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ALK-P. This study suggests that PC could be a safe treat-
ment option in this select group of high-risk patients.
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Introduction

The literature about the best treatment option of for acute 
calculous cholecystitis (ACC) has been recently exam-
ined in several consensus papers [1–6]. The spectrum of 
disease presentation ranges from a mild, self-limiting one 
to a potentially life-threatening condition. Age-related 
co-morbidities strongly influence the severity of patient 
condition [7]. Percutaneous tube cholecystostomy (PC) 
either as a bridge to cholecystectomy or as a definite pro-
cedure is reported in the literature as an alternative for 
the emergency treatment in septic, high-risk patients [8, 
9]. The Tokyo guidelines consider PC as mandatory in 
the severe grade of ACC and also suggest its use in the 
moderate grade, in order to decrease the technical diffi-
culties during laparoscopic cholecystectomy (LC) [10].

PC is considered an effective treatment option in criti-
cally ill patients, especially in elderly patients and in 
patients with complications; however, no randomized 
controlled trials are available on this issue [11, 12]. Also, 
reports which analyzed PC results rarely take into account 
patients who could not have tolerated any surgery, and this 
limitation has to be considered.

The primary objective of this work was to describe and 
analyze our experience with PC over a 10-year period. The 
secondary objective was to identify predictors of the need 
for definitive or permanent cholecystostomy.

Abstract 
Purpose In high-risk patients with acute calculous chol-
ecystitis (ACC), percutaneous cholecystostomy (PC) can 
serve as a bridging option to cholecystectomy [laparo-
scopic cholecystectomy (LC)] or as definitive treatment. 
The purpose of this study was to identify predictors of the 
need for permanent PC.
Methods Data from 257 PCs performed for ACC (mean age 
67.3 ± 14) was collected for a 10-year period. Demographic 
and clinical characteristics at initial admission, co-morbidities 
were analyzed. Patients who underwent interval LC were 
defined as the surgery group (SG; n = 163, 63.4 %) and the 
remaining patients as the non-SG (NSG; n = 94, 36.6 %).
Results Patients in the SG were significantly younger and 
had a shorter length of hospital stay (p < 0.01). The rate of 
coronary artery disease (CAD; 63.2 vs. 20.2 %), chronic renal 
failure (14.9 vs. 6.1 %), and the mean number of co-morbidi-
ties (2.2 vs. 1.4) were significantly higher in the NSG. Sepsis 
at admission was more common in the NSG (19.1 vs. 4.9 %, 
p < 0.001). 56 patients (34.4 %) in the SG and 24 patients 
(25.5 %) in the NSG developed tube-related complications. 
In hospital mortality was similar between the groups. Multi-
variate analysis showed that age ≥75, increased alkaline phos-
phatase (ALK-P), history of CAD, were predictors of PC as a 
definite treatment in this high-risk group of patients with ACC.
Conclusions High operative risk due to older age and 
CAD preclude LC in more than one-third of patients fol-
lowing PC especially presenting with sepsis and elevated 
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Methods

The study was reviewed and approved by the Institutional 
Review Board at the Hadassah-Hebrew University Hospi-
tal in Jerusalem before launch of data collection. We retro-
spectively reviewed the records of all consecutive patients 
who were admitted with the diagnosis of ACC to the Ein 
Kerem and Mount Scopus Campuses from 1 January 2003 
to 31 December 2012. Patients with the diagnosis of acute 
acalculous cholecystitis were excluded from the study.

The charts and records of all patients admitted to the 
hospital with the diagnosis of ACC and who underwent 
PC were reviewed for demographic data, co-morbid condi-
tions, clinical presentation, laboratory and imaging findings 
at index admission, tube complications, and outcome. Lab-
oratory parameters included white blood cell (WBC) count, 
hemoglobin, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-glutamyl transpeptidase 
(GGTP), total bilirubin (TB), alkaline phosphatase (ALK-
P), C-reactive protein (CRP) and albumin.

The presence of co-morbid conditions was retrieved 
from hospital records. Co-morbid conditions were defined 
according to Table 1. Sepsis was defined as infection caus-
ing hypotension and warranting catecholamine support, 
and/or one or more dysfunctional organs.

Broad-spectrum antibiotics and bowel rest was our gen-
eral policy for patients with ACC. The decision to perform 
a PC was at the discretion of the attending surgeon and 
generally based on either the presence of co-morbid condi-
tions and/or lack of clinical improvement. All cholecystos-
tomy tubes were inserted under either sonographic (US) or 
computerized tomography (CT) guidance according to the 
preferences of the attending radiologist.

Our policy was to leave the PC drain in place until 
delayed cholecystectomy (DC) was performed, usually 
6 weeks later. Before discharge a routine cholecystogram 
was performed in order demonstrate the biliary system and 
passage of contrast to the duodenum. In cases of normal 
flow through the biliary tree to the duodenum the patient 
was sent home with the drain closed. In cases of cystic duct 

obstruction the drain was left open. In cases of suspected 
biliary tree stones, patients were referred for ambulatory 
ERCP prior to cholecystectomy. Following discharge from 
index admission, patients were referred to our outpatient 
clinic. Patients were then scheduled for DC depending on 
their age and overall general condition. PC tubes were left 
in place indefinitely in patients who were not considered to 
be candidates for surgery, almost universally due to associ-
ated co-morbid conditions and old age.

Major complications were defined as any event requir-
ing either radiological or emergency intervention, including 
repeat hospitalization. Mortality was defined as any death 
occurring during the index admission and up to 30 days 
thereafter.

Statistical analysis

Data are presented as mean plus minus standard devia-
tion (±SD). The χ2 test and Fisher’s exact test were used 
to compare proportions and the Mann–Whitney U test was 
used to compare continuous variables. Multivariate logistic 
regression analysis was performed to analyze predictors of 
a permanent PC. The adjusted odds ratio (aOR) as well as 
its 95 % confidence interval (CI) was calculated for each 
parameter. A p value of 0.05 or less was considered statis-
tically significant. Statistical analysis was performed using 
SPSS version 11.5 (Statistical Package for Social Science, 
Chicago, IL).

Results

Patient population

From 1 January 2003 to 31 December 2012 we admitted 
1093 patients with the diagnosis of ACC to both Hadas-
sah campuses in Jerusalem, Israel. A total of 257 patients 
(23.5 %) underwent PC due to either co-morbid condi-
tions and/or lack of clinical improvement. Of those, DC 
was eventually performed for 163 patients (63.4 %) who 

Table 1  Definition of 
associated co-morbid conditions Coronary artery disease (CAD) Known history of ischemic heart disease, previous car-

diac interventions for IHD

Atrial fibrillation (AF) An irregular rhythm at time of admission

Diabetes mellitus (DM) Patient requiring insulin or oral hypoglycemic therapy

Neurological disease History of CVA, severe parkinsonism and/or antiepileptic 
therapy

Cirrhosis Established diagnosis of liver progressive insufficiency

Hypertension (HTN) History of hypertension requiring medication

Chronic renal failure (CRF) Preexisting renal insufficiency on admission including 
patients on dialysis

Chronic obstructive pulmonary disease (COPD) Ongoing treatment for COPD or asthma
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were defined as the DC group. The median time to elective 
cholecystectomy was 67 days (range 27–222 days). The 
remaining 94 patients (36.67 %) were defined as the non-
surgery group (NC).

Patients in the NC group were older and more often pre-
sented with fever and septic shock compared with the DC 
group (p < 0.01 for all; Table 2). Bacteremia and a posi-
tive bile culture were more common in the NC group com-
pared with the DC group, but this difference did not reach 
statistical significance [19 patients (20.2 %) vs. 19 patients 
(11.7 %), p = 0.07, and 54 patients (57.4 %) vs. 75 patients 
(46 %), p = 0.09, respectively].

Co‑morbid conditions

The most common co-morbid condition in the cohort was 
hypertension (HTN; n = 134, 52.1 %) followed by diabetes 
mellitus (DM; n = 74, 28.8 %) and coronary artery disease 
(CAD; n = 67, 26.1 %). HTN, CAD and chronic renal fail-
ure (CRF) were significantly more common in the NC group 

compared with the DC group (Table 3). The mean number 
of co-morbid conditions was higher in the NC group and 
there were significantly more patients in the NC group who 
had three or more co-morbid conditions (Table 3).

Laboratory and imaging findings

WBC at admission was significantly higher in the NC group. 
Cholestatic and hepato-cellular enzymes and TB tended to 
be higher in the NC group and this difference reached statis-
tical significance for four of five parameters (Table 4).

The presence of sonographic findings of ACC such as 
wall thickening and peri-cholecystic fluid was not different 
between the groups. Intra or extra-hepatic biliary dilatation 
was more common in the NC group but this difference did 
not reach statistical significance (14 patients [14.9 %] vs. 
12 patients [7.4 %], respectively, p = 0.08). CT was per-
formed for 46 patients (48.9 %) in the NC group compared 
with 66 patients (40.5 %) in the DC group (p = NS).

Tube complications

Overall 56 patients (34.4 %) in the DC group and 24 
patients (25.5 %) in the NC group developed tube-related 
complications (p = NS; Table 5). Re-admission for tube 
complications was significantly more common in the DC 
group compared with the NC group [31 patients (19 %) vs. 
8 patients (8.5 %), p = 0.03]. 14 patients (8.6 %) in the DC 
group and 12 patients (12.8) in the NC required re-insertion 
of the tubes (p = NS).

Outcome

Improvement of abdominal pain and resolution of fever 
at 24 h occurred similarly between the groups. No patient 
required urgent or immediate surgery following PC. Length 

Table 2  Demographics and clinical presentation

a Data presented as number of patients (percent) and average (SD)

Surgery
(n = 163)

No surgery
(n = 94)

p value

Agea 64.0 ± 14.2 73.0 ± 14.9 <0.001

Sex (male) 92 (56.4) 47 (50) 0.363

Cholangitis 11 (6.7) 9 (9.6) 0.471

Fever >38 °C 30 (18.4) 33 (35.1) 0.004

Positive blood culture 19 (11.7) 19 (20.2) 0.07

Positive bile culture 75 (46) 54 (57.4) 0.09

Septic shock 8 (4.9) 18 (19.1) 0.0004

Table 3  Associated co-morbid conditions in the two groups of 
patients

Data shown as number of patients (percent)

Surgery
(n = 163)

No surgery
(n = 94)

p value

Atrial fibrillation 13 (8.0) 14 (14.9) 0.09

Coronary artery disease 33 (20.2) 34 (36.2) 0.008

Chronic renal failure 10 (6.1) 14 (14.9) 0.026

Congestive heart failure 11 (6.7) 22 (23.4) <0.001

Hypertension 74 (45.4) 60 (63.8) 0.006

Diabetes mellitus 48 (29.4) 26 (27.7) 0.77

Cirrhosis 6 (3.7) 2 (2.1) 0.714

Chronic obstructive pulmonary 
disease

12 (7.4) 8 (8.5) 0.810

Number of patients with  
≥3 co-morbidities

34 (20.9) 37 (39.4) 0.002

Mean number of co-morbidities 1.4 ± 1.5 2.2 ± 1.8 <0.001

Table 4  Laboratory findings at initial admission

Data shown as average (SD). Mann–Whitney U test

Surgery
(n = 163)

No surgery
(n = 94)

p value

WBC 13.5 ± 5.3 15.5 ± 6.0 0.01

Hemoglobin 13.7 ± 1.8 15.2 ± 18.6 NS

Creatinine 94.2 ± 78.0 122.7 ± 97.1 0.02

Albumin 38.9 ± 5.6 35.9 ± 6.0 0.01

Bilirubin, total 17.8 ± 16.6 25.3 ± 26.7 0.01

GGTP 106.6 ± 195.2 169.6 ± 214.6 0.12

ALK-P 102.7 ± 72.4 151.3 ± 100.2 0.0003

AST 58.2 ± 103.1 121.9 ± 253.7 0.02

ALT 64.7 ± 115.5 79.4 ± 166.2 NS

CRP 6.3 ± 8.4 12.5 ± 11.7 NS
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of index hospital stay (LOS) was significantly longer in the 
NC group compared with the DC group (15.0 ± 12.4 vs. 
10.4 ± 6.3 days, respectively, p = 0.002). More patients in 
the NC group required ICU admission but this difference 
did not reach statistical significance (14 patients [14.9 %] 
vs. 13 patients [8 %], respectively, p = 0.09). Three patients 
(1.8 %) in the DC group and 4 patients (4.3 %) in the NC 
group died (p = NS).

Predictors of the need for permanent cholecystostomy

Multivariate regression analysis was performed in order to 
identify predictors of the need for a permanent PC. Param-
eters which were found significant on univariate analysis 
were entered into a forward stepwise regression model. 
Older age (aOR 1.1, 95 % CI 1–1.1, p < 0.001), presence 
of CAD (aOR 3.0, CI 1.3–7.0, p = 0.013), elevated ALK-P 
(aOR 1.01, CI 1.00–1.01, p < 0.01), and the presence of 
septic shock at admission (aOR 9.9, CI 1.5–66.7, p = 0.02) 
were found to be independent predictors of a permanent 
PC. In order to quantify for age and level of ALK-P, we 
entered age ≥75 and ALK-P >135 (75th percentile, and 
upper border of normal in our laboratory) as categorical 
parameters. Then, age ≥75 and ALK-P >135 were found 
to be independent predictors of the need for permanent PC 
(aOR 3.6, CI 1.5–8.2, p < 0.01, and aOR 8.63, CI 3.3–22.5, 
p < 0.01, respectively).

Discussion

In common, data on the clinical course of patients managed 
with PC are limited and come from single-institution stud-
ies [13–16]. Cholecystectomy is the only definitive treat-
ment for ACC. The place of PC versus cholecystectomy in 
high-risk patients remains poorly defined. Currently, there 
are no clear guidelines for choosing who may benefit from 
PC over urgent cholecystectomy, and the decision relies 
mainly on clinical experience and judgement. To further 

elucidate this subject, a prospective randomized study was 
initiated in 2012 to compare PC–LC in high-risk patients 
and results are still pending [17].

There is controversy regarding whether cholecystectomy 
should be performed after PC in elderly high-risk patients. 
Multiple reports have demonstrated that PC can temporize 
a patient with multiple comorbid conditions with ACC. 
Potential reasons for this include increased compliance 
with current treatment guidelines for ACC, and improve-
ments in radiological interventional techniques.

An average of 40 % cholecystectomy rate was achieved 
and a 30-day mortality of 15.4 % was reported follow-
ing cholecystostomy in one systematic review of 53 stud-
ies comprising 1918 patients [9]. The highest reported 
mortality rate after cholecystectomy in elderly patients 
with comorbidities was 19 %, while the average mortal-
ity rate was 4.5 % [9, 18]. Furthermore, while the major-
ity of patients did not undergo cholecystectomy, the risk 
of a subsequent gallstone-related ED visit or re-admission 
was almost 50 % within 1 year of index discharge. We per-
formed delayed LC in nearly two-thirds of patients follow-
ing PC. Our overall mortality was 2.7 %, possibly justify-
ing our management strategy.

In a study of 24 elderly patients, Griniatsos et al. 
reported control of ACC in 90 % of patients with cholecys-
tostomy tubes alone and recommended against interval 
cholecystectomy [19]. In another recent article the authors 
reported that ACC resolved in 98.6 % of patients treated 
with PC [20]. Drainage-related morbidity and mortality 
rates were 4.1 and 1.4 %, respectively. No patient under-
went cholecystectomy after PC and the recurrence rate of 
ACC was 4.1 %. However, advocates for interval cholecys-
tectomy quote a 46 % recurrence rate at 3 years for patients 
treated by cholecystostomy drainage alone [21]. Our results 
show that PC is extremely helpful in temporizing the infec-
tious complications associated with ACC (100 %). It is 
unlikely that one best management strategy will apply for 
all patients, and only sound clinical judgement and a fully 
informed consent on the risks of surgery versus non-opera-
tive management will remain essential.

Our results show that tube-related complications occur 
in up to one-third of patients following PC and may require 
re-admission in up to one-fifth of patients. Tube-related 
complications were surprisingly more common in the DC 
group. Perhaps this finding is due to the more mobile status 
of these patients who are generally younger and suffer from 
fewer co-morbid conditions.

Our study also shows that identification of the majority 
of patients with ACC who cannot have cholecystectomy 
and require permanent PC can be achieved utilizing certain 
admission parameters. Older age, CAD, elevated ALK-P 
and septic shock at admission are all predictors of the need 

Table 5  Tube complications in the study groups

Data shown as number of patients (percent)

Surgery
(n = 163)

No surgery
(n = 94)

p value

Re-drainage 14 (8.6) 12 (12.8) 0.29

Re-admission for tube  
complications

31 (19) 8 (8.5) 0.03

Drain dislodgement 21 (12.9) 13 (13.8) 0.85

Leak around drain 7 (4.3) 6 (6.4) 0.557

Any tube complication 56 (34.4) 24 (25.5) 0.163
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for a long term or indefinite PC. These patients should be 
differentiated upon admission and drained earlier thus min-
imizing the septic complications associated with ongoing 
biliary infection.

Older age, history of co-morbidities such as CAD, and 
the presence of sepsis at admission are intuitively factors 
that influence the attending surgeon’s inclination to per-
form PC early in the course of ACC. Our results show that 
elevated hepatocellular and cholestatic enzymes and bil-
iary dilatation are associated with a permanent PC. Moreo-
ver, elevated levels of ALK-P, especially abnormal levels 
of ALK-P, are predictors of the need for a permanent PC. 
These suggest that a different disease process, perhaps with 
more pronounced biliary injury, is involved in patients who 
require a definitive PC. These patients should probably be 
identified early in their hospital course and drained. The 
remaining patients should probably undergo early chol-
ecystectomy during their initial admission.

The main strength of the present study is the large sam-
ple size. Limitations of this study include the retrospective 
nature of data collection and the lack of a specified organi-
zational protocol in the management of ACC. First, an 
obvious selection bias for elderly comorbid patients being 
placed in the PC group exists. Second, the length of time 
the cholecystostomy drain remained in place is unknown. 
Third, we should assume that several patients in the NC 
group were lost to follow-up and could potentially influ-
ence the results.

Conclusions

Early percutaneous gallbladder drainage is safe and effec-
tive in critically ill patients in the acute phase of ACC, with 
a high rate of clinical improvement. Almost two-thirds of 
patients who are initially treated with PC at our institution 
eventually undergo DC. The majority of these patients will 
probably benefit from early surgery.

Elderly high-risk patients probably have limited benefit 
from cholecystectomy due to their inherent surgical risk 
and an expected low recurrence rate of ACC. We thus sug-
gest that PC can be performed as definitive treatment in this 
select group of patients above 75 year old and presenting 
with septic shock and elevated ALK-P.
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