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Abstract
Background: Percutaneous cholecystostomy (PC) and conservative treatment are alternatives to surgery in
patients with moderate acute calculous cholecystitis. Failure or non-improvement after conservative treatment is an
indication for PC.
Aim: To investigate whether C-reactive protein (CRP) level on admission is associated with percutaneous
cholecystostomy (PC) in patients with acute cholecystitis.
Methods: A database of patients admitted due to acute calculous cholecystitis and treated conservatively was
assembled. Diagnosis was established clinical presentation and appropriate findings in imaging studies. Patients
who underwent PC at admission due to organ failure or patients operated on index admission were excluded.
Overall, 161 patients were identified, of whom 106 were treated conservatively and 55 were treated with PC. Data
regarding the clinical presentation, comorbidities, physical examination and various laboratory parameters were
retrieved from medical files.
Results: Patients who underwent PC were older and with higher American Society of Anesthesiologists score.
The mean CRP level was higher for patients treated by PC than those treated conservatively (112.8 ± 10.6 mg/ml
and 45 ± 5.3 mg/ml, respectively, p < 0.001). Mean WBC count did not differ between these two groups of patients
(13.8 ± 1 K/mm3 and 12.2 ± 0.5 K/mm3, respectively, p = 0.15). Patients who underwent PC had higher frequency of
acute (31% vs. 5.7%) and chronic renal failure (20% vs. 4.7%, for PC and conservative treatment, respectively).
Conclusion: Increased CRP level and renal failure are associated with the need for PC. These markers prompt
early PC.
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Introduction
Acute calculous cholecystitis is a relatively common complication of
gallstone disease, attributed to cystic duct obstruction by gallstones [1].
Patients usually present with right upper quadrant pain and
tenderness, positive Murphy sign and fever. Common laboratory
findings are inflammation related, such as: leukocytosis and increased
levels of C-reactive protein (CRP).
Treatment of cholecystitis depends on disease severity and patient
comorbidities [2,3]. Mild cholecystitis in a low operative risk patient is
treated by laparoscopic early cholecystectomy [4,5]. On the other
hand, patients presenting with severe cholecystitis, accompanied by
sepsis and organ dysfunction are treated by percutaneous
cholecystostomy (PC). Patients with moderate cholecystitis (defined by
severe local inflammation), or patients with increased operative risk
due to significant comorbidities (even with mild local disease), are
treated by I.V antibiotics (further referred as conservative treatment).
Moreover, technical and organizational difficulties hamper the
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implementation of early cholecystectomy even in surgically fit patients
[6-9]. Thus, many patients are not operated at the same admission, but
are treated conservatively. Failure to respond to conservative
treatment, will eventually lead to PC. Currently, it is difficult to
determine if a given patient will respond to conservative treatment or
whether a PC will be needed to achieve clinical improvement and
many patients are referred to PC after failure of conservative treatment
[10]. This delay in PC performance entails many medical and
economical consequences.
CRP is an acute phase reactant produced by hepatocytes under the
regulation of IL-6. CRP levels are up-regulated during various
inflammatory conditions and may be affected by a myriad of factors,
including liver disease and medications [11]. In a previous study, we
showed that increased CRP levels are associated with complicated
diverticulitis, and may serve as a marker for the need of abdominal
imaging [12]. We also showed that CRP levels retain their
predictability even in patients taking aspirin, which is known to
downregulate CRP production [13,14]. In the current study, we
investigated whether increased CRP levels, as determined at
admission, are associated with the need for PC.
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Materials and Methods
Patients
Medical data of patients diagnosed with acute cholecystitis in the
Tel-Aviv Sourasky Medical Center between January 2007 and March
2014 were retrieved from hospital electronic files. Patients with
acalculous cholecystitis or patients who did not have CRP taken at
admission were excluded. Patients who were operated on at the index
admission were also excluded. Cholecystitis was diagnosed according
to the revised Tokyo guidelines [2], i.e., the clinical and laboratory
findings needed to be supported by appropriate imaging, either
abdominal ultra-sound (AUS) or computerized tomography (CT).
Radiological findings compatible with acute cholecystitis were:
gallbladder distention, wall thickening, pericholecystic fluid and
gallbladder wall enhancement. Laboratory data, as described below,
were also collected from patient files. The study was approved by the
Institutional Ethics Board of the Tel-Aviv Sourasky Medical Center.

Cholecystostomy
Patients who did not improve upon antibiotic treatment during
48-72 hours, or patients whose clinical situation aggravated (increased
abdominal tenderness, appearance of fever, or increased inflammatory
markers), were referred to PC. PC was done trans-hepatically and a
pig-tail drain was left in the gallbladder for all cases.

Determination of inflammatory markers and laboratory tests
For each patient, CRP levels were recorded at admission. Blood
count was determined using the Coulter STKS (Beckman Coulter,
Nyon, Switzerland), and the high sensitivity CRP levels were
determined using the Boering BN Nephlometer (DADE Boering,
Marburg, Germany).

Other laboratory tests were also derived from patient electronic
files. Acute renal failure (ARF) was defined as a new creatinine value
above 1.3 mg/ml or an increase of more than 0.3 mg/ml from baseline
creatinine. Chronic renal failure (CRF) was defined as a baseline
creatinine level > 1.3 mg/ml.

Statistical analysis
Statistical analysis and receiver operator curve (ROC) were done
using SPSS for Windows (ver. 17). For comparisons of frequencies
between groups, the Chi-square test was performed. For comparisons
of CRP and length of hospital stay, the t-test was performed. As CRP
failed normality tests, we used the root transformation, which showed
normal distribution. However, statistical analyses did not differ, and
hence, we present the results of the parametric tests. Multivariate
logistic regression analysis was performed using the Cox regression
model to analyze predictors of failure of conservative treatment. The
odds ratio, as well as its 95% confidence interval, was calculated for
each of the independent variables. P < 0.05 was considered statistically
significant. The statistical analysis in this work was conducted by the
Biostatistic Unit of our institution.

Results
A total of 161 patients were included in this study. Of them, 106
were treated conservatively with I.V. antibiotics, whereas 55 underwent
PC. Table 1 compares various clinical parameters between these two
groups.
Patients treated with PC were, on the average, older, with higher
American Society of Anesthesiologists (ASA) scores, implying
increased comorbidities, and with longer hospital stay .

Conservative Treatment

Percutaneous
Cholecystectomy

p

Number of patients (%)

106 (66)

55 (34)

Male (%)

46 (43)

26 (47)

0.63#

Age (±S.D.)

61.8 ± 18.6

81.4 ± 9.5

<0.001*

Aspirin use (%)

27 (25)

25 (45)

0.01#

Length of hospital stay (days, ± S.D.)

6.4 ± 3.8

17.5 ± 16.1

<0.001*

High grade ASA score (%)†

42 (40)

46 (84)

<0.001#

30-day mortality (%)

2 (1.8)

5 (9)

0.03#

Time to admission (days) ‡

2.4 ± 2.6

2.6 ± 2.8

0.6

Body temperature (°C, ± S .D.) §

37.1 ± 0.6

37.6 ± 0.9

0.003*

Number of patients with peritonitis (%)

6 (5.6%)

5 (9%)

0.41#

Number of patients with palpable mass

3 (2.8%)

5 (9%)

0.09#

Table 1: Comparison of clinical characteristics between patients treated conservatively and patients who underwent PC. † ASA- American Society
of Anesthesiologists score. High grade considered grades 3-5. ‡ Time since symptoms appearance to emergency room admission. § As recorded
on admission. * Student t-test, # Chi-square test.
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Male sex was not associated with the need for PC. Importantly,
mortality was also higher in patients with PC. Time to admission did
not differ between the groups. Proportion of RUQ peritonitis and
palpable abdominal mass did not differ between the two groups.
However patients who needed PC had higher body temperature.
Mean levels of CRP were significantly higher among patients who
underwent PC than among those who were treated conservatively
(112.8 ± 10.6 mg/ml and 45 ± 5.3 mg/ml, respectively, p < 0.001)
(Figure 1A). Mean WBC count did not differ between these two groups
of patients (13.8 ± 1K/mm3 and 12.2 ± 0.5 K/mm3, respectively, p =
0.15). Overall aspirin usage was 32%. Even among patients taking
aspirin, levels of CRP, but not WBCs were higher among those who
underwent PC (107.2 ± 16.7 mg/ml and 43.3 ± 7.9 mg/ml, respectively,
p = 0.04) (Figure 1B). Here, again, WBC count did not differ between
these two groups of patients (p = 0.51).

Figure 2: Receiver operating curve for CRP as a marker for PC. See
text for specific values.
We examined whether other common laboratory tests that were
previously reported to be abnormal in acute cholecystitis [15], differ
between patients who underwent PC and those treated conservatively.
Bilirubin levels were significantly increased (1.7 ± 1 .7 mg/dl vs. 1.15 ±
1.2 mg/dl, p=0.02) and albumin levels significantly decreased (35.5 ±
4.4 mg/dl vs. 39 ± 4.5 mg/dl, p<0.001), among patients who underwent
PC. Alkaline phosphatase (ALP) (156.6 ± 176 u/l vs. 167.4 ± 183 u/l,
for conservative treatment and PC, respectively, p=0.73) and INR
ratios (1.1 ± 0.3 vs. 1.2 ± 0.3 for conservative treatment and PC,
respectively, p=0.17) did not differ between the groups. Patients treated
with PC had significantly higher creatinine levels (1.6 ± 1.1 mg/dl vs.
1.05 ± 0.3, p<0.001). However, creatinine levels at hospital admission
can be either due to acute renal failure (ARF) or chronic renal failure
(CRF). Hence, for each patient with increased blood creatinine, we
distinguished ARF or CRF, as described above.
The proportion of patients with acute renal failure was higher in
patients who underwent PC (n=17 (31%) vs. N=6 (5.7%), p<0.001).
Similarly, the proportion of patients with chronic renal failure was also
significantly higher (n=5 (4.7%) vs. N=11 (20%), p=0.002).

Figure 1: (A) Levels of inflammatory markers (WBC and CRP) in
patients treated conservatively and patients who underwent
percutaneous cholecystostomy (PC). (B) A comparison of
inflammatory markers (WBC and CRP) in patients on aspirin
treatment between patients treated conservatively and patients who
underwent percutaneous cholecystostomy (PC). *p<0.05;
***p<0.001.
Using receiver operator curve (ROC) for determination of the CRP
level with the highest sensitivity and specificity for PC, a CRP level of
47.6 mg/ml is associated with 73% sensitivity and specificity for PC
(Figure 2). CRP value greater than 120 mg/ml had > 90% specificity to
the need for PC. The area under the curve (AUC) for CRP is 0.76.
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Conservative
Treatment

Percutaneous
Cholecystectomy

P†

Creatinine (mg/dl)

1.05 ± 0.3

1.6 ± 1.1

<0.001

Bilirubin (mg/dl)

1.15 ± 1.2

1.7 ± 1.7

0.02

PT- INR

1.1 ± 0.3

1.2 ± 0.3

0.17

Albumin (mg/dl)

39 ± 4.5

35.5 ± 4.4

<0.001

ALP (u/l)

167.4 ± 183

156.6 ± 176

0.73

Table 2: Comparison of various laboratory tests between patients
treated conservatively and patients treated with PC. † Student t-test.
Results are presented ±S.D.
Table 2 shows a multivariate analysis for various risk factors
associated with PC. Only age and CRP were significantly associated
with PC. ASA score and ARF were almost statistically significant.
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Discussion
In this study we demonstrated that increased CRP levels on
admission are associated with the need for PC in patients with acute
cholecystitis who are not candidates for cholecystectomy. The ability to
predict the need for PC on admission can shorten patient suffering,
save the time and costs of hospital admissions, and prevent
complications resulting from treatment delay.
Similar to findings in other studies, patients who needed PC tended
to be older and with higher ASA scores [16,17]. Accordingly, these
patients had significantly longer hospital stay. In contrast to other
reports [18-20], male sex was not a predictor of cholecystitis severity or
of the need for PC in our patient cohort. Time to admission did not
differ between groups, implicating that the need for PC is not due to
neglected inflammatory process. However, others reported delayed
treatment initiation as risk factor to severe cholecystitis [21].
Clinical presentation is also not predictive for the need for PC:
although patients who underwent PC had elevated body temperature
[17,20], the physical findings of localized RUQ peritonitis or palpable
mass did not differ between groups. However, the retrospective design
of our study which lacked standardized physical examination, prevent
firm conclusions about this issue.

Here we report elevated CRP levels among patients who underwent
PC, also among those taking aspirin (about 32% of the cohort). This is
important, in light of the down-regulation of CRP production by
aspirin previously reported [13]. Our group reported similar findings
regarding the presence of complicated diverticulitis in patients taking
aspirin [12]. Altogether, we can conclude that although aspirin
downregulates CRP production, the pro-inflammatory stimulus
exerted by the acute disease overcomes this effect. A CRP level of 47.6
provided the best discriminating value in terms of sensitivity and
specificity (73%). The higher the CRP value, the more chance that
patient will require PC, with CRP > 120 conferring > 90% for PC.
White blood cell count did not differ between those who did and did
not undergo PC.
Among other laboratory tests examined in patients referred for PC,
bilirubin and albumin also significantly differed between groups. The
rise in bilirubin levels was not associated with bile duct obstruction, as
implied by the lack of bile duct dilation in imaging, in the majority of
cases. Thus, this test seems to act as a marker for the severity of the
inflammatory process, and not for a mechanical complication. Along
the same line, the decrease in albumin, which was modest in absolute
numbers, also represented the severity of inflammation and not
malnutrition.

Conservative treatment

Percutaneous Cholecystectomy

p†

Number of patients with acute renal failure (%)

6 (5.7%)

17 (31%)

< 0.001

Number of patients with chronic renal failure (%)

5 (4.7%)

11 (20%)

0.002

Table 3: Acute and chronic renal failure among patients treated with conservative treatment vs. patients treated with PC. † Chi-square test.
The incidence of both acute and chronic renal failure was increased
in the PC group (Tables 3 and 4). This finding may represent the
presence of two different patient populations among the PC group.
Patients with fulminant local inflammation exert ARF as a systemic
manifestation, and can be suspected to have severe cholecystitis. For
patients with CRF, the creatinine level measured at admission has no
relation to the severity of the inflammatory response, but either to their
basic medical condition and comorbidities.
OR

CI (95%)

p

Age>75

4.8

2.21-6.52

0.001

Acute renal failure

3.55

0.97-13.03

0.056

Palpated inflammatory mass

3.43

0.52-22.53

0.199

Sex

0.947

0.39-2.28

0.904

ASA score

1.941

0.97-3.88

0.06

CRP>50 mg/ml

5.2

3.54-7.88

0.001

Table 4: Multivariate analysis (logistic regression) of various risk
factors for PC.
This study has several limitations. First, due to its retrospective
design, the criteria for PC referral were not determined prior to
treatment decision, and were hence subject to individual clinical
judgment. In addition, a significant number of patients were excluded
from the study because of the absence of CRP levels on admission.
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Our findings, of a higher mean CRP level among patients who
needed PC should be interpreted cautiously. The complexity of clinical
processes cannot be reduced to a single parameter to refer patients for
a specific treatment. Thus, a careful use of any identified biomarker is
advised. As observed in this study, a number of physical and laboratory
parameters were found to be associated with PC. Hence, CRP levels
should be used as an adjunct for clinical judgment and other clinical,
imaging and laboratory parameters.
To conclude, we showed that the mean CRP level in patients who
underwent PC was higher than among patients who underwent
conservative treatment. We suggest that in the appropriate context,
CRP can serve, as a biomarker for the need of PC and failure of
conservative treatment. This is applicable also to patients taking
aspirin. The use of biomarkers for treatment determination
immediately at hospital admission merits further research for its
presumed benefits for patients and caregivers.
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