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Abstract

Background: The Tokyo guideline for acute cholecystitis recommended percutaneous transhepatic gallbladder
drainage followed by cholecystectomy for severe acute cholecystitis, but the optimal timing for the subsequent

cholecystectomy remains controversial.

Methods: Sixty-seven patients who underwent either laparoscopic or open cholecystectomy after percutaneous
transhepatic gallbladder drainage for severe acute cholecystitis were enrolled and divided into difficult
cholecystectomy (group A) and non-difficult cholecystectomy (group B). Patients who had one of these
conditions were placed in group A: 1) conversion from laparoscopic to open cholecystectomy; 2) subtotal
cholecystectomy and/or mucoclasis; 3) necrotizing cholecystitis or pericholecystic abscess formation; 4) tight
adhesions around the gallbladder neck; and 5) unsuccessfully treated using PTGBD. Preoperative characteristics

and postoperative outcomes were analyzed.

Results: The interval between percutaneous transhepatic gallbladder drainage and cholecystectomy in Group B
was longer than that in Group A (631 h vs. 325 h; p = 0.031). Postoperative complications occurred more frequently
when the interval was less than 216 h compared to when it was more than 216 h (35.7 vs. 7.6%; p = 0.006).

Conclusions: Cholecystectomy for severe acute cholecystitis was technically difficult when performed within
216 h after percutaneous transhepatic gallbladder drainage.
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Background
Acute cholecystitis (AC) is a common disease for which
laparoscopic cholecystectomy (LC) has become the
standard treatment [1]. However, in patients with se-
vere AC, the rate of complications such as bile leak,
common bile duct injury, and bowel injury is high after
LC [2], suggesting an association between severity of
inflammation and difficulty of LC. Therefore, evalu-
ation of the severity of AC is important in determining
the appropriate treatment.

The Tokyo Guidelines in 2007 was issued as the first
international guidelines for the diagnosis and treatment
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of AC and has been recently revised as the Tokyo
Guidelines 2013 (TG13) [3, 4]. The TG13 suggested
that the criteria for AC should be based on clinical
symptoms, physical examination, blood tests, and
imaging findings and classified AC into three grades of
inflammation: mild (grade I), moderate (grade II), and
severe (grade III) (Table 1). The TG13 also recom-
mended appropriate therapy depending on the grade
of AC. Grade I patients are candidates for immediate
LC; grade II patients could undergo either LC or per-
cutaneous transhepatic gallbladder drainage (PTGBD);
and grade III patients are strongly recommended to
undergo immediate PTGBD.

In the early 1980s, Radder introduced the procedure
of PTGBD to immediately improve the symptoms of
AC [5]. In some patients who undergo PTGBD and
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Table 1 Severity classification of acute cholecystitis by the Tokyo guidelines 2013

Grade Definition
I (Mild) Acute cholecystitis that does not meet the criteria for grade Ill or grade Il cholecystitis
Acute cholecystitis in a healthy patient with no organ dysfunction. Inflammatory changes in the gallbladder are mild, making
cholecystectomy a safe and low-risk procedure.
Il (Moderate) Grade Il acute cholecystitis is associated with any one of the following conditions
1 Elevated white blood cell count (>18,000/mm?)
2 Palpable tender mass in the right upper abdominal quadrant
3 Duration of complaints > 72 h
4 Marked local inflammation (gangrenous cholecystitis, pericholecystic abscess, hepatic abscess, biliary peritonitis, and
emphysematous cholecystitis)
Il (Severe)  Grade IIl acute cholecystitis associated with dysfunction of any one of the following organs/systems

1 Cardiovascular dysfunction defined as hypotension requiring treatment with dopamine = 5 pg/kg per min or

any dose of norepinephrine

Hepatic dysfunction defined as PT-INR > 1.5

N AW

Neurologic dysfunction defined as decreased level of consciousness
Respiratory dysfunction defined as a PaO2/FiO2 ratio < 300

Renal dysfunction defined as oliguria or creatinine > 2.0 mg/dl

Hematologic dysfunction defined as platelet count < 100,000/mm?

subsequent LC, technical difficulties and postoperative
complications associated with severe fibrosis and gall-
bladder adhesion may be encountered [6]. Therefore, it
is very important to determine the optimal timing of
cholecystectomy after PTGBD; however, this is still
controversial [4].

The aim of this study was to assess the effect of the
interval between PTGBD and cholecystectomy on the
technical difficulty of cholecystectomy and postoperative
complications. We also aimed to determine the optimal
timing of cholecystectomy after PTGBD.

Methods

The medical records of the 77 study patients who
underwent either laparoscopic or open cholecystectomy
after PTGBD for AC between 2002 and 2015 were
retrospectively reviewed (Fig. 1). Ten patients who met
one of the conditions below were excluded from this
study: 1) hemorrhage associated with liver cirrhosis, 2)
relapsed cholecystitis after PTGBD tube removal, and
3) need for procedures other than cholecystectomy. At
least one board-certified surgeon of the Japan Surgical
Society participated in all surgeries.

Since there was no quantitative evaluation for the
difficulty of cholecystectomy, we employed objective
and subjective criteria in this study. Difficult chole-
cystectomy was defined as the presence of either one
of these conditions: 1) conversion from laparoscopic
to open cholecystectomy; 2) atypical cholecystectomy,
such as subtotal cholecystectomy and/or mucoclasis;
3) necrotizing cholecystitis or pericholecystic abscess

formation; 4) tight adhesions around the gallbladder
neck; and 5) a patient unsuccessfully treated using
PTGBD. In grade I and II cholecystites, timing of
surgery following PTGBD was decided by each sur-
geon. In grade III cholecystitis, surgery was performed
after recovery of patient from organ dysfunction. Deci-
sion of conversion during surgery depended on each
surgeon. There were no definite criteria for per-
forming either open cholecystectomy or laparoscopic
cholecystectomy.

Necrotizing cholecystitis was confirmed by intraopera-
tive and pathologic findings. The remaining 67 patients
were divided into two groups according to the criteria
mentioned above: the difficult cholecystectomy group
(group A, n = 35) and the non-difficult cholecystectomy
group (group B, n = 32). Preoperative characteristics
and postoperative outcomes were analyzed. Detailed
data of patient characteristics used in this study was
shown in Additional file 1.

Data are shown as mean +* standard error mean
(SEM). Categorical variables were analyzed by Chi-
square test, whereas continuous data were analyzed by
either two-tailed Student’s t test or Wilcoxon test, ac-
cording to the result of the Shapiro—Wilk test. Statis-
tical significance was defined as P < 0.05. The optimal
cut-off value was calculated using a receiver operating
characteristic (ROC) curve and was defined as the
number that indicated the highest sum of the sensitivity
and specificity on the ROC curve. Statistical analysis
was performed with JMP Pro 11 software (SAS Institute,
Cary, NC, US.A).
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were reviewed.

77 patients who underwent either laparoscopic or open
cholecystectomy after PTGBD between 2002 and 2015

10 patients excluded

A 4

‘Bleeding caused by

67 patients included

cholecystectomy
and/or

and/or

and/or

1. Conversion from laparoscopic to open
2. Atypical cholecystectomy of subtotal
cholecystectomy and/or mucoclasis

3. Severe necrotizing cholecystitis or
pericholecystic abscess formation

4. Tight adhesion at the GB neck

liver cirrhosis
‘Relapsed cholecystitis
after PTGBD tube
removal
‘Cholecystectomy with
other operation

Difficult cholecystectomy
Group A (n=35)

Non-difficult cholecystectomy

Group B (n=32)

Fig. 1 Study flow chart. PTGBD: percutaneous transhepatic gallbladder drainage
A

Results

Among the 67 patients enrolled in this study, 41
(61.2%) were men, and the median age was 75.0 years.
The severity of AC was grade I in 13 cases (19.4%),
grade II in 42 cases (62.7%), and grade III in 12 cases
(17.9%). There were 3 patients who were unsuccessfully
treated using PTGBD (one patient: relapsed cholecyst-
itis following PTGBD, 2 patients: bile peritonitis due to
PTGBD), and rate of patients with unsuccessfully
treated with PTGBD was 3.9%. Patients enrolled in this
study, did not have troubles associated with PTGBD
tube. Nine patients needed conversion from LC to open
cholecystectomy, whereas 45 patients underwent LC.
The reasons for conversion were as follows: 1) inad-
equate exposure of Calot’s triangle due to severe adhe-
sion and inflammation in 8 cases and 2) accidental
cystic duct injury in one case. In 13 patients, open
cholecystectomy was selected at the beginning of the
surgery. The reasons for selecting open cholecystec-
tomy were as follows: 1) history of upper abdominal
surgery in 6 cases, 2) Mirrizi syndrome at admission in
3 cases, 3) acute pancreatitis at admission in 2 cases,
and 5) severe wall thickness in 2 cases.

The interval between PTGBD and cholecystectomy
ranged from 2 to 4584 h, with the median at 360 h.
Only seven cases had an interval between procedures of
within 72 h. The detailed patient characteristics are
shown in Table 2. The interval between PTGBD and

Table 2 Comparison of patient clinical characteristics according
to the difficulty of cholecystitis

Variable Group A Group B P Value
(n = 35) (n=32)
Age, years 69.3 £ 2.1 733 +£22 0.192
Male sex, n (%) 22 (62.9) 19 (59.4) 0.770
BMI 243 +0.70 223+073 0.053
Interval between onset 775+128 780+ 134 0978
and PTGBD, hours
Interval between PTGBD and 3250+ 956 6310+ 999  0.031
cholecystectomy, hours
Fever on admission, n (%) 0.609
No 25 (714) 21 (65.6)
Yes 10 (28.6) 11 (344)
Abdominal pain on admission, n (%) 0.196
No 4(114) 130
Yes 31 (88.6) 31 (96.9)
Tokyo Guidelines 2013
Grade | 5(14.3) 8 (25.0) 0.268
Grade Il 22 (62.9) 20 (62.5) 0.976
Grade Il 8 (229 4(125) 0.269
Hypertension 19 (54.3) 12 (37.5) 0.169
Diabetes mellitus 8 (22.9) 3(94) 0137

BMI Body mass index, PTGBD Percutaneous transhepatic gallbladder drainage
Continuous variables are presented as mean + SEM
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cholecystectomy in Group B was significantly longer
than that in Group A (325 + 95.6 h vs. 631 + 99.9 h;
p = 0.031), whereas the interval between symptom on-
set and PTGBD did not differ between the two groups
(77.5 £ 12.8 h vs. 78.0 + 13.4 h; p = 0.978). All other
parameters did not differ between the two groups.
Table 3 shows that AST and y-GTP were lower in
group A than in group B (AST: 76.3 + 38.6 IU/L vs.
196 + 40.4 IU/L; p = 0.036 and y-GTP: 95.3 + 36.6 IU/
L vs. 240 + 38.3 IU/L; p = 0.008), but all other data in-
cluding WBC and CRP did not differ between groups.
Perioperative characteristics are shown in Table 4. Op-
erating time (146 + 5.8 min vs. 97.3 + 6.1 min;
p < .0001) and blood loss (180 + 32.1 mL vs.
28.8 + 33.6 mL; p = 0.0017) were significantly greater
in Group A than in Group B. Distribution of surgical
procedures in the 67 patients was as follows; Laparo-
scopic cholecystectomy: Group A, 21 cases (60.0%)
and Group B, 24 cases (75.5%); Open cholecystectomy:
Group A, 5 cases (14.3%) and Group B, 8 cases
(25.0%); and Open conversion: Group A, 9 cases
(25.7%) and Group B, 0 cases (0%). The rate of open
cholecystectomy did not differ between the two
groups (p = 0.268).

ROC curve analysis yielded a value of 216 h as the
optimal cut-off interval between PTGBD and chole-
cystectomy, in relation to the difficulty of cholecystec-
tomy (Fig. 2). Using this cut-off value, patients were
divided into the short interval (SI) (z = 14) and the
long interval (LI) (n = 53) groups. The perioperative
outcomes are shown in Table 5. The number of pa-
tients who underwent difficult cholecystectomy was
significantly greater in the SI group than in the LI
group (85.7 vs. 43.4%; p = 0.005). Compared with the
LI group, the SI group had significantly longer operating

Table 3 Comparison of laboratory data on admission according
to the difficulty of cholecystitis

Variable Group A Group B P Value
(n=35) (n=32)
White blood cells, 103/pL 13.0 £ 0.99 146 +1.04 0.275
Hemoglobin, g/dL 132+ 038 13.6 £ 040 0474
Platelets, 10°/uL 181 + 140 197 + 146 0429
CRP, mg/dL 132 +£1.85 104 £ 193 0.284
Total bilirubin, mg/dL 16+ 034 25£035 0.053
AST, IU/L 76.3 + 386 196 + 404 0.036
ALT, IU/L 82.7 £ 244 121 + 256 0.283
ALP, 1U/L 327 + 388 439 + 406 0.052
y-GTP, IU/L 953 + 366 240 + 383 0.008

CRP C-reactive protein, AST Aspartate aminotransferase, ALT Alanine aminotransferase,
ALP Alkaline phosphatase, y-GTP Gamma-glutamy! transpeptidase
Continuous variables are presented as mean + SEM
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Table 4 Comparison of perioperative characteristics according
to the difficulty of cholecystitis

Variable Group A Group B P Value
(n = 35) (n=32)

Operating time, min 146 +58 973 +6.1 <0.0001

Blood loss, mL 180 £32.1 288 +£336 00017

Laparoscopic cholecystectomy, n (%) 21 (60.0) 24 (75.0) 0.192

Open cholecystectomy, n (%) 5(14.3) 8 (25.0) 0.268

Open conversion, n (%) 9 (25.7) 0 (0) 0.002

Subtotal cholecystectomy and/or 25(714) 000 <0.0001

mucoclasis, n (%)

Necrosis and/or abscess, n (%) 24 (68.6) 0 (0) <0.0001

Tight adhesion at the gallbladder 20 (57.1) 000 <0.0001

neck, n (%)

Gallbladder stone, n (%) 30 (85.7) 28 (87.5) 0.831

Continuous variables are presented as mean + SEM

time (143 + 10.9 min vs. 117 + 5.6 min; p = 0.05); higher
rates of necrosis and/or abscess formation (66.7 vs.
30.2%; p = 0.016) and adhesions around the gallbladder
neck (50.0 vs. 22.6%; p = 0.043); and higher incidence of
postoperative complications, except surgical site infec-
tion (35.7 vs. 7.6%; p = 0.006). In particular, intraabdom-
inal abscess developed more frequently in the SI group
than in the LI group (21.4 vs. 0%; p = 0.006). Duration of
postoperative hospital stay did not differ between the
two groups (SI group vs. LI group, 10.6 + 1.6 days vs.
8.6 £ 0.81 days; p = 0.269).

Sensitivity
o
[4;]

0.25

0.0
0.0 0.25 0.5 0.75 1.0
1 — Specificity

Fig. 2 ROC curve analysis of the interval between PTGBD and
cholecystectomy and the technical difficulty of cholecystectomy. The
area under the curve (AUC) is 0.712. The cut-off value for the interval
between PTGBD and cholecystectomy was calculated as 216 h
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Table 5 Comparison of perioperative characteristics and
postoperative outcomes according to the interval between
PTGBD and cholecystectomy

Variable SIgroup LI group P
n=14 n=53 value
Operating time, min 143+ 109 117 +56 0.041
Blood loss, mL 199 +532 838+ 273 0057
Difficult cholecystectomy, n (%) 12 (85.7) 23 (434) 0.005
Open conversion, n (%) 2 (154) 7(17.0) 0.887
Subtotal cholecystectomy and/or 6 (42.9) 19 (35.9) 0.630
mucoclasis, n (%)
Necrosis and/or abscess, n (%) 8 (66.7) 16 (30.2) 0.016
Tight adhesion at the 7 (50.0) 13 (24.5) 0.064
gallbladder neck, n (%)
Postoperative complications except SSI, n (%) 0.006
Yes 5(35.7) 4 (7.6)
No 9 (64.3) 49 (924)
Bile leak, n (%) 0 (0) 1(1.9) 0.605
Intraabdominal abscess, n (%) 3(214) 0 (0) 0.0006
Hematoma, n (%) 0(0) 1(1.9 0.605
Paralytic ileus, n (%) 1(7.1) 2 (38 0.588
SSI, n (%) 1(7.1) 3(5.7) 0.835
Postoperative hospital stay, days 106+ 16 86 + 081 0.269

SI group Short interval group, LI group Long interval group, SS/ Surgical
site infection
Continuous variables are presented as mean = SEM

Discussion

Recently, immediate LC has become standard treatment
for AC [7, 8]. However, we sometimes experience diffi-
culty during LC in AC patients with severe local inflam-
mation; this can increase the rate of postoperative
complications, such as bile leak, common bile duct injury,
and bowel injury [2]. Furthermore, some investigators
reported that the mortality rate was as high as 18-50% in
elderly patients or those with severe comorbidities [9-11].
On the other hand, PTGBD is not a difficult procedure
with a very low mortality rate [12]. Therefore, PTGBD has
been performed as a safer substitute for cholecystectomy
in such high-risk patients [13, 14]. In this study, the rate
of unsuccessful treatment using PTGBD was 3.9%,
and this result was acceptable compared with that in
a previous report.

The TG13 has indicated the severity criteria for AC
and its appropriate management, including PTGBD [3, 4],
but the optimal timing for subsequent cholecystectomy
after PTGBD was not mentioned. Chikamori et al. sug-
gested that early LC following PTGBD was safe and
effective [15]. On the other hand, Kim et al. suggested
that delayed LC following PTGBD decreased the rates
of open conversion and complications [16]. Yamada et
al. suggested that the interval between PTGBD and
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cholecystectomy was not related to the amount of
blood loss, operating time, and open conversion rate
[17]. Therefore, the optimal timing for subsequent
cholecystectomy after PTGBD is still controversial.

In this study, grade III AC patients who have organ
dysfunction were enrolled. Although organ dysfunction
seemed to negatively affect postoperative morbidity and
mortality, all of grade III AC patients underwent oper-
ation after complete recover from organ dysfunction.
Therefore, organ dysfunction did not affect postopera-
tive outcomes.

At the beginning of this retrospective study, we
assessed whether the interval between PTGBD and
cholecystectomy was a risk factor for a difficult surgery.
Based on our results, the interval between PTGBD and
cholecystectomy was short in patients who underwent
difficult cholecystectomy. Comparison of outcomes
according to a cut-off interval of 216 h showed a sig-
nificantly higher rate of postoperative complications,
especially intraabdominal abscess, and prolonged oper-
ating time in the SI group than the LI group. These
results indicated that cholecystectomy should be con-
sidered at least 216 h after PTGBD.

The proper definition of difficult cholecystectomy is
crucial in this study. Although conversion to open
cholecystectomy reflects a difficult LC, it could also
depend on the surgeon’s ability. In addition to conver-
sion rate, objective and subjective criteria for difficult
cholecystectomy were employed in this study based on
results of previous reports. In particular, gallbladder
inflammation was a risk factor for technical difficulty
and conversion from LC to open cholecystectomy
[18-20]. We believed that our criteria for difficult
cholecystectomy were appropriate. Although BMI,
CRP, and the interval between symptom onset and
PTGBD were suggested as independent risk factors for
difficult cholecystectomy [17-21], these parameters
did not differ between difficult and non-difficult
cholecystectomy cases in this study.

In this study, early (within 72 h) cholecystectomy
following PTGBD was performed only in seven cases.
Therefore, the usefulness of early cholecystectomy
could not be adequately assessed. AC progresses from
edematous cholecystitis through necrotizing cholecys-
titis to sub-acute cholecystitis in about 10 days, and
edematous phase, which is a phase before proceeding
tight adhesion, lasts for 72 h after symptom onset [22].
Necrotizing cholecystitis is also reported to be one of
the risk factor for difficult LC [23, 24]. Thus, the Tokyo
Guidelines recommend early LC. Accordingly, early
cholecystectomy following PTGBD might reduce the
incidence of postoperative complications. Some investi-
gators reported rapid symptomatic improvement in
more than 90% patients after cholecystectomy within
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24 to 72 h of PTGBD [25-27]. Indeed, some patients
can safely undergo cholecystectomy soon after PTGBD.
However, early LC following PTGBD for grade III
cholecystitis seems challenging because of the accom-
panying severe organ dysfunction. Therefore, in patients
who do not recover from organ dysfunction within 72 h,
we should not perform early LC.

One limitation of our study was inclusion of patients
who underwent three different procedures (LC, conver-
sion from LC to open cholecystectomy, and open
cholecystectomy). Because operating time and blood
loss could be confounded by these procedures, these
two parameters had to be excluded from the criteria for
difficult cholecystectomy. Surgical site infection was
not included as a postoperative complication because
of the same reason. The combination of three different
procedures might also explain the same length of post-
operative hospital stay among the patients, regardless
of the interval between PTGBD and cholecystectomy.

In this study, the cut-off value of 216-h interval be-
tween PTGBD and cholecystectomy was similar with
that of a previous report (7 days) [16]. In general, when
inflammation occurs, cytokines are produced and they
cause fibrosis in 7 days [28]. It is also reported that fur-
ther fibrosis does not occur after 7 days [29]. Therefore,
there is a possibility that waiting for longer time leads to
a safer cholecystectomy. However, there is no evidence
regarding this, and further examination is required.

Conclusions

Cholecystectomy should be performed later than 216 h
after PTGBD in patients with severe AC, although the
possibility of a safe outcome of early LC within 72 h of
PTGBD remains.
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