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Abstract

Background Acute acalculous cholecystitis (AAC) is often diagnosed in critically ill patients. Percutaneous
cholecystostomy tube (PCT) placement facilitates less invasive gallbladder decompression in patients who are poor
surgical candidates. Specific guidelines for optimal management of AAC patients following PCT placement remain
to be defined. We hypothesize that AAC patients are at lower risk of recurrent cholecystitis than acute calculous
cholecystitis (ACC) patients and do not require cholecystectomy after PCT placement.

Methods A retrospective review of patients who underwent PCT placement for AAC or ACC between 6/1/2007 and
5/31/2019 was performed. Primary outcome was recurrent cholecystitis and interval cholecystectomy for patients
surviving 30 days after PCT placement. Secondary outcome was 30 day mortality. A cox regression model calcu-
lated the adjusted hazard ratio (AHR) for the outcomes.

Results Eighty-four AAC and 85 ACC patients underwent PCT placement. Compared to ACC patients, more AAC
patients were male (72.6 vs. 48.2%; p < 0.01), younger (median age 62 vs. 73 years; p < 0.01), and required
intensive care (69.0 vs. 52.9%; p = 0.04), with lower median Charlson Comorbidity Index (4.0 vs. 6.0; p < 0.01).
30 day mortality was higher among AAC patients than ACC patients (45.2 vs. 21.2%; p < 0.01). 2/24 (8.3%) AAC
patients and 5/31 (16.1%) ACC patients developed recurrent cholecystitis at a median 208.0 days (IQR:64.0-417.0)
after PCT placement and 115.0 days (IQR:7.0-403.0) following PCT removal. Cox regression analysis demonstrated
that AAC patients had lower likelihood of interval cholecystectomy compared to ACC patients (AHR 2.35; 95%
CI:1.11,4.96).

Conclusion Recurrent cholecystitis is rare in patients surviving 30 days following PCT placement. When compared
with ACC patients, fewer AAC patients require cholecystectomy.
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Acute acalculous cholecystitis (AAC) is an inflammatory
disease of the gallbladder in the absence of cholelithiasis,
with a complex pathogenesis involving gallbladder
hypoperfusion leading to ischemia and subsequent reper-
fusion injury [1-4]. Accounting for 10% of all cases of
cholecystitis, AAC is associated with high morbidity and
mortality rates up to 30% [3, 5]. Percutaneous cholecys-
tostomy tube (PCT) placement is a less invasive method of
gallbladder decompression in critically ill patients who are
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poor candidates for cholecystectomy due to concurrent
medical conditions and clinical status [6]. PCT placement
as a definitive treatment of AAC versus a temporizing
measure until an interval cholecystectomy is performed
remains a topic of debate [7]. Often, findings and experi-
ence with management of ACC are extrapolated to AAC
and vice versa. However, how these two entities differ in
regards to certain outcomes, including an interval chole-
cystectomy, is poorly studied.

The purpose of this study was to evaluate the clinical
characteristics of patients with AAC requiring PCT
placement and compare their outcomes to patients under-
going PCT placement for ACC. We hypothesized that
patients with AAC undergoing PCT placement are at lower
risk of recurrent cholecystitis than ACC patients and that
routine interval cholecystectomy is not necessary after PCT
placement.

Materials and methods

Patients admitted to a single, quaternary care, medical
center from 6/1/2007 to 5/31/2019 who required PCT
placement for AAC or ACC were identified. Patients with
repeat PCTs, gallbladder perforation, prior biliary stents, or
PCT placement for underlying malignancy or masses were
excluded. Due to the low sensitivity of gallstone detection
with computed tomography (CT) imaging, patients with
CT as the sole diagnostic imaging were also excluded
[8, 9]. This study was approved by the Institutional Review
Board; the need for consent was waived given its retro-
spective nature and the minimal risk its conduction posed
to participants. Data were analyzed using the IBM SPSS
statistics for windows, version 25.0 (IBM Corp., Amonk,
NY).

Baseline demographics and clinical characteristics
included age, sex, location [ward vs. intensive care unit
(ICU)] and laboratory values prior to PCT placement
[white blood cell count (WBC), liver function tests, and
lactic acid]. Results of relevant imaging studies [ultrasound
(US), magnetic resonance cholangiopancreatography
(MRCP) and hepatobiliary iminodiacetic acid (HIDA)
scan] prior to PCT placement were recorded. The Charlson
Comorbidity Index (CCI) was calculated for each patient
[10], as was the risk for mortality and major complications
based on the American College of Surgeons (ACS)
National Surgical Quality Improvement Program (NSQIP)
surgical risk calculator for mortality and complications
(defined as cardiac arrest, myocardial infarction, pneumo-
nia, progressive renal insufficiency, acute renal failure,
pulmonary embolism, deep venous thrombosis, return to
the operating room, deep incisional surgical site infection,
organ space surgical site infection, systemic sepsis,

unplanned intubation, urinary tract infection, or wound
disruption) for a laparoscopic cholecystectomy at the time
of PCT placement [11].

PCT placements were performed by board-certified
interventional radiologists under US or CT guidance, as
previously described [12]. Timing of PCT insertion and
removal was documented, as was the timing of interval
cholecystectomy, if it occurred. Patients were followed
until death, interval cholecystectomy, or last documented
follow-up in the electronic medical record.

Patients without gallstones seen on US or MRCP prior
to PCT placement were considered to have AAC, while
those with gallstones were considered to have ACC. AAC
patients were compared to their ACC counterparts. The
primary outcomes were interval cholecystectomy and
recurrent cholecystitis in patients who survived beyond
30 days following PCT placement. Secondary outcome
was 30 day mortality. To minimize survival bias, the sec-
ondary outcome was analyzed after excluding patients who
died within 30 days from PCT placement.

Student’s ¢ test or Mann—Whitney U test was utilized to
compare means between patients with acalculous and cal-
culous cholecystitis. Fisher’s exact test and chi-squared test
were used to compare proportions. A Kaplan—Meier curve
was created to depict the primary and secondary outcomes
in relation to time, and a log rank test was calculated. A
cox regression model incorporating variables that were
statistically different between the two cohorts at a p < 0.20
level was utilized to calculate the adjusted hazard ratio
(AHR) and 95% confidence interval (CI) for 30 day mor-
tality, interval cholecystectomy and recurrent cholecystitis.
All reported p values were two-sided with p < 0.05 con-
sidered statistically significant.

Results

We identified 223 patients admitted over a 13 year period
who underwent PCT placement. Of these, 54 patients were
excluded due to PCTs placed for underlying mass or
malignancy, presence of prior biliary stents, or diagnosis of
cholecystitis based solely on CT (Fig. 1). Of the 169
patients included in our analysis, 102 (60.4%) patients
were male with a median age of 66.0 years (Table 1). The
median CCI score was 5.0 and the median NSQIP risk of
serious complications, any complications, or mortality
were predicted to be 8.0, 9.9 and 3.5%, respectively. At the
time of PCT placement, 103/169 (60.9%) patients were in
the ICU. A total of 56/169 (33.1%) patients required
vasopressor support and 60/169 (35.5%) patients were on
mechanical ventilation.

The cohort was almost equally divided into those with
AAC (49.7%, n = 84/169) and those with ACC (50.3%,

@ Springer



1888

World J Surg (2022) 46:1886-1895

PCT Placed
n=223
Obstructive Stent or Malignancy,
> Second PCT, or CT scan only
\ n=54
Included Patients
n=169

Calculous Cholecystitis
n=85 (50.3%)

Acalculous Cholecystitis
n=84 (49.7%)

Fig. 1 Patient selection

n = 85/169) (Fig. 1). AAC patients were significantly more
likely to be male (72.6 vs. 48.2%, p < 0.01) and younger
than their ACC counterparts (median age 62.0 vs.
73.0 years, p < 0.01). Although AAC patients had lower

Table 1 Baseline patient characteristics of cohort patients

median CCI scores (4.0 vs. 6.0, p < 0.01), the NSQIP-
predicted risks of complications and mortality were similar
between both groups (Table 1). Compared to ACC patients,
AAC patients at the time of PCT placement more likely to
be located in the ICU (69.0 vs. 52.9%, p = 0.04) and
require mechanical ventilation (44.0 vs. 27.1%, p = 0.03)
but had no significant difference in vasopressor require-
ment (38.1 vs. 28.2%, p = 0.19), or liver function tests
(Table 1). The median duration of indwelling PCT was
54.5 days and similar for the compared cohorts (median
62.5 days for AAC and 52.0 days for ACC, p = 0.20)

(Table 2).

The majority of gallbladder fluid cultures sampled at the
time of PCT placement had no growth (58.4%, n = 94).
The remainder cultures were mostly polymicrobial (16.8%,
n = 27), while the most common isolates were Entero-
coccus (12.4%, n = 20), Escherichia coli (12.4%, n = 20),

Total Acalculous cholecystitis Calculous cholecystitis p-value
(n =169) (n=284) (n = 85)
Sex
Male 102 (60.4%) 61 (72.6%) 41 (48.2%) < 0.01
Female 67 (39.6%) 23 (27.4%) 44 (51.8%)
Age (years) 66.2 £ 16.6 [66.0 (56.0, 61.6 £ 16.0 [62.0 (52.3, 70.8 £ 15.9 [73.0 (63.0, < 0.01
80.0)] 70.8)] 83.5)]
Location
Ward 66 (39.1%) 26 (31.0%) 40 (47.1%) 0.04
ICU 103 (60.9%) 58 (69.0%) 45 (52.9%)
CCI 5.1 £ 2.8 [5.0 (3.0, 7.0)] 4.4 + 2.5 1[4.0 (3.0, 6.0)] 5.7 £2.9[6.0 (4.0, 7.0)] < 0.01
NSQIP risk of serious 9.3 + 5.0 [8.0 (5.5, 12.3)] 9.7 £ 54 [8.2 (5.2, 13.1)] 8.8 £4.4[7.7 (5.6, 11.5)] 0.50
complication (%)
NSQIP risk of any complication 114 £ 6.0 [9.9 (64, 15.2)] 11.8 £ 6.6 [10.2 (6.4, 16.4)] 11.0 £ 5.4 [9.9 (6.4, 14.2)] 0.66
(%)
NSQIP risk of death (%) 7.1 £ 8.9 [3.5 (1.0, 9.6)] 7.9 £ 9.8 [4.3 (0.8, 10.1)] 6.3 + 7.8 [3.3 (1.0, 8.3)] 0.60
Fever 48 (28.4%) 20 (23.8%) 28 (32.9%) 0.23
RUQ abdominal pain 101 (59.8%) 43 (51.2%) 58 (68.2%) 0.03
Vasopressors 56 (33.1%) 32 (38.1%) 24 (28.2%) 0.19
Mechanical ventilation 60 (35.5%) 37 (44.0%) 23 (27.1%) 0.03
White blood cell count (1000/puL) 16.2 £+ 10.5 [15.1 (8.4, 21.0)] 15.8 £ 10.5 [14.9 (7.3, 20.8)] 16.5 £ 10.5 [15.1 (8.9, 21.2)] 0.62
Alkaline phosphatase (ALP) (U/L) 251.7 & 291.3 [162.0 (107.0, 269.8 4 348.5 [161.0 (102.0, 233.6 £ 220.6 [163.0 (107.0, 0.98
285.5)] 303.0)] 250.0)]
Alanine aminotransferase (ALT) 103.1 £ 175.2 [42.5 (21.0, 111.3 £ 160.9 [43.0 (21.0, 94.9 £ 189.1 [38.0 (21.0, 0.50
(U/L) 99.3)] 107.0)] 96.0)]
Aspartate aminotransferase (AST) 155.7 + 288.2 [61.0 (30.0, 177.8 £+ 282.1 [68.0 (33.0, 133.7 £ 294.1 [58.0 (30.0, 0.32
(U/L) 147.5)] 150.0)] 125.0)]
Total bilirubin (mg/dL) 53+77 59 + 87 4.8 + 6.6 0.58
[2.1 (0.8, 6.4)] [2.0 (0.8, 7.9)] [2.1 (0.8, 5.3)]
Direct bilirubin (mg/dL) 4.0 £ 59 [1.5 (0.5, 4.9)] 4.5 + 6.8 [1.8 (0.4, 6.1)] 34 +48[1.3 (0.5, 4.7)] 0.49
Lactic acid (mmol/L) 2.2 + 2.1 [1.5 (0.9, 2.4)] 24 +£24[1.6 (1.0, 2.5)] 2.0 £ 1.7 [1.3 (0.9, 2.3)] 0.20

Values reported as n (%) or mean = SD [median (IQR)]; ICU intensive care unit; CCI charlson comorbidity index; NSQIP national surgical

quality improvement program; RUQ right upper quadrant
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Table 2 Outcomes of cohort patients
Total Acalculous cholecystitis Calculous cholecystitis p-value
(n =169) (n=84) (n =85)
PCT duration (days), median (IQR) 54.5 (31.0, 62.5 (36.5, 92.3) 52.0 (25.3, 74.8) 0.20
78.0)
30 day mortality, n (%) 56 (33.1%) 38 (45.2%) 18 (21.2%) < 0.01
Cholangiogram before PCT removal, n (%) 42 (46.2%) 17 (47.2%) 25 (45.5%) 1.00
Cholecystectomy, n (%) 47 (27.8%) 15 (17.9%) 32 (37.6%) 0.01
Laparoscopic cholecystectomy, n (%) 36 (76.6%) 12 (80.0%) 24 (75.0%) 1.00
Laparoscopic converted to open cholecystectomy, 2 (5.6%) 1 (8.3%) 1 (4.2%) 1.00
n (%)
Open cholecystectomy, n (%) 11 (23.4%) 3 (20.0%) 8 (25.0%) 1.00

and Klebsiella (11.8%, n = 19) (Table 3). There were no
differences in microbiology between AAC and ACC
patients. The most common complication associated with
PCT was tube dislodgment (10.7%, n = 18/169), followed
by tube clotting (4.7%, n = 8/169), and leakage around the
insertion site (2.4%, n = 4/169).

The overall 30 day mortality was 33.1% (n = 56) and
significantly higher for AAC patients (45.2 vs. 21.2%,
p < 0.01) (Table 2). Figure 2 depicts the Kaplan—Meier

curve for 30 day mortality for the two cohorts, indicating
significantly higher mortality for AAC patients (log rank
p < 0.01.) A cox regression model, however, adjusting for
sex, age, location at the time of PCT placement (ICU vs.
ward), CCI, RUQ pain, vasopressor status, and intubation
status indicated that although ACC patients tended to have
a lower AHR for 30 day mortality, this difference did not
reach statistical significance (AHR: 0.60; 95% CI: 0.32,

Table 3 Microbial growth from sampled biliary fluid following PCT placement in acalculous versus calculous cholecystitis patients

Total (n = 169) Acalculous cholecystitis (n = 84) Calculous cholecystitis (n = 85) p-value

No growth 94 (58.4%) 50 (63.3%) 44 (53.7%) 0.26
H. flu 1 (0.6%) 0 1 (1.2%) 1.00
Pseudomonas 1 (0.6%) 1 (1.3%) 0 0.49
Staphylococcus 5 (3.1%) 2 (2.5%) 3 (3.7%) 1.00
Streptococcus 9 (5.6%) 5 (6.3%) 4 (4.9%) 0.74
Serratia 1 (0.6%) 0 1 (1.2%) 1.00
Escherichia coli 20 (12.4%) 7 (8.9%) 13 (15.9%) 0.23
Klebsiella 19 (11.8%) 11 (13.9%) 8 (9.8%) 0.47
Enterococcus 20 (12.4%) 8 (10.1%) 12 (14.6%) 0.48
Enterobacter 3 (1.9%) 1 (1.3%) 2 (2.4%) 1.00
Candida 9 (5.6%) 5 (6.3%) 4 (4.9%) 0.74
Proteus 2 (1.2%) 0 2 (2.4%) 0.50
Citrobacter 2 (1.2%) 0 2 (2.4%) 0.50
Stenotrophomonas 1 (0.6%) 0 1 (1.2%) 1.00
Lactococcus 0 0 0 -

Diphtheroid 0 0 0 -

Corynebacterium 1 (0.6%) 1 (1.3%) 0 0.49
Acinetobacter 1 (0.6%) 1 (1.3%) 0 0.49
Lactobacillus 0 0 0 -

Prevotella 1 (0.6%) 1 (1.3%) 0 0.49
Achromobacter 0 0 0 -

Bifidobacterium 1 (0.6%) 1 (1.3%) 0 0.49
Polymicrobial 27 (16.8%) 12 (15.2%) 15 (18.3%) 0.68
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Fig. 2 Kaplan—Meier curve for 30 day mortality

1.13; adjusted p = 0.12). The area under the curve (AUC)
for the model was 0.775.

Excluding patients who died within 30 days after PCT
placement (n = 56), we identified 113 patients for addi-
tional analysis: 46 AAC (40.7%) and 67 ACC (59.3%)
patients. Of the patients who survived 30 days beyond PCT
placement, AAC patients compared to ACC patients had
similar ICU status (60.9 vs. 47.8%, p = 0.19), vasopressor
requirement (26.1 vs. 20.9%, p = 0.65), and need for
mechanical ventilation (37.0 vs. 19.4%, p =0.05)
(Table 4). The median duration of PCT was similar
between AAC and ACC patients (63.0 vs. 52.0 days,
p = 0.18) (Table 5). Cholangiogram was performed prior to
PCT removal in 46.1% (n = 41) patients overall (AAC
45.7%, ACC 46.3%). Rate of interval cholecystectomy was
also similar (AAC: 30.4% vs. ACC: 46.3%, p = 0.12).
Overall median follow-up was 57.0 days (IQR: 31.5,
108.0) (Table 5). Figure 3 depicts the Kaplan—Meier curve
for interval cholecystectomy for AAC and ACC patients
(log rank p = 0.05). The AHR for interval cholecystectomy
was significantly higher for ACC patients based on a cox
regression model adjusting for sex, age, CCI, location (ICU
vs. ward), RUQ pain, and intubation status (AHR: 2.35;
95% CI: 1.11, 4.96; adjusted p = 0.03). The AUC for the

@ Springer

model was 0.676. Additionally, the proportion of patients
who underwent interval cholecystectomy was similar
between PCT patients from the ward (55.5%) and PCT
patients from the ICU (44.7%) (p = 0.352).

Recurrent cholecystitis occurred in five (16.1%) ACC
and two (8.3%) AAC patients who survived beyond
30 days after PCT placement and had PCT removed
without concurrent cholecystectomy (Fig. 4) at a median
follow-up of 208.0 days (IQR 64.0, 417.0 days) after PCT
placement and a median of 115.0 days (IQR 7.0,
403.0 days) after PCT removal. Of the ACC patients with
recurrent cholecystitis, three (60.0%) underwent interval
cholecystectomy (1 open, 2 laparoscopic). No ACC
patients underwent conversion from laparoscopic to open
cholecystectomy. Of the AAC patients with recurrent
cholecystitis, both patients underwent cholecystectomy (1
laparoscopic, 1 laparoscopic converted to open).

Discussion
In this large case series from a quaternary referral center,

we found that approximately half of patients requiring PCT
placement for AAC died within 30 days. The majority of
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Table 4 Characteristics of patients surviving beyond 30 days following PCT placement
Total (n = 113) Acalculous cholecystitis Calculous cholecystitis p-
(n = 46) (n=67) value
Sex
Male 67 (59.3%) 35 (76.1%) 32 (47.8%) < 0.01
Female 46 (40.7%) 11 (23.9%) 35 (52.2%)
Age (years) 66.4 + 16.5 [66.0 (55.0, 59.4 + 15.7 [59.5 (46.8, 71.3 £ 15.3 [73.0 (64.0, < 0.01
80.5)] 67.5)] 84.0)]
Location
Ward 53 (46.9%) 18 (39.1%) 35 (52.2%) 0.19
ICU 60 (53.1%) 28 (60.9%) 32 (47.8%)
CCI 5.0 £ 2.7 [5.0 (3.0, 7.0)] 3.8 £2.1[3.5(2.0,5.3)] 5.8 £ 2.7 [6.0 (4.0, 8.0)] < 0.01
NSQIP risk of serious complication 8.0 £ 4.2 [6.8 (5.0, 9.9)] 7.8 £ 4.41[6.2 (4.5, 10.3)] 8.1 £4.1[7.2 (5.1, 9.6)] 0.41
(%)
NSQIP risk of any complication 9.8 £ 5.2 [8.6 (5.9, 12.3)] 9.5 +£5.6[74 (5.2, 12.3)] 10.0 + 5.0 [9.1 (6.1, 12.6)] 0.32
(%)
NSQIP risk of death (%) 5.0+ 7224 (0.7, 6.8)] 4.8 +7.4[1.2 (0.5, 7.7)] 5.1 +£7.21[2.7 (0.7, 5.8)] 0.27
Fever 37 (32.7%) 13 (28.3%) 24 (35.8%) 0.42
RUQ abdominal pain 76 (67.3%) 27 (58.7%) 49 (73.1%) 0.15
Vasopressors 26 (23.0%) 12 (26.1%) 14 (20.9%) 0.65
Mechanical ventilation 30 (26.5%) 17 (37.0%) 13 (19.4%) 0.05
White blood cell count (1000/uL)  16.0 £ 9.9 [15.3 (8.8, 20.1)] 155 £ 9.9 [154 (7.6, 19.6)] 163 £ 9.9 [15.1 (9.5, 20.3)] 0.63
Alkaline phosphatase (ALP), (U/L) 223.9 4+ 224.4 [152.0 (97.0, 215.4 £ 222.1 [151.0 (91.0, 229.8 £ 227.5 [157.5 (99.8, 0.60
249.5)] 227.0)] 258.8)]
Alanine aminotransferase (ALT), 95.9 + 186.6 [36.0 (20.0, 95.5 + 156.0 [35.0 (18.3, 96.2 + 206.4 [36.0 (20.8, 0.76
(U/L) 84.5)] 73.3)] 96.0)]
Aspartate aminotransferase (AST), 138.4 &+ 302.3 [47.5 (26.3, 154.4 + 278.2 [44.5 (24.8, 127.3 £ 319.6 [52.5 (27.8, 0.88
(U/L) 99.0)] 100.8)] 87.3)]
Total bilirubin (mg/dL) 33+ 42[1.5(0.7,4.1)] 34 £+ 4.7 (1.5 (0.6, 3.9)] 32 4+ 3.8[1.6 (0.8, 4.9)] 0.67
Direct bilirubin (mg/dL) 2.3 £3.2[0.7 (0.4, 3.2)] 2.1 3.3 [0.8 (0.3, 2.1)] 2.4 + 3.1 [0.7 (0.4, 4.0)] 0.44
Lactic acid (mmol/L) 1.8 = 1.9 [1.3 (0.9, 2.0)] 2.0 £ 2.5 [1.5 (0.9, 2.0)] 1.7 £ 1.3 [1.2 (0.9, 2.0)] 0.40

Values reported as n (%) or mean = SD [median (IQR)]; ICU intensive care unit; CCI charlson comorbidity index; NSQIP national surgical
quality improvement program; RUQ right upper quadrant

Table 5 Outcomes in patients surviving beyond 30 days following PCT placement

Total (n = 113)  Acalculous cholecystitis Calculous cholecystitis p-
(n = 46) (n=67) value
PCT duration (days), median (IQR) 55.5 (32.0, 63.0 (38.0, 94.0) 52.0 (26.0, 75.5) 0.18
78.0)
Cholangiogram before PCT removal, n (%) 41 (46.1%) 16 (45.7%) 25 (46.3%) 1.00
Cholecystectomy, n (%) 45 (39.8%) 14 (30.4%) 31 (46.3%) 0.12
Laparoscopic cholecystectomy, n (%) 35 (77.8%) 11 (78.6%) 24 (77.4%) 1.00
Laparoscopic converted to open cholecystectomy, 2 (5.7%) 1 (9.1%) 1 (4.2%) 0.54
n (%)
Open cholecystectomy, n (%) 10 (22.2%) 3 (21.4%) 7 (22.6%) 1.00
Follow-up (days), median (IQR) 57.0 (31.5, 67.0 (35.0, 115.0) 54.0 (26.0, 98.0) 0.32
108.0)
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microbiological cultures obtained had no growth. The
duration of PCT approximated 2 months. The majority of
these patients did not undergo an interval cholecystectomy
after approximately 2 months and of those who survived
beyond 30 days after PCT placement, only a small fraction
experienced recurrent cholecystitis during the follow-up
period. These findings may be utilized to question the
utility of interval cholecystectomy following PCT place-
ment for AAC patients, especially in the early period of
recovery from their disease, given their very high mortality
risk.

PCTs are often utilized in patients who are at high risk
of morbidity or mortality from cholecystectomy, such as
patients with AAC who are often located in the ICU
requiring vasopressors and mechanical ventilation and
have concurrent systemic diseases [13]. Our study cohort
had a high rate of mortality overall and at 30 days fol-
lowing PCT placement, reflecting a more critically ill study
population. One of the reasons for this may be based on
institutional practice. For example, more aggressive prac-
tice in performing cholecystectomy and reserving PCTs for
only those who are critically ill or at an exceptionally
high risk of surgery may account for the high mortality rate
in our patient cohort. Furthermore, this could support and
explain the fact that we do not routinely perform interval
cholecystectomies on patients who receive PCTs.

Despite the common use of PCTs for AAC, associated
outcomes remain to be defined [7]. Anderson et al.
observed greater mortality risk in AAC patients undergoing
PCT placement compared to emergent cholecystectomy
[14, 15], while other groups such as Simorov et al.
demonstrated no difference in mortality between AAC and
ACC patients with PCTs, although placement for AAC was
associated with lower morbidity overall [16]. Similarly,
Kirkegard et al. suggested PCT insertion as a definitive
therapy for AAC as it was found to be associated with low
mortality risk and low interval cholecystectomy rate [17].
Furthermore, in a large single-center study of > 400
patients by Boules et al. most patients treated with PCT
placement and interval cholecystectomy were younger and
had lower comorbidity indices, leading to the conclusion
that older, high-risk patients should be considered for PCT
placement as definitive management of cholecystitis [18].

Although AAC patients had lower median CCI scores
and similar predicted surgical risks, they were more likely
than ACC patients to be located in the ICU on mechanical
ventilation, with significantly greater odds of 30 day
mortality. After regression analysis, we no longer observed
a statistically significant difference in 30 day mortality
between AAC and ACC patients, similar to studies such as
by Bhatt et al. [19]. The discordance between mortality rate
and low median CCI scores in our study’s AAC patients
may be related to the fact that patients with malignancy

were excluded, while malignancy is a variable that con-
tributes to a higher CCI [10]. Additionally, several studies
have suggested that CCI is a poor predictor of mortality
and may not accurately represent patient risk, as well as
other risk-adjustment scores such as NSQIP [20, 21].

In further investigating patients who survived beyond
30 days, we found that less AAC patients underwent
interval cholecystectomy than ACC patients. The rate of
recurrent cholecystitis after PCT removal was low in both
AAC and ACC patients, consistent with existing literature
[2, 19, 22]. Cholangiogram to assess duct patency prior to
PCT removal is a practice that varies between providers
and institutions, and current studies suggest that routine
cholangiography may not be necessary [23, 24]. Loftus
et al. in a retrospective cohort study found that although
routine surveillance cholangiography identified cystic duct
filling defects in more patients than those who underwent
cholangiography only if symptomatic, there was no sig-
nificant difference in clinical outcomes including rates of
recurrent cholecystitis or cholangitis [23]. Similarly, Hung
et al. did not identify significant differences in clinical
outcomes for patients with PCTs who underwent cholan-
giogram prior to PCT removal compared to patients who
underwent PCT clamp trials, suggesting that routine
cholangiography does not provide clinically significant
benefits [24]. We did not investigate results of cholan-
giograms prior to PCT removal and thus cannot comment
on duct patency and its potential effects on the rate of
recurrent cholecystitis in our patients.

Our observation that AAC patients have lower likeli-
hood of interval cholecystectomy after PCT placement are
consistent with existing literature such as from Colonna
et al. [25] and Chung et al. [2], suggesting PCT as a fea-
sible definitive AAC treatment. Similarly, a retrospective
analysis by Byrne et al. suggested that PCT could be a safe
alternative to surgery for high-risk patients with either
ACC or AAC [26]. The findings of our study suggest that
recommending an interval cholecystectomy routinely to
these patients may not be justified. Watchful waiting may
in fact be a safer alternative, given the very small risk for
recurrent symptoms.

The limitations of our study include its retrospective
nature, small sample size of patients with recurrent
cholecystitis, and lack of long-term follow up. In addition,
it was impossible to determine whether the patients’ con-
dition improved due to the initial PCT placement, and
therefore whether it was a procedure that was truly indi-
cated or done in the process of ruling out a septic source.
Nevertheless, our study provides insight into both the
characteristics and outcomes of patients with AAC who
undergo PCT placement. It also gives rise to interesting
points of future studies such as long-term morbidity and
mortality in AAC patients undergoing PCT placement.
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Future research directions should focus on further identi-
fying the characteristics of patients who may benefit the
most from PCT placement, the ideal duration, and its
management.

In conclusion, PCT placement at our institution was
associated with a significantly high mortality, likely indi-
cating the restricted use of this procedure to the sickest of
patients with the highest surgical risk. The risk for recur-
rent cholecystitis in AAC patients is extremely low,
therefore, a routine interval cholecystectomy may not be
required. Further research is required to validate whether
the findings are similar at lower volume institutions or
institutions with different practices in selecting patients for
PCT. Furthermore, given the variability in practice,
guidelines for selection of patients for PCT, their post-
placement management, and the indication for an interval
cholecystectomy are required.
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