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Abstract: (1) Purpose: To retrospectively assess the technical and clinical outcome of patients with
symptomatic postoperative fluid collections after pancreatic surgery, treated with CT-guided drainage
(CTD). (2) Methods: 133 eligible patients between 2004 and 2017 were included. We defined technical
success as the sufficient drainage of the fluid collection(s) and the absence of peri-interventional com-
plications (minor or major according to SIR criteria). Per definition, clinical success was characterized
by normalization of specific blood parameters within 30 days after the intervention or a decrease by
at least 50% without requiring additional surgical revision. C-reactive protein (CRP), Leukocytes,
Interleukin-6, and Dose length product (DLP) for parts of the intervention were determined. (3) Re-
sults: 97.0% of 167 interventions were technically successful. Clinical success was achieved in 87.5%
of CRP, in 78.4% of Leukocytes, and in 87.5% of Interleukin-6 assessments. The median of successful
decrease was 6 days for CRP, 5 days for Leukocytes, and 2 days for Interleukin-6. No surgical revision
was necessary in 93.2%. DLP was significantly lower in the second half of the observation period
(total DLP: median 621.5 mGy*cm between 2011–2017 vs. median 944.5 mGy*cm between 2004–2010).
(4) Conclusions: Technical success rate of CTD was very high and the clinical success rate was fair to
good. Given an elderly and multimorbid patient cohort, CTD can have a temporizing effect in the
postoperative period after pancreatic surgery. Reducing the radiation dose over time might reflect
developments in CT technology and increased experience of interventional radiologists.

Keywords: technical outcome; clinical outcome; CT-guided drainage; pancreatic resection; fluid
collection

1. Introduction

The worldwide incidence of pancreatic cancer is rising, particularly among women
and populations of 50 years or older [1]. Surgical resection (R0) is the sole curative treat-
ment for patients with the non-metastatic disease [2]. Various types of surgical approaches

Diagnostics 2022, 12, 2243. https://doi.org/10.3390/diagnostics12092243 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics12092243
https://doi.org/10.3390/diagnostics12092243
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-1249-3338
https://orcid.org/0000-0003-3161-5094
https://orcid.org/0000-0003-0542-5684
https://orcid.org/0000-0003-2788-9316
https://doi.org/10.3390/diagnostics12092243
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12092243?type=check_update&version=2


Diagnostics 2022, 12, 2243 2 of 17

to pancreatic tumors depending on their localizations are available, e.g., classic pancreati-
coduodenectomy (PD, Whipple-Kausch procedure), pylorus preserving pancreaticoduo-
denectomy (PPPD) and left-sided pancreatic resection (distal pancreatectomy, DP) [3]. In
addition, minimally invasive surgical techniques in pancreatic surgery are available [4].
However, pancreatic surgery is demanding since anastomosis of the pancreatic duct is
technically challenging. Additional organ resection is often necessary, depending on the
type of surgical approach as well as local and systemic tumor spread. Therefore, these
operations often result in altered abdominal anatomy and make the patients susceptible to
surgical complications such as leaks and fistulas [5].

Consequently, intraabdominal fluid collections frequently occur after pancreatic
surgery [6,7]. The most frequent entities causing fluid collections are pancreatic fistula, leak,
abscess, and haemato-seroma [7,8]. Postoperative pancreatic fistula (POPF) and abscess
formations can involve substantial morbidity and mortality [9]. Computed tomography
(CT) is commonly used to characterize fluid collections and to clarify whether additional
treatment is required [10].

The most frequently used therapeutic measures are antibiotic treatment in conjunction
with percutaneous drainage. The latter allows precise targeting of the fluid collection site
and the asservation of an adequate fluid specimen for microbiological characterization
and targeted antibiotic therapy [11–13]. In the non-surgical armamentarium percutaneous
drainage has also proven to be an option for the effective management of pancreatic
fistula [14].

Generally, percutaneous drainage under sequential or intermittent CT fluoroscopic
guidance is a commonly carried out minimally invasive procedure that is well tolerated
and therefore preferred by the patients in comparison to open surgical drainage [15,16].
Technical success rates of percutaneous drainage are very high [11,17,18]. On the other
hand, major complications such as hemorrhage or sepsis may follow percutaneous drainage
rarely [12,19–22].

Several studies focused on the clinical outcomes of percutaneous CT-guided drainage
(CTD) of intraabdominal fluid collections of varying entities after pancreatic surgery. Most
authors underlined high clinical success rates [8,23–26]. As a limitation, these studies were
characterized by comparatively small patient collectives.

Our study aimed to assess technical and clinical results of a large single-center pa-
tient cohort with symptomatic fluid collections after pancreatic resection undergoing
low-milliampere CT fluoroscopy-guided drainage.

2. Materials and Methods
2.1. Study Subjects

We performed a database search of the Radiology Information System (RIS) for the
specific procedure key “CT guided drainage of an intraabdominal fluid collection”. A
subsequent full-text search of the corresponding written reports as well as the operations
and procedure codes (OPS) of the Hospital Information System (HIS) indicated previous
pancreatic resections. We evaluated patients with postoperative fluid collections who had
undergone pancreatic resection between 2004 and 2017 and received percutaneous low-
milliampere CT fluoroscopy-guided drainage during a maximum postoperative period of
30 days. For reasons of homogeneity of the patient collective, a minimum survival period of
60 days was set. Fifteen patients died before the end of the observation period. In all these
cases a correlation between the intervention and death cause could be excluded. Details of
the selection process are displayed in Figure 1.
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Figure 1. Patient selection process flow chart.

All interventional procedures performed in this study involving humans were in
accordance with the Helsinki Declaration of 1964, the ethical standards of the institutional
and/or national research committee, and its later amendments or comparable ethical
standards. Informed consent by the patients or their legal guardians to undergo CT-guided
drainage was usually obtained 24 h before the intervention and in case of emergency
immediately prior to the procedure. This retrospective study was approved by the local
ethics committee (number 21-0755).

2.2. CT Imaging Protocol

All interventions were performed on a 16-slice (Somatom Sensation 16; Siemens Health-
ineers, Erlangen, Germany), a 64-slice (Siemens SOMATOM 64), or a 128-slice (Siemens
SOMATOM Definition AS+/Siemens SOMATOM Definition Edge) CT scanner. The scan-
ners were equipped with the C.A.R.E. Vision application to provide dose-saving techniques
during CT fluoroscopic scans. Patients underwent a contrast-enhanced pre-interventional
CT scan to examine the exact position and size of the fluid collection. Based on these
images the most appropriate access trajectory was identified. If a contrast-enhanced CT
scan performed less than 24 h prior to the intervention was available, only a non-enhanced
CT scan was conducted.

The choice of drainage catheters with different diameters (Flexima®, Boston Scientific
Corporation, Marlborough, MA, USA and ReSolve®, Merit Medical, South Jordan, UT,
USA; respectively) depended on the access path, the assumed consistency of the fluid col-
lection, and the experience of the interventionalist. An unenhanced follow-up CT scan was
performed immediately after drainage catheter placement to evaluate the outcome of the
intervention with respect to the position of the drainage and potential peri-interventional
complications. Images were reconstructed using a soft tissue convolution kernel at a slice
thickness of 3 mm.

All procedures were performed by a total of ten different interventionalists who had
at least 5 years of experience in interventional radiology.
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2.3. Analysis of Pre- and Peri-Interventional Period

One board-certified radiologist with more than 10 years of experience in abdominal
imaging assessed indications for pancreatic resection, surgical techniques, predominant
locations of fluid collection, interventional techniques (Trocar vs. Seldinger technique),
number of drainages, diameter of drainage catheters, access trajectory for drainage (transab-
dominal, transhepatic, transretroperitoneal) and peri-interventional complications (minor,
major) according to the SIR criteria [27]. Additionally, complications were evaluated by the
Clavien–Dindo classification [28]. Measurements of the mean diameter of fluid collections
were taken and fluid collection entities were differentiated.

After the intervention, success in technical outcome was defined as sufficient drainage
of the fluid collection (i.e., leaving less than 20% of the fluid collection after aspiration as
estimated using the postinterventional CT scan) and the absence of peri-interventional
complications [12].

Assessments of inflammatory blood parameters (C-reactive protein (CRP), Leuko-
cytes, and Interleukin-6) were conducted before and after the intervention to detect
possible superinfections.

The CT scanner provided the patient with a radiation dose for every interventional
procedure using the dose-length product (DLP (mGy*cm)). The analysis comprised DLP of
the pre-interventional planning CT scan, the sum of all intra-interventional CT fluoroscopic
acquisitions, and of the post-interventional control CT scan. DLP results between 2004–2010
and 2011–2017 were compared.

2.4. Analysis of Post-Interventional Period

Patients receiving reoperation within 60 days after surgery due to insufficient drainage
of the fluid collections were subject to the study analysis.

According to Bassi et al. [29], the presence of a postoperative pancreatic fistula (POPF)
was assumed if the amylase content in the drainage fluid was three times higher than the
normal serum level on or after the third postoperative day.

Inflammatory parameters within 30 days after the intervention were extracted from
the clinical patient chart. Based on these results, success in postinterventional clinical
outcome was defined as either a decrease (>50%) of the initially elevated parameters CRP,
Leukocyte count, and Interleukin-6 or by normalization of these elevated parameters
within 30 days after the intervention. Additionally, clinical success was defined by the
absence of the need for any further surgical procedure related to the intervention. The
clinical outcome was subsequently compared with the applied surgical techniques to detect
possible causal relations.

The microbiological results of the secretion delivered by the drainage catheters were
evaluated. Additionally, post-interventional serum amylase levels were monitored.

Removal dates of each patient’s drainage were registered. The removal of the drainage
was based on the patient’s clinical and laboratory response. Follow-up imaging was
performed only in patients who were not improving clinically.

2.5. Statistical Analysis

Initially, the Shapiro-Wilk test and visual inspection of histograms were used to assess
the normality of discrete and continuous data. Normally distributed variables are presented
as mean ± standard deviation (sd). Variables with non-normal distribution are displayed
as median (25%-; 75%-quartiles).

For binary (e.g., presence of POPF, need for surgical revision) or categorical (e.g.,
applied surgery technique, visual appearance of the fluid collection) variables, contingency
tables were created. The independence of these variables was assessed with Chi2- or Fisher
exact tests, depending on the size of the respective contingency tables (Fisher exact test for
fourfold tables, otherwise Chi2-tests). In case of statistically significant results in the Chi2

tests or in the post hoc Fisher exact tests Bonferroni corrections were applied.
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For analysis of the 30-day post-interventional time course, the values of the blood
parameters were log-transformed to achieve normal distribution. Subsequently, generalized
linear mixed models (GLMM) were carried out. Fixed effects were given by the number
of days after the intervention and the adjustment for the presence of POPF and proof of
germs in the drainage fluid. Random intercepts were included by subject ID and repeated
by days.

Differences between the radiation exposure in the two time periods were assessed with
Mann-Whitney tests for independent samples. Analysis was performed using R (R Core
Team, Vienna, Austria (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/
version 4.0.2, accessed on 22 Jun 2020). A level of significance of alpha = 0.05 was assumed
for all analyses in the study.

3. Results

We included 133 patients (61 females; age (median [25%, 75% quartile]) 64 [55, 72]
years) having undergone CT-guided drainage following pancreatic resection between
2004 and 2017. Detailed information on the preceding surgical procedures is provided
in Table 1. A pancreatico-jejunostomy was performed in 95 (71.4%) cases. In the context
of the pancreatic resection, a biliodigestive anastomosis was applied in 94 (70.7%) and a
(gastro-)intestinal anastomosis was conducted in 97 (72.9%) of the patients. Supplementary
Table S1 shows an overview of the underlying disease in the patient group.

Table 1. Overview of the applied surgery techniques and any additional surgical procedures.

Surgery Technique Total

Additional Resected Organs or Organ Systems and Performed Surgical Procedures 2
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Classic pancreaticoduo-
denectomy 34 (25.6%) 1 3 (2.3 %) 1 2 (1.5%) 1 1 (0.8 %) 1 7 (5.3%) 1 2 (1.5%) 1

Pylorus-preserving pan-
creaticoduodenectomy 45 (33.8%) 1 1 (0.8%) 1 3 (2.3 %) 1 6 (4.5%) 1

Distal pancreatectomy 40 (30.1%) 1 3 (2.3 %) 1 30 (22.6%) 1 7 (5.3%) 1 3 (2.3%) 1 5 (3.8%) 1 1 (0.8 %) 1 11 (8.3%) 1 2 (1.5%) 1

Pancreatic segmentec-
tomy/Enucleation/

Biopsy sampling
9 (6.8%) 1 1 (0.8%) 1 1 (0.8%) 1 1 (0.8%) 1 2 (1.5%) 1

Duodenum-preserving
pancreatic head resection 5 (3.8%) 1 1 (0.8%) 1 1 (0.8%) 1 1 (0.8%) 1

1: Numbers (Percentage), 2: if not already included in the original surgical technique. “Other organ systems”
comprises locoregional lymphnodes, visceral arteries, and veins as well as various parts of the abdominal viscera
and abdominal wall. “Other Anastomosis” includes anastomoses of various intestinal segments.

3.1. Pre- and Peri-Interventional Analysis

A total of 167 interventions after surgery (mean ± SD: 1.4 ± 0.5 per patient) were
performed within a 30-days interval.

Seldinger technique was chosen in 16 (9.6%) procedures whereas the Trocar technique
was preferred in 151 (90.4%) cases by the discretion of the interventionalist. The mean
number of drainages was 1.3 (SD: ±0.5) per intervention. In total, 208 drainages were
inserted. Distribution of drainage diameters was as follows: 6 French (F) in 1 case (0.7%),
7.5F in 3 cases (2.1%), 8F in 66 cases (46.8%), 10F in 53 cases (37.6%), 12F in 14 cases
(9.9%), 14F in 3 cases (2.1%) and 20F in 1 case (0.7%). With respect to 67 drainage cases, no
information on the diameters was available. The most common access path was through
the abdominal wall in 124 procedures (74.3%), followed by a transretroperitoneal approach

https://www.R-project.org/
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in 26 drainage placements (15.6%). Detailed information on drainages and intervention
techniques is provided in Table 2.

Table 2. Information on the affected anatomical regions, drainages, and techniques in the
167 CTD procedures.

Time from surgery to first intervention (days): 13.5 ± 6.5 (4–30) 1

Maximum extension of fluid collection (cm) 8.1 ± 3.0 (3.3–18.0) 1

Predominant location of fluid collection Count

subdiaphragmatic 5 (3.0%) 2

abdominal wall 4 (2.4%) 2

perihepatic 44 (26.3%) 2

paragastric 11 (6.6%) 2

paracolic 4 (2.4%) 2

perisplenic 15 (9.0%) 2

peripancreatic 72 (43.1%) 2

perirenal 5 (3.0%) 2

paraaortal/paracaval 4 (2.4%) 2

pelvic 3 (1.8%) 2

Drainages per intervention Count

1 127 (76.0%) 2

2 39 (23.4%) 2

3 1 (0.6%) 2

Diameter (French) Count

6 1 (0.7%) 2

7.5 3 (2.1%) 2

8 66 (46.8%) 2

10 53 (37.6%) 2

12 14 (9.9%) 2

14 3 (2.1%) 2

20 1 (0.7%) 2

Technique Count

Trocar 151 (90.4%) 2

Seldinger 16 (9.6%) 2

Access path Count

transabdominal 124 (74.3%) 2

transhepatic 17 (10.2%) 2

transretroperitoneal 26 (15.6%) 2

1: Mean value ± standard deviation (range), 2: Numbers (Percentage).

During the observation period, up to three interventions were performed on individual
patients. In 103 patients only one intervention was required (77.4%). In four cases three
procedures were conducted (3.0%). The amount of interventions did not differ significantly
(p > 0.05) between the applied surgical techniques (Table 3).

Analyzing the drainage fluid, 59 patients had a POPF according to the biochemical
definition. Fistulas were most frequently present after distal pancreatectomy (23 out of 40,
57.5%) and least frequently observed after classic pancreaticoduodenectomy (11 out of 34,
32.4%), which was not statistically significant (p > 0.05).

Positive germ detection at first intervention was present in 77 of 133 patients (57.9%).
This proportion was significantly (p < 0.05) lower in patients with DP (14 out of 40, 35.0%)
in comparison to patients where other surgical techniques were applied. However, the
presence of POPF, as well as the infection status of the drainage fluid did not significantly
(p > 0.05) affect the number of interventions performed per patient.
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Table 3. Amount of interventions performed for drainage placement in 133 patients, depending
on the surgical technique, presence of POPF, and infection status of the fluid collection in the
first intervention.

Amount of Interventions

Surgery Technique Count Presence of
POPF

Positive Proof of
Germs in First
Intervention

1 2 3

Classic pancreaticoduodenectomy 34 11 (32.4%) 1 23 (67.6%) 1 25 (73.5%) 1 7 (20.6%) 1 2 (5.9%) 1

Pylorus-preserving
pancreaticoduodenectomy 45 18 (40.0 %) 1 30 (66.7%) 1 38 (84.5%) 1 7 (15.5%) 1 0 (0.0%) 1

Distal pancreatectomy 40 23 (57.5%) 1 14 (35.0%) 1 28 (70.0%) 1 10 (25.0%) 1 2 (5.0%) 1

Pancreatic segmentectomy/
Enucleation/Biopsy sampling 9 5 (55.6%) 1 5 (55.6%) 1 9 (100%) 1 0 (0.0%) 1 0 (0.0%) 1

Duodenum-preserving pancreatic
head resection 5 2 (40.0%) 1 5 (100.0%) 1 3 (60.0%) 1 2 (40.0%) 1 0 (0.0%) 1

1: Numbers (Percentage), POPF: postoperative pancreatic fistula, Value in bold indicates significant result in
Chi2-test.

Primary placement of the drainage was successful in 165 interventions (Figure 2).

Diagnostics 2022, 12, 2243 7 of 17 
 

 

Table 3. Amount of interventions performed for drainage placement in 133 patients, depending on 
the surgical technique, presence of POPF, and infection status of the fluid collection in the first in-
tervention. 

    Amount of Interventions 

Surgery Technique Count Presence of POPF 
Positive Proof of 

Germs in First 
Intervention 

1 2 3 

Classic pancreaticoduodenectomy 34 11 (32.4%) 1 23 (67.6%) 1 25 (73.5%) 1 7 (20.6%) 1 2 (5.9%) 1 
Pylorus-preserving 

pancreaticoduodenectomy 
45 18 (40.0 %) 1 30 (66.7%) 1 38 (84.5%) 1 7 (15.5%) 1 0 (0.0%) 1 

Distal pancreatectomy 40 23 (57.5%) 1 14 (35.0%) 1 28 (70.0%) 1 10 (25.0%) 1 2 (5.0%) 1 
Pancreatic 

segmentectomy/Enucleation/Biopsy 
sampling 

9 5 (55.6%) 1 5 (55.6%) 1 9 (100%) 1 0 (0.0%) 1 0 (0.0%) 1 

Duodenum-preserving pancreatic 
head resection 

5 2 (40.0%) 1 5 (100.0%) 1 3 (60.0%) 1 2 (40.0%) 1 0 (0.0%) 1 

1: Numbers (Percentage), POPF: postoperative pancreatic fistula, Value in bold indicates significant 
result in Chi2-test. 

Analyzing the drainage fluid, 59 patients had a POPF according to the biochemical 
definition. Fistulas were most frequently present after distal pancreatectomy (23 out of 40, 
57.5%) and least frequently observed after classic pancreaticoduodenectomy (11 out of 34, 
32.4%), which was not statistically significant (p > 0.05). 

Positive germ detection at first intervention was present in 77 of 133 patients (57.9%). 
This proportion was significantly (p < 0.05) lower in patients with DP (14 out of 40, 35.0%) 
in comparison to patients where other surgical techniques were applied. However, the 
presence of POPF, as well as the infection status of the drainage fluid did not significantly 
(p > 0.05) affect the number of interventions performed per patient. 

Primary placement of the drainage was successful in 165 interventions (Figure 2). 

 
Figure 2. A typical CT fluoroscopy-guided drainage placement procedure after pancreatic surgery. 
(A) A 33-year-old male with a history of abdominal tuberculosis and the formation of an inflamma-
tory pseudotumor in the pancreatic head (arrowheads). (B) Coronal reconstruction of the abdominal 
CT scan illustrates a multicystic mass of the pancreatic head (arrowheads) with close vascular 

Figure 2. A typical CT fluoroscopy-guided drainage placement procedure after pancreatic surgery.
(A) A 33-year-old male with a history of abdominal tuberculosis and the formation of an inflammatory
pseudotumor in the pancreatic head (arrowheads). (B) Coronal reconstruction of the abdominal CT
scan illustrates a multicystic mass of the pancreatic head (arrowheads) with close vascular relation
to the portal vein and lower vena cava. (C) The patient developed subfebrile temperature and left
epigastric pain 19 days after pylorus-preserving pancreaticoduodenectomy (PPPD). CT revealed a left
paragastric serous fluid collection (arrowheads). (D) CT fluoroscopic image (10 mAs tube current). An
8F pigtail drainage was inserted into the fluid collection (arrowheads) with the trocar technique using
an anterior intercosto-cartilaginary approach (arrow). (E) Post-interventional CT scan. Unenhanced
post-drainage (arrow) CT scan showed significantly reduced paragastric fluid collection (arrowheads).
Microbiological analysis of the aspirated fluid revealed infection with Serratia marcescens. (F) CT
follow-up eleven months later showed complete resolution of the fluid collection. Note the increase
of spleen size due to portal vein occlusion with beginning cavernous transformation.
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In one intervention, an instant replacement was necessary due to the dislocation of
the initial drainage. In one case fluid collection was too small for drainage placement.
Complications occurring during or immediately after the intervention were seen in three
patients (1.8%). These comprised one major complication (according to SIR criteria) where
operative revision was necessary (Table 4, Figures 3 and 4).

Table 4. Peri-interventional complications according to the Society of Interventional Radiology (SIR).

Type of Complication Count Clavien-Dindo Classification

Minor complication:

Small pneumothorax 2 (1.2%) 1 I

Major complication:

Hemorrhage 1 (0.6%) 1 III a
1: Numbers (Percentage).
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metastases (asterisk), and a previously endoscopically inserted drainage (arrows). Arrowheads: 
pancreatic head tumor. (C) An exploratory laparotomy including multiple biopsy samples of the 
pancreas was conducted. The Patient developed postoperative pancreatitis. Twenty-seven days 

Figure 3. An intervention with a minor complication according to SIR. (A) 70-year-old male de-
veloping jaundice. CT scan depicts a pancreatic head tumor (arrowheads) with infiltration of the
hepatic artery and spread along the portal vein as well as the mesenteric root. (B) Infiltration and
congestion of the pancreatic duct (dashed arrow), enlarged and roundly configured lymph node
metastases (asterisk), and a previously endoscopically inserted drainage (arrows). Arrowheads:
pancreatic head tumor. (C) An exploratory laparotomy including multiple biopsy samples of the
pancreas was conducted. The Patient developed postoperative pancreatitis. Twenty-seven days after
surgery a pancreatogenic, perisplenic subcapsular pseudocyst (star) was diagnosed on a CT scan.
(D) Placement of an 8F drainage (arrow) within the fluid collection (arrowheads) in the right lateral
decubitus position, guided by CT fluoroscopy. (E) Postinterventional unenhanced control CT scan
shows the correct position of the drainage (arrow) and an almost complete disappearance of the fluid
collection. (F) However, a small self-limiting pneumothorax (star) was observed in the lung window.
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Figure 4. CT-guided drainage placement with a subsequent major complication according to SIR.
(A) 71-year-old male underwent pancreaticoduodenectomy (PD) due to ductal pancreatic adenocarci-
noma. Sixteen days later abdominal revision surgery with hematoma evacuation was performed due
to arterial hemorrhage from the hepatic artery and small bowel segment resection due to adhesion
ileus. Twenty-seven days after PD a perihepatic subcapsular fluid collection was diagnosed on a
CT scan, mainly located at the ventrolateral and medial margins (arrowheads). (B) CT fluoroscopy-
guided placement of a 10F Flexima® single lumen drainage (arrow; Boston Scientific, Marlborough,
MA, USA) within the fluid collection (arrowheads). After placement, a significant reduction of the
fluid was observed. (C) Contrast-enhanced CT control scan after eleven days revealed an increase of
the subcapsular fluid collections mainly next to the right liver lobe (arrowheads). Contrast medium
extravasation occurred inferior to the left liver lobe (segment 3) from the left gastric artery in terms
of active bleeding from this vessel. Contrast medium extravasation could also be found in the
fluid collection (open arrowheads). Arrow: drainage. An angiographic examination (not shown)
performed immediately thereafter did not provide the source of the bleeding. (D) Repeated angiog-
raphy after another 6 days showed extravasation of the contrast agent (arrowheads) from the left
hepatic artery (arrow). (E) Superselective embolization of the bleeding was performed by placement
of an 18/4 (Cook Medical, Bloomington, Indiana, USA) Tornado® microcoil in the vessel (arrow)
supplying the hemorrhage. However, there was an initial misplacement of the coil (dashed arrow),
which came to rest in the adjacent pseudoaneurysm (arrowheads). (F) Subsequently, placement of a
second 18/4 Tornado® coil was conducted in the vessel neck (arrow; initially misplaced coil: dashed
arrow). (G) The final angiographic control did not show a remaining contrast agent extravasation.
Arrow: Vessel neck with coil; arrowheads: hematoma; dashed arrow: initially misplaced coil. In
conjunction with the clinical course, the case was considered to be an arrosion hemorrhage induced
by the drainage placement in combination with insufficiency of the biliodigestive anastomosis.

Overall, 162 interventions (97.0%) were technically successful.
CRP at baseline (day of the intervention) was (median (25%, 75% quartile)) 17.7 (10.8,

25.2) mg/dL, Leukocytes were 15.8 (12.0; 19.1) × 109/L and Interleukin-6 was 169.0 (98.7,
226.3) pg/dL.

Elevated baseline levels (>0.5 mg/dL) with respect to CRP were observed in 112 inter-
ventions (87.5%), regarding Leukocytes (>9.8 × 109/L) in 111 interventions (86.7%) and
with regard to Interleukin-6 (>5.9 pg/dL) in 16 interventions (12.5%). In 39 interventions
baseline values were not available.
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Focussing on the entire intervention DLP (median (25%, 75% quartile)) was 944.5 (730.8,
1177.0) mGy*cm between 2004–2010 and 621.5 (452.8, 878.5) mGy*cm between 2011–2017,
corresponding to a significant decrease (p < 0.05). Accordingly, all examination parts of the
CT intervention differed significantly (p < 0.05): Radiation dose in pre-interventional scans
was 472 (329, 635) mGy*cm in the years 2004–2010 and 343.0 (215.8, 472.5) mGy*cm in the
years 2011–2017. In the years 2004–2010 the DLP of the intra-interventional scan was 116.0
(67.0, 207.0) mGy*cm and 48.5 (26.8, 82.3) mGy*cm in the years 2011–2017. DLP analysis
with regard to the post-interventional control scan yielded 316 (255, 389) mGy*cm (years
2004–2010) vs. 245 [169, 331] mGy*cm (years 2011–2017).

Comparing both time intervals, CT fluoroscopy was characterized by the most pro-
nounced decrease, corresponding to a reduction of −58.2% of the median value (Figure 5).

Diagnostics 2022, 12, 2243 10 of 17 
 

 

Elevated baseline levels (>0.5 mg/dL) with respect to CRP were observed in 112 in-
terventions (87.5%), regarding Leukocytes (>9.8 × 109/L) in 111 interventions (86.7%) and 
with regard to Interleukin-6 (>5.9 pg/dL) in 16 interventions (12.5%). In 39 interventions 
baseline values were not available. 

Focussing on the entire intervention DLP (median (25%, 75% quartile)) was 944.5 
(730.8, 1177.0) mGy*cm between 2004–2010 and 621.5 (452.8, 878.5) mGy*cm between 
2011–2017, corresponding to a significant decrease (p < 0.05). Accordingly, all examination 
parts of the CT intervention differed significantly (p < 0.05): Radiation dose in pre-
interventional scans was 472 (329, 635) mGy*cm in the years 2004–2010 and 343.0 (215.8, 
472.5) mGy*cm in the years 2011–2017. In the years 2004–2010 the DLP of the intra-
interventional scan was 116.0 (67.0, 207.0) mGy*cm and 48.5 (26.8, 82.3) mGy*cm in the 
years 2011–2017. DLP analysis with regard to the post-interventional control scan yielded 
316 (255, 389) mGy*cm (years 2004–2010) vs. 245 [169, 331] mGy*cm (years 2011–2017). 

Comparing both time intervals, CT fluoroscopy was characterized by the most 
pronounced decrease, corresponding to a reduction of −58.2% of the median value (Figure 5). 

 
Figure 5. Median radiation dose between 2004–2010 and 2011–2017. Boxplots display elements of 
the interventional CT scan and the entire procedure. 

3.2. Post-Interventional Analysis 
We had to exclude four patients from further analysis. Laboratory value data were 

too sparse or inconsistent for three patients. CT-guided drainage was unsuccessful in one 
case. Overall, 163 interventions were included in the 60-days post-interventional analysis. 

A statistically significant (p < 0.0001) decrease within 30 days after the intervention 
was observed in the time course of CRP, Leukocytes, and Interleukin-6 when analyzed 
with GLMMs in the subgroup of patients where no evidence of further surgical interven-
tions or complications was given (n = 120 interventions). The covariate presence of POPF 
and proof of germs in the drainage fluid were statistically not significant (p > 0.220). They 
were excluded from further GLMM analysis (see Supplementary Table S2 for the results 
of the final regression models). The decrease of the log-transformed average values was 
as follows: −0.03593 mg/dL for CRP; −0.00807 × 109/L for Leukocytes and −0.04390 pg/dL 
for Interleukin-6 (Figure 6). 

Figure 5. Median radiation dose between 2004–2010 and 2011–2017. Boxplots display elements of the
interventional CT scan and the entire procedure.

3.2. Post-Interventional Analysis

We had to exclude four patients from further analysis. Laboratory value data were too
sparse or inconsistent for three patients. CT-guided drainage was unsuccessful in one case.
Overall, 163 interventions were included in the 60-days post-interventional analysis.

A statistically significant (p < 0.0001) decrease within 30 days after the intervention
was observed in the time course of CRP, Leukocytes, and Interleukin-6 when analyzed with
GLMMs in the subgroup of patients where no evidence of further surgical interventions
or complications was given (n = 120 interventions). The covariate presence of POPF and
proof of germs in the drainage fluid were statistically not significant (p > 0.220). They
were excluded from further GLMM analysis (see Supplementary Table S2 for the results of
the final regression models). The decrease of the log-transformed average values was as
follows: −0.03593 mg/dL for CRP; −0.00807 × 109/L for Leukocytes and −0.04390 pg/dL
for Interleukin-6 (Figure 6).



Diagnostics 2022, 12, 2243 11 of 17

Diagnostics 2022, 12, 2243 11 of 17 
 

 

According to our definition, clinical success (normalization or decrease of 50% of in-
itially elevated inflammatory parameters) was obtained in 98 out of 112 interventions 
(87.5%) for CRP after (median (25%, 75% quartile)) 6 [4, 8] days, for Leukocytes in 87 out 
of 111 interventions (78.4%) after 5 [3, 10] days and for Interleukin-6 after 2 [1.3, 3] days in 
14 out of 16 cases (87.5%). 

 
Figure 6. Time course of laboratory parameters within 30 days after the intervention. Subjects had 
no evidence of additional surgery or complications in their patient records. 

Serum amylase levels within 30 days after the intervention only showed a slight in-
crease (log-transformed average value: 0.00171 mg/dL) which was not statistically signif-
icant (p > 0.05, Supplementary Figure S1). 

Table 5 shows the patient success rate among different applied surgical procedures. 
CRP demonstrated a slightly better response (>82.9%) than leukocytes (>73.7%). The high-
est rates were obtained in patients with PPPD (88.2% for CRP and 81.8% for Leukocytes, 
respectively). However, these differences were not statistically significant (p > 0.05). A sta-
tistical statement about Interleukin-6 or about the distribution of the response rate of these 
parameters in other resection procedures was not possible due to the small number of 
cases. 

With regard to an unfavorable postinterventional clinical outcome in terms of a re-
quired re-operation, surgical revisions had been documented in nine patients (6.8%) due 
to insufficient fluid collection drainage. This subgroup contained seven patients with 
PPPD, one with PD, and one with DP. It was not statistically significant (p > 0.05). Two of 
these patients who required re-operation had a POPF and consequently are classified as 
grade C according to the criteria of Bassi et al. [29]. 

  

Figure 6. Time course of laboratory parameters within 30 days after the intervention. Subjects had no
evidence of additional surgery or complications in their patient records.

According to our definition, clinical success (normalization or decrease of 50% of
initially elevated inflammatory parameters) was obtained in 98 out of 112 interventions
(87.5%) for CRP after (median (25%, 75% quartile)) 6 [4, 8] days, for Leukocytes in 87 out of
111 interventions (78.4%) after 5 [3, 10] days and for Interleukin-6 after 2 [1.3, 3] days in
14 out of 16 cases (87.5%).

Serum amylase levels within 30 days after the intervention only showed a slight
increase (log-transformed average value: 0.00171 mg/dL) which was not statistically
significant (p > 0.05, Supplementary Figure S1).

Table 5 shows the patient success rate among different applied surgical procedures.
CRP demonstrated a slightly better response (>82.9%) than leukocytes (>73.7%). The
highest rates were obtained in patients with PPPD (88.2% for CRP and 81.8% for Leukocytes,
respectively). However, these differences were not statistically significant (p > 0.05). A
statistical statement about Interleukin-6 or about the distribution of the response rate of
these parameters in other resection procedures was not possible due to the small number
of cases.

With regard to an unfavorable postinterventional clinical outcome in terms of a re-
quired re-operation, surgical revisions had been documented in nine patients (6.8%) due to
insufficient fluid collection drainage. This subgroup contained seven patients with PPPD,
one with PD, and one with DP. It was not statistically significant (p > 0.05). Two of these
patients who required re-operation had a POPF and consequently are classified as grade C
according to the criteria of Bassi et al. [29].
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Table 5. The success rate of decreasing laboratory parameters among different applied
surgical procedures.

C-Reactive Protein Leukocytes Interleukin-6

Operation Technique Elevated
(n)

Success
(n, %)

No
Success
(n, %)

Elevated(n) Success
(n, %)

No
Success
(n, %)

Elevated(n) Success
(n, %)

No
Success
(n, %)

Classic
pancreaticoduodenectomy 31 27 (87.1) 4 (12.9) 31 24 (77.4) 7 (22.6) 7 5 (71.4) 2 (28.6)

Pylorus-preserving
pancreaticoduodenectomy 34 30 (88.2) 4 (11.8) 33 27 (81.8) 6 (18.2) 4 4 (100.0) 0 (0.0)

Distal pancreatectomy 35 29 (82.9) 6 (17.1) 38 28 (73.7) 10 (26.3) 4 4 (100.0) 0 (0.0)
Pancreatic segmentectomy/
Enucleation/Biopsy sampling 6 6 (100.0) 0 (0.0) 5 4 (80.0) 1 (20.0) 1 1 (100.0) 0 (0.0)

Duodenum-preserving
pancreatic head resection 6 6 (100.0) 0 (0.0) 4 4 (100.0) 0 (0.0) 0 0 (0.0) 0 (0.0)

Total 112 98 (87.5) 14 (12.5) 111 87 (78.4) 24 (21.6) 16 14 (87.5) 2 (12.5)

n: number; %: percentage.

Microbiological specimens of wound secretions were taken in 149 interventions and
were confirmed to be positive in 92 (61.7%) cases. The number of positive results tended
(p = 0.05) to be lower in interventions with POPF (35 out of 66, 53.0%) than in interventions
without POPF (57 out of 83, 68.7%). The most common strains of detected bacteria were
Enterococci, diagnosed in 43 patients, and Escherichia asservated in 30 patients. The most
frequent pathogenic fungus was Candida, which was the underlying germ in 26 patients. A
detailed presentation of the microbiological results is depicted in Supplementary Figure S2.

Comparing infected and non-infected fluid collections, success rates are presented
in Table 6. The amount of patients characterized by a significant decrease of laboratory
parameter values were higher in the case of an infected fluid collection and highest at 93.3%
as far as CRP was concerned.

Table 6. Success rate distribution of decreasing laboratory parameters between infected and non-
infected fluid collections.

C-Reactive Protein Leukocytes Interleukin-6

Fluid Collection
Infection Status

Elevated
(n)

Success
(n, %)

No
Success
(n, %)

Elevated
(n)

Success
(n, %)

No
Success
(n, %)

Elevated
(n)

Success
(n, %)

No
Success
(n, %)

Infected 60 56 (93.3) 4 (6.7) 59 52 (88.1) 7 (11.9) 8 7 (87.5) 1 (12.5)
Non-infected 39 32 (82.0) 7 (18.0) 38 30 (78.9) 8 (21.1) 4 3 (75.0) 1 (25.0)

Total 99 88 (88.9) 11 (11.1) 97 82 (84.5) 15 (15.5) 12 10 (83.3) 2 (16.7)

n: number; %: percentage.

Given insufficient drainage, three of 57 patients (5.3%) with non-infected fluid-collections
had to undergo surgical revision. This corresponds to a lower rate compared to patients
with infections, who were subject to a reoperation in 5% (6 out of 92). However, statistical
significance (p > 0.05) was not reached.

The visual appearance of the drainage fluid was documented in 117 cases (Supplemen-
tary Table S3). The fluid collections appeared significantly (p < 0.001) more often purulent
(54 out of 117 cases, 46.2%). In addition, significantly more germs were positively detected
when the drainage fluid was purulent (positive in 40 out of 50 cases (80%) vs. negative in
10 out of 50 cases (20%); p < 0.001). However, the biochemically assumed presence of a
postoperative pancreatic fistula did not have a significant influence on the appearance of
the drainage fluid (p < 0.05).

Documented average time to drainage removal was 10.2 ± 8.4 days. Hospitalization
after drainage placement was (median (25%, 75% quartile) 19 (11; 32.5) days).
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4. Discussion

Over the last 30 years, there was an impressive growth of pancreatic resection [30–32].
Pancreatic surgery is performed for the treatment of various diseases, mainly malignant
tumors and tumor-like lesions. Though, postoperative complication management is de-
manding. Intraabdominal fluid collections like postoperative pancreatic fistula, abscesses,
bile leak, and hemato-seroma following pancreatic resection frequently occur [6,33]. In
particular, abscesses and POPF, which itself may be infected, are characterized by sig-
nificant morbidity and mortality. An early and successful treatment is required [9]. In
conjunction with the administration of antibiotics, CT-guided percutaneous drainage has
become an increasingly performed alternative for surgery and is the current standard
of treatment [8,23,24,26,34,35]. Its main advantages are reduced invasiveness, increased
cost efficiency, and the possibility to repeat the intervention within short time intervals if
required [16]. In addition, after CT-guided drainage identification of underlying microor-
ganisms is possible, allowing for targeted treatment in case of superinfection.

Our retrospective study comprised a 14 years period in which a large patient cohort
was subject to CT-guided percutaneous drainage after pancreatic resection. In our hospital
pancreatic surgery was performed in 1824 patients between January 2004 and December
2017. Of these, applying our inclusion criteria yielded 133 patients who received CTD in a
total of 167 interventions, an incidence of 7.3%. This agrees with values reported in other
studies which range from 4.8% to 12% [23,24]. We analyzed the interventions with regard
to the technical and clinical outcomes.

In most patients, one drainage was inserted per intervention. The trocar technique,
a single-step procedure, was frequently chosen because it is easier to handle and less
time-consuming than the Seldinger technique [36]. A transabdominal access path (74.3%)
was preferred compared to a transhepatic (10.2%) or transretroperitoneal access trajectory
(15.6%) due to better accessibility of most fluid collections in the supine position. Addition-
ally, it would be uncomfortable for most patients to have the skin exit point of the drain
on the back or flank in case a transretroperitoneal access is utilized. Drains of size 8F and
10F were used most frequently, as they can easily be controlled and can also be inserted
into smaller collections. Larger drainage diameters imply a greater risk of injury to hollow
organs and vessels and are therefore preferably used for suction-irrigation drains such as
the van Sonnenberg type.

CT-guided drainage may cause a broad spectrum of complications such as pneumoth-
orax, hemorrhage, sepsis, or death [11,19,20,22]. Complication rates of CTD after pancreatic
resection are in a range between 2% and 5% [8,23,25]. The rate of peri-interventional com-
plications in our study was comparatively lower comprising three patients (1.8%) with
adverse events, one of them major according to SIR [27]. With regard to the technical
success of our study, 97% of interventions were successful. This is in agreement with
findings of other authors confirming a high technical success rate in image-guided drainage
of abdominal abscesses with a range of 95–100% [13,17,18,23,25].

We defined clinical success as a decrease of elevated inflammation parameters (CRP,
leukocyte count, and Interleukin-6) of more than 50% or normalization of these parameters
within a 30 day post-interventional interval. Having the above-mentioned definition in
mind, clinical success was most frequently noted for the parameters CRP and Interleukin-6
(87.5% of the interventions each), followed by Leukocytes (78.4 %). However, the number of
patients for whom Interleukin-6 values could be extracted was comparatively small (n = 16).
This is probably because its determination is expensive compared to other inflammatory
parameters and it is therefore analyzed less frequently.

Clinical success frequently became apparent within the first week (median: after
5 days for Leukocytes, 2 days for Interleukin-6, and 6 days for CRP).

Szgerza et al. [6] found that the three main entities of abdominal fluid collections
were unspecified fluid collections, POPFs, and intraabdominal abscesses. Together, they
accounted for 45% of surgical complications after pancreatic surgery. We furthermore
evaluated the postinterventional serum amylase levels They only showed a non-significant
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increase. As elevated serum-amylase levels may correlate with the presence of POPF [37,38],
this could support the theory of a clinically stable situation under CTD. However, an
increase in amylase could also be due to postoperative pancreatitis, for instance. The clinical
success rates in our study were independent of the presence of POPF or superinfection of
the fluid. This suggests that the curative effect of CTD in purulent abscesses is permanent.
In non-purulent fluid collections, on the other hand, the therapeutic effect is the removal of
aggressive enzymes that otherwise would digest the anastomoses.

Furthermore, clinical success in our study was reached if a surgical revision related
to the intervention could be avoided. The clinical success rate determined by our criteria
yielded 93.2% and was in agreement with other authors’ results. Takaki et al. studied 20
patients with percutaneous drainage for POPF and found a success rate of 90%. However,
some of the patients in this small collective also underwent other manipulations such as
the exchange of occluded catheters. In a large-scale study with 255 patients, Akinci et al.
underlined a high efficacy for the percutaneous treatment of intraperitoneal abscesses by
image-guided drainage. Primary cure rates, defined as complete healing without the need
for repeated drainage, were 68% [39]. However, in contrast to our study, imaging guidance
was conducted using fluoroscopy, ultrasound, or CT. A smaller scale study by Asai et al.
focusing on an unselected patient cohort comprised 47 patients with 54 drainages in
abdominal, retroperitoneal, and pelvic abscesses and attained a clinical success of 94% [11].
A similar clinical success rate of 92% (95 patients with 107 abdominal and pelvic abscesses)
was observed by Lagana et al. [18].

As far as our study results are concerned, no significant correlation comparing clinical
outcomes and preceding operation techniques were found. This underlines that more
extensive surgical techniques did not negatively influence the postoperative course of
the patients.

Carrying out a comparison between the time intervals of 2004–2010 and 2011–2017,
in our setting a significant (p < 0.01) reduction of median DLP could be documented
affecting all steps of the whole CT interventions, particularly when CT fluoroscopy was
utilized. This may be attributed to different technical developments such as the use of tube
current modulation, iterative image reconstruction, and improvement of CT detector and
CT fluoroscopy technology [40–42]. With the implementation of the 128-slice CT scanners
in our department in the second half of the observation period, angular beam detection
was used [43]. This allows the X-ray source to be switched off in a specific segment of its
rotation. This technique has been shown to be effective in reducing scattered radiation. In
addition, the stellar detector was used. Hereby the signal transformation is implemented
into the detector itself to reduce electronic noise. With this technique, it is possible to reduce
radiation dose by an average of 54% for soft tissue [44].

Another likely aspect is the growing utilization of CT fluoroscopy in general, yielding a
training effect for interventional radiologists [45]. Due to the learning curve, a combination
of low milliampere of CT fluoroscopy and quick check technique was increasingly used
throughout the study period. The latter is the usage of repeated acquisitions of individual
CT fluoroscopy images after each change in needle or table position instead of continuous
CT fluoroscopy [42]. This helps to reduce the CT acquisition time, directly translating into
a reduced patient radiation exposition.

61.7% of the fluid collections tested for germs were positive. This is consistent with
the fact that “purulent” was the most common visual impression. In addition, purulent
appearing fluids were significantly more likely to be infected. Enterococci, Escherichia
coli, Klebsiella pneumonia, Staphylococci, and Streptococci were the most commonly en-
countered bacteria of wound secretions. Candida was the most prevalent fungal pathogen.
The distribution of these pathogens corresponds to the spectrum which is commonly
predominant in intraabdominal infections [46,47].

Several limitations of the current study have to be underlined. First, the presented
data are retrospective and collected from a single center over a long period of 14 years.
Since the beginning of our study period, the therapy and prognosis of pancreatic carcinoma
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have changed. Adjuvant chemotherapy, for example, was not standard, furthermore, have
the chemotherapy-schemes changed over time. However, these and other improvements in
therapy are highly relevant considering morbidity and mortality, but not to complication
management following operative procedure. Second, there was marked heterogeneity of
histology of the underlying tumors as well as the types of pancreatectomy in our patient
population. However, this reflects our large university patient spectrum. Third, we based
the definition of POPF on the definition of the IPSGF [29] which is based on the amylase
value of the fluid collection and must have exceeded the threshold at least once during the
30 days. However, drains are flushed multiple times during the hospital stay. Therefore,
the proportion of fistula patients in our study collective may be skewed. Fourth, several
patients were retrospectively excluded from the analysis because of missing or incomplete
data. All of the aforenamed limitations, especially the retrospective character, can have a
relevant influence on the results and lead to bias.

5. Conclusions

To conclude, CT fluoroscopy-guided drainage in patients presenting with symptomatic
fluid collections after pancreatic resection was highly successful from a technical point of
view (97.0%). On the other hand, a fair to good clinical success rate was achieved when
evaluating the ratio of patients characterized by a marked decrease of inflammatory blood
parameters (CRP: 87.5%, Leukocytes: 78.4%, Interleukin-6: 87.5%) as well as the absence
of surgical revisions related to the intervention (93.2%). The complexity of preceding
surgical procedures, the presence of a postoperative pancreatic fistula, or a superinfection
of the fluid collection did not influence these results. Moreover, the ongoing advancement
of CT technology and increased interventional radiologist experience have positively
influenced the ongoing reduction of radiation exposure for both patients as well as for
interventional radiologists.

In summary, CTD is a safe and successful procedure that can be used to treat symp-
tomatic postoperative intraabdominal fluid collections after pancreatic surgery. Given
an elderly and usually multimorbid patient population, this minimally invasive inter-
vention can be particularly advantageous with respect to a temporizing effect avoiding
early reoperation.
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