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Abstract 

Background: Intermittent catheterization (IC) is a common medical technique to drain urine from the bladder when 
this is no longer possible by natural means. The objective of this study was to evaluate the standard of care and the 
burden of illness in German individuals who perform intermittent catheterization and obtain recommendations for 
improvement of care.

Methods: A descriptive study with a retrospective, longitudinal cohort design was conducted using the InGef 
research database from the German statutory health insurance claims data system. The study consisted of individuals 
with initial IC use in 2013–2015.

Results: Within 3 years 1100 individuals with initial IC were identified in the database (~ 19,000 in the German 
population). The most common IC indications were urologic diseases, spinal cord injury, Multiple Sclerosis and Spina 
Bifida. Urinary tract infections (UTI) were the most frequent complication occurring 1 year before index (61%) and 
in follow-up (year 1 60%; year 2 50%). Resource use in pre-index including hospitalizations (65%), length of stay 
(12.8 ± 20.0 days), physician visits (general practitioner: 15.2 ± 29.1), prescriptions of antibiotics (71%) and healthcare 
costs (€17,950)  were high. Comorbidities, complications, and healthcare resource use were highest 1 year before 
index, decreasing from first to second year after index.

Conclusions: The data demonstrated that prior to initial catheterization, IC users experienced UTIs and high health-
care utilization. While this demonstrates a potential high burden of illness prior to initial IC, UTIs also decreased over 
time, suggesting that IC use may have a positive influence. The findings also showed that after the first year of initial 
catheterization the cost decreased. Further studies are needed to better understand the extent of the burden for IC 
users compared to non-IC users.
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Background
In the early 1970’s Jack Lapides published on the use of 
clean intermittent catheterization (IC) and frequent void-
ing patterns to achieve bladder health [1]. Today, IC is 
a common medical technique to drain urine from the 

bladder. The catheterization can be performed by the 
individuals themselves, referred to as intermittent self-
catheterization (ISC), or alternatively by caregivers. IC 
can be applied either for short term bladder-management 
or as a long-term solution. If the bladder is not emptied 
regularly, permanent damage to the bladder and kidneys 
and infections may be caused [2]. Therefore, IC is gen-
erally performed multiple times daily. IC is considered 
the “gold standard” for medical bladder emptying for 
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individuals with bladder retention and is recommended 
for individuals with lower urinary tract dysfunction or 
neurological conditions leading to urological conditions 
[3].

Multiple Sclerosis (MS), spinal cord injury (SCI) and 
Spina Bifida (SB) are the more common neurological 
conditions, and the underactive bladder is the predomi-
nant urological indication for the implication of IC. IC 
may improve the incontinence, but it is not a treatment 
for this [4]. The correct use of intermittent catheteriza-
tion and strict compliance with hygiene instructions 
should avoid negative effects of continuous long-term 
catheterization, however, still a major complication of 
catheterization is the increased risk of developing a uri-
nary tract infection (UTI). Other common complications 
can be urethral strictures, bladder stones or other infec-
tions [5–7]. To counteract and/or prevent UTIs, a com-
mon therapy is antibiotics, which are prescribed for acute 
and prophylactic use [8].

The objective of this study was to evaluate the standard 
of care and the burden of illness in German individuals 
who perform IC. We are among the first who investigate 
the comprehensive patient pathway of patients who per-
form IC. In order to evaluate the state of the current care 
situation, demographic data, indications, comorbidities, 
complications and critical events, therapeutic measures 
and cost dynamics were mapped for a period of 1  year 
before and 2  years after initial IC. This study provides 
real-world evidence on IC use, which may be used to 
derive recommendations for improvement of care in this 
cohort.

Construction and content

Study design and participants
A descriptive study with a retrospective, longitudinal 
cohort design was conducted obtaining claims data from 
the InGef research database containing approx. 5 mil-
lion member-records from over 60 (from a total of 118) 
nationwide statutory health insurances (SHIs). This 
equals a 5%-sample of the German population with a 
projection factor of 16.86 (2012–2017: 81,654,166 total 
German population/ 4,844,101 patients in database). 
The analysis was performed at the InGef—Institute for 
Applied Health Research Berlin GmbH.

Approximately 90% of the German population is 
insured in SHIs, hence these sources of data are highly 
representative of the care reality in Germany. All data are 
anonymized before entering the database. The sample is 
representative of the German population in terms of age 
and sex and is widely used for real-world evaluation [9]. 
The study followed the guidelines of “Good Practice Sec-
ondary Data” [10].

Data was available from 2012 to 2017. Individuals with 
initial IC use were identified between January 2013 and 
December 2015, with the date of IC prescription (Ger-
man medical aid list 15.25.14*) referred to as the index 
day. Baseline was 12  months (365  days) before index. 
Total follow-up period was 24 months (divided in 2 years 
of follow-up (FP): FP1 and FP2). To ensure initial IC use, 
individuals with IC prescriptions prior to index (mini-
mum 365  days) were excluded from the analysis. Indi-
viduals not continuously insured were excluded from the 
analysis to avoid missing data and loss to follow-up. Also 
excluded were individuals with unspecific coding and 
individuals with more than one IC prescription at index. 
Individuals who died during the follow-up period were 
included in the analysis and observed until day of death 
(Fig. 1).

2016 2017

Follow-up period

FP2: 
365 days

Baseline Indexing Period

2013 / 2014 / 2015

FP1: 
365 days

Index: day of initial IC 
prescription

2012

Pre-index: 
-365 days

Fig. 1 Study design
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Outcomes
To describe the SHI claims data study population basic 
demographic information (age, sex, mortality, indications 
for IC use) was extracted for all identified individuals. 
Indications for IC (based on an ICD-10 GM diagno-
sis) were: Parkinson, MS, stroke, SB, SCI, other injuries 
affecting the spinal cord, other causes of paralysis and 
urologic diseases (various incontinences: stress, reflex, 
overflow, urge, extraurethrale, recurrence, unspecified; 
urinary retention, anuria and oligory, polyuria). Various 
ICD-10-GM codes were summarized to build the spe-
cific indication groups—see Additional file 1: Appendix. 
Outcomes in baseline and follow-up period measured 
were: comorbidities and complications, pre-defined criti-
cal events, therapy modalities including prescription of 
pre-defined medication and catheters, physician visits, 
hospitalizations and readmissions. Specific groups per 
outcome were also build here based on different code 
summaries and/or combinations—see Additional file  1: 
Appendix. In addition, direct healthcare costs, sickness 
benefits and sick leave days were observed.

Office-based physicians were classified according to 
their medical specialty using the “Arztgruppenschlüssel 
(AGS)”. “GP” was used for physicians practicing as gen-
eral practitioners based on AGS 1, 2, 3, 34. “Psychother-
apy” was used for physicians practicing as psychiatrists 
and medical psychotherapists based on AGS 51, 53, 58, 
61 and 68. Comorbidities and complications, indications 
and critical events were identified based on the Interna-
tional Statistical Classification of Diseases and Related 
Health Problems,  10th Revision, German Modification 
(ICD-10-GM) corresponding to the specific inpatient 
primary or secondary or outpatient secured diagnosis in 
the quarter of index.

Medical aids including specific catheters were identi-
fied using chapter 15.25* of the German medical aid list. 
Remedies, such as physiotherapy are listed within the 
‘Heilmittelkatalog’. Outpatient medication were identified 
based on prescriptions, which are documented at the day 
the prescription is handed in at the pharmacy. Medica-
tion is documented based on the anatomical-therapeu-
tic-chemical classification system (ATC). Procedures 
according to IC were identified via the catalogue for out-
patient services, the “Einheitlicher Bewertungsmaßstab” 
(EBM) (see Additional file 1).

Healthcare costs were reported for the following cat-
egories: total healthcare costs, inpatient, outpatient, 
medical aids and remedies, medication, sickness benefit 
and sick days. In Germany, sickness benefits funded by 
the SHI are available after more than 6 weeks of inabil-
ity to work. The amount of sickness benefits is calculated 
based on the regular income. The analysis was descrip-
tive for all outcomes and reported using frequencies and 

percentages for categorical variables, counts, means, 
medians, 1st quartile and 3rd quartile and standard 
deviations (SD) for continuous variable. Data protection 
requirements established by the board of SHIs prevented 
the reporting of data from a sample size < 5 (other than 
0) and were marked as such. For data storage and pro-
cessing, Microsoft Office Excel® 2010 (Microsoft Corpo-
ration, WA, USA) and SAS® (Version 9.2; SAS Institute 
Inc., NC, USA) were used.

Results
Study population, demography, comorbidities, 
complications and critical events
Within the analyses 2450 individuals with initial IC use 
were found in the indexing period 2013 to 2015 (Fig. 2). 
After excluding IC use before index (n = 956), 15 indi-
viduals with multiple IC prescriptions at index and 379 
individuals with unspecific coding, 1100 individuals 
with initial IC use remained. Projected to the German 
population this means there were 18,846 individuals ini-
tially using IC in Germany within 3  years. The number 
of initial IC users was evenly distributed over the years 
at approx. 370 individuals each year, which is about 6238 
projected to German population.

Males made up 46% of the study population. On aver-
age IC users were 57  years old, the oldest IC user was 
98  years old, the youngest not yet 1  year. During the 
2-year observation period 12% of the study population 
died (130 out of 1100 all-cause mortality), mostly within 
FP1. The most common IC indications were urologic dis-
eases at 47%, which included prostate/bladder/kidney 
diseases, followed by SCI at 16% and other injuries affect-
ing the spinal cord, like para-/tetraparesis, hemiparesis/-
plegia and myelopathy at 12%. Further indications were 
MS (10%), other causes of paralysis (6%) including cer-
ebral palsy and similar, spina bifida (4%), stroke (4%) and 
Parkinson’s Disease (3%) (Table 1).

Common comorbidities and complications in pre-
index were urologic diseases (87%), UTI (61%), other 
infections that are not related with the urinary tract 
(34%), catheter related complications (30%) and other 
urinary infections (14%) (see Additional file  1). The 
prevalence of comorbidities and complications was 
highest in pre-index; comparing pre- and post-index 
the occurrence of comorbidities and complications 
decreased by around 10% each. Similarly, critical 
events were highly prevalent prior to index (58%) and 
decreased post-index (47%). Before initial IC use, half 
of the individuals had an UTI diagnosis in combination 
with at minimum one outpatient or inpatient urologic 
procedure, including urethroscopy, urine examina-
tion and other diagnostic measures. Half of the cohort 
had a UTI diagnosis in combination with at minimum 
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one prescription of antibiotics; 40% received antibiot-
ics prophylactically. Before initial IC use, 22% of the 
individuals experiencing non-urinary tract infections 
received antibiotics and 10% prophylactic antibiot-
ics; the prevalence decreased by 5% during follow-up. 
Approximately every tenth individual had documenta-
tion of the ICD-10 diagnosis code; antibiotic resistance 
(Table 2).

Therapies
In pre-index and FP1 92% of the IC users received at 
least one prescription of medication (Table  3). In FP2, 
prescription rates decreased marginally. In pre-index 
the majority (71%) received at least one prescription of 
antibiotics; prophylactic antibiotics were given to 48% 
of the IC users. Around two thirds received medication 
to treat functional disorders of the bladder including 

Exclusion of individuals with 
more than one IC at index 

n = 15

All individuals in database 
in 2012-2017 
n = 4.844,101

Exclusion of not continuously 
insured individuals

n = 1.238,702

Continuously insured 
individuals 2012-2017

n = 3.605,399

Exclusion of individuals with no 
initial IC (at least 1 year before 

index) in 2013, 2014 and/or 2015
n= 956

Individuals with IC in 2013, 
2014 and/or 2015

n = 2,450

Individuals with initial IC in 
2013, 2014 and/or 2015

n = 1,494

Exclusion of individuals with “not 
defined” coded IC at index

n = 379

Study population of initial 
IC users

n = 1,100

2013: 387 individuals
2014: 341 individuals
2015: 372 individuals

Fig. 2 Patient flow
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anticholinergics, phosphodiesterase inhibitors and simi-
lar, 41% pain medication and 24% antidepressants. In FP2 
the prescription rate decreased marginally or remained 
stable. About every fifth IC user continuously obtained 
antibiotics and/or pain medication in each quarter of 
the same year. Two years after initial IC use, 50% of the 
individuals still had IC prescriptions (average usage time 
334 days). IC users received around seven IC prescription 
during the follow-up period (approx. one prescription 
per quarter).

Hospitalization rates were highest in pre-index at 65%; 
18% were hospitalized due to a urologic disease, 5% due 
to UTI and 3% because of another infection (see Addi-
tional file 1). 41% were re-hospitalized for a second stay 
within the same year. The average length of stay was 
13 days regarding all stays and eight days regarding UTI. 
Comparing pre- and post-index, hospitalizations and re-
admissions decreased by around 20%, the average length 
of stay decreased by 4.4  days regarding all stays and by 
1.1 days regarding UTI. The GP was most frequently con-
tacted healthcare professional, followed by the urologist. 
A GP was visited on average 15.7 times per year, a urolo-
gist 5.2 and a psychotherapist 2.5 times (Table 4).

Costs
Total healthcare costs per individual and year ranged 
between ~ €18,000 and €22,000 with a peak visible in 
the year of initial IC use. Cost drivers were inpatient 
costs ~ €6000 to €11,000, aids and remedies ~ €2000 to 
€11,000 and medication at ~ €3500. Inpatient costs and 
sick pay decreased by more than half comparing pre- and 

post-index; sick days decreased by 7.5 days. Costs for aids 
and remedies more than quintupled comparing pre- and 
post-index. Medication and outpatient costs including 
antibiotics and pain medication remained consistent over 
time (Table 5).

Discussion
Discussion of findings
We are among the first to study a 3-year observation 
period including time before and after initial IC. More-
over, as studies on IC with larger samples sizes are rare, 
we present highly relevant findings to depict the reality 
of care in IC users. Our study is consistent with other 
published literature describing the profile of IC users 
[11, 12]. The relative prevalence of the urologic diseases 
represented in our dataset are similar to that reported in 
the guideline for management and implementation of IC 
[26] and other published studies [13, 27]. Notably, several 
diagnoses in the group of urologic diseases stem from 

Table 1 Demographics/characteristics of IC patients at index

Indications for intermittent catheterization (IC) based on diagnosis in follow-up 
year 1 (FP1) (inpatient primary/secondary or outpatient secured diagnosis). 
(double count possible—15 patients have more than one diagnosis)

*All-cause mortality

**Indication groups based on ICD-10 codes—see Additional file 1: Appendix

IC total

Total, n (%) 1100

Male, n (%) 511 (46)

Age in years, mean ± standard derivation 57.3 ± 20.9

Mortality, n (%)* 130 (12)

Indications, n (%)**

 Urologic diseases 516 (47)

 Spinal Cord Injury 180 (16)

 Other injuries affecting the spinal cord 134 (12)

 Multiple Sclerosis 107 (10)

 Other causes of paralysis 63 (6)

 Stroke 40 (4)

 Spina Bifida 45 (4)

 Parkinson 30 (3)

Table 2 Number of patients with specific comorbidities, 
complications and critical events per year

Comorbidities, complications and critical events based on specific inpatient 
primary/secondary or outpatient secured diagnosis. Patients are initiating IC 
at index, however it is possible they have had indwelling catheters or other 
therapies in the pre-index period. Critical events: diagnosis of UTI/ other 
infection and in the same quarter one of the combinations. Prophylactic 
antibiotics: prescriptions in at least two quarters of the same year

IC intermittent catheterization, FP follow-up, UTI urinary tract infection

*Comorbidities/complication groups based on ICD-10 codes—see additional 
file 1: Appendix

**Critical events based on combinations of ICD-10 codes and/or ATC codes and/
or EBM codes—see Additional file 1: Appendix

PRE-INDEX POST-INDEX

Pre-Index FP 1 FP 2

IC Total, n 1100 1100 1025

Comorbidities and complications, n (%)*

 Urologic diseases 962 (87) 935 (85) 840 (82)

 UTI 669 (61) 662 (60) 515 (50)

 Other infections 375 (34) 365 (33) 253 (25)

 Catheter related complications* 325 (30) 303 (28) 232 (23)

 Other urinary infections 153 (14) 130 (12) 101 (10)

 Urethral bleeding 119 (11) 82 (7) 77 (8)

 Urinary stricture 18 (2) 21 (2) 8 (1)

Critical events, n (%)**

 UTI & antibiotics 548 (50) 544 (49) 398 (39)

 UTI & prophylactic antibiotics 440 (40) 428 (39) 290 (28)

 UTI & antibiotic resistance 82 (7) 67 (6) 39 (4)

 UTI & fever 32 (3) 39 (4) 20 (2)

 UTI & urologic procedure 580 (53) 560 (51) 431 (42)

 UTI & any of the above 633 (58) 619 (56) 481 (47)

 Other infection & antibiotics 245 (22) 251 (23) 180 (18)

 Other infection & prophylactic anti-
biotics

166 (15) 172 (16) 112 (11)
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conditions such as SCI, MS and/or spina bifida. Despite 
the prevalence of these chronic conditions, our data also 
found that every second user stopped IC after 1  year. 
This is consistent with other published studies where the 
recovery of the bladder function was a common reason 
for stopping IC [11].

The most common complication evident in IC users 
was recurrent UTIs, which is  considered a severe com-
plication [2, 13]. The highest prevalence of comorbidi-
ties, complications, and critical events, including UTI, 
was recorded before initial IC use, which may suggest 
that patients are experiencing inadequate bladder man-
agement prior to initiating IC. UTI rates decreased when 
comparing pre- and post-index, which is in line with 
previously published hypotheses that IC does not nec-
essarily lead to UTI and may have a positive impact on 
UTIs overtime [2, 6, 14]. This positive impact is further 
emphasized by the decrease of complications during FP1 
and FP2. IC is also recommended by the National Insti-
tute of Health and Care Excellence (NICE) which claims 
IC reduces the risk of UTIs and maintains bladder health 
[15].

The high illness burden was also visible in elevated hos-
pitalization rates, length of stay and readmission rates. 

The main reasons for hospitalization were urologic dis-
eases and UTI. UTIs have been shown to increase the 
number of hospital admissions and length of stay [7]. 13% 
of the German population (compared to 50% of IC users 
in our study) have at least one hospital stay per year [16] 
and stay for on average of 7.3 days (compared to 10 days 
of IC users in our study) [17].

The main contact physician was the GP, followed by the 
urologist. Individuals who perform IC were associated 
with a mean of 16 GP visits per year. Approximately one 
third visited a psychologist per year (before and after ini-
tial IC use). While the data does not describe the reasons 
for those visits, this underscores additional cost burden 
to the healthcare system.

The daily life of IC users was influenced by the pre-
scription of many drugs. Medication for functional dis-
order of the bladder includes anticholinergics, which 
are usually given to paraplegic patients, leading to a 
reduction of the contractility of the detrusor [18]. Com-
paring our data to the overall German population, pre-
scription rates of antibiotics are particularly high (30% 
German population vs. on average 70% IC users in our 
database) [19]. While prophylactic antibiotics are asso-
ciated with a reduction of the frequency of UTI, they 

Table 3 Number of patients with specific therapies per year

Prophylactic antibiotics: prescriptions in at least two quarters of the same year. Supplements & herbal anti-infectives are OTCs

IC intermittent catheterization, FP follow-up period, OTC over-the-counter-drug

*Medication groups based on ATC codes—see Additional file 1: Appendix

**Based on medical aid number 15.25.14—see Additional file 1: Appendix

PRE-INDEX POST-INDEX

Pre-index FP 1 FP 2

Total, n 1100 1100 1025

Medication: at least one prescription of specific medication, n (%)*

 Total 1010 (92) 1010 (92) 916 (89)

 Antibiotics 783 (71) 809 (74) 670 (65)

 Medication for functional disorder of the bladder 686 (62) 674 (61) 564 (55)

 Prophylactic antibiotics 533 (48) 575 (52) 424 (41)

 Pain medication 452 (41) 474 (43) 424 (41)

 Antidepressants 266 (24) 288 (26) 255 (25)

 Muscle relaxants 135 (12) 102 (9) 113 (11)

 Supplements & herbal anti-infectives 105 (10) 120 (11) 92 (9)

 Sleep aids 72 (7) 87 (8) 69 (7)

 Sterile rinsing of the bladder 35 (3) 43 (4) 28 (3)

Continuous medication: at least one prescription of specific medication in each quarter of the same year, n (%)

 Antibiotics 122 (11) 168 (15) 118 (12)

 Pain medication 112 (10) 131 (12) 112 (11)

 Total disjunct 239 (22) 297 (27) 228 (22)

IC catheter prescription, n (%)**

 IC catheter – 1100 (100) 525 (48)

 Mean number of IC prescription/ IC user – 4.22 5.81
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are also associated with increasing antimicrobial resist-
ance [8]. Bacteria in urine are often immediately misi-
dentified as UTI and treated with antibiotics, regardless 
of suitability and possible resistances [20]. Thus, anti-
biotic therapy should only be used in case of sympto-
matic or clinically relevant UTI [26]. Further education 
regarding the benefits and risks associated with pre-
scribing antibiotics is important given emergence of 
resistant urinary pathogens as a public health concern 
[21].

The high illness burden is also reflected in that IC 
users are incurring on average approximately €20,000 
per year in healthcare spend. This is compared to the 
2018 average health costs per SHI member in Germany 

were at €4200 [22]. Overall, we found that healthcare 
costs remained relatively stable with an increase at the 
year of initial IC use but a decrease in FP2. While costs 
of aids and remedies increase, inpatient costs, sick pay 
and sick days decreased during follow-up, suggesting 
that individuals using IC found ways to successfully 
manage and address their clinical complications. Medi-
cation costs including costs for pain medication and 
antibiotics mostly levelled off overtime and continue 
for the disease management. These findings are sup-
ported by studies that demonstrate that using IC led 
to cost reductions due to lower complication-rates and 
use of healthcare resources [2]. Several studies have 
further demonstrated how IC is associated with posi-
tive health and quality of life outcomes. IC has been 
shown to promote an individual’s independence, pre-
serve his/her dignity and reduces embarrassment. IC 
allows people to partake in leisure activities, and gives 
freedom from obstructive devices, and helps improve/
maintain sexual/intimate relationships [14, 23].

The data suggests that IC users start with a high burden 
of illness. Overtime, while they can successfully manage 
their condition, it comes at a cost to the healthcare sys-
tem. Thus, to mitigate those costs and further support 
better outcomes, IC users should have continued access 
to products and therapies that best meet their unique 
bladder management needs [2]. Böthig et  al. state, it is 
not medically justified to limit the frequency of cath-
eterization, product type or product access due to the 

Table 4 Number of patients with hospitalizations and 
readmissions per year//physicians

Patients are initiating intermittent catheterization (IC) at index, however it is 
possible they have had indwelling catheters or other therapies in the pre-index 
period

FP follow-up, UTI urinary tract infection

*Groups based on ICD-10 codes—see Additional file 1: Appendix

**Physicians based on AGS codes—see Additional file 1: Appendix

PRE-INDEX POST-INDEX

Pre-Index FP 1 FP 2

Total, n 1100 1100 1025

Hospitalizations, n (%)

 Total 711 (65) 558 (51) 445 (43)

Due to catheter related complications (inpatient primary diagnosis)*

 Urologic diseases 203 (18) 121 (11) 76 (7)

 UTI 56 (5) 56 (5) 29 (2)

 Other infections 36 (3) 45 (4) 24 (2)

Readmission, n (%)

 Total 454 (41) 295 (27) 224 (22)

Due to a specific reason*

 Urologic diseases 163 (15) 89 (8) 55 (5)

 UTI 48 (4) 41 (4) 24 (2)

 Other infections 31 (3) 34 (3) 17 (2)

Length of stay in days, mean ± standard derivation (SD)/median (med)

 Mean ± SD/med 12.8 ± 20.0/7 8.0 ± 8.0/6 8.4 ± 11.7 /5.3

Length of stay due to UTI, ± standard derivation

 Mean ± SD/med 7.8 ± 6.5/6 5.4 ± 2.8/5 6.7 ± 5.5/5

Physician visits, n (%)**

 General practitioner 1077 (98) 1077 (98) 996 (97)

 Urologist 742 (67) 780 (71) 653 (64)

 Psychotherapist 365 (33) 392 (36) 343 (33)

Specific outpatient physician contacts per individual, mean ± standard 
derivation (SD)/median (med)

 General practitioner 15.2 ± 29.1/6 16.4 ± 31.1/7 15.6 ± 29.5/7

 Urologist 5.3 ± 7.0/3 5.9 ± 7.0/4 4.5 ± 5.6/3

 Psychotherapist 2.4 ± 10.5/0 2.5 ± 11.3/0 2.4 ± 10.1/0

Table 5 Average costs per IC user per year

FP follow-up, UTI urinary tract infection, ER emergency room

*based on ICD-10 codes—see Additional file 1: Appendix

**Based on ATC codes—see Additional file 1: Appendix

***Average amount (€) of health care costs per IC user

PRE-INDEX POST-INDEX

Pre-Index FP 1 FP 2

Total, n 1100 1100 1025

Overall healthcare costs in € per individual

 Outpatient sector 1355 1390 1351

 Inpatient sector 10,738 6943 4370

  Due to emergency stays 3646 2529 1623

  Due to UTI* 225 121 111

  ER stay due to UTI* (primary 
diagnosis)

146 75 49

 Medication** 3298 3509 3165

  Pain medication 141 171 174

  Antibiotics 57 60 47

 Medical aids and remedies 2063 9949 11,036

 Sick pay (sick days) 496 (17.3) 627 (17.6) 247 (9.8)

 Total healthcare costs*** 17,950 22,418 20,168
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economic burden [26]. Thus, IC users should have access 
to physician specialists, like neuro-urologists, and spe-
cialized care centers who will tailor their care to each 
individual. Further research is needed to better under-
stand this patient population and explore more deeply 
into the causes that underlie their high burden of illness 
prior to initial intermittent catheterization.

Strength and limitations
This study’s major strength is the availability of data 
before and after initial IC and a large sample size. The 
multitude of available endpoints within this representa-
tive sample of the German population provides valuable 
insights into the reality of care and costs as experienced 
by individuals with IC. Approximately 90% of the Ger-
man population is insured in SHIs, hence these sources 
of data are highly representative of the care reality in 
Germany. The sample is representative of the German 
population in terms of age and sex and is widely used for 
real-world evaluation [9]. SHI claims data analysis is an 
established procedure in health care research and inter-
nationally recognized [9].

This retrospective study is based on SHI claims data, 
which is recorded for the primary purpose of billing. 
Hence, this source of data is limited in terms of primary 
information by physicians and individuals themselves 
and does not depict costs that are paid out-of-pocket 
or not SHI-born [24]. Furthermore, the database does 
not differentiate between individuals performing of self 
IC vs. those who need assistance. Research focusing on 
the implications between self and assisted IC is neces-
sary. Moreover, the database does not specify the quan-
tity of catheters that were prescribed per patient. As 
such, prescriptions are representative only of patient 
access to product. The data collected represents results 
for Germany and treatment patterns and costs may dif-
fer in other countries, therefore the generalizability of the 
data is unknown. Moreover, this is a database of health-
care claims, actual costs to the healthcare system may 
be lower if there are contractual payment agreements. 
However, this study provides directional insights to the 
economic burden within the healthcare system. As with 
all real-world registries, the data presented is depend-
ent on the quality and completeness of the data avail-
able [25]. Finally, due to the retrospective nature of the 
study, we cannot make any correlations of causation, only 
associations.

Conclusion
The data demonstrated that prior to initial catheteri-
zation, IC users experienced high healthcare utiliza-
tion. Moreover, IC users showed a high burden of 

illness even before initial catheterization as indicated 
by comorbidities and complications such as UTIs. 
However, UTIs also decreased over time which sug-
gests that IC technique may have a positive influence. 
The findings also showed that after a peak in the ini-
tial year of catheterization, healthcare costs decreased 
again in the second year of follow-up. Further studies 
are needed to further understand the extend of the bur-
den for IC users compared to non-IC users.

Abbreviations
AGS: Arztgruppenschlüssel; ATC : Anatomical-therapeutic-chemical-classifi-
cation system; EBM: Einheitlicher Bewertungsmaßstab; ER: Emergency room; 
FP: Follow-up; GP: General practitioner; IC: Intermittent catheterization; ICD-
10(-GM): International Statistical Classification of Diseases and Related health 
Problems, 10th Revision, (German Modification); ICPE: Interdisciplinary Center 
Psychopathology and Emotion regulation; InGef: Institute for Applied Health 
Research Berlin GmbH; ISC: Intermittent self-catheterization; OTC: Over-the-
counter-drug; MS: Multiple Sclerosis; NICE: National Institute of Health and 
Care Excellence; Psych: Psychotherapy; SB: Spina Bifida; SCI: Spinal cord injury; 
SD: Standard derivation; SHI: Statutory health insurance.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12894- 021- 00814-7.

Additional file 1: Appendix. The appendix clusters our subgroups and 
shown with codes are included in the respective group.

Acknowledgements
Not applicable.

Authors’ contributions
Conception and design were realized by JG and GI. The data were required by 
BL and LI, besides the statistical analysis. The data were analysed, interpreted, 
and revised by JG, GI, AA, BL and LI. AA also was responsible for the parts that 
required deep medical expertise. The project was administrated by JG. All 
authors read and approved the final manuscript.

Funding
Financial support for the SHI claims data study was received from Hollister 
Incorporated. Hollister Incorporated was involved in reviewing the study 
design, in the interpretation of data and writing the manuscript. Data collec-
tion and analysis were done independently.

Availability of data and materials
The datasets analysed during the current study are available from the Institute 
for Applied Health Research Berlin (InGef ) (ed.fegni@ofni), on reasonable 
request.

Declarations

Ethics approval and consent to participate
Permission of the study by SHIs was ensured by the Institute for Applied 
Health Research Berlin GmbH (InGef ). Due to the sensitivity of the data and 
data protection regulations, the analysis datasets of the current study will not 
be shared or stored at a public repository. The analysis did not involve any 
decisions regarding interventions or the omission of interventions. Accord-
ingly, institutional review board/ethical approval and informed consent of 
the individual were not required. Moreover, all individual patient data are 
de-identified in the research database to comply with German data protection 
regulations. Patient numbers below five were not reported.

https://doi.org/10.1186/s12894-021-00814-7
https://doi.org/10.1186/s12894-021-00814-7


Page 9 of 9Angermund et al. BMC Urol           (2021) 21:57  

Consent for publication.
Not applicable.

Competing interests
L. Iserloh and B. Libutzki are employees of HGC Healthcare Consultants GmbH, 
which received funding from Hollister Incorporated to conduct this study. J. 
Goldstine and G. Inglese are employees of Hollister Incorporated. The authors 
declare that they have no competing interests.

Author details
1 Department of Neuro-Urology, Schön Clinic, Vogtareuth, Germany. 2 Hollister 
Incorporated, 2000 Hollister Drive, Libertyville, IL 60048-3781, USA. 3 HGC 
Healthcare Consultants GmbH, Düsseldorf, Germany. 4 Department of Psychia-
try, Interdisciplinary Center Psychopathology and Emotion Regulation (ICPE), 
University of Groningen, University Medical Center Groningen, Groningen, The 
Netherlands. 

Received: 17 November 2020   Accepted: 17 March 2021

References
 1. Lapides J, Diokno AC, Silber SJ, Lowe BS. Clean, intermittent self-catheter-

ization in the treatment of urinary tract disease. J Urol. 1972;107(3):458–
61. https:// doi. org/ 10. 1016/ s0022- 5347(17) 61055-3 (PMID: 5010715).

 2. Lamin E, Newman D. Clean intermittent catheterization revisited. Int Urol 
Nephrol. 2016;48(6):931–9. https:// doi. org/ 10. 1007/ s11255- 016- 1236-9.

 3. Vahr S, Cobussen-Boekhorst H, Eikenboom J, Geng V, Holroyd S, Lester M, 
Pearce I, Vandewinkel C. Katherisatie: intermitterend urethraal katheteris-
eren bij volwassenen en intermitterend urethraal dilateren bij volwas-
senen. Arnhem; Nederland: EAUN, European Association of Urology 
Nurses; CV&V, Continentie Verpleegkundigen en Verzorgenden. 2013.

 4. Blok B, Castro-Diaz D, Del Popolo G, Groen J, Hamid R, Karsenty G, Kessler 
T, Pannek J. EAU Guidelines on Neuro-urology, 2020 ed. ISBN 978-94-
92671-07-3. https:// www. uroweb. org/ guide line/ neuro- urolo gy/.

 5. Edokpolo LU, Stavris KB, Foster HE. Intermittent catheterization and 
recurrent urinary tract infection in spinal cord injury. Top Spinal Cord Inj 
Rehabil. 2012;18(2):187–92. https:// doi. org/ 10. 1310/ sci18 02- 187.

 6. Faleiros F, de Oliveira KC, Rosa T, Gimenes FRE. Intermittent catheteriza-
tion and urinary tract infection: a comparative study between Germany 
and Brazil. J Wound Ostomy Cont. 2018;45(6):521–6. https:// doi. org/ 10. 
1097/ WON. 00000 00000 000476.

 7. Fonte N. Urological care of the spinal cord-injured patient. J Wound 
Ostomy Continence Nurs. 2008;35(3):323–31. https:// doi. org/ 10. 1097/ 01. 
WON. 00003 19132. 29478. 17.

 8. Pickard R, Chadwick T, Oluboyede Y, et al. Continuous low-dose antibiotic 
prophylaxis to prevent urinary tract infection in adults who perform clean 
intermittent self-catheterisation: the AnTIC RCT. Health Technol Assess. 
2018;22(24):1–102. https:// doi. org/ 10. 3310/ hta22 240.

 9. Andersohn F, Walker J. Characteristics and external validity of the Ger-
man Health Risk Institute (HRI) Database. Pharmacoepidemiol Drug Saf. 
2016;25(1):106–9. https:// doi. org/ 10. 1002/ pds. 3895.

 10. Swart E, Gothe H, Geyer S, Jaunzeme J, Maier B, Grobe TG, Ihle P. Good 
practice of secondary data analysis (GPS): guidelines and recommenda-
tions. Gesundheitswesen. 2015;77(2):120–6. https:// doi. org/ 10. 1055/s- 
0034- 13968 15.

 11. Cobussen-Boekhorst H, Beekman J, van Wijlick E, Schaafstra J, van 
Kuppevelt D, Heesakkers J. Which factors make clean intermittent (self ) 
catheterisation successful? J Clin Nurs. 2016;25(9–10):1308–18. https:// 
doi. org/ 10. 1111/ jocn. 13187.

 12. Cameron AP, Wallner LP, Tate DG, Sarma AV, Rodriguez GM, Clemens JQ. 
Bladder management after spinal cord injury in the United States 1972 to 
2005. J Urol. 2017;184(1):213–7. https:// doi. org/ 10. 1016/j. juro. 2010. 03. 008.

 13. Wyndaele JJ. Self-intermittent catheterization in multiple sclerosis. Ann 
Phys Rehabil Med. 2014;57(5):315–20. https:// doi. org/ 10. 1016/j. rehab. 
2014. 05. 007.

 14. Nazarko L. Intermittent self-catheterisation: managing bladder dysfunc-
tion. Br J Nurs. 2013;22(18):20–2. https:// doi. org/ 10. 12968/ bjon. 2013. 22. 
Sup18. S20.

 15. National Institute of Health and care Excellence (NICE). Urinary incon-
tinence in neurological disease: management of lower urinary tract 
dysfunction in neurological disease. https:// www. nice. org. uk/ guida nce/ 
cg148.

 16. Robert Koch-Institut (RKI). Mammut-RKI-Studie: Wie oft und wie lange 
liegen die Deutschen im Krankenhaus? Germany. Accessed 9 Dec 2019. 
https:// www. clini calkey. com/ info/ de/ 2013/ 07/ 26/ mammut- rki- studie- 
wie- oft- und- wie- lange- liegen- die- deuts chen- im- krank enhaus/.

 17. Statista Research Department. Durchschnittliche Verweildauer im Krank-
enhaus in Deutschland. Statista. Accessed 9 Dec 2019. https:// de. stati sta. 
com/ stati stik/ daten/ studie/ 2604/ umfra ge/ durch schni ttlic he- verwe ildau 
er- im- krank enhaus- seit- 1992/.

 18. Nishtala PS, Salahudeen MS, Hilmer SN. Anticholinergics: theoretical and 
clinical overview. Expert Opin Drug Saf. 2016;15(6):753–68. https:// doi. 
org/ 10. 1517/ 14740 338. 2016. 11656 64.

 19. DAK-Gesundheit. Antibiotika-Report 2014. Eine Wunderwaffe wird 
stumpf: Folgen der Über- und Fehlversorgung. https:// www. dak. de/ dak/ 
downl oad/ volls taend iger- antib iotika- report- 2014- 21433 58. pdf.

 20. Gandhi T, Flanders SA, Markovitz E, Saint S, Kaul DR. Importance of urinary 
tract infection to antibiotic use among hospitalized patients. Infect Con-
trol Hosp Epidemiol. 2009;30(2):193–5. https:// doi. org/ 10. 1086/ 593951.

 21. Macgowan A, Macnaughton E. Antibiotic resistance. Br Dent J. 
2017;223(9):692. https:// doi. org/ 10. 1038/ sj. bdj. 2017. 958.

 22. Statistisches Bundesamt. Ausgaben der gesetzlichen Krankenversi-
cherung je Mitglied in €. http:// www. gbe- bund. de/ oowa9 21- insta ll/ servl 
et/ oowa/ aw92/ dboow asys9 21. xwdev kit/ xwd_ init? gbe. isgbe tol/ xs_ start_ 
neu/ &p_ aid= 3&p_ aid= 52238 306& nummer= 627&p_ sprac he= D&p_ 
indsp=- &p_ aid= 22479 640.

 23. Holroyd S. How intermittent self-catheterisation can promote independ-
ence, quality of life and wellbeing. Br J Nurs. 2018;27(Sup15):4–10. https:// 
doi. org/ 10. 12968/ bjon. 2018. 27. Sup15. S4.

 24. Schubert I, Köster I, Küpper-Nybelen J, Ihle P. Versorgungsforschung mit 
GKV-Routinedaten. Bundesgesundheitsblatt - Gesundheitsforschung 
- Gesundheitsschutz. 2008;51:1095–105. https:// doi. org/ 10. 1007/ 
s00103- 008- 0644-0.

 25. Prof. Dr. Neukirch B, Prof. Dr. Drösler S. Gutachten im Auftrag der Kas-
senärztlichen Bundesvereinigung—Evaluation der Kodierqualität von 
vertragsärztlichen Diagnosen. https:// www. kbv. de/ media/ sp/ 2014_ 11_ 
18_ Gutac hten_ Kodie rqual itaet. pdf.

 26. Böthig R, Geng V, Kurze I. Management and implementation of intermit-
tent catheterization in neurogenic lower urinary tract dysfunction. Int J 
Urol Nurs. 2017;11(3):173–81. https:// doi. org/ 10. 1111/ ijun. 12145.

 27. Doherty W. Indications for and principles of intermittent self-catheteriza-
tion. Br J Nurs. 1999;8(2):73–84. https:// doi. org/ 10. 12968/ bjon. 1999.8. 2. 
6714.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s0022-5347(17)61055-3
https://doi.org/10.1007/s11255-016-1236-9
https://www.uroweb.org/guideline/neuro-urology/
https://doi.org/10.1310/sci1802-187
https://doi.org/10.1097/WON.0000000000000476
https://doi.org/10.1097/WON.0000000000000476
https://doi.org/10.1097/01.WON.0000319132.29478.17
https://doi.org/10.1097/01.WON.0000319132.29478.17
https://doi.org/10.3310/hta22240
https://doi.org/10.1002/pds.3895
https://doi.org/10.1055/s-0034-1396815
https://doi.org/10.1055/s-0034-1396815
https://doi.org/10.1111/jocn.13187
https://doi.org/10.1111/jocn.13187
https://doi.org/10.1016/j.juro.2010.03.008
https://doi.org/10.1016/j.rehab.2014.05.007
https://doi.org/10.1016/j.rehab.2014.05.007
https://doi.org/10.12968/bjon.2013.22.Sup18.S20
https://doi.org/10.12968/bjon.2013.22.Sup18.S20
https://www.nice.org.uk/guidance/cg148
https://www.nice.org.uk/guidance/cg148
https://www.clinicalkey.com/info/de/2013/07/26/mammut-rki-studie-wie-oft-und-wie-lange-liegen-die-deutschen-im-krankenhaus/
https://www.clinicalkey.com/info/de/2013/07/26/mammut-rki-studie-wie-oft-und-wie-lange-liegen-die-deutschen-im-krankenhaus/
https://de.statista.com/statistik/daten/studie/2604/umfrage/durchschnittliche-verweildauer-im-krankenhaus-seit-1992/
https://de.statista.com/statistik/daten/studie/2604/umfrage/durchschnittliche-verweildauer-im-krankenhaus-seit-1992/
https://de.statista.com/statistik/daten/studie/2604/umfrage/durchschnittliche-verweildauer-im-krankenhaus-seit-1992/
https://doi.org/10.1517/14740338.2016.1165664
https://doi.org/10.1517/14740338.2016.1165664
https://www.dak.de/dak/download/vollstaendiger-antibiotika-report-2014-2143358.pdf
https://www.dak.de/dak/download/vollstaendiger-antibiotika-report-2014-2143358.pdf
https://doi.org/10.1086/593951
https://doi.org/10.1038/sj.bdj.2017.958
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=52238306&nummer=627&p_sprache=D&p_indsp=-&p_aid=22479640
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=52238306&nummer=627&p_sprache=D&p_indsp=-&p_aid=22479640
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=52238306&nummer=627&p_sprache=D&p_indsp=-&p_aid=22479640
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=52238306&nummer=627&p_sprache=D&p_indsp=-&p_aid=22479640
https://doi.org/10.12968/bjon.2018.27.Sup15.S4
https://doi.org/10.12968/bjon.2018.27.Sup15.S4
https://doi.org/10.1007/s00103-008-0644-0
https://doi.org/10.1007/s00103-008-0644-0
https://www.kbv.de/media/sp/2014_11_18_Gutachten_Kodierqualitaet.pdf
https://www.kbv.de/media/sp/2014_11_18_Gutachten_Kodierqualitaet.pdf
https://doi.org/10.1111/ijun.12145
https://doi.org/10.12968/bjon.1999.8.2.6714
https://doi.org/10.12968/bjon.1999.8.2.6714

	The burden of illness in initiating intermittent catheterization: an analysis of German health care claims data
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Construction and content
	Study design and participants
	Outcomes

	Results
	Study population, demography, comorbidities, complications and critical events
	Therapies
	Costs

	Discussion
	Discussion of findings
	Strength and limitations
	Conclusion

	Acknowledgements
	References


