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ABSTRACT
Objectives: Our aim was to provide nationwide age-
standardised rates (ASR) on the usage of endovascular
coiling and neurosurgical clipping for unruptured
intracranial aneurysm (UIA) treatment in Germany.
Setting: Nationwide observational study using the
Diagnosis-Related-Groups (DRG) statistics for the years
2005–2009 (overall 83 million hospitalisations).
Participants: From 2005 to 2009, overall 39 155
hospitalisations with a diagnosis of UIA occurred in
Germany.
Primary outcome measures: Age-specific and
age-standardised hospitalisation rates for UIA with the
midyear population of Germany in 2007 as the
standard.
Results: Of the 10 221 hospitalisations with UIA
during the observation period, 6098 (59.7%) and 4123
(40.3%) included coiling and clipping, respectively.
Overall hospitalisation rates for UIA increased by
39.5% (95% CI 24.7% to 56.0%) and 50.4% (95% CI
39.6% to 62.1%) among men and women,
respectively. In 2005, the ASR per 100 000 person
years for coiling was 0.7 (95% CI 0.62 to 0.78) for
men and 1.7 (95% CI 1.58 to 1.82) for women. In
2009, the ASR was 1.0 (95% CI 0.90 to 1.10) and 2.4
(95% CI 2.24 to 2.56), respectively. Similarly, the ASR
for clipping in 2005 amounted to 0.6 (95% CI 0.52 to
0.68) for men and 1.1 (95% CI 1.00 to 1.20) for
women. These rates increased in 2009 to 0.8 (95% CI
0.72 to 0.88) and 1.7 (95% CI 1.58 to 1.82),
respectively. We observed a marked geographical
variation of ASR for coiling and less pronounced for
clipping. For the federal state of Saarland, the ASR for
coiling was 5.64 (95% CI 4.76 to 6.52) compared with
0.68 (95% CI 0.48 to 0.88; per 100 000 person years)
in Saxony-Anhalt, whereas, ASR for clipping were
highest in Rhineland-Palatinate (2.48, 95% CI 2.17 to
4.75) and lowest in Saxony-Anhalt (0.52, 95% CI 0.34
to 0.70).
Conclusions: To the best of our knowledge, we
presented the first representative, nationwide analysis
of the clinical management of UIA in Germany. The
ASR increased markedly and showed substantial
geographical variation among federal states for all
treatment modalities during the observation period.

INTRODUCTION
Unruptured intracranial aneurysms (UIAs)
are a common cerebrovascular condition.
With an estimated prevalence of 2% in the
general population1 the number of indivi-
duals harbouring UIA would amount to ∼1.6
million individuals in Germany. Published
data of a nationwide inpatient database from
the USA showed a paradigm shift from surgi-
cal to endovascular UIA treatment.2 3

Furthermore, it was observed that endovascu-
lar aneurysm treatment is becoming increas-
ingly available in low volume centres.4 5

Despite these important changes, representa-
tive data on the usage of endovascular or sur-
gical UIA treatment in Germany are sparse.
Until now knowledge on the topic is mostly
based on data of the Nationwide Inpatient
Sample from the USA,2 3 6–9 which represents
a 20% stratified sample of US community
hospitals. Using Diagnosis-Related-Groups
(DRG) hospital data is a unique opportunity
to assess the nationwide management of UIA.
Our aim was to provide nationwide and

regional crude, age-specific and age-
standardised hospitalisation rates on the

Strengths and limitations of this study

▪ A major strength of this study is the large data
set, which includes virtually all German
hospitals.

▪ This allows a unique view at the current clinical
practice from a population-based viewpoint.

▪ We used routine hospitalisation data; we were
not able to fully address potential confounding
as some important clinical factors were not avail-
able in the data.

▪ We assessed comorbidity based on the coded
International Classification of Diseases, 10th
Edition (ICD-10) diagnosis, comorbidity may be
under-reported in the Diagnosis-Related-Groups
(DRG) statistics.

Walendy V, Stang A. BMJ Open 2017;7:e012294. doi:10.1136/bmjopen-2016-012294 1

Open Access Research

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012294 on 17 January 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjopen-2016-012294
http://dx.doi.org/10.1136/bmjopen-2016-012294
http://dx.doi.org/10.1136/bmjopen-2016-012294
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2016-012294&domain=pdf&date_stamp=2017-01-17
http://bmjopen.bmj.com
http://bmjopen.bmj.com/


usage of endovascular coiling and neurosurgical clipping
for the treatment of UIA in Germany from 2005 to
2009. Furthermore, we determined the influence of age
and gender on the rates. In addition, we ascertained the
in-hospital mortality and length of stay (LOS) associated
with coiling or clipping. Finally, we assessed the fre-
quency of cerebrospinal fluid (CSF) shunt implantation
as a known complication of UIA treatment, according to
treatment modality.

METHODS
Data source
In 2004 a DRG-based reimbursement system for German
hospitals became statutory. The amendment of the
Hospital Reimbursement Act (KHEntgG) and the imple-
mentation of the Case Fees Act (FPG) formed the foun-
dation of these changes. As stated in §21 KHEntgG, all
hospitals submit their hospitalisation data annually to
the Hospital Remuneration System (InEK). After submis-
sion, a plausibility control of the data is carried out by
InEk. In this process, the data is anonymised and for-
warded to the Federal Bureau of Statistics. The submission
of hospitalisation data is mandatory for reimbursement of
hospital stays. This leads to a strong incentive for hospitals
to supply complete data, in particular for expensive hospital
stays. We analysed 83.01 million hospitalisations for the
years 2005– 2009 in this study covering virtually all hospitals
in Germany. The structure of DRG data supplied by the
Federal Bureau of Statistics has been described in
detail10–12 (more information about the data source is
available on http://www.forschungsdatenzentrum.de/
en/database/drg/index.asp).

Cohort definition
We analysed hospitalisations with a primary or secondary
diagnosis of an UIA (International Classification of
Diseases, 10th Edition, German Modification
(ICD-10-GM): I67.10, Q28.20, Q28.30, Q28.80). Cases
with an ICD-10 code indicating subarachnoid haemor-
rhage (ICD-10-GM: I60.-) were excluded. Subsequently
we grouped all cases according to the coded procedures
(Operationen- und Prozedurenschlüssel (OPS) V.2005
through 2009 OPS-Code: 8-836.m0 Coiling, 5-025.-
Clipping). If there was no procedure code, indicating
coiling or clipping, a conservative treatment was
assumed (figure 1). We additionally determined for all
hospitalisations the placement of a temporary drainage
of CSF (OPS-Code: 5-022.0), or the implantation of a
permanent ventricular shunt (OPS-Code: 5-023.-).13

There were no changes of the classification of proce-
dures throughout the observation period. From 83.01
million hospitalisations, we excluded 4397 (0.005%) hos-
pitalisations, because of missing data on gender, age,
LOS, discharge or place of residence. Furthermore, we
excluded 189 214 (0.22%) hospitalisations because of
unknown place of residence and 650 322 (0.78%) hospi-
talisations were excluded because the indicated place of
residence was outside of Germany.
We further excluded hospitalisations with conservative

treatment of UIA (figure 1). We decided to omit this
group from our analysis, as the reasons which led to hos-
pitalisation are difficult to be assessed on the basis of
DRG data. In hospitalisations for conservative treatment
of UIA, follow-up examinations are likely to be the cause
for admission in a large proportion of this group.

Figure 1 Study algorithm.

aSAH, aneurysmal Subarachnoid

Haemorrhage; DRG,

Diagnosis-Related-Groups; UIA,

unruptured intracranial aneurysm.

2 Walendy V, Stang A. BMJ Open 2017;7:e012294. doi:10.1136/bmjopen-2016-012294

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012294 on 17 January 2017. D

ow
nloaded from

 

http://www.forschungsdatenzentrum.de/en/database/drg/index.asp
http://www.forschungsdatenzentrum.de/en/database/drg/index.asp
http://www.forschungsdatenzentrum.de/en/database/drg/index.asp
http://bmjopen.bmj.com/


We modified the Charlson comorbidity index (CCI),14

to assess comorbidities. We removed acute events (eg,
acute myocardial infarction, acute stroke, acute renal
failure and acute liver failure) from the CCI, so the
modified CCI (mCCI) contains only comorbidities of
chronic nature (see online supplementary table S1). We
also eliminated ICD-10 codes for UIA from the mCCI
(ICD-10-GM: I67.10).

Primary and secondary end points
The unit of analysis was the hospital admission with an
UIA where coiling or clipping was used as treatment. We
calculated crude-specific and age-specific rates by
gender and region (Federal State, and East and West
Germany), respectively. We calculated the overall annual
hospitalisation rates, which included any hospitalisation
for UIA.
We further assessed mortality, LOS and ventricular

shunt implantation associated with the different treat-
ment forms.

Statistical methods
Annual age-specific (5-year age groups) and
age-standardised rates (ASR) were calculated for each
treatment modality (ie, coiling and clipping). We used
the midyear population of Germany in 2007, provided
by the Federal Bureau of Statistics, for direct age stand-
ardisation (see online supplementary table S2). We cal-
culated annual rates separately for each year. We used
inverse variance weighting for estimating pooled rates
and corresponding SEs for the period 2005–2009.
To quantify region-specific and gender-specific differ-

ences of the rates of UIA treatment, we calculated stan-
dardised rate ratios (SRRs) for the different treatment
modalities and their respective 95% CIs.15 We geograph-
ically mapped hospitalisations using the patient’s place
of residence as the reference.
We used a linear regression model to assess the influ-

ence of the treatment modalities, age, gender and
comorbidities on the mean duration of hospital stay
measured in days. Minimal sufficient adjustment sets for
potential confounders were determined by use of direc-
ted acyclic graphs (DAG).16 We used multivariable pro-
portional hazards regression models to estimate adjusted
HRs for in-hospital mortality. The proportional hazards
assumption was checked by Schoenfeld residual plots.17

The time period at risk was the length of hospital stay.
The clipped population was used as reference group. All
calculations were carried out using SAS V.9.2 (SAS
Institute, Cary, North Carolina, USA). We used a DAG
software program for the analysis of DAG (program
V.0.21).

RESULTS
Hospitalisations in numbers
From 2005 to 2009, overall 10 221 hospitalisations were
with UIA diagnosis and coiling or clipping as the

associated therapy occurred. Among these hospitalisa-
tions, we identified 6098 (59.7%) and 4123 (40.3%) hos-
pitalisations that included coiling and clipping,
respectively. Coiling and clipping during the same hos-
pital stay was coded in 107 (0.3%) hospitalisations for
UIA. Sixty-eight per cent of all hospitalisations for UIA
occurred among women (table 1). The average age at
hospitalisation with UIA was 52.5 (SD 12.6) years for
men and 53.5 (SD 11.7) years for women.

Temporal development of ASR
In 2005, the age-standardised hospitalisation rate per
100 000 person years for coiling was 0.7 (95% CI 0.62 to
0.78) for men and 1.7 (95% CI 1.58 to 1.82) for women.
In 2009, the ASR was 1.0 (95% CI 0.90 to 1.10) and 2.4
(95% CI 2.24 to 2.56), respectively (figure 2). The esti-
mated annual percentage increase for coiling was 9.9%
(95% CI 7.7% to 12.2%) and 9.8% (95% CI 5.7% to
14.1%), for men and women, respectively. Similarly, the
ASR for clipping in 2005 amounted to 0.6 (95% CI 0.52
to 0.68) for men and 1.1 (95% CI 1.00 to 1.20) for
women. These rates increased in 2009 to 0.8 (95% CI
0.72 to 0.88) and 1.7 (95% CI 1.58 to 1.82), respectively
(figure 2).
The estimated annual per cent change of ASR for clip-

ping was 8.3% (95% CI 3.5% to13.5%) and 11.8% (95%
CI 8.5% to 15.2%), for men and women, respectively.
We further observed an increase of ASR for both
genders and all treatment modalities (figure 2). Overall
hospitalisation rates for UIA with coiling and clipping
combined increased by 39.5% (95% CI 24.7% to 56.0%)

Table 1 General characteristics of hospitalisations of

unruptured intracranial aneurysm treated in Germany 2005

to 2009

Coiling Clipping

Total number (n=10 221) 6098 4123

Gender, % (n)

Men 28.6 (n=1

744)

32.0 (n=1

319)

Women 71.4 (n=4

354)

68.0 (n=2

804)

Mean age in years (SD)

Men 53.4 (12.7) 51.5 (12.4)

Women 54.1 (12.1) 52.9 (11.3)

Charlson comorbidity index

(SD)*

1.17 (1.0) 1.45 (1.0)

Mean length of stay in days

(SD)

8 (9.2) 16 (10.1)

In-hospital mortality, % (n)

Men 1.38 (n=24) 2.65 (n=35)

Women 0.94 (n=41) 2.00 (n=56)

Ventricular shunt placement,

% (n)

0.6 (n=34) 1.7 (n=70)

Temporary ventricular

drainage, % (n)

1.5 (n=94) 6.3 (n=259)

*Modified Charlson comorbidity index.
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and 50.4% (95% CI 39.6% to 62.1%) from 2005 to 2009
among men and women, respectively (table 2). The ASR
for coiling increased by 40.9% (95% CI 21.3% to
63.8%) for men and 42.6% (95% CI 29.4% to 57.0%)
for women from 2005 to 2009. Similarly, the ASR for
clipping increased by 37.6% (95% CI 16.2% to 63.0%)
and 63.0% (95% CI 44.8% to 83.4%), respectively.

Geographical variation and gender-specific differences
The observed ASR (per 100 000 person years) varied
considerably among federal states. Total hospitalisation
rates for UIA treatment were lower in East than West
Germany for men (SRR 0.7, 95% CI 0.65 to 0.78) and
women (SRR 0.6, 95% CI 0.60 to 0.64; table 2). There
were remarkable differences between the SRR region for

both treatment forms (table 2). The geographical range
of overall ASR for coiling was 0.68 (95% CI 0.48 to 0.88)
in Saxony-Anhalt and 5.64 (95% CI 4.76 to 6.52) in
Saarland (figure 3). For clipping, the overall ASR
ranged between 0.52 (95% CI 0.34 to 0.70) in
Saxony-Anhalt and 2.48 (95% CI 2.17 to 2.79) in
Rhineland-Palatinate (figure 4).
The overall ASR were lower for men compared with

women (SRR gender 2.5, 95% CI 1.63 to 1.88; table 2).
This finding was most present in the ASR for coiling,
where the gender-specific SRR amounted to 2.4 (95%
CI 1.96 to 3.05). We observed the highest ASR for
coiling in Saarland for female hospitalisations (3.95,
95% CI 3.21 to 4.69) and the lowest in Saxony-Anhalt
(0.4, 95% CI 0.25 to 0.55), respectively (see online

Figure 2 Time trends of age-standardised hospitalisation rates by treatment modalities from 2005 to 2009 in Germany (per

100 000 person years, 95% CI).

Table 2 ASR of treatment modalities (per 100 000 person years) of unruptured intracranial aneurysm in Germany 2005–

2009

Coiling Clipping Total

Gender Men Women Men Women Men Women

ASR (SE) 0.8 (0.15) 2.1 (0.02) 0.6 (0.07) 1.3 (0.02) 1.4 (0.03) 3.4 (0.04)

Combined ASR (SE) 1.5 (0.02) 1.0 (0.02) 1.5 (0.04)

SRR gender (95% CI)* 2.4 (1.96 to 3.05) 2.1 (1.76 to 2.41) 2.5 (1.63 to 1.88)

Increase of ASR (ASR-2009/

ASR-2005)

0.4 (0.21 to

0.63)

0.4 (0.29 to

0.57)

0.4 (0.16 to

0.63)

0.6 (0.45 to

0.83)

0.4 (0.25 to

0.56)

0.5 (0.39 to

0.62)

ASR-East (SE)† 0.7 (0.04) 1.4 (0.06) 0.5 (0.03) 1.0 (0.05) 1.2 (0.05) 2.4 (0.07)

ASR-West (SE)‡ 0.9 (0.02) 2.2 (0.04) 0.7 (0.02) 1.4 (0.03) 1.6 (0.03) 3.6 (0.05)

SRR region (95%CI)§ 0.7 (0.66 to

0.83)

0.6 (0.57 to

0.66)

0.7 (0.59 to

0.77)

0.7 (0.61 to

0.74)

0.7 (0.65 to

0.78)

0.6 (0.60 to

0.64)

*SRR with its respective 95% CI: SRRgender ¼ ASRfemale

ASRmale
.

†Including Brandenburg, Berlin, Mecklenburg West-Pomerania, Saxony, Saxony-Anhalt, Thuringia.
‡Including Baden-Wurttemberg, Bavaria, Bremen, Hesse, Hamburg, Lower-Saxony, North Rhine-Westphalia, Rhineland-Palatinate,
Schleswig-Holstein, Saarland.
§SRR with its respective 95% CI: SRRregion ¼ ASREast

ASRWest
.

ASR, age-standardised rates; SRR, standardised rate ratio.
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supplementary figure S1). The geographic distribution
pattern was similar for male hospitalisations which
received coiling (see online supplementary figure S2).
The ASR were 1.69 (95% CI 1.20 to 2.18) and 0.28
(95% CI 0.15 to 0.41), respectively.
In contrast, ASR for clipping in Saarland were compar-

ably low for both men and women (see online
supplementary figures S3 and S4).

Age-specific rates, in-hospital mortality, ventricular shunt
implantation and LOS
Age-specific rates (per 100 000 person years) for coiling
and clipping peaked in the age group of 55–59 years
(figure 5) for men. The age-specific rates for women
receiving coiling or clipping peaked at ages 50–54 years
(figure 5).
Coiling was associated with a lower in-hospital mortal-

ity compared with clipping (table 1). The lowest
in-hospital mortality occurred among women treated
with coiling.
After adjusting for age, gender and mCCI, the esti-

mated HR for in-hospital mortality for coiling-associated
hospitalisations was 0.92 (95% CI 0.66 to 1.28) com-
pared with clipping-associated hospitalisations.
Permanent ventricular shunts were used in 1.7%

(n=70) and 0.6% (n=34) of hospitalisations associated
with clipping and coiling, respectively (table 1).
Temporary CSF drainages were used in 6.3% (n=259)

and 1.5% (n=94) of hospitalisations associated with clip-
ping and coiling, respectively (table 1).
We found disparities in the LOS among the different

treatment modalities. The median LOS was 6 (IQR 5)
days in the coiling group and 13 (IQR 9) days in the
clipping group (table 1).
After adjusting for age, sex and mCCI, the estimated

LOS in linear regression analysis was on average 7.0
(95% CI 6.6 to 7.4) days shorter for coiling, compared
with clipping.

DISCUSSION
Principal findings
For the first time the nationwide DRG statistics of 2005–
2009 was used to estimate ASR of UIA treatment in
Germany. We found a substantial increase in the usage
of coiling for UIA treatment during the observation
period. Furthermore, we observed an increase in the
ASR of clipping. The ASR of coiling for UIA treatment
increased by 40.9% (95% CI 21.3% to 63.8%) for men
and 42.6% (95% CI 29.4% to 57.0%) for women. We
observed a substantial increase in ASR of clipping in par-
ticular for women (table 2 and figure 4).
There were considerable regional differences in the

ASR for UIA treatment. We detected the highest ASR of
coiling or clipping for Western Germany (table 2). Most
strikingly were the differences of ASR for coiling

Figure 3 Age-standardised hospitalisation rates for UIA and

coiling (men and women) from 2005 to 2009 in Germany (per

100 000 person years (SE)). UIA, unruptured intracranial

aneurysm.

Figure 4 Age-standardised hospitalisation rates for UIA and

clipping (men and women) from 2005 to 2009 in Germany

(per 100 000 person years (SE)). UIA, unruptured intracranial

aneurysm.
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between Saxony-Anhalt and Saarland (figure 2, online
supplementary figures S1 and S2). We also found dispar-
ities of ASR between men and women. Women were
more present in all treatment groups but in particular in
the coiling group. This finding is reflected by the SRR
of 2.4 (95% CI 2.0 to 3.1; table 2).
We observed a substantial decline of age-specific rates

after the age of 50. This finding was most pronounced
in the coiling group (figure 5).
Despite our large data set, the low number of

in-hospital deaths related to treatments for UIA resulted
in imprecise effect estimation for the difference between
clipping and coiling which keeps us from drawing strong
conclusions.
The relative frequency of CSF shunt implantation

varied depending on treatment allocation of hospitalisa-
tions. In hospitalisations where clipping has been used
as primary therapy of UIA, we observed a higher
number of temporary or permanent CSF shunt implant-
ation compared with the coiling group (table 1).
Furthermore, we observed that hospitalisations treated

with clipping had a longer mean LOS. The mean LOS
after adjustment for age, sex and mCCI was 7.0 (95% CI
6.6 to 7.4) days shorter for coiling, compared with
clipping.

Comparison with other studies
We observed a gradual increase of all ASR for hospitali-
sations with UIA during the observation period. Similar
to our findings, Smith et al18 observed a 40% increase of
relative rates of coiling in UIA treatment for the time
period from 2002 to 2008 in the USA. Different to our
results Bekelis et al19 report in their analysis of Statewide
Planning and Research Cooperative System data from
New York State (2009–2013) relative rates of 68.7% for
clipping and 31.3% for coiling.
Our results show that the majority of hospitalisations

are women. An increased risk of aneurysm formation
and growth has been described for women in the litera-
ture.20 Vlak et al21 reported a higher prevalence of intra-
cranial aneurysm in women aged over 50 years, which

they attributed to a possible oestrogen effect. Another
group reports a figure of 76.7% women receiving UIA
treatment in New York State.19

A potential reason for the observed geographic variation
of ASR might be disparities in the adoption of endovascular
techniques as observed for the USA.18 Smith et al18 found
that geographical variation in the adoption of endovascular
techniques to be associated with hospital location. They
showed higher usage of endovascular coiling in urban hos-
pitals compared with hospitals in a rural setting. These asso-
ciations were found to be even stronger when academic
hospitals were compared with rural hospitals. Another
explanation could be regional variation in UIA prevalence.
However, Vlak et al21 found no regional differences of UIA
prevalence in their meta-analysis of studies containing 83
study populations. Similar regional heterogeneity in the
treatment of intracranial aneurysm was found by Tykocki
et al22 in a recent analysis of discharge data in Poland. The
authors concluded that the regional distribution of endo-
vascular treatment centres could be the underlying reason
for the observed geographical heterogeneity.
Similar patterns of age-specific rates have been

described in the international literature for UIA7 but
also for ruptured intracranial aneurysm.7 12 23–25 This is
not surprising as the highest UIA prevalence is estimated
to be in a population with a mean age of 50 years.21 We
hypothesise that one possible reason for the unimodal
peak of age-specific rates might be that increased age is
positively associated with conservative treatment of UIA.
Another publication of NIS data including the time

period of 1998– 2007 showed increased in-hospital mor-
tality for UIA cases treated with clipping.2 Furthermore,
in a study of a 58% sample of US hospital discharge
data, a 2.3-fold (95% CI 0.97 to 5.7) increase in the
odds of in-hospital death was observed, when clipping
was used as therapy, compared with coiling.26 Owing to
our imprecise effect estimation for in-hospital mortality,
a direct comparison of our results may not be feasible.
Hoh et al27 analysed the discharge database of US hos-

pitals for the years 2002 to 2007. In contrast to our
results they found no difference in the frequency of CSF

Figure 5 Age-specific rates for UIA treatment from 2005 to 2009 in Germany (per 100 000 person years, 95% CI). UIA,

unruptured intracranial aneurysm.
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shunt implantation between coiling and clipping.
Alshekhlee et al8 analysed procedure-associated compli-
cations for UIA treatment in NIS data for the years
2000– 2006. They observed higher relative rates of
hydrocephalus for coiling compared with clipping. If
ventricular shunt implantation and temporary CSF
drainage serves as a proxy for hydrocephalus as a
treatment-associated complication, this is in contrast to
our results (table 1).
We observed a shorter mean LOS for hospitalisations

treated with coiling. The observed reduction of on
average 7.0 days in LOS compared with clipping is in
line with international published figures.7 9 Moreover,
Higashida et al26 found an 80% increase in LOS when
clipping was used to treat intracranial aneurysm com-
pared with coiling.

Strengths and weaknesses of the study
A major strength of this study is the large data set, which
includes virtually all German hospitals. This allows a
unique view at the current clinical practice. Moreover, to
the best of our knowledge, there is currently no other
publication addressing this topic from a population-
based viewpoint in Germany.
There are a few limitations to this study. This observa-

tional study is based on retrospective hospital data. As
we used routine hospitalisation data, we were not able to
fully address potential confounding as important clinical
factors including aneurysm location, aneurysm size, a
history of ischaemic cerebrovascular disease and aneur-
ysm symptoms other than rupture28 were not available
in the data.
A possible bias affecting the number of

UIA-associated hospitalisation might have been
readmission. For example, one person harbouring
more than one UIA could have contributed more than
once to a UIA-associated hospitalisation. Further,
reoccurrence of a treated aneurysm could have led to
overestimation of ASR in some cases. In a recent publi-
cation, a group analysing the New York State wide
SPARCS database reported a 30-day readmission rate
of 7.36% for clipping and 6.33% for coiling, respect-
ively.19 These figures have to be interpreted cautiously,
as they include readmission for any cause to any
hospital in New York State. Furthermore, it is not
clear whether the readmission is a postinterventional
follow-up or a readmission related to aneurysm
reoccurrence.
In addition, we assessed comorbidity based on the

coded ICD-10 diagnoses using a mCCI. Comorbidity
may be under-reported in the DRG statistics.
Furthermore, the derivation of the mCCI was not based
on comorbidity assessed at the time of admission.
However, as the vast majority of comorbid conditions of
the mCCI are chronic conditions, it is unlikely that sub-
stantial misclassification came up. Furthermore, the
mCCI may not capture specific comorbidities that
become relevant for patients with UIA.

CONCLUSIONS
To the best of our knowledge, we determined for the
first time nationwide, representative hospitalisation rates
for the treatment of UIA in Germany. The overall ASR
of UIA treatment in German hospitals increased substan-
tially. The increase of ASR was higher for clipping com-
pared with coiling throughout the observation period.
Even though ASR for clipping were lower compared
with the coiling group all ASR showed substantial geo-
graphical variation among the different federal states.
We observed a numerically lower in-hospital mortality
after adjustment for age, gender and comorbidity when
coiling was used to treat UIA compared with clipping.
Owing to our imprecise effect estimation of HR for
in-hospital mortality, no strong conclusion might be
drawn from this finding. The implantation rate of tem-
porary and permanent CSF shunts was lower in the
coiling group when clipping was used as reference.
Finally, we found a shorter LOS when coiling was used
to treat UIA.
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