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Abstract
Background  Routine management after abscess drainage includes CT or fluoroscopic imaging to assess for residual abscess 
cavity prior to catheter removal. It is unclear whether this practice is necessary in patients without residual infection signs 
and symptoms.
Purpose  To evaluate safety of abscess catheter removal without follow-up imaging in patients without residual clinical or 
laboratory signs of infection and catheter output < 10 cc/day for 2 consecutive days.
Materials and methods  In this IRB-approved, HIPAA compliant, retrospective study, consecutive patients that underwent 
percutaneous CT-guided drainage of a single abdominal or pelvic abscess between 01/2015 and 12/2017 in a single tertiary 
academic institution with or without follow-up imaging prior to catheter removal were included. In our institution, catheters 
are routinely removed without imaging if there are no clinical (fever, pain) or laboratory (elevated WBC count) signs of 
infection and catheter output is < 10 cc/day for 2 consecutive days. Patients’ and abscess’s characteristics, repeat imaging 
data, and need for re-interventions were obtained through medical records review. Statistical analysis was performed with 
Fisher’s exact test for independent data and Student's t-test for comparison of group means.
Results  310 consecutive patients (age 56 ± 16 years, 48% female) were included in the study. In 265/310 (85%) patients, 
no routine follow-up imaging prior to catheter removal was obtained. In 2/265 (0.8%, 95% CI 0.02–0.27%) patients without 
routine pre-removal imaging, repeat abscess drainage was required 6 and 15 days after catheter removal in patient with 
perforated appendicitis and after laparoscopic renal cyst decortication, respectively. No patients, 0/45 (0%, 95% CI 0–0.07), 
that underwent routine imaging without clinical or laboratory signs infection needed to undergo a repeat abscess drainage.
Conclusion  There is a low rate (0.8%) of abscess recurrence if percutaneous abscess catheter is removed at the time cessation 
of drainage without routine imaging in clinically well patient.
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Graphical abstract

No rou�ne imaging necessary prior to removal of CT-guided 
percutaneously placed drains for intra-abdominal and pelvic 
abscess
Protocol: remove drain without imaging if 
• pa�ent is clinically well
• and drain output is <10cc/day for 2 days

Olga R Brook et al; 2022

Asymptoma�c 
pa�ents with 
single abscess 
drain, n=310

Rou�ne follow-up imaging 
prior to drain removal, 

n=45

No addi�onal procedures 
needed

Repeat drainage, n=2
(0.8%)

No imaging prior to drain 
removal, n=265
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Introduction

Percutaneous image-guided catheter drainage is a widely 
accepted treatment for abscesses, with reported rates of clin-
ical success exceeding 90% combined with extremely low 
complication rates [1–7]. After catheter placement, close 
clinical follow-up for catheter output and residual signs of 
infection is essential for proper patient management. When 
the patient has recovered from infection, and the target 
abscess cavity has been adequately drained, the catheter 
should be removed to prevent complications secondary to 
the long-standing tube.

There is currently no standard practice with regard to 
what type of patient evaluation is required prior to cath-
eter removal. Within the radiology community, the cur-
rent practice in many institutions includes imaging with 
CT or fluoroscopic sinogram to confirm resolution of the 
abscess cavity when the catheter output ceases [1, 2, 5, 
8–10]. CT and fluoroscopic studies performed for follow-
up after catheter placement are adding radiation exposure 
to the patient and can be burdensome for patients and their 
caretakers. In contrast, when catheters are placed after sur-
gery and managed in surgical practices, they are removed 
when the daily output decreases below a certain threshold 

without imaging confirmation of abscess cavity resolution, 
unless patient is not doing well clinically [11].

Yet, no consensus exists as to when radiology-placed 
catheters should be removed, nor any guidance on what 
role imaging plays in determining when catheter removal 
is appropriate [12]. Anecdotally in our practice, we have 
noticed that routine pre-removal imaging studies rarely 
affect clinical management in patients with limited cathe-
ter output without residual clinical signs and symptoms of 
infection. This has led us to develop a protocol for accel-
erated catheter removal, when catheter output decreases 
to less than 10 cc/day for two consecutive days, a patient 
is assessed for presence of residual clinical and labora-
tory signs of infection. If the patient is clinically well, 
then the catheter is removed without any additional imag-
ing. Yet, safety and efficacy rates of re-intervention for 
abscess re-accumulation are unknown in patients followed 
with this protocol. In this study, we assessed safety of this 
approach to catheter management by retrospectively evalu-
ating patients managed with the above protocol in a single 
academic institution.

Materials and methods

The study was HIPAA-compliant and IRB-approved, with a 
waiver of informed consent due to the retrospective nature of 
the study. All patients provided informed consent for image-
guided drainage.
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Patient population

This was a retrospective study of consecutive patients that 
underwent CT-guided percutaneous drainage of an abscess 
in the abdomen and pelvis, at a single tertiary referral center 
between January 1, 2015 and December 31, 2017. In this 
period, 553 patients underwent percutaneous image-guided 
drainage of suspected abscess at our institution. The abscess 
was suspected based on patients’ clinical presentation (fever, 
pain, leukocytosis) and organized fluid collection on CT.

The following patients were excluded from further 
analysis: patients with multiple separate abscesses and/
or multiple catheters placed over the course of their care 
(n = 124), patients in which the catheter was removed at 
the time of elective surgery (n = 43), patients that expired 
prior to the catheter removal (n = 29), patients that were 

lost to follow-up at our institution (n = 25), and patients 
with follow-up available at our institution, but no data 
regarding date of catheter removal (n = 12). Addition 
exclusion criteria included patients that underwent imag-
ing studies obtained due to lack of clinical improvement 
(n = 2), new clinical issues unrelated to the original abscess 
(n = 3), or worsening of the medical condition (n = 5) prior 
to catheter removal. The remaining 310 patients with a 
single percutaneous abscess catheter placed were included 
in this analysis evaluating feasibility of catheter removal 
based solely on clinical status and catheter output without 
performed imaging (Fig. 1). Postoperative abscess was the 
leading etiology for abscess source in all patients. Of the 
postoperative abscesses, intestinal type surgery was the 
most common type.

Fig. 1   STARD diagram with inclusion and exclusion criteria for the study and outcomes
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Percutaneous image‑guided drainage procedure

Percutaneous drainage was performed by an attending 
abdominal radiologist or interventional radiologist and 
trainee under CT fluoroscopy guidance. Deep collections 
were drained using moderate sedation, while superficial col-
lections were drained under local anesthesia. The procedure 
was performed with Seldinger technique and placement of 
a 8 or 10 French pigtail catheter into the collection (Exodus 
Array Multipurpose Drainage Catheter, Angiodynamics, 
MA), with catheter size selection based on fluid thickness 
(with thicker fluid requiring larger catheter). A sample of 
abscess fluid was sent for microbiology evaluation to modify 
empiric antibiotic therapy prescribed prior to the procedure 
based on culture and sensitivity results [13]. The abscess 
cavity was usually aspirated to completion as feasible, and 
the catheter was connected to a suction bulb with low-grade 
suction.

Data collection

The data were collected by a clinical research fellow (MAS) 
with 2 years of clinical experience. The following procedure 
data were collected: date of catheter removal, assessment of 
the patient’s clinical status at the time of catheter removal 
(presence or absence of abdominal pain, fever, abnormal 
white blood cell count), and recorded catheter output for 
2 days prior to the removal. The dates of imaging studies 
and indication for study performance, if performed prior to 
the catheter removal and within 30 days after the catheter 
removal, were obtained. The dates and indications for addi-
tional procedures were recorded. The following patient data 
were collected: age, gender, hospitalization status (inpatient/
outpatient), whether patient is treated with immunosuppres-
sive therapy, Charlson comorbidity score, location, etiology 
and compartment of the abscess, presence or absence of gas 
in the collection, bacterial culture results, average size of 
collection, and time interval between first procedure to cath-
eter removal.

Patients’ follow‑up

Inpatients were followed daily by the procedural radiology 
team. The catheter was removed when the catheter output 
was recorded as being < 10 cc/day for 2 consecutive days and 
the patient had no clinical evidence of infection (no fever, 
no abdominal pain, and normalization of leukocytosis). The 
decision to perform a follow-up imaging study prior to cath-
eter removal was made by the surgeon or by the procedural 
radiology team (Abdominal and/or Interventional attending 
Radiologists) during clinical rounds. Procedural radiology 
only recommended imaging if it was deemed to be clini-
cally necessary. Surgery teams, at times, requested imaging 

for routine assessment of abscess resolution despite lack of 
clinical symptoms suggesting residual abscess. This imaging 
performed without indication beyond routine follow-up of 
known abscess was then defined as “follow-up imaging” for 
the purpose of this study.

Patients discharged from the hospital with the catheter in 
place were instructed to call interventional radiology when 
the catheter output decreased to < 10 cc/day for two consecu-
tive days. At that time the patient was clinically assessed and 
if there was no fever, abdominal pain, or any other present-
ing symptoms of infection, then the catheter was removed 
without routine imaging.

The primary outcome measure in this study was a need 
for repeat percutaneous drainage or unplanned surgery for 
the abscess within 30 days after catheter removal.

Statistical analysis

Quantitative data are expressed as the average ± standard 
deviation (SD) with range. Categorical data are expressed 
as number (%). Categorical data and quantitative data were 
compared using chi-square or Fisher’s exact test when the 
number < 5 and Student’s t-test, respectively. The signifi-
cant difference was set at p < 0.05. The age, average Charl-
son score, average size of the collection, and time interval 
between the first procedure and catheter removal were evalu-
ated by Student’s t-test. The population’s gender, hospitali-
zation status, location, etiology and compartment of the 
abscess, gas in the collection, immune system status, and 
positive bacterial culture were evaluated by the chi-square 
test. Fisher’s exact test was utilized for comparison of the 
patient’s outcomes with and without imaging prior to cath-
eter removal.

Results

There were 310 patients with a single abscess catheter 
included in the study. The majority of patients (265/310 
patients, 85%) had no imaging studies prior to the cath-
eter removal (Fig. 1). Based on clinical presentation, an 
abscess recurred in two patients (2/265, 0.8%) who had 
not undergone imaging prior to catheter removal (Fig. 2 
and Fig. 3). These patients required a repeat abscess cath-
eter placement (Table 1). No patients required unplanned 
surgery for abscess recurrence. There was no evidence of 
abscess recurrence in five patients that underwent planned 
surgery within 30 days after catheter removal, three with 
sigmoidectomy for diverticulitis and two with appendec-
tomy for appendicitis. Patients who had follow-up imag-
ing prior to catheter removal (n = 45), did not require any 
additional drainage procedures. The success rates for 
catheter removal with and without imaging were 100% 
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(45/45) and 99.2% (263/265), respectively (Fig. 1). There 
was no significant difference in abscess recurrence rates 
and associated need for additional drainage procedures 
between patients with and without follow-up imaging 

prior to catheter removal (95% confidence interval (Cl) 
− 0.071–0.027, p = 0.731).

Patients who underwent routine imaging prior to drain 
removal were older (57.4 ± 16 years vs. 50.4 ± 16.3 years, 
p = 0.005) as compared to patients who did not undergo 
routine imaging prior to catheter removal. The number of 
female patients was significantly higher in the group with-
out imaging as compared to the group with imaging prior 
to catheter removal (52% and 29% respectively, p = 0.004). 
Other patients’ and abscess characteristics were similar 
between the groups with and without imaging prior to cath-
eter removal (Table 2).

Discussion

Our results show that abscess catheter removal in clini-
cally well patients with a single abscess with minimal or 
no catheter output can be performed with a very small risk 
of abscess recurrence. Implementing a “no imaging prior 
to catheter removal in clinically well patient with minimal 
catheter output” approach decreases patients’ radiation expo-
sure and overall healthcare expenditure, and caretakers’ and 
patients’ burden from yet another appointment.

Our results indicate an extremely low rate (0.8%) for 
repeat drainage after utilization of our protocol that focuses 

Fig. 2.   67-year-old man that 
underwent laparoscopic renal 
cyst decortication and pre-
sented with diffuse abdominal 
pain. Axial CT images show 
14 × 10 cm perirenal collection 
(A). The patient presented with 
ureteral pain and fever 4 days 
after the catheter removal and 
CT showed 6.8 × 6 cm residual 
collection (B), which was 
treated by successful percutane-
ous drainage

Fig. 3.   63-year-old female with perforated appendicitis presented 
with right lower abdominal pain and fever. Axial CT images show 
7 × 6  cm right pelvic collection prior to image-guided drainage pro-

cedure (A). The patient presented with pelvic pain 6  days after the 
catheter removal and CT showed 3 × 2 cm residual abscess cavity (B) 
that was treated by successful percutaneous drainage

Table 1   Characteristics of two patients that underwent additional pro-
cedures after catheter removal

Patient 1 Patient 2

Gender M F
Age (years) 67 63
Inpatient/Outpatient Inpatient Inpatient
Etiology of abscess Laparoscopic renal 

cyst decortication
Perforated 

appendi-
citis

Compartment of abscess Perirenal space Pelvic
Size of collection (cm) 18 7
Gas in the collection No No
Antibiotic therapy Yes Yes
Positive bacterial sample Yes Yes
Time between first drainage to 

catheter removal (days)
15 6

Time between catheter removal 
to additional procedure (days)

4 6

Charlson comorbidity score 0 0
Immunosuppression No No
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on clinical presentation instead of imaging follow-up. This 
rate is much lower than previously reported in literature 
[14–17], where need for repeat abscess recurrence was 
reported to be up to 10%. The difference is likely due to the 
fact that our study group was focused on relatively uncom-
plicated patients with a single abscess drain. Furthermore, 
older studies that utilized routine follow-up imaging in all 
patients after drainage, were based on set up time interval for 
follow-up imaging and not necessarily clinical presentation 
and drain output. For example, in the study by Stabile et al., 
in 19 patients with percutaneous drainage of diverticular 
abscess [18], a sinogram was performed within 48 h of cath-
eter placement to assess abscess cavity or any fistula forma-
tion and then repeated every 3–7 days. The percutaneous 
catheter was removed when the sinogram showed signifi-
cant decrease in the size of the abscess cavity and catheter 

output was minimal without a specific definition of the out-
put. Similarly, Springer et al. [19], in a recent retrospective 
study of 188 patients, showed that imaging prior to catheter 
removal decreases the odds of abscess recurrence by 66%. 
However, that study did not report the grounds for drain 
removal and therefore it is unclear whether drain output, 
clinical presentation and/or imaging findings, or something 
else was taken into account in the decision making process 
for drain removal. Furthermore, this study showed abscess 
recurrence rate of 21%, much higher than up to 5% [20] 
previously reported in the literature or 0.8% in our study.

In the study by Gervais et al. of 785 patients with 956 
drainages, all patients underwent routine imaging prior to 
catheter removal with resultant abscess recurrence rate after 
catheter removal of 4.9% [1]. In our study, basing the deci-
sion to remove the abscess drain on clinical information only 

Table 2   Patient demographics, 
abscess characteristics, and 
drainage time in patients with 
and without follow-up imaging 
prior to catheter removal

Bold values indicate comparisons that show statistically significant difference
* Other causes include bacteremia, cholangitis, acute cholecystitis, Crohn disease, duodenal perforation, 
endocarditis, osteomyelitis, pancreatic necrosis, pancreatitis, perforated stomach ulcer, pyelonephritis, sep-
tic arthritis, small bowel perforation, tubo-ovarian abscess, unknown origin

Routine follow-up (n = 45) No imaging
(n = 265)

p value

Age (years ± SD) 50.4 ± 16.3 57.4 ± 16 0.005
Charlson comorbidity score 1.3 ± 2.1 1.3 ± 2.3 0.436
Mean size of collection (cm) 8 ± 4.2 7.1 ± 3.4 0.195
Interval between catheter place-

ment to removal (days)
23.2 ± 26 22 ± 26 0.373

% n % n
Male gender (M/F) 71 32/13 48 128/137 0.004
Inpatient/outpatient 96 43/2 95 251/14 0.814
Extra visceral/Visceral 56 25/20 66 174/91 0.191
Etiology of abscess
 Postoperative 47 21 55 146
 Other causes* 35 16 9 24
 Appendicitis 11 5 13 34
 Diverticulitis 7 3 23 61

Compartment of abscess
 Pelvic 44 20 52 138
 Abdominal 13 6 16 42
 Liver 13 6 9 23
 Peri-pancreatic 11 5 5 12
 Muscle 6 3 6 16
 Gallbladder fossa 2 1 4 11
 Peri-renal 2 1 3 7
 Splenic 2 1 2 6
 Tubo-ovarian 2 1 2 5
 Abdominal wall 2 1 2 4
 Prostatic 2 0 0.3 1

Gas in the collection 24 34/11 28 75/190 0.472
Immunosuppression 2 44/1 1 3/262 0.549
Positive culture from abscess 71 32/13 79 210/55 0.222
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without routine imaging study, resulted in repeat drainage in 
0.8% of patients. Therefore, it appears that routine imaging 
all patients prior to abscess drain removal does not adversely 
impacts patients’ clinical outcomes.

Our results are applicable to our chosen study population 
which includes patients with a single abscess. Therefore, 
indications for drain removal, and appropriate follow-up pro-
tocol in patients with multiple abscesses needs to be further 
evaluated in the future studies.

Clinical criteria used in our protocol included low 
(< 10 cc/day) drain output for two consecutive days followed 
by symptom assessment at that time. This approach resulted 
in an average time to abscess drain removal of 22 days in our 
study. The threshold to prompt clinical assessment for drain 
removal varies in literature. Brac et al. [21] in the retrospec-
tive study of 53 patients, used a threshold of 20 cc per day 
output for catheter removal together with imaging follow-up 
was able to remove abscess drain after 10.1 days on average; 
however, it did result in 10% of patients requiring additional 
interventions, such as surgery or repeat drainage. Lagana 
et al. [10] in the retrospective study of 95 patients, used 
threshold of the catheter output of less than 10 cc per day, 
imaging follow-up and clinical assessment prior to drain 
removal with resulting average time between drainage and 
catheter removal of 14.2 days with 8.5% of patients requir-
ing additional interventions. Therefore, using our criteria 
resulted in longer catheter dwell time, as compared to other 
studies, however, abscess recurrence rate was much lower. 
Prolonged catheter dwell time carried increased patient’s 
discomfort and may potentially cause skin irritation and 
even secondary access site infections. There were no access 
site infections in our study, though given the retrospective 
nature of this study we could have missed some. Therefore, 
optimal thresholds for abscess drain removal should ideally 
be evaluated in the prospective future studies that would 
evaluate access site infections as well.

Our protocol, utilizing no routine follow-up imaging, 
results in significant reduction of population radiation expo-
sure. While in the older population radiation exposure is of 
lesser concern, in younger patients, for example post-appen-
dectomy or perforated appendicitis patients, every attempt 
should be made to reduce radiation exposure per ALARA 
principle [22].

Routine follow-up imaging also amounts to significant 
healthcare expenditure, in addition to non-trivial burden 
to patients and their caretakers with costs and work days 
lost attending medical appointments. Therefore, our proto-
col with no routine imaging may have a positive impact on 
patients’ quality of life while reducing economic impact on 
patients’ families. Therefore, using clinical criteria for cath-
eter removal without routine imaging studies will help to 
reduce both healthcare expenditure and burden to patients’ 
and their caretakers.

We report a low rate of need for repeat procedure, how-
ever, it noticeably lower than in all prior studies that have 
used imaging prior to catheter removal. Therefore, it is pos-
sible that even with routine follow-up imaging prior to cath-
eter removal there will be a small number of patients that 
will require a repeat drainage.

This study has a number of limitations. Main limitations 
are in the retrospective study design, non-randomized nature 
of patients and single-center study. Future prospective multi-
center studies will be useful to confirm our results and to 
evaluate an optimal threshold of catheter output prior to 
clinical evaluation for catheter removal. Additionally, only 
a small subgroup of our patients had routine follow-up imag-
ing prior to catheter removal. In order to perform a cost-
effectiveness analysis of our approach a larger patient cohort 
of patients is required to establish true rate of abscess recur-
rence in this subgroup of patients. Future studies should also 
assess whether viscosity of the fluid should be taken into 
account on whether imaging prior drain removal is neces-
sary. Also, some patients did not have a positive culture 
from the collection fluid and therefore may not have had 
an abscess, but rather sterile fluid collection. Most of these 
patients still had abscesses, but cultures were negative due 
to prior antibiotic exposure, poor transport conditions, insuf-
ficient volume of the fluid sent for culture, slow-growing, or 
fastidious organism. Future studies will also need to develop 
an appropriate follow-up protocol for patients with multiple 
abscesses.

In conclusion, it appears that in clinically well patients 
with minimal catheter output for at least 2 days catheter 
removal without follow-up imaging results in very low rate 
of abscess recurrence. This approach results in decrease in 
the number of imaging studies performed, patients’ radia-
tion exposure, and time and costs encountered by patients 
and their caretakers.
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