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Abstract
Objectives Use claims data to assess healthcare resource utilization (HCRU) and cost for patients with ulcerative colitis (UC)
who had surgery and patients who did not.
Methods UC patients from a German health insurance were included between 01/01/2010–31/12/2017. Patients with
proctocolectomy or colectomy between 01/07/2010 and 31/12/2014 were identified, and surgery date was set as index. For
patients with IPAA, the last surgery in the 6 months was taken as index. Non-surgery patients received random index. After
propensity score matching, UC-related HCRU and cost were observed for three years post-index.
Results Of 21,392 UC patients, 85 underwent surgery and 2655 did not. After matching, 76 were included in the surgery group
and 114 in the non-surgery group.Matched cohorts did not differ in baseline characteristics andmortality rates where high in both
groups (21.1% and 29.0%, respectively). The percentage of patients with at least one hospitalization in the follow-up period was
higher in the surgery (53.9%) compared to the non-surgery group (25.4%, p<0.001). In contrast, the number of outpatient
prescriptions of UC-related drugs in the non-surgery group (11.2) was almost twice as large as in the surgery group (5.8,
p<0.001). Hospitalization cost was 4.6 times higher in the surgery (1955.5€) than in the non-surgery group (419.6€, p<0.001).
Medication cost was three times higher in the non-surgery group (6519€) compared to the surgery group (2151.7€, p<0.001).
Conclusions Based on hospitalizations, outpatient visits, and medical treatment, results show a considerable patient burden in UC
from surgery complications or disease exacerbation in case of colectomy.

Keywords Inflammatory bowel disease (IBD) . Ulcerative colitis (UC) . Surgery . Costs . Healthcare resource utilization
(HCRU) . Crohn’s disease (CD)

Introduction

The prevalence of ulcerative colitis (UC) is as high as around
300 (US) to 500 (Europe) cases per 100,000 people [1], and
UC incidence was reported to be increasing in newly

industrialized countries [1, 2]. UC is associated with a high
patient burden [3] and can become a life-threatening condition
in presence of colonic and systemic complications or due to
the development of colorectal cancer [4]. Thus, understanding
the best course of treatment represents a public health priority
and affects different aspects like the clinical picture as well as
psychosocial impairments [5]. In addition, understanding the
burden associated with different treatment options is crucial to
evaluate the cost-effectiveness of new interventions.

Traditionally, surgical options entailing the removal of the
entire colon and rectum (proctocolectomy) are considered cu-
rative [6–8], and approximately 20% of UC patients undergo
surgery during the course of their disease [9]. Previous work
has documented good long-term health outcomes among pa-
tients who receive proctocolectomy with ileal pouch anal
anastomosis (IPAA) [7, 9, 10]. However, a number of studies
have shown that IPAA is associated with high postoperative
complications [11–17], and surgery is in general associated
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with frequent complications such as wound infection, intra-
abdominal abscess, small bowel obstruction, ileostomy-
related complications, and hemorrhage [18]. Moreover, pa-
tients undergoing surgery for UC typically have an increased
risk of thromboembolic events, although this is also found in
UC patients with severe clinical activity [19–21]. In line with
that, a longitudinal study using data from a hospital in Canada
showed that adjusted costs were higher for patients who
underwent colectomy compared to medically responsive pa-
tients [22]. However, there is a lack of reliable and recent data
on surgery-related complications HCRU and costs in UC pa-
tients, and most of the evidence comes from single-center
studies, which are plagued with selection bias [23].

Hence, this work aimed to assess UC-related healthcare
resource utilization (HCRU) and cost in health claims data
and compare patients who had surgery with patients who re-
ceived exclusively medical treatment, adjusting for demo-
graphic characteristics, disease severity, and treatment history.

Methods

Study population

This work retrospectively analyzed health claims data provid-
ed by a German statutory health insurance, AOK PLUS, in-
cluding over 3.3 million insured lives in the regions of Saxony
and Thuringia. The dataset included patient-level information
on demographic characteristics (age, gender, and date of
death), outpatient and inpatient treatment (date of outpatient/
inpatient treatment, specialty of the outpatient physician, ICD-
10 diagnosis codes, inpatient procedures and operations, and
outpatient prescriptions), and costs (inpatient care costs, and
cost of outpatient prescriptions). Clinical information on se-
verity of disease and laboratory values were not available in
the data.

All adult patients with at least one inpatient or two con-
firmed outpatient UC diagnoses (ICD-10: K51) between 01/
01/2010 and 31/12/2017 (study period) were identified.
Patients who received only outpatient UC diagnoses and at
least one concomitant inpatient diagnosis of Crohn’s disease
(CD; ICD-10: K50) were excluded to conservatively identify
UC patients. Inpatient surgeries were documented using
German OPS codes (operations and procedures key), which
are the German modification of the International
Classification of Procedures in Medicine (ICPM) and the of-
ficial classification of inpatient and outpatient procedures in
Germany. Patients who had a hospitalization associated to
colectomy or proctocolectomy (OPS: 5-456) after first UC
diagnosis and between 01/07/2010 and 31/12/2014 (inclusion
period) were included in the study population (surgery group).
The date of surgery hospitalization was set as index. For pa-
tients who underwent ileal pouch anal anastomosis (IPAA)

and had multiple surgeries within six months, the date of the
last surgery was set as index, as IPAA is often carried out in
two or three steps. For patients who never had a hospitaliza-
tion for colectomy or proctocolectomy during the study period
(non-surgery group) a random index date was assigned within
the inclusion period and after first observed UC diagnosis [24,
25]. Non-surgery patients without a prescription of corticoste-
roids (ATC codes: H02, A07EA) or biologics (ATC codes:
L04AA33, L04AB02, L04AB04, L04AB06, L04AA23, and
L04AC05) in the six months before index were dropped to
enhance comparability with the surgery patients, who are typ-
ically prescribed corticosteroids or biologics before resorting
to surgery [26]. Moreover, for inclusion in the non-surgery
group, it was required that no aid prescription for a stoma
bag (product group code in German claims: 29.26) was made
during the study period. Lastly, to ensure that complete infor-
mation was obtained, all patients were required to have at least
6 months of continuous enrollment in the insurance plan prior
to index date and at least 3 years of continuous enrollment
after index. Death of patients after a first observed UC diag-
nosis was the only exception and led to censoring.

Statistical analysis

Patients in the surgery group were matched to comparable
patients in the non-surgery group using a 1 : 2 nearest-
neighbor propensity score matching (PSM) with replacement
and maximum caliper 0.01. The propensity score was estimat-
ed using a logistic regression model for a binary indicator of
whether the patient underwent surgery (yes/no). The covari-
ates included age at index date, gender, the Charlson comor-
bidity index (CCI) excluding age factor in the six months
before index, the number of inpatient and outpatient visits in
the baseline period, a categorical measure of level of care
received by the patient, binary indicators for inpatient/
outpatient diagnoses of literature-based UC-related extra-
intestinal complications [27], an indicator for an inpatient/
outpatient diagnosis of CD, and treatment history (including
binary indicators for the prescription of corticosteroids, immu-
nosuppressants, biologics, and other UC-related medications).
A detailed description of all the variables included in the PSM
logistic regression is provided in Supplemental Table 1. For
all UC patients observed in the sample, as well as for matched
and unmatched cohorts, descriptive statistics were reported for
baseline characteristics, mortality, and length of follow-up
since index date.

For each patient, the following outcomes were collected for
the three years after index date: (1) number of UC-related
hospitalizations per-patient-year (PPY), overall and by diag-
nosis, and excluding the surgery hospitalization for patients in
the surgery group; (2) number of UC-related visits to a general
physician (GP) or a specialist PPY, overall and by diagnosis;
(3) number of outpatient prescriptions of UC-related
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medications PPY; (4) cost of UC-related hospitalizations PPY
(based on DRG reimbursement codes), overall and by diag-
nosis, and excluding the cost of the surgery hospitalization for
patients in the surgery group; and (5) cost of UC-related med-
ications PPY (pharmacy sales price at prescription date, as
documented in the database), overall and by quarter after in-
dex. Supplemental Table 2 and Supplemental Table 3 report
the list of ICD-10/OPS and ATC codes used to identify, re-
spectively, UC-related inpatient/outpatient visits and outpa-
tient prescriptions.

All reported variables for patient characteristics, treatment,
HCRU and costs were analyzed using descriptive statistics.
Differences between surgery and non-surgery patients in av-
erage baseline characteristics and follow-up HCRU and costs
were tested for statistical significance using t-tests. t-tests were
based on unweighted (before matching) and weighted (with
matching weights for matched cohorts) regression models of
the variables on an indicator for surgery. In addition, for base-
line characteristics, the percentage bias was assessed before
and after matching. This was defined as the percentage differ-
ence of the sample means in the surgery and non-surgery sub-
samples as a percentage of the square root of the average of the
sample variances in the surgery and non-surgery groups [28].
Density functions for the number of outpatient prescriptions
per patient year were estimated using a kernel density estima-
tor. Differences in estimated densities between surgery and
non-surgery groups were tested for statistical significance
using a Kolmogorov–Smirnov equality-of-distributions test.
In all analyses, statistical significance was defined as P-value
lower than 0.05. All analyses were performed using Stata
(Version 14.1) and MS-SQL (Version 17.9.1). As this work
was a non-interventional retrospective study based on
anonymized data, informed consent of patients was not re-
quired, in accordance with German laws and the policies of
the institutions assessing patient-level data (IPAM and AOK
PLUS). The study was based on a protocol approved before
start of data analysis by a scientific committee including all
authors.

Results

Between 01/01/2010 and 31/12/2017, 21,392 patients re-
ceived at least one inpatient or two confirmed outpatient di-
agnoses of UC. Of these, 592 patients were excluded due to
having received only outpatient UC diagnoses and at least one
inpatient CD diagnosis, 8 were dropped due to having
proctocolectomy or colectomy before the inclusion period,
69 because they had their first surgery after the inclusion pe-
riod, 3 due to undergoing proctocolectomy or colectomy be-
fore their first observed UC diagnosis, 4966 due to having
their first UC diagnosis after the inclusion period, 62 died
before the start of the inclusion period, and 3 had CD as

diagnosis associated to proctocolectomy or colectomy (misdi-
agnosis prior to surgery). Of the remaining 15,689 patients,
15,601 never had proctocolectomy between 01/01/2010 and
31/12/2017 (non-surgery group), and 88 had their first UC-
related surgery between 01/07/2010 and 31/12/2014 (surgery
group). In the non-surgery group, 12,821 patients were ex-
cluded because they did not receive at least one prescription
of corticosteroids and/or biologics in the six months before
index date. Eighty-seven patients were dropped overall due
to not meeting the continuous insurance requirement, and 41
were dropped due to being younger than 18 at index. In the
end, the surgery group had 85 patients and the non-surgery
group 2655 patients. Figure 1 reports the attrition chart for
patient selection.

The unmatched cohorts displayed substantial unbalance
in baseline characteristics (Table 1, Panel A): patients in
the surgery group were significantly younger, less likely
to be females, had on average more inpatient and outpa-
tient visits in the six months before index, and were more
likely to have a manifestation of UC in the dermatologic
and oral system. In addition, compared to patients in the
non-surgery group, patients in the surgery group were less
likely to have received corticosteroids or antimicrobials,
and more likely to have received immunosuppressants,
biologics, or antipropulsives.

A logistic regression of an indicator of surgery on baseline
characteristics was employed to estimate the propensity score
(Supplemental Figure 1), that is the probability of surgery
conditional on observable baseline characteristics. The c-sta-
tistic of the estimated model was 0.9, indicating a strong pre-
dictive ability. Matching patients in the surgery group to at
most two patients in the non-surgery group based on their
estimated propensity score, the matched cohorts included 76
patients who underwent surgery and 114 patients who did not.
Based on a comparison of their baseline characteristics
(Table 1, Panel B), there was no residual unbalance.
Matched cohorts were also similar in terms of length of
follow-up (Supplemental Table 4) and mortality was high in
both the surgery and non-surgery groups (21.1% vs 30.3%,
p=0.196). Of the 76 patients who underwent surgery, 34 had
proctocolectomy (28 open surgical, 6 laparoscopic), 37 had
colectomies (27 open surgical, 10 laparoscopic), 2 had other
procedures.

Healthcare resource utilization

Table 2 reports comparisons of the matched cohorts in terms
of UC-related hospitalizations and outpatient visits. While no
difference was found in the number of outpatient visits with
UC-related diagnosis between the two cohorts, significant dif-
ferences were found for hospitalizations. The percentage of
patients with at least one hospitalization in the follow-up pe-
riod (excluding the index hospitalization in the surgery-group)
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was significantly higher in the surgery group (53.9%) com-
pared to the non-surgery group (25.4%, p<0.001).
Specifically, 32.9% of the patients in the surgery group had
at least one hospitalization with UC as main diagnosis during
the follow-up period, compared to the 13.2% in the non-
surgery group (p=0.004). Similarly, 36.8% of the surgery pa-
tients had at least one subsequent hospitalization with other
UC-related diagnoses compared to 15.8% in the non-surgery
group (p=0.003). As shown in Supplemental Figure 2, the
most prevalent hospitalization diagnoses in the surgery group,
other than UC, were colorectal cancer (9.2% compared to
1.8% in the non-surgery group), manifestations of UC in the
dermatological and oral system (9.2% vs 4.4% in the non-
surgery group), abscess (7.9% vs 0.9%), and stricture (5.3%
vs 0.9%). In addition, a number of diagnoses occurred only in
the surgery group: fistulae (3.9%), thromboembolic events
(1.3%), manifestations of UC in the hepatopancreatobiliary
system (2.6%), revision of a stoma (6.6%), and endorectal

vacuum therapy for the treatment of anastomotic leak
(1.3%). Furthermore, in the surgery group, the number of
hospitalizations per patient year (0.4) and the total number
of hospitalization days per patient year (3.9) were higher com-
pared to the non-surgery group (0.2 and 1.5, respectively).

In contrast, patients who did not undergo surgery were
found to rely more on drugs compared to surgery patients.
As reported in Table 3, the number of outpatient prescriptions
of any UC-related drug in the non-surgery group (11.2) was
almost twice as large as in the surgery group (5.8; p<0.001).
The most frequently prescribed medications PPY in the non-
surgery group were aminosalicylates (2.6), biologics (1.9),
analgesics (1.7), immunosuppressants (1.5), and systemic cor-
ticosteroids (1.1). In contrast, in the surgery group, patients
relied more on analgesics (2.1), and antipropulsives (1.1),
while only 0.4 prescriptions of biologics and 0.3 prescriptions
of systemic steroids PPY were observed. When investigating
the estimated densities of the number of prescriptions

Patients with UC diagnosis1 (ICD-10 K51.-) between 01/01/2010 and 
31/12/2017
n = 21,392

Patients who underwent UC-
related surgery2 after their first 

UC diagnosis and between 
01/07/2010 and 31/12/2014 
(index date=date of surgery)3

n = 88

Patients who were prescribed 
corticosteroid and/or biologics 

in the pre-index period4

n = 2,871

Patients who were prescribed 
corticosteroid and/or biologics 

in the pre-index period
n = 2,871

12,821 did not receive a prescription of 
corticosteroids or biologics4 in the six 

months before index date

0 received an aid prescription for a 
stoma5 between 01/01/2010 and 

•85 were not continuously insured 
between 6 months before index and 3 
years after index6

•40 were younger than 18 years old at 
index

•592 had only outpatient UC diagnosis 
and ≥1 inpatient CD diagnosis 
•8 has surgery2 before 01/07/2010
•69 had first surgery after 31/12/2014
•3 had surgery before 1st UC diagnosis
•4,966 had first UC diagnosis after 
inclusion period
•62 died before inclusion period
•3 had CD as surgery diagnosis

NON-SURGERY GROUP

n = 2,655

SURGERY GROUP

n = 85

•2 were not continuously 
insured between 6 
months before index and 
3 years after index7
•1 was younger than 18 
years old at index

Patients who did not undergo 
surgery between 01/01/2010 

and 31/12/2017 (index 
date=random date within 

inclusion period and after first 
UC diagnosis) 
n = 15,601

Fig. 1 Attrition chart for patient selection. (1) At least one inpatient main
diagnosis, or two confirmed outpatient diagnoses. (2) proctocolectomy or
colectomy (OPS codes: 5-456.-). (3) Thirty-two patients had
proctocolectomy or colectomy with IPAA (OPS codes: 5-456.01, 5-
456.03, 5-456.05, 5-456.11, 5-456.13, 5-456.15, 5-456.21, 5-456.23, 5-
456.25, 5-456.x1, 5-456.x3, 5-456.x5). Of these, 3 patients underwent
two surgeries with OPS code 5-456.- within a 6-month period. No patient

underwent multiple surgeries with OPS code 5-456.- within a period of
seven or more months. (4) ATC code for corticosteroids: H02, A07EA
(oral administration). ATC codes for biologics: L04AA33, L04AB02,
L04AB04, L04AB06, L04AA23, L04AC05. (5) GKV product group:
29.26-. (6) With the exception of death, which leads to censoring.
Grace period of 30 days allowed
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(irrespective of dose or number of tablets or vials) of UC-
related medications overall (Supplemental Figure 3) and
by medication group (Supplemental Figure 4), the
Kolmogorov Smirnov test rejected the null hypothesis of
equal distribution for any medication (p<0.001),
aminosalicylates (p<0.001), systemic corticosteroids

(p<0.001), immunosuppressants (p<0.001), biologics
(p=0.05), and anti-inflammatory drugs (p=0.04). As re-
ported in the figures, patients in the surgery group exhibit
a higher probability to receive no drug prescriptions or
lower numbers of prescriptions compared to patients
who did not undergo surgery.

Table 1 Balance of baseline characteristics in unmatched and matched cohorts

Variable Surgery Non-surgery group % bias % reduction bias P-
value

Panel A: unmatched cohorts N=85 N=2655
Age at index 53.024 58.985 −33.200 - 0.004
Female 0.400 0.550 −30.200 - 0.006
CCI 2.941 2.647 9.700 - 0.374
Number of inpatient visits 2.012 0.571 125.300 - <0.001
Number of outpatient visits 9.529 8.510 20.400 - 0.050
Level of care ≥1 0.024 0.072 −22.700 - 0.088
Musculoskeletal manifestation 0.059 0.049 4.500 - 0.667
Dermatologic and oral manifestation 0.200 0.106 26.200 - 0.006
Hepatopancreatobiliary manifestation 0.141 0.091 15.600 - 0.118
Ocular manifestation 0.047 0.064 −7.500 - 0.520
Crohn’s disease 0.247 0.173 18.100 - 0.078
Use of aminosalicylates 0.635 0.615 4.200 - 0.701
Use of systemic corticosteroids 0.459 0.718 −54.500 - <0.001
Use of local corticosteroids 0.176 0.330 −35.700 - 0.003
Use of immunosuppressants 0.282 0.145 34.000 - <0.001
Use of biologics 0.271 0.062 58.200 - <0.001
Use of antipropulsives 0.129 0.036 34.200 - <0.001
Use of antibiotics 0.082 0.102 −6.900 - 0.547
Use of antimicrobials 0.035 0.026 5.600 - 0.580
Use of anti-inflammatory and antirheumatic 0.141 0.237 −24.600 - 0.040
Use of analgesics 0.329 0.315 3.200 - 0.771
Number of other agents 4.859 5.035 −4.100 - 0.715
Length of follow-up 2.578 2.399 16.9 - 0.258
Mortality 0.211 0.289 −18.2 - 0.225
Panel B: matched cohorts N=76 N=114
Age at index 52.908 56.263 −18.700 43.700 0.254
Female 0.395 0.329 13.300 56.000 0.402
CCI 2.987 3.276 −9.600 1.600 0.584
Number of inpatient visits 1.895 2.276 −33.200 73.500 0.195
Number of outpatient visits 9.118 9.954 −16.700 18.000 0.313
Level of care ≥1 0.026 0.026 0.000 100.000 1.000
Musculoskeletal manifestation 0.066 0.092 −11.600 −157.100 0.551
Dermatologic and oral manifestation 0.184 0.243 −16.500 36.900 0.377
Hepatopancreatobiliary manifestation 0.132 0.138 −2.100 86.800 0.906
Ocular manifestation 0.053 0.053 0.000 100.000 1.000
Crohn’s disease 0.263 0.191 17.800 1.900 0.290
Use of aminosalicylates 0.632 0.586 9.500 −123.500 0.564
Use of systemic corticosteroids 0.513 0.579 −13.800 74.600 0.419
Use of local corticosteroids 0.184 0.184 0.000 100.000 1.000
Use of immunosuppressants 0.289 0.257 8.100 76.100 0.652
Use of biologics 0.263 0.270 −1.800 96.800 0.928
Use of antipropulsives 0.105 0.092 4.800 85.900 0.787
Use of antibiotics 0.079 0.112 −11.300 −63.700 0.493
Use of antimicrobials 0.039 0.053 −7.600 −35.900 0.701
Use of anti-inflammatory and antirheumatic 0.118 0.178 −15.200 38.200 0.307
Use of analgesics 0.329 0.263 14.000 −341.200 0.378
Number of other agents 4.882 5.480 −13.900 −240.500 0.414
Length of follow-up 2.578 2.375 19.2 −13.2 0.245
Mortality 0.211 0.303 −21.2 −16.7 0.196

Boldface denotes significance at the 0.05 confidence level. The % bias is the % difference of the sample means in the treated and non-treated sub-samples as a
percentage of the square root of the average of the sample variances in the treated and non-treated groups (formulae from Rosenbaum and Rubin, 1985).

835Int J Colorectal Dis (2021) 36:831–840



Costs

Table 4 compares hospitalization and medication costs PPY in
the two matched cohorts. While overall costs were higher for
patients in the non-surgery group (8237.0€) compared to the
surgery group (3335.8€, p=0.003), hospitalization costs ex-
cluding the surgery hospitalization at index were almost five
times higher for patients who underwent surgery (1955.5€)
compared to patients who did not (419.6€, p<0.001).
Medication costs were driven by biologics, which were three
times higher for patients who did not undergo surgery (6519€)
compared to patients in the surgery group (2151.7€, p<0.001).

When analyzing the percentage of patients treated with
biologics by quarter after index (Fig. 2), the percentage of
patients in the surgery group who received at least one biolog-
ic prescription in the last quarter of follow-up (7.8%) was
three times higher compared to the first quarter (2.6%). In
comparison, the percentage of non-surgery patients with at
least one biologic prescription in the last quarter of follow-
up (23.5%) was 1.6 times higher compared to the first quarter
(14.9%), while reaching a maximum of 29.2% at the seventh
quarter after index. Similarly, the cost of biologics per patient
month among patients with at least one prescription raised in
the surgery group from 333.5€ in the first quarter after index to
1503.6€ in the last quarter of follow-up. In comparison, costs
for biologics in the non-surgery group were similar in the first
(1583.3€) and last (1657.8€) quarters of follow-up. While
costs were significantly higher for the non-surgery group
throughout the follow-up period, they were not statistically
different in the two groups during the last quarter.

Discussion

Using German claims data over the period 2010–2017, this
paper found evidence that UC patients who underwent
colectomy or proctocolectomy were more likely to experience
long-term complications and incur subsequent UC-related
hospitalizations compared to a propensity score matched co-
hort of UC patients who relied exclusively on medical treat-
ment. This resulted in significantly higher hospitalization
costs for patients who underwent surgery compared to patients
who relied only on medications. Moreover, although patients
in the non-surgery group had on average higher costs for bio-
logics during follow-up, these costs were increasing over time
for patients in the surgery group and, in the last quarter of
follow-up, biologic costs were similar in the two groups.
The increase in cost of biologics for surgery patients reflected
an increasing need for biologic treatment for patients who
underwent surgery, possibly also linked to pouchitis after
IPAA.

While previous studies highlighted the relevance of inpa-
tient costs for UC patients using hospital data [22, 29], this
work is novel in that it uses claims data (which are free of
study site and patient selection bias) to document HCRU and
cost patterns related to long-termUC complications in patients
who underwent surgery compared to patients who did not.
Specifically, 54% of the surgery patients were found to have
at least one UC-related hospitalization after surgery, compared
to 25% of patients who did not have surgery. This gap was
driven by patients experiencing complications of the index
surgery (revision of a stoma and endorectal vacuum therapy

Table 2 Comparison of UC-
related inpatient and outpatient
visits in the matched cohorts

Matched surgery
patients (N = 76)

Matched non-surgery
patients (N = 114)

P-value

Hospitalizations

At least one hospitalization (%) 53.947 25.439 <0.001

UC diagnosis 32.895 13.158 0.004

Other diagnosis 36.842 15.132 0.002

Number of hospitalizations PPY 0.378 0.170 0.004

UC diagnosis 0.127 0.062 0.032

Other diagnosis 0.251 0.111 0.028

Total number of hospitalization
days PPY

3.945 1.544 0.006

UC diagnosis 1.373 0.541 0.027

Other diagnosis 2.700 0.996 0.035

Outpatient visits

Number of outpatient visits PPY 7.247 7.108 0.880

Number of outpatient visits by a
general practitioner PPY

3.557 3.146 0.301

Number of outpatient visits by a specialist PPY 3.690 3.963 0.697

Index hospitalization excluded for patients who underwent surgery. Boldface denotes significance at the 5%
significance level
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for the treatment of anastomotic leak), as well as exacerbations
of the disease such as fistula, abscess, stricture, colorectal
cancer, and extra-intestinal manifestations in the dermatolog-
ical, oral or hepatopancreatobiliary systems. Of the 7 surgery
patients with colorectal cancer, 5 had received colectomy and
2 proctocolectomy. Prior or concomitant use of immunosup-
pressants is unlikely to have increased complications rates in
the surgery group more than in the non-surgery group,
as patients were matched based on baseline use of im-
munosuppressants and non-surgery patients used immu-
nosuppressants more than surgery patients during the
follow-up period (Table 3).

Patients who did not undergo surgery were shown to rely
more on biologics compared to surgery patients. However, the
prevalence of patients who were prescribed biologics after
surgery tripled over a 3-year follow-up, suggesting that pa-
tients experienced disease activity after surgery and an in-
creasing need for treatment over time. As a result of these
differences, inpatient healthcare costs were higher among pa-
tients who underwent surgery. Medication costs (driven by

biologics) were higher among non-surgery patients, with a
cost-increasing trend in the surgery group. While cost of bio-
logics was significantly higher in the non-surgery group
throughout the follow-up period, at the end of follow-up, they
were similar in the two groups, suggesting that they relied on
medical treatment in a comparable amount. As such, this study
points out how real-world surgical procedures in UC may be
associated with unintended long-term consequences, which
may also result in higher costs for patients.

The findings of this study are in line with previous work
showing that UC surgery is associated with high postoperative
complications and frequent complications [11–16, 18]. Few
studies investigated resource use and costs associated to UC-
related surgery [23]. A Swiss longitudinal study of IBD pa-
tients reported that, between 2006 and 2016, costs for UC
patients increased by 10% each year due to rising pharmaceu-
tical costs [30]. Similarly, a survey of Dutch IBD patients
suggested that healthcare costs are mainly driven by medica-
tion costs [31, 32]. On the other hand, a retrospective longitu-
dinal study of UC patients in Canada highlighted the

Table 3 Comparison of UC-
related outpatient prescriptions in
the matched cohorts

Matched surgery
patients (N = 76)

Matched non-surgery
patients (N = 114)

P-value

Number of prescriptions per patient year

Any UC-related medication 5.775 11.163 <0.001

Aminosalicylates 0.542 2.593 <0.001

Systemic corticosteroids 0.3445 1.143 <0.001

Local corticosteroids 0.413 0.741 0.201

Immunosuppressants 0.031 1.563 <0.001

Biologics 0.363 1.924 0.001

Antipropulsives 1.102 0.333 0.037

Antibiotics 0.197 0.208 0.858

Antimicrobials 0.031 0.060 0.388

Antiinflammatory 0.579 0.590 0.955

Analgesics 2.143 1.724 0.474

Boldface denotes significance at the 5% significance level

Table 4 Comparison of UC-
related hospitalization and medi-
cation costs (€) in matched
cohorts

Matched surgery
patients (N = 76)

Matched non-surgery
patients (N = 114)

P-value

Hospitalization costs PPY (€) 1955.5 419.6 <0.001

UC 1136.4 226.4 <0.001

Other 2041.5 309.3 <0.001

Medication costs PPY (€) 1380.4 7817.4 <0.001

Biologics 2151.7 6519.9 <0.001

Other 536.8 1031.1 <0.001

Hospitalization + medication costs PPY (€) 3335.8 8237.0 0.003

Index hospitalization excluded for patients who underwent surgery. Boldface denotes significance at the 5%
significance level
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relevance of surgical costs, showing that UC mean daily costs
between 2005 and 2018 were lower compared to 1998 and
2004 due to decreases in colectomies and other gastrointesti-
nal hospitalization costs [29]. Similarly, a longitudinal study
using data from an hospital in Canada showed that adjusted
costs were higher for patients who underwent colectomy com-
pared to medically responsive patients [22].

The results of this study present several weaknesses.
Although indications for surgery and medical treatment are
different, PSM enhanced comparability of cohorts achieving
balance in terms of observable baseline characteristics.
However, residual unobservable factors may be biasing the
results. Under the assumption that observable characteristics
proxy for unobservable factors, the bias due to selection on
non-observables is minor. In addition, small sample sizes
prevented subgroup analyses by type of surgery. Patients in-
cluded in the study underwent different procedures, including
colectomy, which is not recommended by guidelines for UC
patients. While this is in line with the aim of describing pa-
tients’ outcomes in real-world clinical practice, more research
is warranted to investigate costs and HCRU in patients who
underwent total proctocolectomy with IPAA. Furthermore,
the data did not provide information on laboratory results, cost
of outpatient physicians, clinical data on disease activity and
patients’ well-being and psychosocial impairments. Potential
medical interventions received by patients, such as participa-
tion in clinical trials, and interventions that do not qualify for
medical claims were also not captured in the analysis. No
information was available on whether the treating center was
high or low volume in UC surgery, which may impact the
performance of surgery. Lastly, data from AOK PLUS repre-
sent approximately 5% of the German population insured by
statutory health insurance and are geographically restricted to

Saxony and Thuringia, which may produce regional bias.
However, as the German system is characterized by uniform
healthcare regulations and access to health resources, this bias
is assumed to be small.

Conclusions

While we do not make recommendations against surgery, this
paper provides evidence of a considerable patient burden in UC
following surgery, resulting from complications and possible
pouch problems or exacerbation of the disease in cases of
colectomy. Surgery patients were found to rely significantly
more on inpatient treatment than non-surgery patients and
had an increasing need for medical treatment over time.
These long-term unintended consequences of surgery are re-
flective of real-world standard of care practices, which may
deviate from guidelines and included the use of colectomy.
This is important both for UC treatment decisions and for eval-
uation of the cost-effectiveness of new interventions and sur-
gery for UC.
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