observe a change in patient factors during
the study, suggesting rapid adoption of PC as the main driver for its
use. After adjusting for available confounders, we found the use of
PC to be associated with increased mortality, complications and
costs at the index hospitalization. We also examined factors influ-
encing the choice of PC and found malignancy, heart failure, and
frailty to be predictive. In line with Tokyo Guidelines to avoid major



Table 2
Most Common Readmission Diagnoses for Early (30 day) and Intermediate (31e90 day) Readmissions.

30-Day P-
value*

31e90 Day P-
value*

PC OC LC PC OC LC

(N ¼ 3,876)
(%)

(N ¼ 2,515)
(%)

(N ¼ 9,423)
(%)

(N ¼ 2,702)
(%)

(N ¼ 971)
(%)

(N ¼ 4,274)
(%)

Hepatobiliary 22.5 5.5 7.2 <0.001 41.3 6.1 6.7 <0.001
Infectious 18.4 24.1 17.7 0.7 16.1 16.0 12.4 0.02
Cardiac 12.3 15.1 17.3 <0.001 9.0 16.7 17.0 <0.001
Gastrointestinal 9.9 18.3 18.7 <0.001 7.2 13.9 13.7 <0.001
Respiratory 8.4 8.4 9.3 0.4 4.9 5.4 8.6 0.004
Complication** 6.2 4.0 2.4 <0.001 2.9 0.2 0.9 0.002
Renal Failure 6.0 7.0 5.6 0.2 3.4 7.7 5.9 0.001
Neurologic 2.3 2.6 4.2 0.004 1.5 6.2 4.6 <0.001

*P-value comparing PC and LC.
**DRG 919e921, general admission DRG describing procedural complication.

Y. Sanaiha et al. / The American Journal of Surgery 220 (2020) 197e202 201
operations in frail patients, long terms results need to be examined
in a randomized fashion. Abi-Haidar and Hall et al. shared our
findings in smaller/single institutional cohorts.23,24 Despite the
higher use of PC at LVH, institutional volume did not correlate with
primary or secondary outcomes, suggesting that this widely per-
formed procedure may require more granular thresholds not
feasible in the present analysis. Whether the apparent increase in
mortality and resource use with PC during the index stay is driven
by higher patient burden of disease deserves further investigation.

Until recently, few have reported on the readmission burden
after PC outside of single center studies. The reported readmission
rates have ranged between 20 and 40% and are consistent with the
findings of the present study.11,25,26 Dimou and colleagues used
Medicare data and showed increased readmissions associated with
PC in a propensity matched cohort of 563 cholecystostomy
matched to 1,689 controls.6 Other retrospective studies of the NRD,
while suffering from severe limitations in methodology, yielded
similar findings of increased rehospitalization with PC.27 Moreover,
the present study excluded patients who received PC in the first
four months of the year, decreasing the risk of incorrectly defining
interval cholecystectomy patient who may have undergone PC in
the final months of the preceding year. Using rigorous statistical
methods, we have demonstrated PC to be associated with increased
risk of readmission compared to LC/OC in elderly patients with
grade III cholecystitis.

In the present study, interval cholecystectomy following PC was
detected nearly half as frequently as previously reported. While
others have found a 52% interval cholecystectomy rate, this
discrepancy might be due to the limited ability of NRD to only
capture inpatient hospitalizations.9,12 Our findings are consistent
with another NRD study of all adults, showing that two in three
patients who undergo PC do not undergo eventual definitive cho-
lecystectomy.28 This limitation is tempered by the clinical consid-
eration that elderly patients requiring PC at index hospitalization
are less likely to undergo outpatient procedures due to possible
frailty, comorbidity, or disease severity that precluded definitive
therapy in the first place.

Few have compared expenditures in the management of acute
cholecystitis with PC versus cholecystectomy. A randomized clin-
ical trial of patients initially treated with PC found LC in the same
hospitalization to yield cost savings compared to delayed LC(-
$1,123).29 Furthermore, the burden of readmission costs after PC
compared to index LC has remained generally uncharacterized.
Recently, a limited NRD study found that patients who underwent
PC at index hospitalization to have lower costs of index hospitali-
zation but higher overall costs.27 The present study demonstrates
increased index and readmission costs with the use of PC compared
to LC. Our findings are exclusive to a high-risk cohort with complex
acute cholecystitis and are likely more representative of the pop-
ulation targeted by the Tokyo Guidelines.

Our study has several important limitations inherent to its
retrospective nature and use of an administrative database. Given
that linkage numbers are not uniform throughout each year of the
NRD, the duration of follow-up is limited for operations that
occurred towards the end of the year. Furthermore, the NRD cap-
tures inpatient hospitalizations, thus limiting our ability to estimate
total costs of care. Although physiologic and laboratory data is not
available in NRD, we used previously validated statistical methods
including accurate coding to discern severity of acute and chronic
diseases.6 Despite adjusting for patient frailty, transfer status, and
institutional cholecystectomy volume in multivariable and inverse
probability treatment weight analysis, we acknowledge that out-
comes may reflect baseline differences in patient comorbidity.
Given the limitations of NRD, we were not able to capture outpa-
tient mortality of PC or cholecystectomy and could not report cu-
mulative mortality.

Conclusion

In summary, using a nationally representative inpatient data-
base, we found rapid adoption of PC across the US. Use of PC was
associated with increased mortality and costs in elderly patients
with Grade III acute cholecystitis even after adjusting for baseline
differences. Furthermore, PC was associated with increased reho-
spitalization and cumulative costs of care. More stringent criteria
are necessary to identify patients who truly have prohibitive risk of
definitive cholecystectomy at initial presentation. Randomized
trials evaluating the role of PC in high-risk patients are warranted
and should focus on cumulative resource use and patient centered
outcomes.
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