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Background-—Guideline recommendations on carotid endarterectomy are based predominantly on randomized, controlled trials, in
which women or elderly patients are often under-represented. This study analyzed the association of age and sex with the risk of in-
hospital stroke or death following carotid endarterectomy under routine conditions in Germany.

Methods and Results-—Secondary data analysis using the Statutory German Quality Assurance Database on all carotid
endarterectomy procedures (n=142 074) performed between 2009 and 2014. Primary outcome was any stroke or death until
discharge; secondary outcomes were any in-hospital stroke (alone), and death (alone). Descriptive statistics and multilevel
multivariable regression analyses were applied. Patients were predominately male (68%), with mean age 71 years. Carotid stenosis
was symptomatic in 40%. Primary outcome occurred in 1.8% of women and 1.9% of men. Multivariable regression analysis revealed
that more-advanced age was associated with a higher primary outcome rate (relative risk [RR] per 10-year increase: 1.19; 95% CI,
1.14–1.24). Risk of death (alone) was associated with age (RR, 1.68; 95% CI, 1.54–1.84). Age was associated with the risk of
stroke (alone; RR, 1.05; 95% CI, 1.00–1.11). Sex was not associated with primary outcome rate (1.01; 95% CI, 0.93–1.10), nor did
it significantly modify the age effect.

Conclusions-—This study shows that increasing age, but not sex, is associated with a higher risk of in-hospital stroke or death
following carotid endarterectomy under everyday conditions in Germany. Whereas the risk of death (alone) is significantly
associated with age, the association between age and the risk of stroke (alone) can be considered of minor importance. ( J Am
Heart Assoc. 2017;6:e004764. DOI: 10.1161/JAHA.116.004764.)
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A ccording to current guidelines, carotid endarterectomy
(CEA) is recommended for stroke prevention in patients

with a severe asymptomatic carotid stenosis (>60%,1,2

>70%3,4) or a moderate-to-severe (>50%) symptomatic carotid
stenosis.1,2,4 Although it is suggested that patient age and sex
should be taken into account in the decision-making
process,1,2 recommendations are not yet further specified

with respect to the patient’s age or sex. However, a
systematic review including reports on trial populations and
nontrial populations, as well as symptomatic and asymp-
tomatic patients, found that (1) women had a higher rate of
perioperative stroke and death (odds ratio [OR], 1.31; 95% CI,
1.17–1.47; 25 studies, 29 345 patients) and (2) that more-
advanced age is significantly associated with an increased
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risk of perioperative stroke or death (“older” vs “younger”; OR,
1.17; 95% CI, 1.04–1.31; 36 studies, 55 033 patients).5 In a
more-recent systematic review, overall meta-analysis revealed
a worse outcome for female patients, but the results were
considered inconsistent.6 Important shortcomings of the
above-mentioned studies are that (1) outcomes were not
separately analyzed by sex and symptom status and (2) the
interaction between these factors was not investigated.
Additionally, the reported studies must be considered obser-
vational, because the data arise from subgroup analyses of
randomized, controlled trials (RCTs) or nonexperimental
studies. Although the risk of an information bias in RCTs
can be considered low, strict eligibility criteria may have led to
a relevant selection bias. In addition, generalizability of RCT
results to everyday practice may be further limited by a
referral bias5,7,8 and the fact that elderly persons, multimorbid
patients, and women are often under-represented in clinical
trials. In Germany, all CEA procedures must be documented in
a nation-wide statutory quality assurance database. This
offers the opportunity to evaluate the association of sex and
age with the risk of in-hospital stroke or death following CEA
under routine conditions.

Therefore, the aim of this study was first to analyze the
association between age and sex and the risk of in-hospital
stroke or death following CEA; second, to investigate whether
patients’ sex modifies the association between age and the
outcome; and third, to describe outcome rates in subgroups
(exploratory approach) based on symptomatic status and
American Society of Anesthesiologists (ASA) category in a
nation-wide cohort.

Methods
The methods have already been described in detail else-
where.9,10 In short, this secondary data analysis is based on
the German nation-wide statutory quality assurance database,
operated by the Institute for Applied Quality Improvement and
Research in Health Care (AQUA Institute). Between 2009 and
2015, the AQUA Institute has been commissioned and
authorized by the German Federal Joint Committee (G-BA,
legal basis §91 German Social Security Code part 520) to
develop and implement external quality assurance in the
German health care system pursuant to the social security
code article §137a SGB V. The AQUA Institute is also
mandated for data validation, data analysis, and publication of
annual quality reports. In accord with the G-BA directive
concerning the measures of trans-sectoral and inpatient
quality assurance, reporting of quality assurance data is
compulsory for all procedures performed in order to treat
narrowed internal carotid arteries (ICAs). Therefore, because
of legal obligations, the data collection covers nearly all
(99.8% in 2014) CEA and carotid artery stenting procedures

performed in German hospitals registered under §108 SGB V.
The data were available on a procedure-related basis only, and
thus the term “case” would be more precise in specifying the
unit of analysis. Nevertheless, we prefer to use the term
“patient.” Because patients with recurrent stenosis were
generally excluded from this study as well as the number of
patients treated on both sides during the same hospital stay is
low (0.19–0.62%11), we assumed that the bias attributed to
intraindividual correlation of outcomes can also be considered
negligible. Overall, 182 033 patients undergoing carotid
revascularization between January 2009 and December
2014 were thus documented in the database.

In 2014, the authors’ working group was granted access to
these quality assurance data. The current study was approved
by the ethics committee of the Technical University of Munich
and was performed according to the Good Practice of
Secondary Data Analysis (GPS12) guidelines and the recom-
mendations for reporting observational studies conducted
using routinely collected health data (STROBE and
STROSA213–15). Nonanonymous patient-level data hosted by
the AQUA Institute were accessed in conformance with
German data protection laws and controlled by AQUA
Institute staff members (T.K., T.B.).

Patients were categorized into 5 age groups (<65, 65–69,
70–74, 75–79, and 80 years or older). Patients were
classified a priori into arbitrarily selected age groups for
practical reasons, in order to facilitate comparison with age
groups commonly used in the literature. In general, the “<65
years” age group served as a reference.

For the purpose of this study, only CEA procedures
performed electively were included, namely, patients with an
asymptomatic or a symptomatic carotid stenosis who did not
require emergency treatment. Symptomatic carotid stenosis
was defined as having experienced neurological symptoms
related to the ICA stenosis within the past 6 months. All other
patients—emergency operations for crescendo transient
ischemic attack (TIA) or stroke in evolution, acute ICA
occlusion, recurrent stenosis, tandem stenosis, carotid
aneurysms, symptomatic ICA coiling, symptomatic low-grade
(<50%) stenosis with ulcerated plaque morphology, and CEA
procedures performed concurrently to cardiac or other
vascular surgery—were excluded. Finally, 142 074 patients
were included in this analysis (Figure 1). With respect to
patients’ physical status, the ASA classification system was
applied.16,17 Neurological impairments were graded according
to the modified Rankin Scale (mRS).18,19 A stroke was
considered minor when graded as 0 to 2 on the mRS. A
Rankin score of 3 or more was considered a major stroke.

The primary outcome (dependent variable) of this study
was any new stroke or death from the time of surgery until
discharge from hospital. The neurological outcome was
directly coded in a variable either as “none,” “TIA,” or
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“stroke.” Grading of neurological deficit was documented in a
separate variable according to the modified Rankin scale.
Diagnosis of TIA or stroke was based on clinical/neurological
examination with or without further assessment by computed
tomography or magnetic resonance imaging. Qualification of
the physician performing the examination before and after the
procedure is coded in 2 separate variables (pre-/postproce-
dural neurological assessment by a specialist in neurology:
yes or no, respectively). For the purpose of this study, only
strokes (fixed neurological deficits occurring during or after
the procedure) were considered as outcome events.

Secondary outcomes were in-hospital occurrence of a new
stroke (alone) and death (alone, in-hospital mortality).

Statistical Analyses

Nominal and ordinal variables were analyzed using contin-
gency tables. For normally distributed variables, the arith-
metic mean and SD were calculated. For variables showing a
skewed distribution, the median and the 25%/75% percentiles
(Q1, Q3) were stated.

In order to calculate adjusted risk ratios (relative risk; RR)
and the corresponding 95% CIs, as well as to account for
confounding and clustering of patients within hospitals, a
multilevel Poisson regression model was applied.20–25 The
variables, age, sex, neurological symptoms on admission,
ASA category, degree of ipsi- and contralateral stenosis,

Figure 1. Patient selection. CAS indicates carotid artery stenting; CEA, carotid endarterectomy; ICA,
internal carotid artery; PTA, percutaneous transluminal angioplasty; TIA, transient ischemic attack.
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periprocedural antiplatelet therapy, pre- and postprocedural
assessment by a neurologist, intraprocedural neurophysiolog-
ical monitoring, surgical technique, type of anesthesia, shunt
use, intraoperative completion study, and clamping time, were
entered into the model as fixed effects. The hospital site code
specific for the year of treatment was entered as a random
effect (random intercept only). The variables to be entered
into the model were selected a priori according to a
prespecified analysis plan that was developed with regard to
the literature and theoretical considerations. The model fit
was assessed by quantile–quantile plots of the random
effects. Because the database can be considered complete on
a national level, the calculation of CIs or P values would not
actually have been necessary and the values are not directly
meaningful in this context. Nevertheless, these statistical
figures were calculated in order to estimate variability with
regard to the future.

Because the cut-off values for age groups were set
arbitrarily, an additional analysis using age as a continuous
variable was performed. On the basis of an exploratory
approach, continuous age was therefore modeled adjusting
for the same covariates as mentioned above. In order to
assess whether sex and symptomatic status on admission
modify the relationship between age and outcome, interaction
terms of these variables were entered into the model.

For data processing and statistical analysis, the statistical
package R was used (version 3.2.1; The R Foundation, www.r-
project.org). To calculate cross-classified tables and perform
regression analyses, the R extension packages, gmodels,
lme4, and gam, were used. To analyze trends for dichotomous
variables, the Cochran–Armitage test was applied using SAS
software (version 9.4) for Microsoft Windows (Copyright ©
2015; SAS Institute Inc., Cary, NC). In general, the signifi-
cance level was set to a=0.05.

Results

Baseline Characteristics and Management
In total, 142 074 individual patient data sets were available
for analysis (see Figure 1 for flow chart). Two thirds of
patients were male. The mean age of women and men was 72
and 70 years, respectively (Table 1). Carotid stenosis was
symptomatic in 40% of both women and men. Patients were
classified as ASA I/II, ASA III, and ASA IV/V in 29%, 68%, and
3%, respectively. In total, 94% of all ipsilateral stenoses were
severe (70–99%; according to the method used in the North
American Symptomatic Carotid Endarterectomy Trial [NAS-
CET]) and around 18% of all patients had a severe contralat-
eral stenosis or occlusion. See Tables 1 and 2 for further
details on patient characteristics. Overall length of hospital
stay was 5 days (median, Q0.25–0.75=4–6 days). By

subgroups, median length of stay was 5 days in men and
woman, whether symptomatic or asymptomatic (please see
Figure S1 for a detailed bar chart).

Crude Primary and Secondary Outcome Rates
The primary outcome occurred in 2611 of all patients (1.8%;
95% CI, 1.8–1.9%). In-hospital stroke or death occurred in
1175 asymptomatic patients (1.4%; 95% CI, 1.3–1.5) and
1436 symptomatic patients (2.5%; 95% CI, 2.4–2.7). In
patients younger than 65 years, those aged 65 to 69, 70 to
74, 75 to 79, and 80 years or older, the crude risk of any
inhospital stroke or death was 1.4%, 1.7%, 1.8%, 1.9%, and
2.6%, respectively (P<0.001 for trend). With respect to the
secondary outcomes, 845 deaths (0.6%; 95% CI, 0.6–0.6) and
1980 strokes (1.4%; 95% CI, 1.3–1.5) occurred in the whole
cohort. The absolute risk of any in-hospital stroke or death,
any stroke (alone), and death (alone; by age, sex, and
neurological status) is depicted in Figure 2. The correspond-
ing absolute numbers are given in Table 3. With respect to
ASA category, the crude primary and secondary outcome
rates are stated in Figures S2 through S4.

Multivariable Analyses
Multivariable regression analysis of the whole cohort using
age as a continuous variable revealed that age was signifi-
cantly associated with a higher risk of any in-hospital stroke
or death in CEA patients (RR per 10-year increase: 1.19; 95%
CI, 1.14–1.24). With respect to the secondary outcomes, the
adjusted risk of death (alone) was significantly associated
with age (RR, 1.68; 95% CI, 1.54–1.84). Age was also
significantly associated with the risk of stroke (alone);
however, this relationship was weaker (RR, 1.05; 95% CI,
1.00–1.11). Sex was not associated with the risk of any in-
hospital stroke or death (1.01; 95% CI, 0.93–1.10), stroke
(alone; 0.99; 95% CI, 0.90–1.09), or death (alone; 1.06; 95%
CI, 0.91–1.23). Forest plots of multivariable regression results
using age as a categorical variable are depicted in Figure 3.
Adjusted RRs using age as a continuous variable are depicted
in Figure 4 (left column).

Sex-Age Interaction
Linear age effects differentiated by sex and symptomatic
status are given in Table 4. Sex does not significantly modify
the adjusted age effects (P>0.05; Figure 4, right column). The
risk of stroke or death was generally higher in symptomatic
patients (see Table 3 for crude values; adjusted RR=1.61; 95%
CI, 1.48–1.76), but there was no significant interaction
between neurological status and the effects of age and sex
(P>0.05).
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Discussion

The current study demonstrates that increasing age is
independently associated with a higher risk of in-hospital

stroke or death following CEA under everyday conditions in
Germany. This relationship is based primarily on the associ-
ation between age and mortality (RR=1.68). Regarding the
relationship between age and stroke (alone), both the small

Table 1. Patient Characteristics

Men Women Total (N)

Patients (row-%) 96 396 (67.8%) 45 678 (32.2%) 142 074

Age, mean (SD) 70.4�8.9 71.5�9.3 70.7�9.0

Age groups, y

<65 24.9% 22.3% 34 166

65 to 69 16.3% 14.6% 22 412

70 to 74 24.4% 22.9% 33 947

75 to 79 19.8% 20.8% 28 626

≥80 14.6% 19.4% 22 923

ASA category

Category I+II 28.4% 31.5% 41 751

Category III 68.8% 66.3% 96 638

Category IV+V 2.7% 2.2% 3685

Symptomatic ICA stenosis 39.4% 40.1% 56 336

Among them AFX or TIA 53.7%* 54.2%* 30 322*

Among them minor stroke (mRS 0–2) 25.9%* 24.9%* 14 391*

Among them major stroke (mRS 3–5) 15.5%* 14.8%* 8597*

Side of treatment (right side) 50.2% 50.4% 71 379

Severe ipsilateral stenosis (70–99%)† 93.7% 94.0% 133 325

Severe contralateral stenosis/occlusion (70–100%)† 19.7% 17.6% 27 038

Preoperative diagnostic procedures

Duplex ultrasound 98.7% 98.8% 140 240

Transcranial Doppler 26.5% 24.8% 36 835

Computed tomography angiography 27.3% 26.6% 38 498

Magnetic resonance angiography 33.9% 33.7% 48 066

Perioperative antiplatelet medication

None 8.0% 7.9% 11 320

Mono (acetylsalicylic acid) 68.5% 69.4% 97 720

Mono (others than acetylsalicylic acid) 2.3% 2.2% 3236

Dual 4.3% 3.5% 5697

Neurological assessment

Preprocedural 69.4% 68.5% 98 178

Postprocedural 69.8% 70.0% 76 456

Pre- and postprocedural 54.1% 53.2% 70 444

If not otherwise stated, percentages relate to the column. AFX indicates amaurosis fugax; ASA, American Society of Anesthesiologists physical status classification system17 (ASA I=A
normal healthy patient, ASA II=A patient with mild systemic disease, ASA III=A patient with severe systemic disease, ASA IV=A patient with severe systemic disease that is a constant
threat to life, ASA V=A moribund patient who is not expected to survive without the operation, and ASA VI=A declared brain-dead patient whose organs are being removed for donor
purposes); ICA, internal carotid artery; TIA, transient ischemic attack.
*percentages refer to the subgroup of “Symptomatic ICA stenosis”
†Measured using the NASCET method19; mRS, modified Rankin Scale; (0=no symptoms, 1=no significant disability, despite symptoms; able to perform all usual duties and activities, 2=slight
disability; unable to perform all previous activities but able to look after own affairs without assistance, 3=moderate disability; requires some help, but able to walk without assistance,
4=moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance, 5=severe disability; bedridden, incontinent, and requires
constant nursing care and attention, 6=death).
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magnitude of association (RR=1.05) and the borderline
significance indicate that age is most likely not a clinically
relevant risk factor for in-hospital stroke (alone).

Age
These findings are in accord with previously published
studies.5,26,27 Additionally, results from the National (Nation-
wide) Inpatient Sample (NIS) database including more than
400 000 CEA procedures also revealed that the postoperative
mortality risk, but not the postoperative risk of stroke, was
higher in patients aged 70 years or older compared to
younger individuals.28 Regarding the latter study, it must be
mentioned that information on procedures, comorbidities, and
outcomes was based on administrative records only, rather
than directly documented clinical examinations.

In contrast to the current findings, in the NASCET and
European Carotid Surgery Trial (ECTS) studies, it was shown that
there was no significant difference in the perioperative risk of
stroke or death with respect to patients’ age.29 Given that
patients older than 80 years had generally been excluded

(NASCET30) and only 9.9% of patients were aged 75 years or
older (NASCET and ECST29), the latter findings do not neces-
sarily contradict our results. Subgroup analyses of the Carotid
Revascularization EndarterectomyVersus Stenting Trial (CREST)
by Voeks et al also showed that there were no differences
between age groups following CEA either in terms of stroke
events alone or regarding the composite endpoint (stroke,
death, and myocardial infarction).31 Nevertheless, the latter
outcome rates referred to a 4-year follow-up after treatment
rather than the perioperative time period. Possible reasons for
the disagreement between the aforementioned reports and the
current resultsmight be that the RCTs had not been powered for
the purpose of investigating age effects and the sample sizes
may have thus been too small to prove an effect. In contrast to
nation-wide databases such as the NIS or the German statutory
quality assurance database, strict inclusion criteria applied in
RCTs may have cropped the broad age range of patients
presenting with carotid stenosis under routine conditions.
Finally, results from RCTsmust be considered subject to referral
and selection bias, as well as to performance bias.32

Sex
The present study revealed a clear difference in sex distribu-
tion (men:women=2:1). However, this finding is consistent
with the general observation that carotid stenosis is more
frequently found in men than in women.8,33–35 In addition, the
proportion of men observed in our cohort (67.8%) corresponds
well to national-level data from the UK (63.7–67.0%)36 and
Sweden (63.8–66.6%)37 as well as to findings of multinational,
randomized trials (65–71%),38 but is slightly higher than
reported for the US Medicare Population (56.3–60.3%).39

One main finding of this study is that patient sex was
neither associated with the risk of stroke or death (RR, 1.01;
95% CI, 0.93–1.10), nor did it influence the association
between age and the primary or secondary outcomes.

In accord with our data, the largest and most recent
population-based study,40 which included more than 90 000
patients from the NIS database, also revealed that sex was
not associated with the risk of stroke or death (OR, 1.01; 95%
CI, 0.94–1.08; own calculation using data extracted from
Luebke and Brunkwall6). In contrast, a recent systematic
review and meta-analysis based on 4 RCTs, as well as 10
population-based database studies and 20 case series
(investigating sex effect as primary aim), revealed that women
had a higher risk of perioperative stroke or death (OR, 1.16;
95% CI, 1.07–1.27), which is consistent with a former meta-
analysis by Bond et al.5 Nevertheless, the latter meta-analysis
came to the conclusion that sex was not associated with the
30-day perioperative risk of stroke and death when analyzing
RCTs, database studies, and case series separately.6 How-
ever, study results were inconsistent with respect to design of

Table 2. Peri- and Intraoperative Management

Men Women Total (N)

Type of anesthesia

General anesthesia 70.9% 72.7% 101 522

Locoregional anesthesia 26.9% 25.0% 37 355

Combined or other type 2.2% 2.3% 3197

Intraprocedural monitoring

Any 60.0% 59.2.% 85 081

Electroencephalography 9.6% 9.8% 8230

Transcranial cerebral
oximetry

17.7% 18.5% 15 286

Somatosensory
evoked potentials

47.9% 49.3% 41 144

Other methods 38.8% 36.9% 32 469

Operation technique

CEA without patch 1.3% 1.1% 1765

CEA with patch 51.5% 48.7% 71 920

Eversion CEA 41.3% 44.7% 60 297

Other technique 5.8% 5.4% 8092

Shunt use 42.7% 43.6% 61 074

Clamping time, min,
median (Q1–Q3)

17 (6–28) 15 (6–26) n.a.

Intraoperative vessel
patency check

69.8% 70.0% 99 216

Duration of operation
in minutes,
median (Q1–Q3)

87 (69–108) 83 (63–99) n.a.

If not otherwise stated, percentages relate to the column. CEA indicates carotid
endarterectomy; Q1, first quartile; Q3, third quartile.
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the primary studies and statistical analyses (random-effect
model vs fixed-effect model).6

With respect to our results, these differences might also be
explained by the fact that the aforementioned meta-analyses
included case series and RCTs, which do not necessarily
represent the real-world situation attributed to possible
selection, referral, and performance bias. Additionally, studies
included in the above-mentioned reviews traced back to the
1980s and, as has been shown by a meta-regression,6 the risk
of stroke or death has reduced over time.

Further reasons for the sex dependency of perioperative
risks might be that patient-related risk factors, such as
cigarette smoking, elevated blood pressure, being overweight,
hormonal disorders, pregnancy-associated factors, and meno-
pause, are unevenly distributed or of varying importance
between men and women.41 In addition, biological factors and
histomorphological plaque characteristics may also possibly
account for differences in stroke or mortality risks with
respect to patients’ sex.42–47 However, the current data show
that sex is not significantly associated with the perioperative
stroke and death risk following CEA under routine conditions
in Germany.

Neurological Status and ASA Category
In the present study, symptomatic patients were more likely
to suffer an outcome event than asymptomatic patients. This

finding is a generally known fact and was noted in previously
published RCTs as well as in observational studies and case
series.2 Thus, it is not unexpected that the same risk pattern
can be observed when CEA is performed under routine
conditions.

With respect to ASA category, the current exploratory
analysis revealed that patients classified ASA IV/V had a
higher risk of stroke or death, particularly in higher age
groups. This crude age effect was also noted in patients
classified ASA I/II and III, but to a lesser extent. Given that
there are only few patients as well as few events in the ASA
IV/V category, the authors refrain from performing higher-
order interaction analyses. Nevertheless, one may cautiously
build 2 hypotheses from these crude data: first, patients
classified ASA I to III might be treated safely although they are
old, and second, younger patients might be treated safely
although they are classified ASA IV/V.

Limitations and Strengths
This study has some limitations. First, the study was
retrospective and observational, given that no randomization
was performed with respect to the independent variables
analyzed in this study (age and sex). Thus, only associations
rather than causal relationships can be inferred from the data.
Additionally, a potential selection bias cannot be ruled out
because only patients who received CEA were collected in the

Figure 2. Crude risk of (A) any in-hospital stroke or death, (B) stroke alone, and (C) death alone by age groups and neurological status on
admission (left). Sex-specific rates are depicted in the right column (see Table 3 for point estimates and 95% CIs; see Figure 3 for adjusted risk
ratios and CIs). A indicates asymptomatic ICA stenosis; bars, 95% CI; CEA, carotid endarterectomy; ICA, internal carotid artery; S, symptomatic
ICA stenosis (nonemergency).
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database. Regarding sex-specific treatment selection, there
are no distinct sex-specific recommendations in the German
or international guidelines. Thus, a selection bias attributed to
guideline adherence issues is considered less likely. However,
it is well known that benefit from CEA is lower in woman
compared to men, and therefore this knowledge might have
influenced medical decision making. Therefore, a potential
sex-specific selection bias could not be ruled out.

Second, because of legal reasons, follow-up data of all
patients were only collected for the in-hospital period, and
therefore the data presented in this article could not be
compared to studies reporting, for example, 30-day results.
Because the majority of postoperative events occur within the
first days postsurgery48 and given that the length of hospital
stay is comparable with respect to age groups and sex

(median, 5 days; see Figure S1), information bias is consid-
ered to be homogenous across the study groups.

Third, given that all data were self-reported by the treating
physicians or delegates of the treating departments, an
information bias is possible. Misinformation may be counter-
balanced by structured validity checks (performed by the so-
called Landesstellen and the AQUA Institute), as well as by
hospital audits reporting results that are higher or lower than
expected on a semiannual basis. Additionally, given that
misclassification of outcome events (intended or not) is most
likely nondifferential with respect to sex, age, and neurological
symptoms on admission, the risk of bias is considered low.

Fourth, because no further data on medication or comor-
bidities (coronary heart disease, diabetes mellitus, hyperten-
sion, smoking habits, hyperlipidemia, statin therapy, hormone

Table 3. Outcome: Crude Event Rates by Sex, Age, and Neurological Status on Admission

n/N (%)

Asymptomatic Symptomatic

Men Women Men Women

Any stroke or death, y

<65 149/14 451 (1.0) 57/5990 (1.0) 178/9533 (1.9) 82/4192 (2.0)

65 to 69 130/10 079 (1.3) 63/4362 (1.4) 138/5646 (2.4) 49/2325 (2.1)

70 to 74 199/14 941 (1.3) 89/6706 (1.3) 250/8562 (2.9) 87/3738 (2.3)

75 to 79 171/11 577 (1.5) 95/5798 (1.6) 196/7553 (2.6) 89/3698 (2.4)

≥80 141/7326 (1.9) 81/4508 (1.8) 239/6728 (3.6) 128/4361 (2.9)

All age groups 790/58 374 (1.4) 385/27 364 (1.4) 1001/38 022 (2.6) 435/18 314 (2.4)

1175/85 738 (1.4) 1436/56 336 (2.5)

2611/142 074 (1.8)

Any stroke (alone), y

<65 120/14 451 (0.8) 52/5990 (0.9) 164/9533 (1.7) 77/4192 (1.8)

65 to 69 100/10 079 (1.0) 53/4362 (1.2) 115/5646 (2.0) 40/2325 (1.7)

70 to 74 149/14 941 (1.0) 67/6706 (1.0) 208/8562 (2.4) 70/3738 (1.9)

75 to 79 120/11 577 (1.0) 65/5798 (1.1) 135/7553 (1.8) 62/3698 (1.7)

≥80 85/7326 (1.2) 56/4508 (1.2) 159/6728 (2.4) 83/4361 (1.9)

All age groups 574/58 374 (1.0) 293/27 364 (1.1) 781/38 022 (2.1) 332/18 314 (1.8)

867/85 738 1.0) 1113/56 336 (2.0)

1980/142 074 (1.4)

Death (alone), y

<65 36/14 451 (0.2) 8/5990 (0.1) 32/9533 (0.3) 10/4192 (0.2)

65 to 69 36/10 079 (0.4) 11/4362 (0.3) 35/5646 (0.6) 12/2325 (0.5)

70 to 74 62/14 941 (0.4) 25/6706 (0.4) 61/8562 (0.7) 24/3738 (0.6)

75 to 79 70/11 577 (0.6) 35/5798 (0.6) 78/7553 (1.0) 35/3698 (0.9)

≥80 71/7326 (1.0) 38/4508 (0.8) 102/6728 (1.5) 64/4361 (1.5)

All age groups 275/58 374 (0.5) 117/27 364 (0.4) 308/38 022 (0.8) 145/18 314 (0.8)

392/85 738 (0.5) 453/56 336 (0.8)

845/142 074 (0.6)
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replacement therapy, etc) were documented in the database,
only patients’ sex, age, ASA stage, and degree of carotid
stenosis were available for medical risk adjustment. Addition-
ally, nonconsideration of unobserved confounders (eg,
patency of vertebral arteries, patency of the circle of Willis,

plaque morphology, contextual factors, and health-system–
specific factors) may also have influenced the indication for
treatment, the selection of technique, the selective applica-
tion of intra-arterial shunting, or the decision to delegate the
treatment to an experienced physician or transfer the patient

Figure 3. Forest plot of multilevel multivariable regression results. Association of age and sex with the in-
hospital risk of (A) any stroke or death, (B) any stroke alone, and (C) all-cause death alone. Adj. RR=risk
ratio adjusted for ASA category, neurological status on admission, ipsi- and contralateral degree of carotid
stenosis, antiplatelet medication, pre- and postoperative assessment by a neurologist, intraoperative
neurophysiological monitoring, technique of CEA, anesthesia, shunting, intraoperative check of technical
success, clamping time, and annual hospital CEA volume (see Methods for further details on the regression
model); bars indicate 95% CI. ASA indicates American Society of Anesthesiologists; CEA, carotid
endarterectomy.
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to another hospital. In summary, potential bias caused by
unobserved confounders cannot be ruled out, and thus
generalizability of results might be limited. In the near future,
it should be discussed by specialists in medical quality
assurance, health services researchers, and health policy
makers, which factors are needed for proper risk adjustment
and control for confounding in a statutory quality assurance
program in order to improve quality of vascular services in a
patient-centered and value-based fashion.

Nevertheless, the strengths of our study are (1) patient
data were collected systematically on a statutory basis with
the primary aim of disease-specific quality assurance, (2) the
data were based on clinical assessment rather than admin-
istrative records, and (3) results were adjusted using multi-
level multivariable regression analysis to reduce confounding
as much as possible. In contrast to RCTs, data acquisition did
not apply inclusion or exclusion criteria, and therefore these
data reflect the provision of CEA under routine conditions.

Figure 4. Relative risks as a function of age for (A) any in-hospital stroke or death, (B) any stroke, and (C) all-cause death alone (please note
differing range of the y-axis). Dotted lines indicate the 95% CI. CEA indicates carotid endarterectomy; m, men; w, women.

Table 4. Linear Age Effect by Sex and Neurological Status on Admission

Linear Age Effect*
Adj. RR [95% CI]

Asymptomatic Symptomatic

Men Women Men Women

Any stroke or death 1.21 [1.11–1.32]† 1.21 [1.07–1.38]† 1.23 [1.14–1.32]† 1.09 [0.98–1.20]

1.21 [1.13–1.30]† 1.16 [1.03–1.31]†

1.19 [1.14–1.24]†

Any stroke (alone) 1.06 [0.96–1.17] 1.10 [0.95–1.27] 1.08 [1.00–1.17] 0.96 [0.86–1.08]

1.07 [0.99–1.17] 1.03 [0.92–1.15]

1.05 [1.00–1.11]†

Death (alone) 1.65 [1.40–1.93]† 1.75 [1.36–2.25]† 1.69 [1.47–1.96]† 1.68 [1.37–2.06]†

1.68 [1.46–1.92]† 1.69 [1.50–1.90]†

1.68 [1.54–1.84]†

Adjusted relative risk of increasing age as a continuous variable on the risk of any inhospital stroke or death, any stroke, and all-cause death.
*Per 10-year increase, adj. RR=relative risk adjusted for American Society of Anesthesiologists category, ipsi- and contralateral degree of carotid stenosis, antiplatelet medication, pre- and
postoperative assessment by a specialist in neurology, intraoperative neurophysiological monitoring, technique of carotid endarterectomy (CEA), anesthesia, shunting, intraoperative check
of technical success, clamping time, and annual hospital CEA volume.
†P<0.05.
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Conclusions
This study shows that increasing age was independently
associated with a higher risk of in-hospital stroke or death
following CEA under everyday conditions in Germany. This
relationship is based primarily on the association between age
and death (alone; RR=1.68) rather than on the weak
association between age and stroke (alone; RR=1.05).
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Figure S1. Length of postoperative hospital stay (in days). Bars indicate quartiles 1 and 3 
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Figure S2. Absolute risk of any in-hospital stroke or death in patients with ASA category I+II, 
III, and IV+V by age group and neurological status on admission. Bars indicate the 95% 
confidence intervals (CI) 
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Figure S3. Absolute risk of stroke (alone) in patients with ASA category I+II, III, and IV+V by 
age group, sex, and neurological status on admission. Bars indicate the 95% confidence 
intervals (CI) 
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(2.2) 

3/422 
(0.7) 

8/354 
(2.3) 

10/338 
(3.0) 

31/1660 
(1.9) 

 

 

 
Age group (years) <65 65-69 70-74 75-79 ≥80 total 

 ASA I+II 
82/5032 

(1.6) 
45/2342 

(1.9) 
42/3063 

(1.4) 
28/2234 

(1.3) 
26/1739 

(1.5) 
223/14410 

(1.5) 

 ASA III 
150/8374 

(1.8) 
106/5373 

(2.0) 
220/8846 

(2.5) 
158/8531 

(1.9) 
201/8777 

(2.3) 
835/39901 

(2.1) 

 ASA IV+V 
9/319 
(2.8) 

4/256 
(1.6) 

16/391 
(4.1) 

11/486 
(2.3) 

15/573 
(2.6) 

55/2025 
(2.7) 
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Figure S4. Absolute risk of death (alone) in patients with ASA category I+II, III, and IV+V by 
age group, sex, and neurological status on admission. Bars indicate the 95% confidence 
interval (CI) 
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(0.0) 
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(0.1) 
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(0.3) 
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 ASA III 
39/11948 

(0.3) 
38/9119 

(0.4) 
62/14484 

(0.4) 
79/12359 

(0.6) 
84/8827 

(1.0) 
302/56737 

(0.5) 

 ASA IV+V 
1/279 
(0.4) 

5/267 
(1.9) 

19/422 
(4.5) 

20/354 
(5.6) 

17/338 
(5.0) 

62/1660 
(3.7) 

 

 

 
Age group (years) <65 65-69 70-74 75-79 ≥80 total 

 ASA I+II 
4/5032 
(0.1) 

7/2342 
(0.3) 

9/3063 
(0.3) 

5/2234 
(0.2) 

10/1739 
(0.6) 

35/14410 
(0.2) 

 ASA III 
32/8374 

(0.4) 
35/5373 

(0.7) 
68/8846 

(0.8) 
89/8531 

(1.0) 
121/8777 

(1.4) 
345/39901 

(0.9) 

 ASA IV+V 
6/319 
(1.9) 

5/256 
(2.0) 

8/391 
(2.0) 

19/486 
(3.9) 

35/573 
(6.1) 

73/2025 
(3.6) 
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