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Abstract

Background: In patients with active Crohn’s disease (CD), treatment of intra-abdominal abscess usually comprises antibiotics and
radiologically guided percutaneous drainage (PD) preceding surgery. The aim of this study was to investigate the risk of postoperative
complications and identify the optimal time interval for surgical intervention after PD.

Methods: A multicentre, international, retrospective cohort study was carried out. Details of patients with diagnosis of CD who
underwent ultrasonography- or CT-guided PD were retrieved from hospital records using international classification of disease (ICD-
10) diagnosis code for CD combined with procedure code for PD. Clinical variables were retrieved and the following outcomes were
measured: 30-day postoperative overall complications, intra-abdominal septic complications, unplanned intraoperative adverse
events, surgical-site infections, sepsis and pathological postoperative ileus, in addition to abscess recurrence. Patients were catego-
rized into three groups according to the length of the interval from PD to surgery (1–14 days, 15–30 days and more than 30 days) for
comparison of outcomes.

Results: The cohort comprised 335 CD patients with PD followed by surgery. Median age was 33 (i.q.r. 24–44) years, 152 (45.4 per cent)
were females, and median disease duration was 9 (i.q.r. 3.6–15) years. Overall, the 30-day postoperative complications rate was 32.2
per cent and the mortality rate was 1.5 per cent. After adjustment for co-variables, older age (odds ratio 1.03 (95 per cent c.i. 1.01 to
1.06), P< 0.012), residual abscess after PD (odds ratio 0.374 (95 per cent c.i. 0.19 to 0.74), P< 0.014), smoking (odds ratio 1.89 (95 per cent
c.i. 1.01 to 3.53), P¼ 0.049) and low serum albumin concentration (odds ratio 0.921 (95 per cent c.i. 0.89 to 0.96), P< 0.001) were
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associated with higher rates of postoperative complications. A short waiting interval, less than 2 weeks after PD, was associated with
a high incidence of abscess recurrence (odds ratio 0.59 (95 per cent c.i. 0.36 to 0.96), P¼ 0.042).

Conclusion: Smoking, low serum albumin concentration and older age were significantly associated with postoperative complica-
tions. An interval of at least 2 weeks after successful PD correlated with reduced risk of abscess recurrence.

Introduction
Spontaneous intra-abdominal abscesses (IAAs) occur in up to 20
per cent of patients with active Crohn’s disease (CD). The patho-
physiology is transmural inflammation of the intestine, which
can lead to deep fissuring ulceration followed by minor perfora-
tion of the bowel wall. The preferred initial treatment of IAA is
antibiotics and percutaneous drainage (PD) under guidance from
ultrasonography (US) or computed tomography (CT). It is indi-
cated for technically accessible, well defined, unilocular ab-
scesses when expertise in interventional radiology is available1.
Management of IAA with PD may prevent surgery in some
patients with a CD spontaneous IAA1. Simultaneous surgical
drainage of the abscess and bowel resection is associated with a
significantly higher rate of overall complications compared with
image-guided PD2. PD alone is associated with a significantly
higher risk of abscess recurrence compared with PD followed by
elective surgery1.

Nevertheless, the combination of IAA with active CD is still a
challenge. It should be managed by a multidisciplinary team
composed of colorectal surgeons, gastroenterologists, radiolog-
ists, microbiologists and nutritionists1,3,4. PD may work as a
bridge to elective surgery, allowing time for sufficient supportive
therapy, including nutritional supplements, bowel rest and ste-
roid withdrawal before definitive elective surgery. Although sur-
gery, in the form of bowel resection with or without primary
anastomosis, is indicated in most cases, the optimal timing of
surgical intervention after image-guided drainage is unknown.
The current literature consists of small retrospective case series3.
Many of these studies have examined heterogeneous cohorts of
patients, including those with postoperative IAAs, abscesses con-
fined to the abdominal wall and psoas abscesses1.

The primary aim of this study was to investigate the postoper-
ative complications after radiologically guided percutaneous
drainage or aspiration of spontaneous IAA in patients with CD.
The secondary aim was to determine the optimal time interval
for surgical intervention after successful PD.

Methods
Study design
This is a multicentre, international, retrospective cohort study of
patients with CD who underwent PD followed by surgery. All the
participating centres are tertiary referral centres in Europe and
the USA. The authors were invited through OpenSourceResearch
Collaboration (OSRC). OSRC is a non-profit, international organi-
zation that promotes the implementation of information technol-
ogy in clinical research5. OSRC has a vast network on social
media to facilitate recruitment of participants, design and con-
duct of clinical research (https://www.opensourceresearchcolla
boration.net/). Patients were included if they had a diagnosis of
active CD and a radiological diagnosis of IAA, were aged 15 years
or more and underwent a CT- or US-guided drainage of IAA, fol-
lowed by elective, expedited (within 3–14 days) or urgent/acute
(within 48 hours) operation (laparoscopic or open surgery) from

May 1994 to May 2020. Patients were excluded if they had surgery
for CD with no bowel resection such as diagnostic laparoscopy or
strictureplasty. The study was carried out in accordance with the
principles of the Declaration of Helsinki. Local investigators
obtained the required ethical approvals in accordance with local
jurisdictions in the respective countries.

Data extraction
A list of patients with CD diagnosis who underwent US- or CT-
guided PD was retrieved from hospital records using interna-
tional classification of disease (ICD-10) diagnosis code for CD
combined with the procedure code for PD. Patients’ records were
then reviewed and data on patients’ demographics, smoking, dia-
betes, disease duration, BMI, previous laparotomy/laparoscopy
for CD were registered in clinical registration form according to
the predefined study protocol. Medications for CD were registered
with details including type, dose and date of administration of
last dose of biological agents (within 8 weeks), immunomodula-
tors (within 4 weeks) and steroids (within 1 week) prior to PD and
surgery. Medications for CD were registered prior to PD, after PD
and prior to surgical intervention. Size of abscess (maximum di-
ameter) and results of culture/sensitivity analysis were obtained
as well as serum albumin and haemoglobin concentrations, and
details of the surgical procedure.

Outcomes
The outcomes were the risk of 30-day postoperative complica-
tions classified according to Clavien–Dindo classification6, and
identification of the optimal time interval between abscess drain-
age and bowel resection with respect to the postoperative out-
come. Outcomes also included the following: postoperative
complications (intra-abdominal septic complications (IASCs),
unplanned intraoperative adverse events (UIAEs), surgical-site in-
fection (SSI), sepsis and pathological postoperative ileus (POI))
and abscess recurrence.

IASCs were defined as an overt anastomotic leak, IAA and/or
enteric fistula. Overt anastomotic leak was defined as clinical
signs and symptoms of peritonitis or faecal discharge from the
wound and/or drain confirmed by CT scanning or radiological
contrast examination. UIAE was defined as any event that devi-
ates from the expected surgical procedure leading to damage of
an organ or bleeding. Surgical-site infection (SSI) was classified as
involving only the skin and subcutaneous tissue (superficial inci-
sional SSI) or involving deep soft tissues (for example, fascial and
muscle layers) of the incision (deep incisional SSI). Sepsis was de-
fined by the presence of both infection and systemic inflamma-
tory response syndrome: microbiologically confirmed or strongly
suspected infection and two or more of the following: tempera-
ture above 38�C or below 36�C; heart rate greater than 90 beats
per minute; respiratory rate greater than 20 breaths per minute
or partial pressure of carbon dioxide in arterial blood less than
32 mmHg; white blood cell count greater than 12� 109/l or less
than 4� 109/l or greater than 10 per cent band forms.
Pathological POI was defined as delayed gastrointestinal recovery
of more than 5 days that was associated with an increased risk of

2 | BJS Open, 2021, Vol. 00, No. 0

https://www.opensourceresearchcollaboration.net/
https://www.opensourceresearchcollaboration.net/


postoperative adverse events, which include malnutrition, pneu-
monia and acute kidney injury. Recurrence of an abscess was de-
fined as the recurrence of IAA diagnosed more than 30 days after
surgery in patients with CD who had preoperative PD. Abscess
within 30 days of surgery was considered to be a complication of
surgical intervention.

Waiting interval
The patients were divided into three groups according to the
length of the interval of watchful waiting after PD, taking into
consideration the clinical practice in the management of patients
with CD. A pragmatic division of the time interval between radio-
logically guided abscess drainage and surgery was adopted: group
1, short interval (1–14 days); group 2, intermediate interval (15–
30 days); group 3, long interval (more than 30 days).

Statistical analysis
SPSS (IBM Corp, Armonk, NY) version 26 was used for the analysis
of data. As most of the continuous variables did not have a nor-
mal distribution (Kolmogorov–Smirnov) they were reported using
median (i.q.r.). For the categorical variables, bivariable analysis,
Pearson v2 and Fischer’s exact tests were employed. Quantitative
continuous data were compared with the Mann–Whitney U test
and ANOVA test for parametric data. Logarithmic transformation
was used for variables that were not normally distributed.
Multivariable and binary logistic regression were used to investi-
gate outcomes including abscess recurrence, postoperative com-
plications, stoma construction, readmission and duration of
postoperative stay at hospital. Adjustment for confounders was
done by stepwise backwards elimination, starting with a model
including all pre- and perioperative characteristics deemed clini-
cally or statistically significant (P� 0.100). Variables were then re-
moved one by one until all variables had P< 0.05. Two-sided
P< 0.05 was considered to be statistically significant. Missing
data were excluded from analyses. The time interval between ab-
scess drainage and surgery was determined using visual binding
in SPSS statistics software, calculating mean time 6 one standard
deviation.

A further analysis was performed by excluding patients who
had PD before 2007 to reduce the bias associated with improve-
ment of PD techniques in last decade. Patients who had PD fol-
lowed by urgent surgical intervention were thus excluded. This
analysis was performed to test the effect of the shortest waiting
interval on abscess recurrence rates.

Results
Data from 19 tertiary centres for the treatment of CD were col-
lected. The study population comprised 335 patients who had PD
followed by surgery (Fig. 1). The median age was 33 (i.q.r. 24–44)
years and the median BMI was 22 (i.q.r. 19.6–24.6) kg/m2. Of the
335 patients, 152 (45.4 per cent) were females. The median dura-
tion of disease was 9 (i.q.r. 3.6–15) years. The median of the maxi-
mum diameter of the abscess was 50 (i.q.r. 30–70) mm. One-third
of the patients were smokers or ex-smokers, and one-third of the
patients had previous laparoscopy/laparotomy for CD (Table 1).
The median duration of stay in hospital following surgery was
8 (i.q.r. 6–12) days. About two-thirds of the patients, 206 (61.5 per
cent), had ileocaecal or ileocolic CD (L1 according to the Montreal
classification of CD)7. These patients underwent laparoscopic
ileocaecal or ileocolic resection. Other types of resections in-
cluded: small bowel resection in 8.1 per cent of patients, colecto-
mies in 14 per cent, rectum resection in 2 patients (0.6 per cent)
and combination of resections in the remaining 12.2 per cent.

The most used medical treatment both before and after PD
was steroids in 172 (51.3 per cent) and 115 patients (34.3 per cent)
respectively. One-third of the patients (36.7 per cent) had nutri-
tional support in form of oro- or nasogastric tube (14 of 119
patients, 11.8 per cent), parenteral nutrition (73 of 119, 61.3 per
cent) and combined (32 of 119 patients, 26.9 per cent).

Postoperative complications
Overall, the 30-day postoperative complications rate was 32.2 per
cent (108 of 335 patients), and the mortality rate was 1.5 per cent
(5 of 335 patients). In univariable analysis, age, smoking, diabetes,
low serum albumin concentration, preoperative IAA, preoperative

Patients records retrieved from hospital
n = 364

Excluded n = 22
   Did not have surgery after PD

Excluded n = 7
   Less than 15 years old n = 3
   Postoperative abscess only n = 4

PD and surgery n = 342

Included in the final analysis n = 335

Short interval (1–14 days) n = 188 Intermediate interval (15–30 days) n = 58 Long interval (>31 days) n = 68

Fig. 1 Patients with Crohn’s disease who underwent ultrasound- or CT-guided percutaneous drainage for intra-abdominal abscess followed by
surgery
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enteric fistula, stoma and UIAEs were associated with a higher risk

of overall complications. After adjustment for co-variables, only

older age (odds ratio 1.03 (95 per cent c.i. 1.01 to 1.06), P< 0.012),

smoking (odds ratio 1.89 (95 per cent c.i. 1.01 to 3.53), P¼ 0.049),

low serum albumin (odds ratio 0.921 (95 per cent c.i. 0.89 to 0.96),

P< 0.001) and preoperative residual abscess (odds ratio 0.37 (95 per

cent c.i. 0.19 to 0.74), P< 0.014) were associated with higher rate of

postoperative complications (Table 2).

Interval between percutaneous drainage and
surgical intervention
Table 3 shows the association between short, intermediate, and

long waiting interval after PD and the postoperative outcome,

and Table 4 illustrates the factors associated with the choice of

waiting interval. High incidence of abscess recurrence was associ-

ated with short waiting interval (P¼ 0.001), and patients with a

long interval had a higher risk of having stoma construction

(P< 0.002). Smoking, diabetes, duration of disease, antibiotics af-

ter PD, immunological treatment, treatment with biological

agents, residual abscess after PD and preoperative enteric fistula

were associated with longer waiting interval. However, in multi-

variable analysis only smoking (odds ratio 2.15 (95 per cent c.i.

1.04 to 4.44), P¼ 0.047), diabetes (odds ratio 0.10 (95 per cent c.i.

0.12 to 0.89), P¼ 0.044) previous laparotomy or laparoscopy (odds

ratio 2.28 (95 per cent c.i. 1.08 to 4.78), P¼ 0.038) and preoperative

fistula (odds ratio 2.318 (95 per cent c.i. 1.15 to 4.66), P¼ 0.022)

were predictors for choosing the longer waiting interval between

PD and surgical intervention, whereas residual abscess after PD

(odds ratio 0.49 (95 per cent c.i. 0.20 to 0.94), P¼ 0.042) was associ-

ated with shorter waiting interval (Table 4).

Recurrence of abscess and stoma construction
Factors associated with abscess recurrence in univariable analy-
sis were urgent surgical intervention, any medical treatment
prior to PD, treatment with steroids before PD, diabetes, duration
of disease, preoperative IAA, preoperative enteric fistula and
waiting interval.

In multivariable analysis, steroid treatment before drainage
(odds ratio 2.96 (95 per cent c.i. 2.82 to 3.25), P¼ 0.036) and short
waiting interval (odds ratio 0.59 (95 per cent c.i. 0.36 to 0.96),
P¼ 0.040) were associated with a high risk of recurrence of ab-
scess after PD, as shown in Fig. 2 and Table 5. There was no differ-
ence in abscess recurrence between the patients who had
primary anastomosis and those who did not. IASCs did not in-
crease the risk of abscess recurrence. Anaemia (odds ratio 0.66
(95 per cent c.i. 0.51 to 0.85), P< 0.001) and long waiting interval
(odds ratio 1.01 (95 per cent c.i. 1.0–1.01), P¼ 0.036) increased the
risk of stoma construction after adjustment for co-variables
(Table 6). Based on these results, the optimal interval to consider
surgical intervention after successful PD is at least 2 weeks to re-
duce the risk of recurrence and allow optimization of the patient.

There was no significant change in the rate of abscess recur-
rence over the study period (P¼ 0.7). Excluding patients who had
PD followed by urgent surgery did not change abscess recurrence
rates (Fig. S1, supplementary material online).

Discussion
This study showed that older age, smoking, low serum albumin
concentration and residual IAA were associated with a higher
rate of postoperative complications following PD. Furthermore, a
waiting interval of 2–4 weeks seems to be optimal for surgical in-
tervention after successful PD of IAA in patients with CD, as this
interval is associated with the lowest risk of abscess recurrence
and stoma formation. There was no significant change in the rate
of abscess recurrence over the study period but this must be
interpreted with caution as no precise definition for successful
PD was used in the centres involved.

A waiting interval of at least 2 weeks after successful PD is
needed to control CD activity and achieve good preoperative opti-
mization. A past study investigated the outcomes of early elective
ileocolic resection after PD and found that patients undergoing
early operative intervention after PD (after 7 days) had a higher
risk of ileostomy and readmission8.

The choice of waiting interval after successful drainage might
be related to many factors: smoking, diabetes, disease duration,
treatment with immunomodulators and biological agents, in ad-
dition to low serum albumin and haemoglobin levels reflecting
compromised nutritional status. Unsuccessful PD leading to re-
sidual abscess after PD seems to be another factor that encour-
aged early intervention and increased the risk of postoperative
complications.

In line with other studies, preoperative use of steroids9, smok-
ing10, low serum albumin concentration11,12 and residual abscess
after PD13 were significant risk factors of postoperative complica-
tions. The study did not include patients who did not have a
bowel resection after IAA drainage. This group of patients might
have risk factors that encouraged conservative treatment. It
would be interesting to investigate the outcome after drainage in
this group. Treatment with biological agents did not affect the
outcome, confirming the findings from a recent review by an ex-
pert panel14. This emphasizes the role of preoperative optimiza-
tion pathways15,16 to be tackled in a multidisciplinary team with

Table 1 Characteristics of patients with Crohn’s disease who
underwent ultrasound- or CT-guided percutaneous drainage
for intra-abdominal abscess followed by surgery

Characteristic Result (n¼335)
Patient demographics

Age (years)* 33 (24–44)
Female patients 152 (45.4)
BMI (kg/m2)* 22.1 (19.6–24.6)
Smoking history

Smoker 78 of 330 (23.3)
Ex-smoker 37 of 330 (11)
Non-smoker 215 of 330 (64.2)

Diabetes 17 of 287 (6.1)
Duration of disease (years)* 9 (3.6–15)
Previous laparoscopy or laparotomy 118 (35.2)

Intra-abdominal abscess size and treatment before PD
Median intra-abdominal abscess size (mm)†* 50 (30–70)
Antibiotic 229 of 260 (88.1)
Any medical treatment for CD 224 (66.9)
Steroid within 1 week prior to PD 172 of 334 (51.5)
Immunomodulator within 4 weeks prior to PD 90 of 333 (27)
Biological agent within 8 weeks prior to PD 82 (24.5)

Treatment and other variables after PD
Antibiotic 245 of 262 (93.5)
Any medical treatment for CD 182 of 334 (54.5)
Steroids after PD 115 of 319 (36.1)
Immunomodulator after PD 62 of 330 (18.8)
Biological agent after PD 63 of 330 (19.1)
Nutrition 118 of 307 (38.4)
Serum haemoglobin concentration (mmol/l)* 7.1 (6.3–7.9)
Serum albumin concentration (g/l)* 33 (28–39)

Values in parentheses are percentages unless indicated otherwise; *values are
median (i.q.r.). The denominator might be different from the total number of
patients in each group due to some missing values. †Maximum diameter of
abscess. PD, percutaneous drainage; CD, Crohn’s disease.
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the aim of controlling disease activity and improving postopera-
tive outcome according to well defined algorithms17,18. It might
be safe to wait longer than 2 weeks if the patient’s general health
does not allow surgical intervention or the patient is asymptom-
atic. There is a growing need for standardized pre- and postopera-
tive care programmes to ensure robust recommendations,

comparable methods for measurements and reporting to permit
data synthesis and transparent cross-study comparisons19.

Approximately one-third of the patients in this cohort had ur-
gent surgical intervention, probably with simultaneous surgical
drainage of IAA. Urgent surgical intervention was associated with
higher rates of postoperative complications and abscess

Table 2 Predictors for postoperative complications and severe complications in patients with Crohn’s disease after percutaneous
drainage of intra-abdominal abscess followed by surgery

Factor Patients with no post-
operative complica-

tions (n¼227)

Patients with
postoperativecomplic-

ations (n¼108)

Univariable analysis
P

Multivariable analysis

Odds ratio† P

Age (years)* 31 (23–41) 39 (28–50) <0.001 1.03 (1.01, 1.06) <0.012
Gender (female) 105 (46.0) 47 (44.0) ns –
BMI (kg/m2)* 22.1 (19.5–25.0) 22.1 (19.8–24.1) ns –
Smokers and ex-smokers 67 of 222 (30.2) 48 (44.4) 0.019 1.89 (1.01, 3.53) 0.049
Diabetes 5 of 188 (82.7) 12 of 90 (13.3) <0.001 –
Duration of disease (years)* 9 (4–15) 8 (3–16) ns –
Previous laparoscopy/laparot-

omy
75 (33.0) 43 (39.8) ns –

Before drainage of abscess
Abscess size (mm)*‡ 48 (30–74) 50 (30–69) ns –
Antibiotics before PD 149 of 174 (85.6) 80 of 86 (93) ns –
Steroids before PD 118 of 227 (52.0) 54 of 107 (50.5) ns –
Immunomodulator before PD 67 of 226 (29.6) 23 of 107 (21.5) ns –
Biological agent before PD 58 of 227 (25.6) 24 of 108 (22.2) ns –

After drainage of abscess
Antibiotics after PD 161 of 175 (92.0) 84 of 87 (97) ns –
Steroids after PD 77 of 212 (36.3) 38 of 107 (35.5) ns –
Immunomodulator after PD 47 of 223 (21.1) 15 of 107 (14.0) ns –
Biological agent after PD 48 of 223 (22.3) 15 of 107 (14.0) ns –
Nutrition 72 of 204 (35.3) 46 of 103 (44.7) ns –
Serum haemoglobin concen-
tration (mmol/l)*

7.16 (7.00–7.32) 7.04 (6.85–7.24) ns –

Serum albumin concentration
(g/l)*

35 (30–40) 30 (22–36) <0.001 0.92 (0.89, 0.96) <0.001

Residual abscess after PD 116 of 191 (60.7) 72 of 91 (79) <0.007 0.37 ( 0.19, 0.74) <0.014
Preoperative fistula 80 of 191 (41.9) 50 of 91 (55) 0.04 –
Urgent operation (within
48 hours)

77 of 210 (36.7) 37 of 104 (35.6) ns –

Stoma construction 47 of 221 (21.3) 43 of 105 (41.0) <0.003 –

Values in parentheses are percentages unless indicated otherwise; For the categorical variables, bivariable analysis, Pearson v2 and Fisher’s exact tests were
employed. Quantitative continuous data were compared with the Mann–Whitney U test and ANOVA test for parametric data. Logarithmic transformation was used
for variables that were not normally distributed. Multivariable and binary logistic regression were used to investigate outcomes including abscess recurrence,
postoperative complications, stoma construction, readmission and duration of postoperative stay at hospital. *values are median (i.q.r.); †values in parentheses are
95 per cent confidence intervals. The denominator might be different from the total number of patients in each group due to some missing values. ‡Maximum
diameter of abscess. PD, percutaneous drainage; ns, non-significant.

Table 3 Association between length of waiting interval after ultrasound- or CT-guided percutaneous drainage of intra-abdominal
abscess in patients with Crohn’s disease and outcome after drainage

Outcome variable Short interval
(0–14 days) (n¼188)

Intermediate interval
(15–30 days) (n¼58)

Long interval (more than
30 days) (n¼68)

Univariable analysis
P

Overall postoperative
complications

62 (33) 20 (35) 22 (32) ns

Severe postoperative complica-
tions (grade 3 or more)

13 (7) 8 (14) 7 (10) ns

Stoma construction 45 of 186 (24) 17 of 56 (30) 25 (36) <0.002
UIAE 12 of 157 (8) 2 of 36 (6) 3 of 57 (5) ns
Death 5 (3) 0 (0) 0 (0) ns
Reoperation 19 of 186 (10) 6 of 56 (11) 9 of 63 (14) ns
LOS (days)* 8 (6–12) 8 (6–11) 8 (6–12) ns
Readmission 19 (10) 7 (12) 9 (13) ns
Recurrence of abscess 33 (18) 5 (9) 5 (7) 0.001

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). The denominator might be different from the total number of patients
in each group due to some missing values. ns, non-significant; UIAEs, unplanned intraoperative adverse event; LOS: length of postoperative stay at hospital.
Complications are classified according to Clavien–Dindo classification of surgical complications.
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recurrence, but the higher rate of postoperative complications
was not significant after adjusting for co-variables. A recently
published meta-analysis about timing of surgical intervention

showed that urgent surgery is a risk factor for postoperative com-
plications20, which supports findings of the European Society of
Colo-Proctology (ESCP) prospective audit21 in which 375 patients
with CD were investigated. One explanation might be the nature
of patients in the present study comprising penetrating CD only,
compared with the ESCP audit and meta-analysis in which all CD
phenotypes were included. In the ESCP audit, 68 patients (18.1
per cent) had a preoperative IAA, however, only 18 (4.8 per cent)
had their abscess drained before surgery, with a median interval
between abscess drainage and surgery of 29 days. However, it
must be emphasized that in patients with CD who have a life-
threatening condition and are not fit for bowel resection, urgent
intervention with stoma formation should be considered for
damage control.

There was a high rate of stoma construction in this cohort (90
of 326 patients, 26.9 per cent). A higher risk of stoma construction
was associated with a longer waiting interval. Patients who had
stoma were probably those who were in need of a longer optimi-
zation time, as stoma construction was associated with low hae-
moglobin and albumin concentrations, residual abscess and
enteric fistula. It might be assumed, therefore, that stoma con-
struction was part of a two-stage approach to treat this particular
group of patients. The question is whether the patients who had
a successful PD need a surgical resection or it is sufficient with
PD and watchful waiting under close follow-up . Another ques-
tion is why patients who had bowel resection develop recurrent
abscess. Resecting the inflamed bowel segment does not seem to
solve the problem; this suggests that surgery alone is not suffi-
cient treatment in this group of patients with CD.

Table 4 Patients’ demographic factors which were associated with the choice of the length of waiting intervals in a cohort of 335
patients with Crohn’s disease who underwent ultrasound- or CT-guided percutaneous drainage for intra-abdominal abscess
followed by surgery

Factor Short interval (0–14
days) (n¼188)

Intermediate in-
terval (15–30 days)

(n¼58)

Long interval
(more than 30
days) (n¼68)

Univariable
analysis

P

Multivariable
analysis

Odds ratio† P

Demographics
Age (years)* 32 (24–45) 34 (25–48) 37 (27–43) ns –
Gender (female) 84 (45) 30 (52) 30 (44) ns –
BMI (kg/m2)* 22 (19–24) 23 (20–26) 22 (20–24) ns –
Smokers and ex-smokers 51 of 185 (27.6) 27 (47) 27 of 67 (40) 0.013 2.15 (1.04, 4.44)0.047
Diabetes 16 of 160 (10) 0 of 40 (0) 1 of 59 (2) 0.028 0.10 (0.12 , 0.89)0.044
Duration of disease (years)* 11 (5–16) 5 (1–12) 9 (2–18) <0.007 –
Previous laparoscopy/laparotomy for CD 58 (31) 24 (41) 31 (46) ns 2.28 (1.08, 4.78)0.038

Before drainage
Abscess size (mm)*‡ 50 (35–70) 42 (29–66) 50 (30–80) ns –
Antibiotics before PD 130 of 150 (86.7) 36 of 39 (92) 46 of 54 (85) ns –
Steroids before PD 97 (51.6) 34 (59) 27 of 67 (40) ns –
Immunomodulator before PD 47 (25) 11 (19) 19 of 66 (29) ns –
Biological agent before PD 50 (26.6) 8 (14) 16 (24) ns –

After drainage
Antibiotics after PD 135 of 149 (90.6) 40 of 40 (100) 56 of 54 (85) 0.033 –
Steroids after PD 61 of 175 (34.8) 25 (43) 22 (32) ns –
Immunomodulator after PD 29 of 186 (15.6) 6 of 57 (11) 19 of 67 (20) 0.028 –
Biological agent after PD 43 of 185 (23.2) 4 of 57 (7) 13 (19) 0.037 –
Nutritional support 75 of 169 (44.4) 16 of 57 (28) 24 of 66 (36) ns –
Serum haemoglobin concentration (mmol/l)* 7.03 (6.87–7.19) 7.39 (7.05–7.73) 7.13 (6.87–7.39) ns –
Serum albumin concentration (g/l)* 33 (28–38) 32 (27–40) 33 (28–39) ns –
Residual abscess after PD 124 of 163 (76.1) 25 of 40 (63) 34 of 59 (58) 0.024 0.49 (0.20, 0.94)0.042
Preoperative fistula 61 of 163 (37.4) 27 of 40 (68) 33 of 59 (56) 0.001 2.32 (1.15, 4.66)0.022

Values in parentheses are percentages unless indicated otherwise; For the categorical variables, bivariable analysis, Pearson v2 and Fischer’s exact tests were
employed. Quantitative continuous data were compared with the Mann–Whitney U test and ANOVA test for parametric data. Logarithmic transformation was used
for variables that were not normally distributed. Multivariable and binary logistic regression were used to investigate outcomes including abscess recurrence,
postoperative complications, stoma construction, readmission and duration of postoperative stay at hospital. *values are median (i.q.r.); †values in parentheses are
95 per cent confidence intervals. The denominator might be different from the total number of patients in each group due to some missing values. ‡Maximum
diameter of abscess. CD, Crohn’s disease; PD, percutaneous drainage; ns, non-significant.
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Fig. 2 Postoperative recurrence of abscess in patients with Crohn’s
disease who underwent ultrasound- or CT-guided percutaneous
drainage for intra-abdominal abscess followed by surgery
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Table 5 Factors and predictors associated with abscess recurrence after percutaneous drainage of intra-abdominal abscess in
patients with Crohn’s disease followed by surgery

Factor No abscess recurrence
(n¼290)

Abscess recurrence
(n¼45)

Univariable analysis
P

Multivariable analysis

Odds ratio† P

Demographics
Age (years)* 33 (25–46) 30 (22–39) ns –
Gender (female) 136 (47) 16 (36) ns –
BMI (kg/m2)* 22 (19–24) 22 (20–27) ns –
Smokers and ex-smokers 98 of 285 (34.4) 17 (38) ns –
Diabetes 11 of 233 (4.7) 6 (13) 0.04 –
Duration of disease (years)* 8 (3–14) 13 (5–17) 0.03 –
Previous laparoscopy/laparotomy 105 (36) 13 (29) ns –

Before drainage
Abscess size (mm)†* 45 (30–70) 56 (40–83) ns –
Antibiotics before PD 193 of 222 (86.9) 36 of 38 (95) ns –
Steroids before PD 139 of 289 (48.1) 33 (73) 0.002 2.96 (2.82, 3.25) 0.036
Immunomodulator before PD 75 of 288 (26.1) 15 (33) ns –
Biological agent before PD 68 (23.4) 14 (31) ns –

After drainage
Antibiotics after PD 208 of 244 (85.3) 37 of 38 (97) ns –
Steroids after PD 96 of 281 (34.2) 19 of 38 (50) ns –
Immunomodulator after PD 53 of 286 (18.5) 9 of 44 (21) ns –
Biological agent after PD 51 of 286 (17.8) 12 of 44 (27) ns –
Nutrition 106 of 272 (39) 12 of 35 (34) ns –
Serum haemoglobin concentration (mmol/l)* 7.1 (6.4–7.9) 6.9 (6.2–7.8) ns –
Serum albumin concentration (g/l)* 34 (28–40) 32 (25–38) ns –
Residual abscess after PD 146 of 237 (61.6) 42 (93) <0.001 –
Preoperative fistula 117 of 237 (49.4) 13 (29) 0.014
Urgent operation (within 48 hours) 88 of 281 (31.3) 26 of 43 (60) 0.001 –
Stoma construction 79 of 281 (28.1) 11 (24) ns –
Unplanned intraoperative adverse event 15 of 226 (6.6) 2 (5) ns –
Waiting interval (days)* 17 (7–38) 14 (4–33) 0.012 0.59 (0.36, 0.96) 0.040

Values in parentheses are percentages unless indicated otherwise. For the categorical variables, bivariable analysis, Pearson v2 and Fischer’s exact tests were
employed. Quantitative continuous data were compared with the Mann–Whitney U test and ANOVA test for parametric data. Logarithmic transformation was used
for variables that were not normally distributed. Multivariable and binary logistic regression were used to investigate outcomes including abscess recurrence,
postoperative complications, stoma construction, readmission and duration of postoperative stay at hospital.*values are median (i.q.r.); †values in parentheses are
95 per cent confidence intervals. ‡Maximum diameter of abscess.The denominator might be different from the total number of patients in each group due to some
missing values. PD, percutaneous drainage; ns, non-significant.

Table 6 Factors associated with stoma construction in patients with Crohn’s disease after ultrasound- or CT-guided percutaneous
drainage of intra-abdominal abscess followed by surgery

Factor No stoma
construction (n¼236)

Stoma construction
(n¼90)

Univariable analysis
P

Multivariable analysis

Odds ratio† P

Demographics
Age (years)* 31 (24–43) 35.5 (26.4–46.9) ns –
Gender (female) 107 (45) 40 (44) ns –
BMI (kg/m2)* 22.2 (19.9–25) 22 (18.6–24.2) ns –
Smokers and ex-smokers 76 of 231 (32.9) 35 (38.9) ns –
Diabetes 7 of 202 (3.5) 10 of 67 (14.9) <0.01 –
Duration of disease (years)* 9.7 (3–15) 8 (4–16) ns –
Previous laparoscopy/laparotomy 76 of 236 (32.2) 39 (43.3%) ns –

Before drainage
Abscess size (mm)*‡ 45 (30–70) 55 (35–75) ns –
Antibiotics before PD 163 of 187 (87.2) 61 of 67 (91) ns –
Steroids before PD 129 of 235 (53.2) 41 (456) ns –
Immunomodulator before PD 65 of 235 (27.7) 24 of 89 (27) ns –
Biological agent before PD 63 (26.7) 17 (19) ns –

After drainage
Antibiotics after PD 174 of 188 (92.6) 62 of 65 (95) ns –
Steroids after PD 83 of 221 (37.6) 30 of 89 (34) ns –
Immunomodulator after PD 46 of 233 (19.7) 13 of 88 (15) ns –
Biological agent after PD 48 of 232 (20.7) 13 of 89 (15) ns –
Nutrition 77 of 211 (6.5) 47 of 67 (70) ns –
Serum haemoglobin concentration (mmol/l)* 7.3 (6.5–8.1) 6.8 (6.0–7.5) <0.003 0.66 (0.51, 0.85) 0.001
Serum albumin concentration (g/l)* 34 (28–40) 31 (25–36) 0.010 –
Residual abscess after PD 134 of 206 (65.0) 47 of 67 (70) ns –
Preoperative fistula 83 of 206 (40.3) 41 of 67 (61) <0.003 –
Urgent operation (with 48 hours) 150 of 197 (76.1) 47 of 197 (24) <0.001 –

(continued)
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This study has some limitations. First, it was a retrospective

study with the unavoidable bias associated with this type of de-

sign, including under-reporting bias. Second, the number of

patients with IAA was unexpectedly small in all the centres that

contributed to this study. One reason might be related to the

size of the abscess. Patients with small abscesses are usually

treated with antibiotics only and do not appear in the list of

patients who had PD or attempted PD. These patients could not

be retrieved for inclusion because they had no PD code. It is dif-

ficult to trace this in retrospective cohorts as most of the

patients were tagged with CD diagnosis code and not IAA. To re-

trieve data, PD codes were used as these are registered accu-

rately in radiology departments. Third, the authors did not have

information about CD activity and patients’ reported outcome

measures, which are important in evaluating any outcome after

surgical interventions22.
This is one of the largest cohorts analysed, however. Results

from this study can certainly be used to guide clinical decision

making while awaiting large, multicentre prospective studies.

Acknowledgements
A.E., N.N.U.N. and M.L.M.K. contributed to the conception and de-

sign of the study, statistical analysis and writing the manuscript.

C.S. contributed to statistical analysis, acquisition and interpreta-

tion of data. C.A.R. contributed to statistical analysis. All authors

contributed to the acquisition and interpretation of the data,

writing the first draft, revising the article critically for important

intellectual content and approving the final version of the article

to be published. All authors agree to be accountable for all

aspects of the work and A.E. holds overall responsibility for the

content and integrity of the paper . The data underlying this arti-

cle were provided by different hospitals under different permis-

sions. Data will be shared on request to the corresponding author

with permission of hospitals that collected this data.

Disclosure: C.S. received lecture fees from MSD. I.I. received lec-

ture fees from AbbVie. The authors declare no other conflict of in-

terest.

Supplementary material
Supplementary material is available at BJS Open online.

References
1. Clancy C, Boland T, Deasy J, McNamara D, Burke JP. A meta-

analysis of percutaneous drainage versus surgery as the initial

treatment of Crohn’s disease-related intra-abdominal abscess. J

Crohns Colitis 2016;10:202–208.

2. He X, Lin X, Lian L, Huang J, Yao Q, Chen Z et al. Preoperative per-

cutaneous drainage of spontaneous intra-abdominal abscess in

patients with Crohn’s disease. J Clin Gastroenterol 2015;49:

e82–e90.

3. Adamina M, Bonovas S, Raine T, Spinelli A, Warusavitarne J,

Armuzzi A et al. ECCO guidelines on therapeutics in Crohn’s dis-

ease: surgical treatment. J Crohns Colitis 2020;14:155–168.

4. De Groof EJ, Carbonnel F, Buskens CJ, Bemelman WA.

Abdominal abscess in Crohn’s disease: multidisciplinary man-

agement. Dig Dis 2014;32:103–109.

5. El-Hussuna A, Tolani MA. Current status and future perspectives

of collaboration in surgical research: A scoping review of the evi-

dence. Surgery 2021 Jun;7:S0039-6060(21)00403-7. doi:10.1016/

j.surg.2021.04.031. Epub ahead of print. PMID: 34112518.

6. Dindo D, Demartines N, Clavien PA. Classification of surgical

complications: a new proposal with evaluation in a cohort of

6336 patients and results of a survey. Ann Surg 2004;240:

205–213. doi:10.1097/01.sla.0000133083.54934.ae.

7. Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated

clinical, molecular and serological classification of inflamma-

tory bowel disease: Report of a Working Party of the 2005

Montreal World Congress of Gastroenterology. Can J

Gastroenterol 2005;19:5–36.

8. Sangster W, Berg AS, Choi CS, Connelly TM, Chesnut CH, Koltun

WA et al. Outcomes of early ileocolectomy after percutaneous

drainage for perforated ileocolic Crohn’s disease. Am J Surg

2016;212:728–734.

9. Subramanian V, Saxena S, Kang J, Pollok RCG, Ph D, Pollok RCG

et al. Preoperative steroid use and risk of postoperative compli-

cations in patients with inflammatory bowel disease undergoing

abdominal surgery. Am J Gastroenterol 2008;103:2373–2381.

10. Neary PM, Aiello AC, Stocchi L, Shawki S, Hull T, Steele SR et al.

High-risk ileocolic anastomoses for Crohn’s disease: when is di-

version indicated? J Crohns Colitis 2019;13:856–863.

11. Zhu F, Li Y, Guo Z, Cao L, Feng D, Zhang T et al. Nomogram to

predict postoperative intra-abdominal septic complications af-

ter bowel resection and primary anastomosis for Crohn’s dis-

ease. Dis Colon Rectum 2020;63:629–638.

12. Nguyen GC, Du L, Chong RY, Jackson TD. Hypoalbuminaemia

and postoperative outcomes in inflammatory bowel disease: the

NSQIP surgical cohort. J Crohn’s Colitis 2019;13:1433–1438.

13. Müller-Wille R, Iesalnieks I, Dornia C, Ott C, Jung EM, Friedrich C

et al. Influence of percutaneous abscess drainage on severe post-

operative septic complications in patients with Crohn’s disease.

Int J Colorectal Dis 2011;26:769–774.

14. El-Hussuna A, Myrelid P, Holubar SD, Kotze PG, Mackenzie G,

Pellino G et al. Biological treatment and the potential risk of

Table 6. (continued)

Factor No stoma
construction (n¼236)

Stoma construction
(n¼90)

Univariable analysis
P

Multivariable analysis

Odds ratio† P

Elective operation 86 of 129 (66.7) 43 of 129 (33)
Unplanned intraoperative adverse event 7 of 197 (3.6) 7 of 64 (11) 0.050 –
Waiting interval (days)* 16 (7–33) 17 (5–41) <0.012 1.01 (1.00, 1.01) 0.036
Reoperation 16 (6.8) 18 of 90 (20) <0.001 –
Complications overall 62 (26.3) 43 of 90 (48) <0.001 –
Severe complications 9 (3.8) 19 of 90 (21) <0.001 –

Values in parentheses are percentages unless indicated otherwise; Complications are classified according to Clavian-Demartines-Dindo classification of surgical
complications.*values are median (i.q.r.); †values in parentheses are 95 per cent confidence intervals. The denominator might be different from the total number of
patients in each group due to some missing values. ‡Maximum diameter of abscess. PD, percutaneous drainage; ns, non-significant.

8 | BJS Open, 2021, Vol. 00, No. 0

https://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrab075#supplementary-data


adverse postoperative outcome in patients with inflammatory

bowel disease: an open-source expert panel review of the cur-

rent literature and future perspectives. Crohn’s Colitis 360 2019;

1:1–14.

15. Spinelli A, Allocca M, Jovani M, Danese S. Review article: optimal

preparation for surgery in Crohn’s disease. Aliment Pharmacol

Ther 2014;40:1009–1022.

16. Zangenberg MS, Horesh N, Kopylov U, El-Hussuna A.

Preoperative optimization of patients with inflammatory bowel

disease undergoing gastrointestinal surgery: a systematic re-

view. Int J Colorectal Dis 2017;32:1663–1676.

17. El-Hussuna A, Iesalnieks I, Horesh N, Hadi S, Dreznik Y, Zmora O.

The effect of pre-operative optimization on post-operative out-

come in Crohn’s disease resections. Int J Colorectal Dis 2017;32:

49–56.

18. Di Candido F, Moggia E, Spinelli A. Pre-operative optimisation in

Crohn’s disease. Semin Colon Rectal Surg 2020;31:100742–100747.

19. Kehlet H, Memtsoudis SG. Perioperative care guidelines: con-

flicts and controversies. Br J Surg 2020;107:1243–1244.

20. Udholm LSLS, Rasmussen SLSL, Madsbøll TKTK, Omairi M, El-

Hussuna A. A systemic review and metaanalysis of postoperative

outcomes in urgent and elective bowel resection in patients with

Crohn’s disease. Int J Colorectal Dis 2021;36:253–263.

21. El-Hussuna A, Pinkney T, Zmora O, Frasson M, Bhangu A,

Battersby N et al. Risk factors for unfavourable postoperative

outcome in patients with Crohn’s disease undergoing right

hemicolectomy or ileocaecal resection. An international audit

by ESCP and S-ECCO. Colorectal Dis 2018;20:219–227.

22. El-Hussuna A, Rubio-Perez I, Millan M, Pellino G, Negoi I, Gallo

G, Shalaby M, Celentano V, Green R, Minaya-Bravo A, Emile S,

Smart NJ, Maeda Y, Ivatury SJ, Mackenzie G, Yalçınkaya A,
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