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Abstract

Background: Percutaneous catheter drainage (PCD) therapy is an important treatment for severe acute pancreatitis.
Objectives: The purpose of this retrospective study was to analyze the relevant risk factors of computed tomography (CT) guided
PCD during the treatment of infected pancreatic necrosis (IPN) in severe acute pancreatitis.
Patients and Methods: This is a retrospective study. From January 2013 to November 2016, 162 patients suffering from severe acute
pancreatitis with IPN were assessed using CT-guided PCD. Abdominal CT scan was performed for the patients. The interventional
therapist chose the location and puncture according to the image. Depending on the efficacy and process of the treatment, these
patients were divided into a PCD success treatment group and a PCD combined with surgery group. Factors affecting the success of
PCD treatment were analyzed by logistic regression analysis.
Results: Among the 162 cases, 71 cases (43.82%) were in the PCD success group and 91 cases (56.17%) were in the PCD combined with
surgery group. Through the course of treatment, CT values of piercing zone, acute physiology and chronic health evaluation II
(APACHEII) scores and modified CT severity index (MCTSI) scores showed statistically significant correlation with the therapeutic
effect of PCD under CT guidance. A further multivariate analysis found that the CT value of puncture area is the best predictor
for efficacy and when the CT value got higher the PCD efficacy would become lower. We performed further analysis of the factors
associated with the average CT value in the puncture area which was higher than 20 Hounsfield unit (HU), and found that the length
of time from patient admission to drainage, APACHEII scores, MCTSI scores and C reactive protein (CRP) levels were risk factors for
PCD treatment efficacy.
Conclusion: CT values of piercing zone is the major risk factor affecting the curative effect of CT guidance PCD. For patients with
higher CT values in the puncture area, the longer time from patient admission to drainage, the higher APACHEII scores and MCTSI
scores. Higher levels of C reactive protein seem to lower the curative effect.
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1. Background

Acute pancreatitis (AP) is a common clinical disease
demonstrating acute abdominal symptoms. During the
course of the disease, pancreatic enzymes are activated
and the pancreatic tissue is corroded. In 2013, the inter-
national pancreatitis research institutions revised the At-
lanta classification. Pancreatitis can be divided into mild
pancreatitis, moderately severe pancreatitis and severe
pancreatitis. The mild acute pancreatitis is self-limiting.
Moderately severe acute pancreatitis can cause brief or-
gan failure, which is easy to correct and the mortality is
lower. Severe acute pancreatitis is more dangerous and
can be accompanied by many complications such as intra-
abdominal hypertension (IAH). IAH can cause a series of

pathophysiological changes in the body and damage the
respiratory system, circulatory system and urinary system,
even leading to abdominal compartment syndrome (ACS)
(1).

Although the diagnostic and treatment technology
for AP has developed rapidly, the prognosis of acute se-
vere pancreatitis is still poor. A debridement surgery per-
formed too early for necrotizing pancreatitis can aggra-
vate the symptoms. The trauma from laparotomy is bigger,
in which the incidence of postoperative complications is
approximately 34% - 95% and the mortality is up to 11% - 39%
(2-5).

Infected pancreatic necrosis (IPN) accounts for 33% of
necrotizing pancreatitis (6). The mortality in patients with

Copyright © 2019, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://iranjradiol.com
http://dx.doi.org/10.5812/iranjradiol.69022
https://crossmark.crossref.org/dialog/?doi=10.5812/iranjradiol.69022&domain=pdf


Xu X et al.

IPN is about 32% (7). In recent years, a consensus has been
basically reached as to the timing of IPN treatment. It is
generally believed that the surgical intervention should be
performed about 4 weeks after the onset of the symptoms
(8, 9). The “step-up” method is an emerging treatment con-
cept. Percutaneous catheter drainage (PCD) usually takes a
small incision on the surface of the body, and then goes ret-
rograde into the lesion along the insertion path, and then
the necrotic tissue is removed. Because of the small trauma
and easy operation, it is usually used as the initial treat-
ment for IPN (10-13). Many studies have reported the supe-
riority of PCD to necrosectomy (14-20). Some scholars re-
ported that during the treatment of patients with IPN, PCD
has cured a considerable number of patients without the
need for removal of necrotic tissue by operation (13). Some-
times PCD is used as a transitional measure, while an effec-
tive antibiotic therapy can delay the surgical time for pa-
tients requiring necrotic tissue removal. In addition, PCD
is a mature technology. It is simple and requires less inten-
sive care compared with traditional debridement surgery.
The probability of developing complications is lower and
it can reduce the fatality rate significantly. It can also be a
“guide” for subsequent treatment and save surgery time.

But more study is needed regarding PCD treatment of
IPN. For example, when IPN occurs, what types of patients
are suitable for PCD treatment and what factors can be
used to predict the therapeutic effect of PCD? These kinds
of questions are becoming more important recently.

2. Objectives

The purpose of this study was to discuss the indicators
related to the efficacy of abdominal puncture drainage un-
der CT guidance in patients with acute and severe pancre-
atitis necrosis tissue infection. To the best of our knowl-
edge, this is the first time that the factors for patients with
CT values greater than 20 HU in the puncture area have
been analyzed.

3. Patients and Methods

3.1. Individual Patient Data

This was a retrospective study. The institutional review
board in our unit approved this retrospective study with a
waiver of informed consent. From January 2013 to Novem-
ber 2016, 162 IPN patients treated with PCD under CT guid-
ance were included in this study. Among them, 92 were
male and 70 were female. Etiological classification of pa-
tients included 51 cases of cholelithiasis, nine cases of alco-
holic pancreatitis, and 11 cases of hyperlipidemia. IPN was
confirmed by radiographic examination and the bacterial
culture of pancreatic necrotic tissue.

In view of IPN, all patients received no other operation
or drainage surgery before the PCD treatment. Depending
on the treatment efficacy, 162 patients with severe acute
pancreatitis (SAP) were divided into the PCD success treat-
ment group (n = 71) and the PCD+ surgery group (n = 91).

3.2. The Treatment of Puncture Drainage Under CT Guidance

When necrotic pancreatitis and secondary infection
was confirmed for the patient, and there was no improve-
ment in the patient’s physical condition after conserva-
tive treatment or there was even deterioration, PCD treat-
ment was considered. For patients who did not improve
after conservative treatment and had no significant deteri-
oration, we usually undergo PCD treatment in about 3 to
4 weeks. Abdominal CT scan or enhanced scan was per-
formed on the patients to find out the location of the focal
pancreatic necrosis or fluid and the distance from the sur-
rounding vital organs and large blood vessels. Before treat-
ment, UV disinfection and aseptic treatment were carried
out in the CT room. First, progression of pancreatitis was
observed by CT plain scan. According to the image, the radi-
ologist and the interventional therapist come to an agree-
ment to find the location and puncture according to the
image. Subsequently, body piercing points were selected
in the area that was nearest to the drainage area. The best
path was chosen through the lateral abdominal wall, the
anterior abdominal wall or the posterior abdominal wall.
Using puncture and catheter based on a Seldinger punc-
ture technology, Echo 18G puncture needle (Cook Corpo-
ration, China) was entered into the area around the pan-
creas and placed into the drainage tube above 14F. Liquid
from the necrotic tissue was immediately drawn for bacte-
rial culture. The whole process of puncture was about 20
minutes. Radiation dose accepted by 162 patients due to
CT positioning in puncture process ranged between 20.51
mGy and 25.65 mGy. To prevent drainage pipe blockage,
the drainage pipe was flushed every 4 - 8 hours with ster-
ile saline. Each time, as much flush as possible was drawn
out of the solid necrotic tissue. After 72 hours of PCD treat-
ment, the drainage efficacy was evaluated based on the as-
sessment of the general situation, the whole abdominal
CT scan and the amount of drainage fluid. The standard
for clinical improvement was consistent with pancreatitis,
necrosectomy versus step-up approach (PANTER) related
research (21). If the general situation gradually improved,
at least two organs would show improvement (such as the
circulatory system, the lungs and the kidneys) or two of
three parameters (C reactive protein, white blood cells or
body temperature) representing improvement of the in-
fection. Flushing through the puncture drainage tube was
continued. PCD was done three or more times for some pa-
tients on an as-needed basis. If the general physical con-
dition gradually improved, effective flushing through the
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puncture drainage tube was continued and multiple oper-
ations of CT-guided PCD were performed when necessary.
We pulled out the tube and stopped using antibiotics when
the volume of drainage was < 10 mL for seven consecutive
days, or if the CT demonstrated the vomica significantly
shrank or disappeared, or if the patients showed no signs
of infection such as fever and abdominal pain, or if the
blood profile and calcitonin original were normal. At this
point, the patient was discharged from the hospital and
referred to outpatient follow-ups. These patients were in-
cluded in the PCD success group.

3.3. Indicator Monitoring

Gender, age, body mass index (BMI), acute physiology
and chronic health evaluation (APACHEII) scores, c-reactive
protein, the CT value of piercing zone, modified CT sever-
ity index (MCTSI) scores, the length of time from patient
admission to drainage, and the number of tubes were
recorded as observation index.

The CT value of the puncture areas was measured in the
abdominal CT image by calculating the mean value of CT
within the range of 10cm diameter using the distal end of
the puncture drainage tube as the center.

3.4. Statistical Analysis

All statistical analyses were performed with statistical
software SPSS statistics for Windows version 17.0 (SPSS Inc.,
Chicago, Il, USA). The data were in accordance with the nor-
mal distribution and the mean value was used. Differences
in the different variables of patients were estimated using
theχ2 test for categorical data and paired-sample t-test for
continuous variables. Influencing factors were analyzed
using a logistic regression analysis and P < 0.05 indicated
statistical significance.

4. Results

4.1. Treatment Results

Overall, 162 patients with AP were included in this
study. Among those patients, 92 were male and 70 were
female, who were 18 to 75 years old and the mean age was
60.2± 7.8 years. Seventy-one patients were treated success-
fully by PCD, while 91 cases showed no remission after PCD
treatment and resorted to surgery or laparoscopic surgery.
These patients were included in the PCD+ surgery group.
The mortality in the PCD+ surgery group was 10.7%. The
mortality of the PCD group was 0%. The success rate of PCD
treatment was 43.82%.

4.2. General Conditions of Patients

There was no significant difference in terms of age, sex,
BMI, coexisting diseases, disease severity or organ failure
between the two groups (Table 1).

4.3. Comparison of the Therapeutic Effect of Two Groups of Pa-
tients

There was a significant statistical difference between
the two groups in terms of the time of C reactive protein
(CRP) returning to normal, the time of hospitalization,
mortality and post treatment complications between the
two groups (P < 0.05) (Table 2).

4.4. Analysis of Factors Influencing the Clinical Efficacy

Univariate analysis was performed for each observa-
tion indicators during the course of treatment. The results
showed that the CT value of the puncture area, APACHEII
scores and MCTSI scores were related to the therapeutic ef-
ficacy (P < 0.05). The multivariate analysis showed that the
CT value of puncture area was the most significant factor
with P < 0.001 and HR was 11.785 (Table 3).

4.5. Factors Influencing the Clinical Efficacy with Higher CT Den-
sity

We performed further analysis of the factors associ-
ated with higher CT density in the puncture area. Some
researchers have concluded that when the CT value is less
than 20 HU, the proportion of the liquid necrosis compo-
nent is higher than that of the solid necrosis component
(11), therefore, in this study, the patients with an average
density higher than 20 HU in the CT puncture zone un-
derwent univariate and multivariate analysis. The results
showed that the length of time from patient admission to
drainage, APACHEII scores, MCTSI scores and C reactive pro-
tein levels were significant factors for PCD treatment (Table
4).

5. Discussion

There are two important new findings in our study.
First, the CT values of the piercing zone is the major risk
factor affecting the curative effect of CT guidance PCD. Sec-
ond, when the average CT density is higher than 20 HU,
PCD treatment under CT guidance should be performed as
soon as possible in order to avoid multiple organ failures
or death in the acute stage as well as to avoid a prolonged
period of infection.

SAP is a complicated and dangerous condition with
a high fatality rate. Past practices have shown that early
surgery, debridement surgery and multiple surgeries can
increase the incidence of postoperative complications
(22). The International Association of Pancreatology (IAP)
and the American Pancreatic Association (APA) recom-
mend that the first best treatment for suspected or con-
firmed pancreatic necrosis should be PCD, and if neces-
sary, followed by endoscopic or debridement operations
on the necrotic tissue. The step-up method has been widely
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Table 1. Comparison of the General Conditions of Patients

Clinical features PCD success group PCD + operation group P value

Gender, male/female 39/32 53/38 0.673

Median age, range 59.23 ± 7.89 58.34 ± 8.92 0.345

BMI 23.23 ± 2.34 22.34 ± 3.42 0.765

Pathogeny 0.916

Cholelithiasis 51 67

Drinking 9 12

Hyperlipidemia 11 12

Comorbidity 0.973

Cardiovascular disease 37 42

Nephropathy 12 15

Diabetes mellitus 25 30

Disease severity

Leukocyte count (IQR), 109/L 7.89 ± 2.35 8.24 ± 1.56 0.234

C reactive protein (IQR), mg/L 187.23 ± 45.17 174.23 ± 26.27 0.529

Organ failure 0.972

Failure free 47 60

Failure 24 31

Abbreviations: BMI, body mass index; IQR, interquartile range; PCD, percutaneous catheter drainage; SD, standard deviation.
aValues are expressed as No. or mean ± SD.

Table 2. Comparison of the Therapeutic Effect of Two Groups of Patients

PCD success group PCD + surgery group P value

The time it took for CRP to return to normal 21.37 ± 12.36 38.5 ± 18.53 < 0.001

Days of hospitalization 35.35 ± 12.64 65.70 ± 24.31 < 0.001

Mortality 0 10.7 < 0.001

Post treatment complications

Pancreatic leakage 3 (4.2) 19 (21.5) < 0.001

Intestinal fistula 4 (5.6) 18 (19.7) 0.003

Multiple organ failure 2 (2.8) 18 (19.7) < 0.001

Intraperitoneal hemorrhage 3 (4.2) 17 (19.5) < 0.001

Abbreviations: CRP, C reactive protein; d, days; PCD, percutaneous catheter drainage; SD, standard deviation
aValues are expressed as No.(%) or mean ± SD.

recognized (21, 23). PCD is the initial step of the step-up
method and is the core of the entire treatment. Some re-
ports have demonstrated significant difference in terms of
the success rate in PCD treatment of IPN (23). A retrospec-
tive study conducted by Sileikis et al. concluded that step-
up approach is not always effective for patients with multi-
ple organ failure, which is only about 50% success rate, and
they suggest that surgery should not be delayed for more
than one month (24).

In our research, we found that the patients who were

successfully treated by PCD were shorter in hospital time
and CRP recovery time than those who had PCD combined
surgery. We also found that the mortality rate was low, and
the incidence of postoperative multiple organ failure was
low. So, are there any factors that can predict the effect of
PCD before treatment? Are there any measures that can im-
prove the success rate of PCD therapy? It is mainly due to
the different body status, the duration of IPN and the de-
gree of necrosis liquefaction in different patients. These
factors may significantly influence the successful rate of
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Table 3. Univariate and Multivariate Analysis of PCD Success Related Factors

Clinical features PCD success group Univariate analysis Multivariate analysis

Chi-square value P value HR P value

Gender 0.178 0.673

Male 39

Female 32

Age, y 0.239 0.625

≤ 60 30

> 60 41

Cholelithiasis 0.065 0.799

Yes 51

No 20

Number of puncture catheterizations, root 2.837 0.092

≤ 3 43

> 3 28

Puncture zone CT value, HU 6.247 0.012 11.785 < 0.001

≤ 20 46

> 20 25

Length of time from patient admission to drainage,
d

1.186 0.553

≤ 9 18

9 - 14 31

> 14 22

APACHEII score 8.235 0.016 0.236 < 0.001

≤ 8 19

8 - 10 18

> 10 34

MCTSI score 10.049 0.007 2.414 < 0.001

≤ 3 20

4 - 6 31

7 - 10 20

C reactive protein 2.194 0.334

≤ 150 13

150 - 300 22

> 300 36

Abbreviations: APACHE II, acute physiology and chronic health evaluation; d, days; HR, hazard ratio; HU, Hounsfield unit; MCTIS, modified CT severity index; PCD, percu-
taneous catheter drainage; y, years

PCD treatment. The current international guidelines do
not provide specific guidance regarding PCD treatment in
the step-up regimen (8, 25), there is no uniform consen-
sus in terms of which factors will affect the efficacy of PCD
treatment.

PCD treatment can remove the necrotic materials
while draining the effusion at the same time (26, 27), and

solid materials can be drawn from tissues of IPN. However,
before the PCD operation, we could predict the propor-
tions of solid and liquid materials by observing the aver-
age CT density in the pre-piercing zone on the CT scanning
image. This time we mainly study and analyze the treat-
ment of IPN under the guidance of CT. Spiral CT collects
the volume data, can carry on the three-dimensional and
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Table 4. Univariate and Multivariate Analysis of Correlation Factors in Patients with Higher CT Values (> 20 HU) in the Puncture Area

Clinical features PCD success Univariate analysis multivariate analysis

Chisquarevalue P value HR P value

Gender 2.280 0.131

Male 23

Female 2

Age, y 3.046 0.065

≤ 60 6

> 60 19

Cholelithiasis 2.749 0.097

Yes 18

No 7

The number of puncture tubes, root 0.712 0.399

≤ 3 14

> 3 11

length of time from patient admission to drainage, d 7.013 0.030 11.162 0.007

≤ 9 7

9 - 14 15

> 14 3

APACHEII score 17.459 < 0.001 0.030 0.002

≤ 8 0

8 - 10 2

> 10 23

MCTSI score 40.969 < 0.001 17.262 0.001

≤ 3 19

4 - 6 0

7 - 10 6

CRP 7.534 0.023 0.047 0.004

≤ 150 0

150 - 300 17

> 300 8

Abbreviations: APACHE II, acute physiology and chronic health evaluation; CRP, C reactive protein; d, days; HR, hazard ratio; HU, Hounsfield unit; MCTIS, modified CT
severity index; PCD, percutaneous catheter drainage; y, years

multi-directional observation, the location is accurate, and
the guide puncture is more precise. According to the di-
agnostic criteria of the Atlanta conference in 1992, (1) in-
fective pancreatic necrosis must have solid sphacelus com-
ponents, but not completely liquefied solid sphacelus had
higher CT values, similar to soft tissue density. Therefore, a
higher value of CT density average indicates a higher con-
tent of solid necrosis or blood clot. These results showed
that when the average CT value was higher, the chance of
PCD failure was also higher, accompanied by a lower cure
rate. In our study, only 35.2% of patients in the PCD success

group had a CT value greater than 20 HU in the puncture
area. (Figures 1 and 2).These results were consistent with
the results from Tong et al.’s research (11).

In 2004, Mortele et al. suggested that the SAP com-
puted tomography severity index, namely MCTSI, reflected
organ failure situation and pancreatic complications, as
shown by the amount of effusion. The range of pancreatic
necrosis was reduced to less than 30% and more than 30%.
In MCTSI, the non-pancreas complications were also con-
sidered, including peri-pancreatic blood vessel invasion
and gastrointestinal tract invasion. Recent studies con-
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Figure 1. A 36-year-old man with acute necrotizing pancreatitis accompanied by acute abdominal pain, vomiting and fever. A, The liquefied area of pancreatic necrosis under-
went CT guided puncture and the average CT value of the piercing area was about 10 Hounsfield unit (HU) after successful puncturing and cathetering, and effective flushing
through the puncture drainage tube was continued. B, In a month, re-examined abdominal CT and the low density pancreas area reduced obviously. The patient recovered
gradually and no open operation was required.

Figure 2. A 66-year-old man with acute necrotizing pancreatitis. A, Under CT guided puncture, the density around the pancreas leakage was higher and the average CT score
was more than 20 Hounsfield unit (HU). B, A week later, CT examination was performed and the leakage around the pancreas was more apparent. The patient’s condition was
poor and an open debridement surgery was eventually performed.

firmed that the correlation between MCTSI and the prog-
nosis was good (28). The present study found that MCTSI
index had a good correlation with the curative efficacy of
PCD, and the higher the MCTSI index, the higher chance of

PCD failure. There are 12 monitoring indicators in APACHE
II and if the severity and prognosis of AP can be predicted
early, it may significantly improve the treatment efficacy.
This scoring system could assess the severity of the disease
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repeatedly at any time during and after hospitalization.
Our study found that APACHE II was also one of the inde-
pendent risk factors for PCD efficacy.

In addition, the length of time from patient admission
to drainage is important for the success of the treatment.
A team of researchers suggested that if there was no tech-
nical difficulty, PCD should be performed relatively early
to reduce the incidence of complications and to shorten
the length of hospital stay (29). The authors evaluated
the positive and conventional PCD treatment in patients
with infectious necrotizing pancreatitis, and found that
an active PCD therapy can reduce the need for surgical
necrosectomy (30). PCD treatment was less effective in pa-
tients with a higher CT value in the puncture area, but
what factors could reflect the efficacy of the treatment on
a deeper level? In our study, we analyzed the patients
who had a CT value greater than 20 HU in the puncture
area and were successful in the PCD treatment, about 12%
of patients received PCD treatment in more than 14 days
and most patients (60%) were treated with PCD between
9 days and 14 days. Our results suggested that the first
PCD treatment should not be too late. This indicates that
when CT images showed a large amount of exudation in
the retroperitoneum and peritoneal cavity, the average
CT density is higher. After conservative treatment, if the
patient’s condition did not improve, PCD treatment un-
der CT guidance should be performed as soon as possi-
ble in order to avoid multiple organ failures or death in
the acute stage as well as to avoid a prolonged period
of infection. When the drainage does not smoothen, we
can use a coarser drainage tube or a three-cavity lavage
drainage tube promptly. In addition, multiple ports could
be maintained for possible follow-up endoscopic removal
of necrotic tissues.

CRP is a kind of acute reactive proteins synthesized by
the liver. It is mainly produced during the inflammation
and acts against the harmful effect of soluble protease re-
leased from the trauma and infection site (31, 32). The in-
crease of CRP is one of the acute phase reactions in the body
when infection and injury occur (33, 34). It is present in
serum and reaches a peak level in 24 - 48 hours after the
onset of disease. Schutte and Malfertheiner (32) reported
that CRP levels are proportional to the severity of AP. Fur-
thermore, it has important clinical values regarding early
disease diagnosis, complications and prognosis (35). Our
results showed that CRP is an independent risk factor in
the PCD therapy and patients with a higher CRP level have
a poor PCD efficacy.

This study is a single center retrospective analysis, so
there may be some empiricism and blindness. Multicen-
ter, prospective, randomized and controlled clinical trials
with large sample sizes are required to determine the effi-
cacy of PCD and relevant influencing factors in the future.

In conclusion, our study found that the average CT
value from the infection of pancreatic necrotic tissue is a
major risk factor for PCD treatment under CT guidance,
and the higher the CT value, the higher possibility of treat-
ment failure. The length of time from patient admission
to drainage, APACHEII scores, MCTSI scores and C reactive
protein levels should be evaluated comprehensively. We
think that in patients with an average density higher than
20 HU in the CT puncture zone, PCD treatment should be
performed as soon as possible.
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