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Abstract
In this retrospective study, we aimed to evaluate the efficacy of percutaneous catheter drainage (PCD) in patients with acute
pancreatitis (AP) for management of pancreatic fluid collections (PFCs). A total of 111 AP patients were included with 34
patients in conservative treatment group (received nutrition support and liquid resuscitation during hospitalization) and 77
patients in PCD group (accepted PCD during hospitalization). The APACHE II score, CRP value, procalcitonin (PCT) value,
andWBC count of included patients were recorded for further comparison. The inflammation response of patients in both groups
was assessed by measuring the mean time for the recovery of CRP level, WBC count, and amylase/lipase. Mortality, length of
hospital stay, new-onset ICU admission or readmission, and new-onset multi-organ failure were also compared between the two
groups. The pre-conditions of patients in both groups indicate the comparison of the two groups. The inflammatory response in
PCD group was attenuated when compared with conservative treatment group evidenced by decreased mean time for recovery of
CRP level in PCD group. In addition, patients in PCD groups had less complication rate (multi-organ failure and surgical
debridement) than that in conservation treatment group. Patients in conservation treatment group had shorter hospital stay, but
failed to achieve statistical significance. Evidence supported that PCD is an effective approach for management of PFCs after
conservation treatment failure with decreased complication rate and attenuated inflammation responses.
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Introduction

Acute pancreatitis (AP), as a mild and self-limiting illness
with entire recovery and integration, is a common acute ab-
dominal disease encountered in various countries, and in re-
cent years, its incidence appears to be rising [1].
Unfortunately, data has shown that over 300,000 people ac-
cepted AP-related medical treatment in hospital in USA [2].
Despite improvements in diagnostic and therapeutic tech-
niques, the mortality rate of AP is from 2% to 5%, but that

percentage of severe acute pancreatitis (SAP) could be as high
as 20% to 30% [3]. Hence, there is an urgent need to under-
stand the pathogenesis of AP at the molecular level.

As an inflammatory disease, a great number of local com-
plications can be triggered by AP including pancreatic fluid
collections (PFCs), acute necrotic collection (ANC),
pseudocyst, and walled-off necrosis (WOPN) [4]. PFCs are
the debris or fluids of the pancreas collected within the
retroperitoneum which can be drained by surgery, endoscopic
transmural drainage, or radiologically guided percutaneous
drainage (PD) [5, 6]. To ensure the therapeutic benefits of
AP, early and better management of PFCs is urgently needed.

The treatment option of patients is complicated and shall be
determined by several factors, including physical conditions
and disease severity. Therefore, conservative treatment is the
first choice for some AP patients until intervention was con-
sidered to be more appropriate [7]. The conservative treatment
for fluid depletion in AP patients includes intensive care, nu-
trition support, oxygen supplementation, and intravenous hy-
dration [8]. Positive evidence supported that conservative
treatment is beneficial for spontaneous resolution of
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pseudocysts [9]. However, the consensus on fluid type, as well
as information regarding fluid administration for PFC man-
agement was still undetermined.

The drainage approaches for PFCs include endoscopic
drainage (ED), percutaneous catheter drainage (PCD), or sur-
gical drainage [5, 6]. Particularly, PCD is a minimally invasive
technique with the application of single or multiple catheters
in direct percutaneous necrosectomy [10]. There is increasing
evidence advocating the minimal invasive technique such as
PCD; however, whether PCD can decrease mortality and min-
imize AP patients’ adverse-effect profiles remain controver-
sial. In this regard, we aim to investigate the efficacy of PCD
approach in depletion of PFCs in AP patients and by compar-
ison with parameters in patients who received conservative
treatment, we try to conclude the merits and demerits of PCD.

Materials and Methods

Patients

The search on SAP database in Hunan Provincial People’s
Hospital with a span of time of over 28 months identified
111 AP patients. Institutional review board approval was ob-
tained, and the requirement for informed consent was waived
for the retrospective portion of the study. The patients chosen
in this study were more than 19 years old, and CT imaging
showed that PFCs were larger than 6 cm in size. Patients who
received culture-positive drain fluid at initial PCD treatment,
gas on CTscan, or necrosectomywere excluded. According to
their therapy strategy, all patients included were divided into
conservative treatment group (n = 34) and PCD treatment
group (n = 44) during their hospitalization. All the patients
with AP received initially conservative treatment including
nutritional support, intravenous fluids, and other treatments
in selected cases, and then PCD treatment was considered if
patients cannot or failed to receive conservative treatment.
Demographic (age, sex), clinical (length of hospital stay, ad-
mittance to intensive care unit, etiology of pancreatitis, diag-
nostic and conservative therapeutic approaches), laboratory
data, and characteristics of surgical procedures were collected
by evaluating patient charts.

The diagnosis of AP was based on two of the following
three features: (1) abdominal pain consistent with AP feature;
(2) serum lipase activity (or amylase activity) at least three
times greater than the upper limit of normal; and (3) charac-
teristic findings of AP on contrast-enhanced computed tomog-
raphy (CECT) and less commonly magnetic resonance imag-
ing (MRI) or trans-abdominal ultrasonography. The severity
of disease is graded into mild, moderate, and severe AP ac-
cording to the revised Atlanta classification 2012. Patients
with mild AP had no organ dysfunction, different complica-
tions, or PFCs, so patients with mild AP was not included in

our study. Patients present with PFCs and without persistent
organ failure were divided into moderate group. If organ fail-
ure persists more than 48 h, patients were upgraded to severe
group [4].

Conservative Treatment

The initial management included fluid resuscitation, pain con-
trol, and nutritional support. Antibiotics were initiated when
an infection was suspected and the antibiotics were continued
to use if an infection source was identified or cultures were
positive. Not all patients in our series were indicated for PCD.
The indication of PCD was conservative management failure
complicated with the following features: refractory abdominal
pain, worsening PFCs on CT scan, persistent inflammatory
markers including C-reactive protein (CRP) and procalcitonin
(PCT), persistent elevation of lipase and/or amylase, and ra-
diological evidence of infected PFCs such as presence of
peripancreatic gas.

Ultrasound-guided PCD

Patient was laid down and draped in a sterile fashion. Local
anesthesia was applied to alleviate patient’s discomfort. The
size (ranging from 8 to 10 Fr) of catheters was determined
according to the PFC size. The catheters were introduced
transperitoneally under ultrasound guidance. The content, col-
or, and cultures of drainage were recorded daily. Antibiotics
were prescribed if the Gram stain and/or cultures were positive
for infection. When repeated ultrasound and CTof the pancre-
as were conducted to evaluate necrotic cavities, additional
catheters were considered when necessary to increase drain-
age. The catheters were removed when fluid drainage identi-
fied by CTwas no longer significant. Recovery was measured
by the following factors: sepsis under control (no fever or
white blood cells return to normal), absence of fluid collec-
tion, or necrosis.

Surgical Debridement

Radiological or surgical intervention was postponed as
long as possible to allow maximal demarcation and lique-
faction of the devitalized pancreatic and peripancreatic tis-
sues. Fine-needle aspiration (FNA) for recognition of pan-
creatic infection is not practiced routinely in our institution
and the necessity of the intervention was based on clinical,
radiological, and laboratory grounds. Surgical debride-
ment was only performed when PCD with large-bore cath-
eters failed to achieve any improvement or complication
required surgery intervention.
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Outcome Measures

Mortality, length of hospital stay, new-onset ICU admission or
re-admission, and new-onset multi-organ failure of patients in
conservative treatment group and PCD group were recorded.
During hospitalization, blood samples from the patients were
checked daily and the CRP level, WBC count, and amylase/
lipase in serum samples were measured.

Statistical Analysis

SPSS 20.0 statistical software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Measurement data
were in terms of x ± s and using t test for statistical analysis.
Counting data were expressed in terms of percentage (%) and
compared using χ2 test. P < 0.05 was statistically significant
for the difference.

Results

A total of 111 patients (69 male and 42 female) were included
in this study. The etiologies of AP included alcohol in 55 cases
(49.5%), cholelithiasis in 16 cases (14.4%), and idiopathic
factors in 40 cases (36.0%). Among the 111 patients with
AP complicated by PFCs, 67 (60.4%) were classified as mod-
erate AP while 44 (39.6%) were SAP.

Patients were categorized based on whether they
underwent ultrasound-guided PCD during the hospitalization
stay. The PCD group comprised of 77 patients (69.4%), while
the conservative group consisted of 34 patients (30.6%) with
only medical managements. Comparisons on age (P = 0.59),
sex (P = 0.67), etiology (P = 0.32), and disease severity (P =
0.70) between conservative group and PCD group have no
significant difference, indicating the comparability of the
two groups.

During the progression of AP, systemic complications can
be triggered, including systemic inflammatory response syn-
drome (SIRS) and multiple organ dysfunction syndrome
(MODS). We concluded that both the occurrence rate of
MODS and SIRS between the two groups have no significant
difference.

Besides, APACHE II scores and CTSI scores can be used
to evacuate the condition of AP patient and might influence
mortality or clinical recovery rates [11]. Herein, our study
presented that APACHE II score between the two groups
showed no significant difference with P = 0.59. Furthermore,
some studies found that CTSI scores are negative indicators
for patient outcomes [12–14], however, our study found that
CTSI score between the two groups showed difference but the
P value was 0.048, therefore, we do not consider CTSI score
as an influence factor in this study.

Additionally, PCT is an inflammatory factor, and continu-
ously releasing of PCT may cause systemic inflammatory re-
sponse syndrome. Before treatment, PCT has significant dif-
ference between the two groups, which may be high level of
PCT in individuals in each group. For example, the highest
PCT level in conservative group was 18.9 ng/mL, while the
highest PCT level in PCD group was 106.7 ng/mL.

CRP level and WBC count can be used to diagnose and
predict the severity of AP [15, 16]. Therefore, our study
showed that there was no significant difference in the pre-
treatment CRP level (226 mg/L vs 224.6 mg/L, P = 0.67)
and WBC count (17.0 × 109/L vs 15.2 × 109/L, P = 0.08) be-
tween the conservative and PCD groups. Demographics of
patients in conservative and PCD treatment groups are sum-
marized in Table 1.

Timing and Indications for PCD

PCD was performed at a median of 17 days (range 2–63 days)
after the onset of SAP. The indications (could be overlapped) to
perform PCD for patients are as follows: increasing fluid col-
lection on CTscan (n = 29, 37.7%), intractable abdominal pain
despite narcotic use (n = 8, 10.4%), persistent elevation or in-
creasing amylase/lipase (n = 14, 18.2%), persistent elevation of
PCT and/or CRP (n = 23, 29.9%), and organ failure that per-
sists > 48 h in spite of advanced treatment (n = 33, 42.9%).

Catheter Placement and Complications

Catheter was placed through transperitoneal route preferen-
tially in 63 patients (81.8%) and retroperitoneal route in 14
patients (18.2%). The catheter size varied from 8 to 24 Fr with
median of 14 Fr. Patients required an average of one catheter
(range from 1 to 4). Three patients required a second proce-
dure because of clogged catheter. In six (7.9%) patients, cath-
eter drains were upsized to larger catheter drains. The median
duration of drainage was 20 days ranging from 6 to 50 days.
The drainage volume over the first 24 h ranged from 60 to
2500 mL with a median of 980 mL. Pseudocysts occurred in
four patients treated with PCD, but all recovered.

Surgical Debridement

In PCD group, no patient was required to receive surgical de-
bridement. In the conservative treatment group, 14 patients with
necrotic pancreatic tissue needed debridement, but for certain
reasons, they cannot receive PCD surgery, therefore, surgical
debridement was performed in these 14 patients. In six of these
14 patients, the treating surgeon preferred open surgical de-
bridement. In other six patients, percutaneous access to the
necrosis was regarded technically impossible due to bowel in-
terposition or abundant gas within the necrotic collection that
precluded a safe placement of the catheter. In one patient, the
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main indication for surgical intervention was a concomitant
toxic megacolon secondary to severe Clostridium difficile in-
fection. In another patient, open surgical debridement was indi-
cated because of active bleeding into the collection.

Treatment Outcome

The comparison of treatment outcome between the conservative
and PCD treatment groups was then assessed. As depicted in
Table 2, two patients required surgical necrosectomy after PCD
and none of the patients in conservative treatment group required
necrosectomy. A total of eight patients (7.2%) died with three
patients in conservative treatment group (8.8%) and five patients
in PCD group (6.5%). No statistical difference was detected in
necrosectomy requiring (P = 0.35) and mortality (P = 0.65).

The PCD group had a longer length of hospital stay (me-
dian, 38 days; range, 4–59 days) compared to conservative
treatment group (median, 32 days; range, 2–73 days), but
failed to achieve statistical difference (P = 0.11). Both groups
did not differ in new-onset ICU admission (P = 0.40) or in
ICU re-admission (P = 0.99). CRP can reflect the inflamma-
tion condition of patients, and the mean time for the recovery
of CRP level was much longer in the conservative treatment
group than in the PCD group (26 vs 18, P = 0.006). However,
no significant difference was noted in time to WBC count

(P = 0.32) and amylase/lipase (P = 0.68) recovery. Fewer pa-
tients had new-onset multi-organ failure in the PCD group, six
patients (17.65%) in the PCD group versus six patients
(3.90%) in conservative treatment group (P = 0.014).

Besides, we analyzed the pre-treatment CRP level and
post-treatment CRP level (after treatment for the 1, 7, 14,
21, and 28 days). The baseline parameters are represented in
Table 3. As a result, we found that the CRP value decreased
dramatically in the first week after treatment, and the PCD
group decreased faster than conservative treatment group.
The two groups showed significant difference from 7 days
after treatment. The normal level of CRP value is less than
10 mg/L, and the conservative treatment group and PCD
group returns to normal CRP level in post-treatment 28 days
and post-treatment 16 days, respectively. Together, the results
showed that PCD could alleviate symptoms quickly and re-
lieve systemic inflammation as well as prevent or alleviate
organ function damage, giving rise to a good physiological
environment for the later recovery of patients.

Discussion

In the above study, we have elucidated that PFC was one kind
of complication of AP, and its therapy was significant for AP

Table 1 Demographics of acute
pancreatitis patients in
conservative group and PCD
group

Parameters Conservative (n = 34) PCD (n = 77) P value

Age [median (range)] 51 (22~78) 49 (24~76) 0.59

Sex [male (%)] 22 (64.7%) 47 (61%) 0.67

BMI (kg/m2) [median (range)] 26.7 (18.3~33.5) 27.3 (19.4~34.8) 0.62

Etiology:

Alcohol/binge eating 18 (52.9%) 37 (48.0%) 0.32
Gallstone 4 (11.8%) 12 (15.6%)

Idiopathic 12 (35.3%) 28 (36.4%)

Disease severity:

Moderate 23 (67.6%) 44 (57.1%) 0.7
Severe 11 (32.4%) 33 (42.9%)

SIRS 30 (88.2%) 66 (85.7%) 0.58

MODS 14 (41.2%) 38 (49.4%) 0.12

CTSI [median (range)] 4 (3–10) 6 (2–10) 0.048

Maximal diameter of collections
(mm) [median (range)]

59 (35–149) 75 (32~200) 0.032

Necrosis 14 (41.1%) 29 (37.8%) 0.21

APACHE II [median (range)] 15 (9–26) 14 (8~54) 0.59

APACHE II score > 20 6 (17.6%) 10 (13.0%) 0.16

Albumin (g/dL) [mean (range)] 3.10 (2.29~3.89) 3.04 (2.61~4.07) 0.12

PCT (ng/mL) [mean (range)] 8.07 (0.37~18.9) 11.8 (0.06~106.7) < 0.001

CRP (mg/L) [mean (range)] 226.0 (82.9~410) 224.6 (63.2~439) 0.67

WBC (× 109/L) [mean (range)] 17.0 (2.71~26.3) 15.2 (7.11~40.9) 0.08

Note: PCD percutaneous catheter drainage, SIRS systemic inflammatory response syndrome, MODS multiple
organ dysfunction syndrome,CTSICTseverity index, APACHE II acute physiology and chronic health evaluation
APACHE II, PCT procalcitonin, CRP C-reactive protein, WBC white blood cell
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patients. In retrospective of our study, we compared PCD and
conservative treatment in certain aspects, for example, the
complication occurrence rate was lower in PCD group than
that in conservative treatment group. Moreover, the average
time for the recovery of CRP level was much longer in con-
servative treatment group than that in PCD group. In addition,
length of hospital stay of PCD group was longer than that in
conservative treatment group, but has no statistical meaning.

For one thing, a significant method such as conservative
treatment should be considered. The advantages of conserva-
tive treatment have been reported previously [17], and thus we
analyzed the conservative treatment in AP. For another, we
also have analyzed the advantages of PCD, however, there
were no consistent opinions on PCD treatment. Therefore,
our study has made a comparison between PCD and conser-
vative treatment in PFCs [5]. As a prospective therapy for
PFCs, the conservative treatment could postpone surgery after
AP occurred, and thus benefited for AP patients’ survival [17].
One previous study proved that as one mean of complication,
enteral nutrition was good for therapy of AP. Enteral feeding
decreased disease mortality, infectious complications, and or-
gan failure [18]. In our study, patients received PCD had a
longer length of hospital stay compared with conservative
treatment group, despite the failure to achieve statistical sig-
nificance. The possible reason may be that the physical con-
dition of patients in conservation group was improved much

faster due to the absence of surgical trauma. However, the
limitation was that conservative treatment may not be an op-
timal approach as necrosis increases the morbidity and mor-
tality risk of SAP for its association with organ failure and
infectious complications [2]. In this case, a more aggressive
approach, such as debridement, shall be adopted to remove the
debris or necrosis. Therefore, conservation treatment is more
suitable in the initial stages of SAP and is associated with an
increased re-intervention rate.

PCD, a minimally invasive approach is developed to in-
crease the rates of treatment success in SAP patients. Our
results indicated that SAP patients that received PCD had
decreased recovery time of CRP level. According to a previ-
ous study, CRP level, seemed as a factor, can evaluate severity
of AP, and AP patients were divided into mild AP or severe
AP [19]. Infected pancreatic necrosis or WOPN usually hap-
pened in SAP and needs various operations to realize entire
debridement of the whole infected necrosis [2], which conse-
quently would bring about operative wound for patients.
Freeny and other scholars initially represented a group of AP
patients who were mainly accepted with imaging-guided PCD
to replace necrosectomy [10]. Based on a prior study, PCD has
plenty of advantages. Firstly, PCD treatment could delay
early-stage intervention of PFCs thus might ameliorate the
disease progression of AP [20]. Second, PCD treatment could
postpone, or to a greater extent, prevent surgical necrosectomy

Table 2 Comparisons on
treatment outcomes in acute
pancreatitis patients in
conservative group and PCD
group

Conservative (n = 34) PCD (n = 77) P value

Necrosectomy 0 2 0.35

Mortality 3 (8.8%) 5 (6.5%) 0.67

Length of hospital stay [median (range)] 32 (2~73) 38 (4~59) 0.11

New-onset ICU admission 16 (47.1%) 43 (55.8%) 0.4

ICU readmission 4 (11.8%) 9 (11.7%) 0.99

Mean time for the recovery of CRP level 26 days 18 days 0.006

Mean time for the recovery of WBC count 23 days 21 days 0.32

Mean time for the recovery of amylase/lipase 23 days 22 days 0.68

New-onset multi organ failure 6 (17.65%) 3 (3.90%) 0.014

Note: CRP C-reactive protein,WBC white blood cells, PCD percutaneous catheter drainage

Table 3 Comparisons on pre-
treatment and post-treatment CRP
levels in acute pancreatitis pa-
tients in conservative group and
PCD group

Time Conservative group (mg/L) PCD group (mg/L) P value

Pre-treatment 226.0 ± 17.3 224.6 ± 16.8 > 0.05

Post-treatment 1 day 196.0 ± 33.4 188.5 ± 20.6 > 0.05

Post-treatment 7 days 106 ± 18.5 68.4 ± 9.7 < 0.05

Post-treatment 14 days 64.3 ± 8.6 19.9 ± 5.2 < 0.05

Post-treatment 21 days 22.7 ± 4.8 8.5 ± 2.1 < 0.05

Post-treatment 28 days 8.9 ± 2.3 8.1 ± 1.6 > 0.05

Note: CRP C-reactive protein, PCD percutaneous catheter drainage
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so that AP patients would not suffer from operative trauma or
wound infection, therefore, PCD is more effective and safer
[20]. Third, clinical symptom might be alleviated after PCD,
and the necrotic tissue may successfully be dealt with by the
patient’s immune system [21]. These findings were similar
with the results of our study that PCD could alleviate symp-
toms quickly with a concomitant reduction in systemic inflam-
mation, prevention or alleviation in organ function failure.

In conclusion, we have discussed that PCD, as a significant
therapy approach, can be performed to successfully treat PFCs
in AP, with the feature of decreased complication rate and
attenuated inflammation responses, but failed to decreasemor-
tality of patients with AP. In view of our limited time and
inadequate data in clinical database, we only compared the
efficacy of PCD and conservative treatment in few respects,
such as in inhibiting AP relative inflammation and in reducing
occurrence of complication. So the contrast between PCD and
conservative treatment was not sufficient. Therefore, further
studies are required to verify and extend the results of the
present study.
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