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Abstract
Background: Histopathological findings would impact the timing of early cholecystectomy, but
no reports have yet discussed. The aim of this study is to examine the feasible timing for early
cholecystectomy based on both conventional clinicopathological data and histopathological
findings.
Methods: We retrospectively analyzed 127 patients who underwent laparoscopic cholecystectomy
for AC at in our institutes between 2007 and 2012. Patients were categorized into two groups
according to the interval between surgery and symptom onset (early, ≤ 96 h; delayed, >96 h) for
comparison of clinical results. In addition, both histopathological findings and clinical results were
compared between the early group (≤ 96 h) and a sub-delayed subgroup of patients who underwent
cholecystectomy at >96 h but ≤ 240 h.
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Results: No significant differences in surgical results were seen between the early group and delayed
group. In terms of histopathological findings, the sub-delayed subgroup showed significant phase
progression of cholecystitis compared to the early group. However, edema in the Gallbladder
(GB) wall was comparable in all cases operated on within 240 h, mirroring the lack of significant
differences in surgical results seen between early and sub-delayed subgroups.
Conclusion: Edema in the GB wall with AC is continuous within 10 days from onset, and emergency
laparoscopic cholecystectomy within this period is safe and feasible.
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Introduction
Delayed Laparoscopic Cholecystitis (LC) was preferred for AC in the past, out of fear higher
complication rate because of increased local inflammation and difficulty in dissection of Calot’s
triangle [1]. Several recent trials of early cholecystectomy have shown improved surgical results
in parameters such as operation time, amount of bleeding, and conversion rate compared with
delayed interval cholecystectomy [2,3]. The Japanese clinical guidelines for treating AC, proposed
in 2005, provide criteria not only for diagnosis, but also for management depending on disease
severity [4]. Based on these guidelines, management of AC has been changed in many hospitals,
including protocols for early surgery [5]. In the Japanese guidelines in 2005, early surgery is defined
as operation within 96 h after symptom onset. Other large studies favoring early cholecystectomy
have recommended surgery within 48 h to 72 h of admission [2,3]. However, those reports did not
perform assessments based on the duration from symptom onset, and patients who underwent the
operation >96 h after the development of AC but within 72 h of admission would thus still have been
included in the “early” group. AC develops from edematous cholecystitis through to necrotizing
cholecystitis and finally suppurative/subacute cholecystitis over the course of about 10 days. These
stages of cholecystitis can be confirmed from histopathological findings [6]. If the duration since
onset of cholecystitis is important for the indication of early cholecystectomy, histopathological
findings would impact the timing of early cholecystectomy. However, no reports have yet discussed
the timing of cholecystectomy in association with histopathological findings. For example, while
edema in the Gallbladder (GB) wall is associated with the ease of dissection [4], previous reports
have not clarified the time course of such edema. The present study therefore examined the feasible
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timing for early cholecystectomy based on both conventional
clinicopathological data and histopathological findings.

Statistical analysis
Statflex version 6 software (Artech Co., Ltd., Osaka, Japan) was
used for all statistical analyses. The χ2 and Fisher’s exact test were
employed for categorical variables, and Student’s t test was used for
continuous variables. Values of p<0.05 were considered statistically
significant. Multiple comparisons were performed with the TukeyKramer test.

Materials and Methods
A retrospective analysis was carried out among patients who
underwent laparoscopic cholecystectomy for AC at Steel Memorial
Muroran Hospital between April 2007 and November 2012.
Diagnosis and assessment of severity (severe, moderate or mild) were
made according to the Japanese clinical guidelines for treating AC
[4]. Patients who had coexisting common bile duct stones or severe
comorbidities, or who were receiving anticoagulant agents were
excluded from the indication for early cholecystectomy. In principle,
cholecystectomy was performed laparoscopically regardless
of whether the operation was early or delayed. Laparoscopic
cholecystectomy for AC was performed in 127 patients during the
study period. All 127 cholecystectomy procedures were performed
by experienced surgeons using the four-port method. A Case of
Difficult Laparoscopic Surgery (CDLS) was defined as any case with
operation time ≥ 3 h and/or bleeding volume ≥ 300 ml. First, patients
were divided into two groups and compared based on performance
of surgery about a cutoff of 96 h from symptom onset, according to
the definition of early surgery in the Japanese clinical guidelines for
treating AC. The early group comprised 52 patients who underwent
surgery ≤ 96 h after symptom onset, while the delayed group
comprised 75 patients who underwent surgery >96 h after symptom
onset. Next, 10 patients who underwent cholecystectomy >96 h but ≤
240 h after symptom onset were extracted from the delayed group as
a sub-delayed subgroup and compared to the early group in terms of
both histopathological findings and clinical results. The 62 patients
in the early and sub-delayed subgroups (i.e., patients who underwent
cholecystectomy ≤ 240 h) were divided by histopathological findings
into three sequential phases according to the classification published
by Muto et al. [9]: Edematous cholecystitis; necrotizing cholecystitis;
and suppurative/subacute cholecystitis. Moreover, edematous
status of the GB wall was assessed in these cases as an indicator of
the ease of dissection. An experienced pathologist confirmed the
histopathological features of all cases. Finally, the 62 patients in the
early and sub-delayed subgroups were divided into the 6 subgroups
based on performance of surgery about cutoffs of 24 h, 48 h and 72 h
from symptom onset for comparison of clinical results in ultra-early
stages. Group 1 comprised patients who underwent cholecystectomy
at ≤ 24 h, Group 2 at >24 h but ≤ 240 h, Group 3 at ≤ 48 h, Group 4
at >48 h but ≤ 240 h, Group 5 at ≤ 72 h, and Group 6 at >72 h but ≤
240 h. Group 1 was compared to Group 2, Group 3 to Group 4, and
Group 5 to Group 6.

Results
Characteristics of the 127 participants are shown in Table 1.
Median age at the time of surgery was 63 years (range, 23 to 88 years),
and 33.9% of all patients were women. AC was severe in 16 patients,
moderate in 69, and mild in 42. Of the127 cases, CDLS and/or
conversion cases were encountered in a total of 21 patients (16.5%).
Postoperative complications were seen in 9 cases (7.1%). Median
hospital stay was 10.5 days (range, 4 to 85 days). With respect to the
interval between surgery and onset of AC symptoms, based on the
96-h cutoff, Table 2 shows a comparison of various characteristics
between the early and delayed groups. No significant differences
were seen between each group in terms of median age (62.5 vs. 66
years, respectively; p=0.388), sex ratio, distribution of severity,
median operation time (106.5 min vs.123 min, respectively; p=0.668),
median bleeding (7 ml each; p=0.739), CDLS and/or conversion
rate (19.2% vs. 14.7%, respectively; p=0.496), or postoperative
complication rate (7.7% vs. 6.7%, respectively; p=0.544). However,
the early group showed a significantly shorter total hospital stay (7
days vs. 19 days, respectively; p<0.001), as previously reported (Table
3) [7]. Table 3 shows a comparison of characteristics between early
and sub-delayed groups. No significant differences between early
and sub-delayed subgroups were seen in terms of median age (62.5
years vs. 60 years, respectively; p=0.196), sex ratio, or distribution of
severity. In addition, no significant differences were seen between
the two groups in terms of surgical results such as operation time
(106.5 min vs.115.5 min, respectively; p=0.521), bleeding volume (7
ml vs.13.5 ml, respectively; p=0.090), CDLS and/or conversion rate
(19.2% vs.10%, respectively; p=0.430 or postoperative complication
rate (7.7 vs. 10 respectively; p=0.598), although total hospital stay
was significantly shorter in the early group (7 days) than in the subdelayed subgroup (11 days; p=0.005). Furthermore, the 62 patients
in the early and sub-delayed subgroups were classified according to
histopathological findings (Table 4), with edematous cholecystitis
in 11 cases (17.7%), necrotizing cholecystitis in 38 (61.3%), and
suppurative/subacute cholecystitis in 13 (21.0%). The median interval
between symptom onset and cholecystectomy was 2 days (range, 1
to 4 days) in cases with edematous cholecystitis, 3 days (range, 1 to 7

Table 1: Summary of the 127 patient's characteristics of the study population.
Female, number of patients

43 (33.9%)

Median age (years)

63 (23-88)

Median hospital stay, (days)

10.5 (4-85)

Severity of cholecystitis
Mild
Moderate
Severe
Operative timing
Early surgery
Delayed surgery

42 (33.1%)
69 (54.3%)
16 (12.6%)
52 (40.9%)
75 (59.1%)

CDLS (+) and/or conversion (+)

21 (12/9) (16.5%)
9 (7.1%)

Complications
SSI 3
Bile leakage 1
CDLS: Case of Difficult Laparoscopic Surgery; SSI: Surgical Site Infection

Remedy Publications LLC., | http://surgeryresearchjournal.com

Wound dehiscence 1
Urinary tract infection 1

2

Prolonged fever 2
Duodenal ulcer perforation 1
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Table 2: Comparison between the early and delayed surgery group.
Early surgery (n=52)

Delayed surgery (n=75)

P value

Female, number of patients

17 (32.7%)

26 (34.7%)

NS

Median age, (years)

62.5 (30-88)

66 (23-86)

NS

Severity of cholecystitis
Mild
Moderate
Severe

19 (36.5%)
27 (52.0%)
6 (11.5%)

23 (30.7%)
42 (56.0%)
10 (13.3%)

106.5 (60-293)

123 (49-292)

NS

Median operation time, (minutes)
Median bleeding, (ml)

7 (3-676)

7 (3-850)

NS

10 (7/3) (19.2%)

11 (5/6) (14.7%)

NS

4 (7.7%)
Duodenal ulcer perforation 1
Bile leakage 1
SSI 1
Urinary tract infection 1

5 (6.7%)
SSI 2
Wound dehiscence 1
Prolonged fever 2

NS

7 (4-23)

19 (5-85)

<0.001

CDLS (+) and/or conversion (+)

Complications

NS

Median hospital stay, (days)
CDLS: Case of Difficult Laparoscopic Surgery
Table 3: Comparison between the early and sub-delayed surgery group.

Early surgery (n=52)

Sub-delayed surgery (n=10)

P value

Female, number of patients

17 (32.7%)

4 (40.0%)

NS

Median age, (years)

62.5 (30-88)

60 (32-74)

NS

Severity of cholecystitis
Mild
Moderate
Severe

19 (36.5%)
27 (52.0%)
6 (11.5%)

4 (40.0%)
5 (50.0%)
1 (10.0%)

106.5 (60-293)

115.5 (64-180)

NS

7 (3-676)

13.5 (3-820)

NS

10 (7/3) (19.2%)

1 (1/0) (10.0%)

NS

4 (7.7%)
Duodenal ulcer perforation 1
Bile leakage 1
SSI 1
Urinary tract infection 1

1 (10%)
Prolonged fever 1

NS

7 (4-23)

11 (5-23)

0.005

Median operation time, (minutes)
Median bleeding, (ml)
CDLS (+) and/or conversion (+)

Complications

Median hospital stay, (days)

NS

CDLS: Case of Difficult Laparoscopic Surgery

Discussion

days) with necrotizing cholecystitis, and 6.5 days (range, 5 to 9 days)
with suppurative/subacute cholecystitis. Significant differences in the
phase of cholecystitis were seen between the early and sub-delayed
subgroups. In the early group, 44 of 54 patients (84.6%) showed
edematous cholecystitis or necrotizing cholecystitis, representing
the early stages of AC, whereas 5 of the 5 patients (50%) in the subdelayed subgroup patients showed suppurative/subacute cholecystitis
(Table 3). However, edema in the GB wall remained at the same level
in all cases operated on within 240 h after symptom onset. Surgical
results for each type of cholecystitis are listed in Table 4. Edematous
cholecystitis showed the most favorable outcome in the three
sequential histological phases, with shorter operation time (82 min
vs.126.5 min and 115.5 min; p=0.013 and p=0.333) and less bleeding
(5 ml vs. 7 ml and 13.5 ml; p=0.059 and p=0.076) compared to the
other two histopathological groups (Table 4). On the other hand,
necrotizing cholecystitis was associated with even longer operation
time (126.5 min) than suppurative/subacute cholecystitis (115.5
min, p=0.098) and the CDLS and/or conversion rate was 23.7%,
representing the worst rate for the three histopathological phases
(Table 4). Table 5 shows a comparison of various characteristics in
ultra-early stages about cutoffs of 24 h, 48 h and 72 h from symptom
onset. No significant differences were seen between each group in
terms of surgical results such as operation time, bleeding volume,
CDLS and/or conversion rate, or postoperative complication rate, or
total hospital stay.
Remedy Publications LLC., | http://surgeryresearchjournal.com

An international consensus for treating AC was published as the
Tokyo Guidelines in 2007. The guidelines describe the timing and
optimal surgical treatment of AC in a question-and-answer format. At
the Tokyo meeting, early cholecystectomy (until 96 h after symptom
onset) and LC were preferred to late and open cholecystectomy [8].
Several studies have supported the superiority of early
cholecystectomy in terms of total hospital stay, and no significant
differences in conversion or complication rates have been found
between early and late groups [2,9]. Our study also confirmed
the advantage of operation <96 h after symptom onset over later
operation. In the Tokyo Guidelines, early surgery was defined as
occurring <96 h after AC onset [4]. The underlying theory is that
dissection is made markedly easier by the edematous changes present
in the GB wall, and many reports support this theory [3,4]. However,
in reality, no reports have actually clarified how long these edematous
changes last. Moreover, patients with AC do not necessarily present to
a hospital where surgery can be performed as soon as symptoms arise,
as in our data [3]. Nevertheless, two important randomized studies
evaluated the timing of early surgery on the basis of the time from
admission, rather than from the onset of symptoms [3]. Therefore,
there is room for discussion about the time limitations for early
surgery. The present study analyzed the feasibility of cholecystectomy
within 10 days after symptom onset. The reason is that development
3
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Table 4: Histopathologic classification.
Edematous cholecystitis (E)
(n=11)

Necrotizing cholecystitis (N),
(n=38)

Suppurative/Subacute
cholecystitis (S) (n=13)

11 (100%)

38 (100%)

13 (100%)

Edematous layer

p
Median time points from the
onset, (days)

2 (1-4)

3 (1-7)

6.5 (5-9)

E

E

N

S

0.035

0.036
0.178

N
p
Median operation time, (minutes)

82 (60-225)

126.5 (76-293)

115.5 (64-180)

E

E

N

S

0.013

0.333
0.098

N
p
Median bleeding, (ml)

5 (3-120)

7 (3-820)

13.5 (5-820)

E

E

N

S

0.059

0.076
0.887

N
p
CDLS and/or conversion

1 (0/1) (9.1%)

9 (7/2) (23.7 %)

1 (0/1) (10%)

E

E

N

S

0.276

0.717
0.203

N
p
Complications

none

2 (5.3%)

1 (10%)

E

E

N

S

0.598

0.542
0.595

N
p
Median hospital stay, (days)

7 (4-11)

7 (4-15)

11 (5-23)

E

E

N

S

0.98

0.151
0.07

N
E: Edematous cholecystitis; N: Necrotizing cholecystitis; S: Suppurative/Subacute cholecystitis; CDLS: Case of Difficult Laparoscopic Surgery
Table 5: Comparison between the ultra-early and later group.
Median operation time,
(minutes)
Median bleeding, (ml)
CDLS (+) and/or
conversion (+)
Complications

Day 1 (n=4)

Day 2-10 (n=58)

p

Day 1-2 (n=19)

Day 3-10 (n=43)

p

70 (70-174)

111.5 (60-293)

0.606

102 (60-256)

117 (64-293)

0.153

105.5 (60-293)

121 (64-215)

0.606

4 (3-200)

7 (3-820)

0.218

5 (3-676)

7 (3-820)

0.263

7 (3-676)

7 (5-820)

0.218

none

11 (7/4 19.0%)

0.448

2 (1/1 10.5%)

9 (6//3 20.9%)

0.272

8 (6/2) 17.4%)

3 (1/2) (18.8%)

0.585

1 (25%)

4 (6.45%)

0.292

2 (10.5 %)

3 (7.0%)

0.481

3 (6.5%)

2 (12.5%)

0.449

7 (4-23)

0.47

7 (4-23)

7 (4-23)

0.906

7 (4-23)

9 (4-23)

0.47

Median hospital stay,
7.5 (5-8)
(days)
CDLS: Case of Difficult Laparoscopic Surgery

of AC is reported within about 10 days, with subsequent progression
to chronic cholecystitis [4,6]. Within the acute stage of those
10 days, AC progresses from edematous cholecystitis through
necrotizing cholecystitis to suppurative/subacute cholecystitis. Our
histopathological findings confirmed that AC proceeds in this order
(Table 3). Moreover, we revealed that edema in the GB wall, an
indicator of the ease of dissection, remains consistently present for
around 10 days; in our data, no differences in surgical parameters such
as operation time, bleeding volume or postoperative complication
rate were seen between early and sub-delayed subgroups, which
seemed to reflect the lasting edema in the GB wall. Some reports
describe similar findings to ours. Low et al. recommended urgent
LC from 72 h to 2 weeks after admission, while Popkharitov et al.
reported that LC performed 4 to 7 days after symptom onset is not
inferior to earlier LC in terms of surgical outcomes [10]. On the
other hand, some differences were seen with regard to clinical results
for each histopathological type. Edematous cholecystitis represents
the most suitable phase for early cholecystectomy within 10 days
after AC onset, while patients with necrotizing cholecystitis and
suppurative/subacute cholecystitis underwent a longer operation
and experienced comparatively more bleeding. However, edematous
cholecystitis occurs at the beginning of the AC and rapidly develops
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Day 1-3 (n=46) Day 4-10 (n=16)

p

to necrotizing cholecystitis [6]. As a result, relatively few patients
present to a hospital and undergo cholecystectomy while edematous
cholecystitis remains. In the present study, edematous cholecystitis
was only seen in 16.7% of cases operated on within 10 days. Clearly,
other reports preferring early cholecystectomy dealt with not only
edematous cholecystitis, but also necrotizing, suppurative/subacute
cholecystitis. We also compared the surgical results among patients
who underwent cholecystectomy in the ultra-early stages from
symptom onset, to clarify the impact of performing surgery during
the stage of edematous cholecystitis. Unexpectedly, no differences
in surgical results were seen between these time periods (Table
5). The reason may be that necrotizing cholecystitis, which was
associated with the worst operative results among the three phases
of AC according to our data, rapidly develops from edematous
cholecystitis, and would worsen surgical results in the ultra-early
stage. Conversely, in the emergency setting, GB carcinoma or severe
comorbidities may be missed as a result of insufficient examination
[11], and poor anatomical information may result in intraoperative
complications including bile duct injury. Early cholecystectomy based
on poor evaluations is undoubtedly contraindicated; our hospital
routinely performs magnetic resonance cholangiopancreatography,
computed tomography and ultrasonography for patients undergoing

4
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cholecystectomy, even in the emergency setting, to rule out
malignancy and avoid intraoperative complications. Older patients
(over 75 years) have recently been excluded from the indications for
early cholecystectomy in our hospital. In principle, older patients
should be operated on after careful evaluation of preoperative
physical status, because recent evidence demonstrates nearly 10fold higher mortality rates among elderly individuals undergoing
major surgery compared to younger patients [12]. Percutaneous
Transhepatic Gallbladder Drainage (PTGBD) may thus be preferable
for older patients with AC [13].

4. Shinya S, Yamashita Y, Takada T. The impact of the Japanese clinical
guidelines on the clinical management of patients with acute cholecystitis.
J Hepatobiliary Pancreat Sci. 2013;20(6):611-9.

Finally, the feasibility of urgent cholecystectomy beyond 11
days after symptom onset remains unclear. We agree with the point
that there is a worse timing for cholecystectomy during the process
of changing from AC to chronic cholecystitis [14]. In the future,
clarification of the cutoff for delayed interval cholecystectomy is
required. Moreover, according to the updated Tokyo Guidelines
2013 [15], the treatment for AC in our institute will be influenced to
a certain degree for the future.

8. Popkharitov AI. Laparoscopic cholecystectomy for acute cholecystitis.
Langenbecks Arch Surg. 2008;393(6):935-41.

5. Muto Y. Pathophysiology and Pathology of acute Cholecystitis (in
Japanese). J Bil Tract Pancreas 1992;13:735-8.
6. Yamashita Y, Takada T, Kawarada Y, Nimura Y, Hirota M, Miura F, et al.
Surgical treatment of patients with acute cholecystitis: Tokyo guidelines. J
Hepatobiliary Pancreat Surg. 2007;14(1):91-7.
7. Gurusamy KS, Gluud C, Nikolova D, Davidson BR. Assessment of risk of
bias in randomized clinical trials in surgery. Br J Surg. 2009;96(4):342-9.

9. Tanaka S, Kubota D, Lee SH, Oba K, Yamamoto T, Ikebe T, et al. Latent
gallbladder carcinoma in a young adult patient with acute cholecystitis:
Report of a case. Surg Today. 2007;37(8):713-5.
10. Muto Y. Pathological aspect on pathophysiology of acute cholecystitis (in
Japanese). Progress in Acute Abdominal Medicine. 1992;12:345-9.
11. Norrby S, Herlin P, Holmin T, Sjödahl R, Tagesson C. Early or delayed
cholecystectomy in acute cholecystitis? A clinical trial. Br J Surg.
1983;70(3):163-5.

Conclusion
In conclusion, this is the first report to examine feasible operative
timing for AC based on histopathological findings. We revealed that
edema in the GB wall continues for around 10 days after the onset
of symptoms of AC, so emergency cholecystectomy in this period
is safe and feasible. Even if 5 to 10 days has passed since symptom
onset, early surgery offers both medical and socioeconomic benefits
compared with delayed interval surgery.

12. Sheetz KH, Waits SA, Krell RW, Campbell DA Jr, Englesbe MJ, Ghaferi
AA. Improving mortality following emergent surgery in older patients
requires focus on complication rescue. Ann Surg. 2013;258(4):614-7.
13. Han IW, Jang JY, Kang MJ, Lee KB, Lee SE, Kim SW. Early versus delayed
laparoscopic cholecystectomy after percutaneous transhepatic gallbladder
drainage. J Hepatobiliary Pancreat Sci. 2012;19(2):187-93.
14. Kitano S, Matsumoto T, Aramaki M, Kawano K. Laparoscopic
cholecystectomy for acute cholecystitis. J Hepatobiliary Pancreat Surg.
2002;9(5):534-7.
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