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Abstract

BACKGROUND

In recent decades, an increasing number of patients have received minimally
invasive intervention for infected pancreatic necrosis (IPN) because of the
benefits in reducing postoperative multiple organ failure and mortality.
However, there are limited published data regarding infection recurrence after
treatment of this patient population.

AIM
To investigate the incidence and prediction of infection recurrence following
successful minimally invasive treatment in IPN patients.

METHODS

Medical records for 193 IPN patients, who underwent minimally invasive
treatment between February 2014 and October 2018, were retrospectively
reviewed. Patients, who survived after the treatment, were divided into two
groups: one group with infection after drainage catheter removal and another
group without infection. The morphological and clinical data were compared
between the two groups. Significantly different variables were introduced into
the correlation and multivariate logistic analysis to identify independent
predictors for infection recurrence. Sensitivity and specificity for diagnostic
performance were determined.

RESULTS

Of the 193 IPN patients, 178 were recruited into the study. Of them, 9 (5.06%)
patients died and 169 patients survived but infection recurred in 13 of 178
patients (7.30%) at 7 (4-10) d after drainage catheters were removed. White blood
cell (WBC) count, serum C-reactive protein (CRP), interleukin-6, and
procalcitonin levels measured at the time of catheter removal were significantly
higher in patients with infection than in those without (all P < 0.05). In addition,
drainage duration and length of the catheter measured by computerized
tomography scan were significantly longer in patients with infection (P = 0.025
and P < 0.0001, respectively). Although these parameters all correlated positively
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with the incidence of infection (all P < 0.05), only WBC, CRP, procalcitonin levels,
and catheter length were identified as independent predictors for infection
recurrence. The sensitivity and specificity for infection prediction were high in
WBC count (= 9.95 x 10°/L) and serum procalcitonin level (= 0.05 ng/mL) but
moderate in serum CRP level (cut-off point = 7.37 mg/L). The catheter length
(cut-off value > 8.05 cm) had a high sensitivity but low specificity to predict the
infection recurrence.

CONCLUSION

WBC count, serum procalcitonin, and CRP levels may be valuable for predicting
infection recurrence following minimally invasive intervention in IPN patients.
These biomarkers should be considered before removing the drainage catheters.

Key words: Infectious pancreatic necrosis; Drainage; Minimally invasive intervention;
Infection recurrence; C-reactive protein; Procalcitonin
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Core tip: This retrospective study investigated infection recurrence following successful
minimally invasive treatment in infected pancreatic necrosis (IPN) patients. Our data
demonstrated that infection recurred in 7.30% of IPN patients after drainage catheter
removal. This can be predicted by white blood cell count, serum C-reactive protein, and
procalcitonin levels measured at the time of catheter removal, and length of the catheter
measured by computerized tomography scan. In particular, white blood cell count and
serum procalcitonin level were highly sensitive and specific for predicting infection
recurrence. These factors should be considered before removing the drainage catheters
following minimally invasive treatment in IPN patients.
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INTRODUCTION

Infected pancreatic necrosis (IPN) is a vital condition developed in 40% to 70% of
patients in the late stage of acute pancreatitis!'.. It is associated with a high mortality
rate, ranging from 18% to 28%"*! and accounts for 80% of death in patients with acute
pancreatitis”. Therefore, interventional treatment are required!*’\. Over past decades,
new developments in image, radiology, and minimal access technology have offered
an increasing number of critically ill IPN patients with opportunities to undergo
minimally invasive drainage, debridement and necrosectomy, which provide the
benefits of reducing postoperative multiple organ failure and mortality by
minimizing tissue damage and a systemic pro-inflammatory responsel®'*'"l. Currently,
minimally invasive techniques for IPN patients include percutaneous catheter
drainage (PCD), video-assisted or laparoscopic-assisted debridement, and
laparoscopic pancreatic necrosectomy. They are usually employed as a sole treatment
or a step-up approach consisting of PCD, if necessary, followed by other minimally
invasive debridement and necrosectomy and finished with a catheter drainage”'.

To date, the most commonly reported complications of minimally invasive
treatment in IPN patients include fistula, perforation, colonic injury, and pericatheter
leaking!"!. There are limited data in clinical guidelines regarding infection
recurrencel®”'*"l, Freeny et all'”l reported 6.5% of collection recurrence after catheter
removal in patients with infected pancreatic fluid collection following percutaneous
catheter drainage. However, it is not clear whether or not the recurred collection is
due to infection. Evidence for its clinical management and prevention is lacking.
Therefore, we conducted a retrospective study to investigate the incidence and
predictors of infection recurrence after catheter removal in IPN patients. Our data
demonstrated that infection recurred in the local drainage tunnels in 13 patients
(7.30%) after catheter removal following catheter removal criteria. It correlated
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independently with white blood cell (WBC) count, serum levels of C-reactive protein
(CRP), and procalcitonin levels, and length of the catheter inside body. This
information will be helpful for clinical management of catheter drainage and the
prevention of infection recurrence.

MATERIALS AND METHODS
Study design and patients

This was a single-center retrospective study. All IPN patients, who underwent
minimally invasive treatment at the Department of General, Xuanwu Hospital,
Capital Medical University (Beijing, China) between February 2014 and October 2018,
were identified using a computerized database. The inclusion criteria were as follows:
(1) Age > 18 years; (2) Confirmed diagnosis of infectious pancreatic necrosis; (3) Onset
of IPN > 4 wk; (4) Minimally invasive treatment including percutaneous catheter
drainage (PCD), video-assisted retroperitoneal debridement (VARD), laparoscopic-
assisted transomental debridement (LATOD), and laparoscopic pancreatic
debridement; and (5) Placement of drainage catheters for necrotic collection following
the procedures. The exclusion criteria were as follows: (1) Traumatic pancreatitis; (2)
Infection caused by pancreatic fistula following pancreatic surgery; and (3) Having
surgical treatment for complications such as digestive tract or biliary obstruction,
digestive tract fistula, or pseudoaneurysm rupture. The study was conducted in
accordance with the principles of the Declaration of Helsinki and was approved by
the ethics committee of Xuanwu Hospital. Due to the nature of a retrospective study,
written informed consent was omitted.

Data collection

All data collected from medical records included general information and clinical
variables. General information included age, gender, smoke and alcohol use, medical
history, and body mass index. Clinical variables included the onset, etiology,
complications, severity of IPN, laboratory test results before treatment and at the time
of catheter removal, type of minimally invasive treatment, length of the drainage
catheter measured by computerized tomography (CT) scan, and duration of drainage
and outcomes. The severity of pancreatitis was evaluated by the Bedside Index for
Severity in Acute Pancreatitis score!”! and Chronic Health Evaluation score!"l. Blood
tests were performed before treatment and at the time of catheter removal. The
normal range of blood test was WBC (4.0 x 10°/L to 10.0 x 10°/L), blood urea nitrogen
(BUN) (1.7-8.3 mmol/L), creatinine (17.7-104.0 pmol/L), CRP (< 8.0 mg/L),
interleukin-6 (IL-6) (0-7 pg/mL), and procalcitonin (0.10-0.49 ng/mL).

Diagnosis of IPN

According to the revised Atlanta classification system! and clinical guidelines”'*, IPN
was diagnosed by persistent sepsis, progressive clinical deterioration despite maximal
support in the intensive care unit, serum lipase level or amylase level at least 3 times
greater than the upper limit of normality, the presence of gas bubbles within the
necrotic tissue or peripancreatic collection observed on contrast-enhanced CT scans,
or a positive fine-needle aspiration culture.

Treatment of IPN

After admission, all patients received aggressive intravenous fluid resuscitation and
nutritional support, broad spectrum antibiotics, and minimally invasive interventions.
The choice of interventional approach was determined by the location of the necrotic
collection relative to the stomach, colon, liver, spleen, and kidney.

In PCD procedure, 16-20 F drainage catheters were introduced using a direct
transperitoneal approach under CT or ultrasound guidance and left in place until the
catheter removal criteria was met.

VARD procedure was previously described!"”). In brief, a subcostal 3-4 cm incision
was made. After the collection wall was opened, a laparoscope was introduced
through the incision and the ring forceps was used parallel to the laparoscope to
remove the necrosis under full laparoscopic vision. Several 30-36 F drainage catheters
were placed for continuous drainage.

The LATOD procedure through the transomental approach was used for patients
with necrotic collection located on the pancreatic head or near the duodenum.
Following an upper midline 3-4 cm incision, a small incision on the gastrocolic
ligament was made, and then the ligament was sutured with parietal peritoneum
circumferentially to establish a debridement passageway. Once the collection was
confirmed by fine-needle aspiration, a laparoscope was introduced and the necrosis
was removed under full laparoscopic vision. Several 30-36 F drainage catheters were
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placed to continue the drainage of the collection.

Laparoscopic pancreatic debridement was previously described™. Briefly, patients
were placed in a left or right lateral position. A hand access device port and two
standard laparoscopic ports were established. The access into the lesser sac was
gained through the greater omentum between the stomach and the colon. Using this
procedure, the necrotic tissue in the lesser sac, the left paracolic gutter, and the head
of the pancreas were removed. Finally, several 30-36 F drainage catheters were placed
to continue the drainage of the collection. In 2 patients with retrogastric pancreatic
necrosis, debridement was performed via the transgastric approach as described by
Worhunsky et al*!l.

Following treatment, drainage catheters were flushed with 20 mL saline, three
times daily in order to keep the drain open. If the catheter was blocked, a replacement
was inserted under local anesthesia. Before removal, catheters were temperately
closed and a CT scan was performed. Catheter removal criteria included: (1) Patients
were asymptomatic for at least 2 wk; (2) No fistula and peripancreatic cavity were
present in repeat CT scan; (3) The output of drainage was clear and less than 20
mL/d; (4) Amylase level in the drainage was less than 100 IU/L; and (5) The results of
repeat cultures of drainage were negative. If all criteria are fulfilled, the drainage
catheters could be removed sequentially; otherwise, the catheter was reopened to
continue the drainage with further follow-up.

Statistical analysis

The data were analyzed using SPSS version 22.0 (IBM Corp, Armonk, NY, United
States). Comparative analyses were performed with the chi-square test for categorical
variables and the Student’s f-test for continuous variables. Pearson’s correlation and
multivariate logistic tests were performed to identify independent predictors for
infection recurrence. Receiver operating characteristic curves, the respective areas
under the curve, and the cut-off values were calculated. Sensitivity and specificity of
different parameters were determined. P values less than 0.05 were considered
statistically significant.

RESULTS

Among the 193 patients, who underwent minimally invasive treatment for IPN at our
department between February 2014 and October 2018, 15 patients were excluded
including 1 with traumatic pancreatitis, 1 with pancreatic fistula following pancreatic
surgery, and 13 patients undergoing surgical treatment for complications such as
bleeding and colon fistula following minimally invasive procedures. Finally, 178
patients were recruited into the study. Intravenous fluid resuscitation, nutritional
support, and broad-spectrum antibiotics were administered to all patients. Details of
minimally invasive approaches are summarized in Table 1, including sole treatment
with PCD, VARD, or LATOD in 88 patients (49.43%) and combined treatment with
VARD and LATOD, or a step-up treatment starting with PCD in 90 patients (50.57%).
Drainage catheters were installed following the procedures and kept for a medium of
60 (2-161) d.

Outcome of treatment

After minimally invasive treatment, 9 (5.06%) patients died due to severe bleeding
(3/178, 1.69%), uncontrolled sepsis (5/178, 2.81%), or multiple organ failure (1,
0.56%). The remaining 169 patients became asymptomatic and had drainage catheters
removed strictly following the catheter removal criteria. However, only 156 patients
(87.64%) were cured and 13 patients (7.30%) became symptomatic again with fever (8
patients) and abdominal pain (5 patients) after 7 (4-10) d. Repeat CT scans showed
effusion in catheter tunnels, indicating infection recurrence. The cultures of the
effusion showed Enterococcus faecium in 4 patients, Escherichia coli in 4 patients,
Staphylococcus in 3 patients, Acinetobacter baumannii in 1 patient, and Klebsiella
pneumoniae in 1 patient. Finally, 10 patients were managed successfully with needle
puncture aspiration and antibiotics. The other 3 patients underwent additional PCD
and subsequently cured.

Prediction of infection recurrence after catheter removal

To investigate predictive factors for infection recurrence following catheter removal,
we compared demographics and clinical characteristics between the survived patients
with (13 patients) and without (156 patients) infection. No difference was found in the
patients” demographics (Table 2) between the two groups. As shown in Table 3,
clinical characteristics of patients such as the time onset and causes of IPN, severity of
IPN assessed by Bedside Index for Severity in Acute Pancreatitis score and Chronic
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Table 1 Summary of minimally invasive treatment performed for 178 patients with infectious

pancreatic necrosis

Treatment Number of patients Percentage
PCD 35 19.66

VARD 35 19.66
LATOD 18 10.11

PCD + VARD/LATOD 78 43.82

VARD + LATOD 4 225

PCD + LPD 3 1.69

PCD + VARD + LATOD 5 2.81

Total 178 100

PCD: Percutaneous catheter drainage; VARD: Video-assisted retroperitoneal debridement; LATOD:
Laparoscopic-assisted transomental debridement; LPD: Laparoscopic pancreatic debridement.

Health Evaluation score, mental status and systemic inflammatory response
syndrome were not significantly different between the two groups (all P = not
significant [NS]). Minimally invasive approaches performed in both groups were
similar (P = NS). Pre-operative WBC count, serum BUN, creatinine, CRP, IL-6, and
procalcitonin levels were abnormally higher than clinical normal range in all patients
but no significant difference was found between the two groups (all P = NS). Repeat
blood tests at the time of catheter removal showed that in patients without infection
recurrence, WBC count, serum BUN, creatinine, CRP, IL-6, and procalcitonin levels
returned to the normal range. In patients with infection recurrence, all of these
parameters were significantly reduced from the preoperative levels but serum CRP
and IL-6 levels were still significantly higher than the normal range. Comparing the
two groups, there was no significant difference in terms of BUN and creatine levels
(all P = NS) but WBC count, serum CRP, IL-6, and procalcitonin levels were
significantly higher in patients with infection than in those without (all P < 0.05). In
addition, drainage duration and the length of catheter inside the body measured by
CT scan were significantly longer in patients with infection than in those without (P =
0.025 and P < 0.0001, respectively).

Bivariate correlation and multivariable logistic regression analysis revealed that
WBC count, serum CRP and procalcitonin levels, and length of the catheter were
independent predictors for infection recurrence (all P < 0.05) (Table 4).

Receiver operating characteristic curves for the observed values of WBC, serum
CRP and procalcitonin levels and catheter length are shown in Figure 1. Only WBC
count (cut-off value = 9.95 x 10°/L) and serum procalcitonin level (= 0.05 ng/mL) had
high sensitivity and specificity to predict infection, while the sensitivity and
specificity of serum CRP level (cut-off point > 7.37 mg/L) were moderate for the
prediction of infection. If using 8.05 cm as a cut-off value, the catheter length
measured by CT scan was highly sensitive but not very specific to predict the
infection recurrence after catheter removal (Table 5).

DISCUSSION

In the present study, we investigated the incidence and predictors of infection
recurrence after minimally invasive treatment for IPN. Our data demonstrated that
infection recurred in 7.30% of IPN patients at 7 (4-10) d after catheter removal
following successful minimally invasive procedures. Of them, 10 patients were
managed successfully with needle puncture aspiration and antibiotics. Other patients
required additional PCD and recovered successfully. WBC count, serum levels of CRP
and procalcitonin, and length of the drainage catheter were identified as independent
predictors for infection recurrence. Of these, WBC and serum procalcitonin level were
highly sensitive and specific.

There are limited published data available regarding long-term infection recurrence
following minimally invasive treatment for IPN patients. Seewald et al*”! reported
6.25% of recurrent fluid collections after endoscopic drainage and necrosectomy in
patients with symptomatic pancreatic fluid collection. In this study, only 36 of 80
patients had infected walled-off necrosis. Freeny et all'! also reported 6.5% of
collection recurrence after catheter removal in 23 patients with infected pancreatic
fluid collections following the PCD procedure. In a study by Zerem et al*, 19 of 86
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Table 2 Demographics of patients who underwent minimally invasive treatment for infectious pancreatic necrosis

Patients without recurrent infection, n = 156 Patients with recurrent infection, n =13 P value

Ageinyr 53+1 56 +4 0.435
Male sex, 11 (%) 96 (61.54) 6 (46.15) 0.128
Smoke, 11 (%) 54 (34.62) 5 (38.46) 0.224
Alcohol, 1 (%) 24 (15.38) 0(0) 0.126
Medical history, 1 (%)

Pancreatitis 27 (17.31) 1(7.69) 0.243
Cardiovascular Disease 10 (6.41) 2 (15.38) 0.180
Diabetes 3(1.92) 1(7.69) 0.246
Renal disease 8 (5.13) 0 (0) 0.520
Liver disease 14 (8.97) 0(0) 0.311
BMI in 1<g/rn2 23.63 +0.13 23.99 +0.43 0.430

Quantitative data are presented as the mean * standard error of the mean. BMI: Body mass index.

(22.1%) patients with IPN had infection recurrence following step-up procedure. In
this study, most patients were critically ill but infection recurrence rate was only
7.30%. If we include all IPN patients who were treated in our department, the
incidence of infection will be even lower. Nevertheless, our findings indicate that
long-term infection complication remains in a small proportion of critical IPN patients
even if minimally invasive procedures are successful. In order to prevent it, further
exploration into the prediction of infection recurrence is certainly worthwhile for
clinical practice.

To date, there is no standard criterion for catheter removal following minimally
invasive procedures in IPN patients. The Italian Association for the Study of the
Pancreas recommends removing catheters after PCD procedure for patients with
severe acute pancreatitis when drainage is less than 10 mL in a 24 h period and a
fistula or a peri-pancreative cavity is ruled out by CT scan’l. In a study by Baudin et
al4, the catheter removal criteria not only included the above indicators but also
included stable return of WBC count and CRP level to normal range. Unfortunately,
this study did not evaluate long-term complications after catheter removal. Therefore,
it is not clear whether infection can be prevented by following these criteria.
According to our criteria, patients should be asymptomatic for at least 2 wk without
fistula and peripancreatic cavity presented in repeat CT scan, and drainage is negative
in culture and less than 20 mL/d with low amylase level (< 100 IU/L). However, it
still failed to completely prevent infection in severe IPN patients. Therefore,
additional risk factors or predictors should be considered. We found that WBC count,
serum CRP and procalcitonin levels, and the length of the catheter inside the body can
predict infection recurrence, of which WBC count and serum procalcitonin level had a
high sensitivity and specificity particularly. It is well known that WBCs play a very
important role in fighting viruses and bacteria. We found that using a cut-off value of
WBC count = 9.95 x 10°/L (normal up limit in clinical practice is 10.00 x 10°/L)
provided 77% sensitivity and 83% specificity for the prediction of infection recurrence
after catheter removal. As a routine test in clinical practice with low cost, monitoring
WBC prior to catheter removal is cost-effective for the prevention of infection.

Previous studies have identified inflammatory cytokines such as IL-6, CRP, and
procalcitonin for early prediction of necrosis infection in acute necrotizing
pancreatitis®**l. Similarly, others studies have also shown that a cut-off procalcitonin
level > 0.5 ng/mL has 80% sensitivity and 91% specificity for prediction of infected
pancreatic necrosis”l. These evaluations have been performed during the developing
period of IPN, which is different from the present study that evaluates cytokines after
treatment with interventional approaches and antibiotics. The cut-off serum levels of
inflammatory cytokines are therefore different. Our results demonstrated that a cut-
off value of procalcitonin > 0.05 ng/mL has high sensitivity and specificity to predict
infection recurrence after catheter removal. However, when interpreting the change of
serum procalcitonin level, it is important to remember that procalcitonin is only a
nonspecific marker for bacterial infection”**l. It is valuable for the prediction of
infection but not for treatment purposes. According to our analysis, the sensitivity
and specificity of serum CRP level were moderate at a cut-off point > 7.37 mg/L. It
may be due to a delayed response of CRP to infection progresst”’. Interestingly, we
found that serum level of IL-6 significantly correlated with infection recurrence but
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Table 3 Clinical characteristics of patients who underwent minimally invasive treatment for infectious pancreatic necrosis

Patients without recurrent infection, n = Patients with recurrent infection, n =

156 13 P value
Time onset of IPN in d 53+1 55+5 0.796
Cause of IPN, 1 (%)
Biliary 92 (58.97) 6 (46.15) 0.543
Alcohol 23 (14.74) 3 (23.08) 0.136
Idiopathic 5 (3.21) 1(7.69) 0.386
Hypertriglyceridemia 36 (23.08) 3 (23.08) 1.000
BISAP score 3.53+0.05 3.62+0.14 0.632
APACHE II score 9.56 +0.18 8.92 +0.40 0.328
Impaired mental status, 1 (%) 21 (13.46) 2 (15.38) 0.302
SIRS, 1 (%) 146 (93.59) 12 (92.31) 0.395
Pre-operative blood test
WBC as 10°/L 14.59 +0.28' 15.32 £ 0.60' 0.466
BUN in mmol/L 10.45 + 0.50' 9.09+0.97' 0.440
Creatinine in pmol/L 156.86 £ 9.09' 115.61 £ 10.60" 0.195
CRP in mg/L 66.47 +5.63 42,66 +10.44" 0.230
IL-6 in pg/mL 62.25+7.79! 53.05 + 8.45' 0.735
Procalcitonin in ng/mL 244 +0.19' 2.29 +0.55' 0.823
Minimally invasive treatment 0.157
Sole treatment with PCD/VARD/LATOD, n 86 (55.13) 4 (30.77)
(%)
Combined treatment, 1 (%) 70 (44.87) 9 (69.23)
Post treatment blood test
WBC as 10°/L 7.37+0.21 11.00 + 0.61 0.000
BUN in mmol/L 6.89 +0.21 6.92+0.75 0.974
Creatinine in pmol/L 86.82 +2.78 74.85 +7.46 0.227
CRP in mg/L 7.68 + 0.54 18.97 + 3.84 0.000
IL-6 in pg/mL 8.28 + 0.68 18.76 + 4.24! 0.000
Procalcitonin in ng/mL 0.04 £0.01 0.09+0.01 0.000
Duration of drainage in d 793 104 +13 0.025
Catheter length in cm 713 £0.26 10.68 £ 0.66 0.000

IAbnormally higher than normal range. Quantitative data are presented as the mean * standard error of the mean. IPN: Infectious pancreatic necrosis;
BISAP: Bedside index for severity in acute pancreatitis; APACHE II: Chronic Health Evaluation II; SIRS: Systemic inflammatory response syndrome; WBC:
White blood cell; BUN: Blood urea nitrogen; CRP: C-reactive protein.
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multivariate logistic analysis failed to identify it as an independent predictor. The
discrepancy between the present study and aforementioned studies may be due to
two factors. First, the role of IL-6 in the inflammatory process is complicated”; thus,
the change in IL-6 level may be less sensitive to predict the onset of infection. Second,
the serum level of IL-6 in our study at the time of catheter removal may be too low to
predict inflammation compared to other reportsi*’l. Nevertheless, assessing serum
procalcitonin and CRP levels before catheter removal may help to predict infection
recurrence. It is noteworthy that for all prediction evaluation, the cut-off point is
increased for the specificity while the sensitivity will be not preferable. In this context,
high specificity for infection prediction seems to be more meaningful.

Another independent predictor for infection recurrence identified in this study is
the length of the catheter inside the body. The length of the catheter measured by CT
scan (= 8.05 cm) was highly sensitive but not very specific to predict the infection
recurrence after catheter removal. There hasn’t been any previous report regarding
this issue. It is possible that an increased length in the drainage catheter will increase
the chance of catheter blockage and residual infectious fluid after catheter removal. In
addition, the delayed occlusion of the catheter tunnel will also provide opportunities
for residual bacteria to grow after catheter removal. Therefore, we strongly suggest
that when patients meet the removal criteria, the drainage catheters should be
gradually withdrawn over a few days in order to continuously drain the residual fluid
remaining in the tunnel.
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Table 4 Bivariate and multivariate correlation analysis to identify factors associated with

infection recurrence after drainage catheter removal

Variable Pearson's correlation coefficient B Wald  Pvalue
WBC 0.328 0.661 8.622 0.003
CRP 0.265 0.205 7.74 0.005
IL-6 0.192 0.075 2247 0134
Procalcitonin 0.327 24.779 4.533 0.033
Duration of drainage 0.159 0.011 0.712 0.399
Catheter length 0.277 0.589 6.032 0.014

WBC: White blood cell; CRP: C-reactive protein; IL-6: Interleukin-6.

In our study, there were only nine deaths in 193 IPN patients undergoing
minimally invasive treatment. The mortality rate was lower than that in previous
reports.

There were some limitations for the present study. First, it was difficult to recruit a
big cohort of patients in a single-center study. As a result, the sample size for infection
analysis is small. Moreover, patients with other complications such as fistula were
excluded, which further reduced the study population. Second, the retrospective
nature of the study may result in lower sensitivity and specificity of each individual
parameter. Third, we defined drainage less than 20 mL in a 24 h period as one of the
criteria for catheter removal, which is bigger than other studies. We did not evaluate
whether this had any relationship to the infection incidence. Finally, our data were
collected from the procedures performed within a large teaching hospital with a high
volume and diverse patient population. Given the availability of the advanced
technological facilities and experts at the hospital, our results may not apply to small
medical centers without the same dedicated resources. This may also be the reason
why the mortality rate is very low in our center (9 of 193 IPN patients treated with
minimally invasive approaches). Nevertheless, with a large patient population, our
findings still provide meaningful information for the prediction of infection
recurrence after successful minimally invasive treatment for IPN.

In conclusion, WBC count, serum procalcitonin, and CRP measurements may be
valuable for predicting infection recurrence after drainage catheter removal. Including
these biomarkers in catheter removal criteria may help to prevent infection recurrence
following successful minimally invasive treatment in IPN patients. In addition,
gradually removing the drainage catheters over a few days may also help to reduce
opportunities for infection caused by residual bacteria.
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Table 5 Cut-off value and ability of independent risk factors to predict infection recurrence

Area under curve (95%Cl) P value Cut-off Sensitivity Specificity
WBCas 10°/L x 0.856 (0.739-0.972) 0.000 9.95 0.77 0.83
CRP in mg/L 0.787 (0.670-0.904) 0.001 7.37 0.77 0.62
PCT in ng/mL 0.854 (0.767-0.941) 0.000 0.05 0.85 0.75
Catheter length in cm 0.800 (0.699-0.900) 0.000 8.05 0.85 0.61

CI: Confidence interval; WBC: White blood cell; CRP: C-reactive protein; PCT: Procalcitonin.
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Figure 1 Receiver operating characteristic curves of the values for white blood cell, serum C-reactive protein, and procalcitonin measured after catheter
removal, and length of the catheter measured by computerized tomography scan. WBC: White blood cell; CRP: C-reactive protein; PCT: Procalcitonin; IAP:
Intra-abdominal pressure.

ARTICLE HIGHLIGHTS

Research background

Infected pancreatic necrosis (IPN) is a vital condition. Without interventional treatment, its
mortality rate is high. In recent decades, the development of minimally invasive interventional
therapies provides benefits in reducing postoperative multiple organ failure and mortality.
Therefore, they have been applied to an increasing number of IPN patients. There are limited
data in clinical guidelines regarding infection recurrence.

Research motivation

To date, the most commonly reported complications of minimally invasive treatment in IPN
patients include fistula, perforation, colonic injury, and pericatheter leaking. However, the
infection recurrence after treatment in this patient population is not clear. The study in this
aspect will certainly provide evidence for its clinical management and prevention.

Research objectives
This study investigated the incidence and prediction of infection recurrence following successful
minimally invasive treatment in IPN patients.

Research methods

Medical records for IPN patients who underwent minimally invasive treatment were
retrospectively reviewed. Patients, who survived after the treatment, were divided into two
groups: one group with infection after drainage catheter removal and another group without
infection. The morphological and clinical data were compared between the two groups.
Significantly different variables were introduced into the correlation and multivariate logistic
analysis to identify independent predictors for infection recurrence. Sensitivity and specificity
for diagnostic performance were determined.

Research results

Of the 193 IPN patients, 178 were recruited into the study. Of them, 9 (5.06%) patients died and
169 patients survived but infection recurred in 13 of 178 patients (7.30%) at 7 (4-10) d after
drainage catheters were removed. WBC count, serum CRP, IL-6, and procalcitonin levels
measured at the time of catheter removal were significantly higher in patients with infection
than in those without (all P < 0.05). In addition, drainage duration and length of the catheter
measured by computerized tomography scan were significantly longer in patients with infection
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(P =0.025 and P < 0.0001, respectively). Although these parameters all correlated positively with
the incidence of infection (all P < 0.05), only white blood cell (WBC), C-reactive protein (CRP),
procalcitonin levels, and catheter length were identified as independent predictors for infection
recurrence. The sensitivity and specificity for infection prediction were high in WBC count (=
9.9510°/L) and serum procalcitonin level (= 0.05 ng/mL) but moderate in serum CRP level (cut-
off point = 7.37 mg/L). The length of catheter (cut-off value > 8.05 cm) had a high sensitivity but
low specificity to predict the infection recurrence.

Research conclusion

This study confirmed that WBC count, serum procalcitonin, and CRP levels may be valuable for
predicting infection recurrence following minimally invasive intervention in IPN patients. These
biomarkers should be considered before removing the drainage catheters.

Research perspective

This is the first study to unveil the high sensitivity and specificity of WBC count and serum
procalcitonin level for predicting infection recurrence following minimally invasive treatment in
IPN patients. Our findings suggest that these factors should be considered before removing the
drainage catheters in clinical practice. Further study in a big patient population is required.
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