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Background: The concept of care pathways is widely used to pro-
vide efficient, timely, and evidence-based medical care. Recently,
the investigation of actual empirical patient pathways has gained
attention. We demonstrate the usability of State Sequence Analysis
(SSA), a data mining approach based on sequence clustering tech-
niques, on comprehensive insurance claims data from Germany to
identify empirical ambulatory care sequences. We investigate pa-
tients with coronary artery disease before invasive coronary an-
giography (CA) and compare identified patterns with guideline
recommendations. This patient group is of particular interest due to
high and regionally varying CA rates.

Methods: Events relevant for the care of coronary artery disease pa-
tients, namely physician consultations and medication prescriptions, are
identified based on medical guidelines and combined to define states.
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State sequences are determined for 1.5 years before CA. Sequence
similarity is defined for clustering, using optimal matching with theory-
informed substitution costs. We visualize clusters, present descriptive
statistics, and apply logistic regression to investigate the association of
cluster membership with subsequent undesired care events.

Results: Five clusters are identified, the included patients differing
with respect to morbidity, urbanity of residential area, and health
care utilization. Clusters exhibit significant differences in the timing,
structure, and extent of care before CA. When compared with
guideline recommendations, 3 clusters show signs of care deficits.

Conclusions: Our analyses demonstrate the potential of SSA for
exploratory health care research. We show how SSA can be used on
insurance claims data to identify, visualize, and investigate care
patterns and their deviations from guideline recommendations.

Key Words: patient pathway analysis, sequence clustering, ambulatory
treatment pathways, coronary artery disease, insurance claims data

(Med Care 2022;60: 602-609)

he concept of treatment pathways has become a recognized
instrument for process optimization, quality assurance, and
improved efficiency of care. Pathway-based programs and
treatment guidelines are being increasingly applied in the clinical
and the outpatient sector to encourage treatment according to
current medical evidence and to guide patients through the health
system.! They are strongly normative in character and aim to
provide an “ideal care path.” More recently, the investigation of
actual, empirical patient paths has gained attention. By analyzing
treatment patterns or sequences in comprehensive data, the aim is
to obtain a more holistic insight into care processes and to
identify possible care deficits or deviations from desired treat-
ment paths. In addition, factors that impact on care and corre-
lations between patterns and health-relevant outcomes are
investigated.> Data mining methods such as pattern mining,
clustering, and classification methods are used to identify and
investigate patient pathways, hereby exploiting the increasing
availability of comprehensive data.>>~7 Recently, first efforts
have been made to apply a class of sequence clustering methods
rooted in sociology and referred to as “State Sequence Analysis”
(SSA),%? on health data to identify, visualize, and investigate
empirical patient pathways and care utilization patterns.”-10-12
In this study, we apply SSA to German health insurance
claims to investigate the empirical ambulatory care sequences of
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patients with coronary artery disease (CAD) before undergoing
invasive coronary angiography (CA) using a left heart catheter.
CA allows the visualization of the coronary vasculature and is
used in patients with known or suspected CAD, usually in
connection with and as a basis for decision-making for re-
vascularization therapy, namely coronary artery bypass graft or
percutaneous coronary intervention (PCI).!31# This patient group
is of particular interest: In Germany, CA rates have increased in
recent decades,'>!¢ are strikingly high when compared with
other countries,!”! and show considerable unexplained regional
variation.'®??> This has led to an ongoing discussion as to
whether these rates reflect the actual need for CA or whether CA
is performed too frequently in patients with stable CAD as a
standard diagnostic procedure, or before conservative medical
therapy options are exhausted.!®!”-?>23 These deviations from
national and international treatment guidelines'>'%?* may be
driven by supply structures, medical uncertainty regarding the
indication, patient preferences, and established, regionally
prevailing medical practice and treatment paradigms.'6-1722.23.25

The aim of the SSA presented in this study is to provide
insight into the care process that precedes the CA and to
compare it with guideline recommendations, in particular
regarding the use of conservative management options. As a
methodological contribution, we demonstrate how to jointly
analyze care events of different thematic areas that can occur
simultaneously, namely physician visits and medication use.
For clustering, we advocate the use of a theory-driven ap-
proach to determine sequence similarity from a medical and
health service perspective. Clusters are visualized and in-
vestigated using correlation analyses. In particular, we were
interested in routinely performed follow-up CAs, which are
strongly discouraged by current guidelines!'32* and can be
seen as a sign of an inappropriate indication,?>2%27 but may
be still prevalent in everyday medical practice.”>>

METHODS

Data and Study Population

We conducted a longitudinal cohort study using routinely
collected insurance claims data obtained from 3 German health
insurances (AOK, BARMER, Techniker Krankenkasse) that
share a comprehensive basic reimbursement catalogue and cov-
ered ~41% of the German population in 2016.2%% The data
encompasses all adults undergoing CA in the year 2016, detail-
ing all the patients’ reimbursable inpatient, outpatient and pre-
scription claims between 2014 and 2017, diagnoses and basic
demographic information. From this data, the study population
was defined. All patients who underwent the index event of a CA
in July or October 2016 were eligible. The available data allowed
to define for each patient an observation period of 1.5 years
preceding the CA and a preobservation period of 1 year pre-
ceding the observation period (Fig. 1). The restriction to July and
October is due to study design reasons (see the Definition of
states and sequences section). Based on clinical events recorded
during preobservation and observation period, the study
population was further restricted to enhance the similarity in
regard to CAD morbidity: We included only patients: (1) with
known CAD, that is, for whom a diagnosis of stable CAD was
recorded in at least 2 quarters within the outpatient sector or at
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least once within the hospital in the preobservation period;
(2) who did not undergo revascularization therapy of any type or
CA in the 2.5 years preceding the index CA; and (3) for whom
no acute coronary event was registered during the observation
period, to account for the considerable difference in clinical state
that necessitate diverging treatment recommendations. Only
patients, who were continuously insured between 2014 and 2017,
or until death during this period, were included.

State Sequence Analysis

The SSA is conducted in 4 steps: (1) choice of care events;
(2) definition of states and sequences; (3) definition of (dis-)sim-
ilarity and clustering; and (4) investigation of clusters. These steps
are described as follows. Analyses were performed with R and
Stata, including the TraMineR package®*" and the comorbidity
package.!

Relevant Care Events

Four care events, that are reliably traceable in claims
data, were chosen for consideration in the sequences:
e G: consultation of a general practitioner.

C: consultation of an office-based cardiologist.
P: prescription of prognosis-improving medication.
S: prescription of symptomatic medication.

This selection was based on the national treatment
guideline for stable CAD,'3 on analyses of national and inter-
national guidelines,>? and on medical expert opinion. Prognosis-
improving medication, which is recommended for every patient
due to its effect on CAD morbidity and mortality,'>!* includes
all lipid modifying agents licensed in Germany. Symptom-ori-
ented medication, which is to be applied depending on symptom
level and comorbidities of the patient, covers beta-blockers,
calcium channel blockers, ivabradine, ranolazine, and organic
nitrates.>2 Other clinical data points, such as the medication of
antiplatelet agents (obtainable without prescription), laboratory
results, and lifestyle changes were not considered since these are
not covered by claims data.

We derived the physician’s specialty based on
specialty-specific billing codes. Patients with a relevant pre-
scription issued by a physician, whose specialty group could
not be determined or was not included in the analysis, were
excluded (217 patients).

Definition of States and Sequences

First, the time unit and duration of sequences, de-
termining the observation time, were defined. Due to quar-
terly-based remuneration schemes in the German outpatient
sector, care events as “physician consultations” can only be
determined reliably within a yearly quarter. Thus, a quarter of
a year is the smallest possible time unit and was used for this
analysis. For each patient, the sequence period was defined as
the 6 quarters before the index CA. The quarter in which the
CA took place is itself not part of the observation period
(Fig. 1). This necessitated the restriction to patients with the
CA in the first month of a quarter (July or October 2016) to
minimize the unobserved time between the end of the
sequence and the index CA.

States are specified as combinations of the 4 chosen
care events. Thirteen states were included, N, G, C, GC, GP,
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4 quarters

Pre-observation period:
confirmed CAD diagnosis, no CA/PCl/Bypass

6 quarters
index event:
Observation period: sequence time span, CAin July or
no CA/PCl/Bypass, no diagnosis of acute coronary event October 2016

FIGURE 1. Visualization of preobservation and observation period preceding the index CA. CA indicates coronary angiography;
CAD, coronary artery disease; PCl, percutaneous coronary intervention.

CP, GCP, GS, CS, GCS, GSP, CSP, GCSP with state
“N” denoting the state in which no care events were recorded.
For each patient and each quarter of the observation period,
the patient’s state was determined by examining which of the
state-defining care events had been recorded. Thus, each pa-
tient’s state sequence consisted of 6 consecutive states.

Definition of Dissimilarity and Clustering

A crucial step in clustering is the choice of a (dis-)
similarity measure defining when 2 objects, or sequences, are
considered similar or, conversely, dissimilar.3%-33 We applied
a localized optimal matching approach to determine sequence
dissimilarity.>*3* Within this approach, we used Gower dis-
tance to assure that state similarity and, consequently, se-
quence similarity reflects the similarity of care from a health
services and medical perspective.>*33 For clustering, we used
a partitioning around medoids algorithm and performed
clustering for different numbers of initial medoids (between 3
and 10), thus different numbers of clusters.’® The optimal
number of clusters was determined using the weighted aver-
age silhouette width.3” Further details are described in the
Supplemental Material (Supplemental Digital Content 1,
http://links.lww.com/MLR/C467).

Statistical Investigation of Clusters

Clusters were visualized using frequency plots and
distribution plots. We calculated summary statistics and per-
formed y* tests to investigate clusters and their unadjusted
correlation with patient characteristics.

Analysis of Re-catheterization

We used logistic regression to study the discouraged
medical practice of re-catheterization (CA) for controlling
purposes only. We included membership to previously
identified clusters as a patient characteristic into the re-
gression model. We defined re-CA as a second invasive CA
within 180 days of the index CA. To identify routinely
scheduled re-CAs, we excluded patients for whom an acute
coronary event was recorded concurrently with the re-CA and
disregarded CAs performed in the context of the index CA
(recorded within 30 d of the index CA or in the same billing
case as the index CA). Patients who died within the 180-day
period were excluded.

The covariables used in the regression were cluster
membership, patient characteristics (age, sex),>®* comorbidity
indices (van Walraven-Elixhauser score),*0:41 regional charac-
teristics (degree of urbanization, residence in FEast/West
Germany),** variables reflecting health services utilization
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[enrollment in the CAD Disease Management Program (DMP),
use of noninvasive diagnostics (NID)] and variables character-
izing the circumstances of the index CA (PCI, bypass, acute
coronary event).!%17-222643 Fyrther details are provided in the
Supplemental Material (Supplemental Digital Content 1, http://
links.lww.com/MLR/C467). Regression results are reported with
odds ratios and their 95% confidence intervals. A P-value of
P <0.05 was regarded as statistically significant.

RESULTS

Cluster Analysis
The study population consists of 11,535 patients.
Patient characteristics are shown in Table 1.

Cluster Identification

Five clusters were identified (weighted average sil-
houette width =0.35), with their size varying between 963
and 4145 patients. Figure 2 shows for each cluster the 10
most frequent sequences, the quarterly distribution of states
and of events.

Each cluster is dominated by 1 or 2 states. Cluster 1 is
dominated by State G (hereinafter termed “cluster G”), cluster
2 by states G and GPS (“cluster Mix”), cluster 3 by state GP
(“cluster P”), cluster 4 by state GS (“cluster S”), and cluster 5
by the states GPS and GCPS (“cluster PS”).

Physician Consultations. The strong role of the general
practitioner is clearly visible: Each of the cluster-dominating
states includes event G. Overall rates of cardiologist in-
volvement are comparatively low and states with event C
without G are negligible. The lowest and highest cardiologist
participation can be observed in cluster G and cluster Mix,
respectively.

Medication Events. Cluster-dominating states differ by
medication events. In clusters Mix and PS (19.9% of the
study population), most patients received medication from
both classes in the last 2 quarters before CA. In clusters G and
S (44.2% of the study population) the absence of continuous
prognosis-improving therapy before CA can be observed for
most patients.

Cluster Dynamics. Across clusters, an increase in health care
use towards the CA is visible. In clusters S, P, and PS, this
change occurs mainly in the sixth quarter by means of a shift
from the dominant state to the corresponding state with car-
diologist involvement. However, this dynamic is moderate,
and many patients experience a rather stable care situation
throughout the observation period in these 3 clusters.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Unadjusted Summary Statistics by Sequence Clusters

Patient Characteristics Total G Mix P S PS P
No. patients 11,535 2261 1334 963 2832 4145
% of study population 19.6 11.6 8.3 24.6 359
Age (% of patients) (y)

<69 237 273 30.7 243 18.4 22.8 <0.001

69-76 28.5 27.5 31.4 28.4 24.5 30.8

77-80 21.8 20.7 19.5 224 22.7 224

>80 26.1 24.4 18.4 249 34.4 24.0
Women 37.0 335 259 30.1 473 37.1 <0.001
Living area (% of patients)

Major city 25.8 27.8 29.2 25.3 24.0 25.0 <0.001

Urban area 34.9 37.6 40.9 359 30.6 34.1

Rural area, densely populated 19.1 16.6 16.0 194 20.9 20.1

Rural area, sparsely populated 20.3 18.0 13.9 19.3 24.5 20.8
Region: patients living in East Germany 25.8 23.2 223 23.1 31.1 25.2 <0.001
Patients with an acute coronary event within CA billing case 24.1 244 23.2 24.5 25.1 23.4 0.435
Elixhauser Comorbidity Score

Based on ambulatory diagnoses

Mean (SD) 10.8 (9.3) 9.4 (9.2) 10.2 9.3) 10.3 9.1) 11.5 9.4) 11.3 (9.3) <0.001
Based on hospital diagnoses
Mean (SD) 10.0 (9.3) 9.0 9.0) 8.8 (9.1) 8.6 (9.2) 11.5 (9.5) 10.2 (9.3) <0.001

Patients enrolled in DMP 48.3 35.6 53.5 54.2 41.9 56.5 <0.001
Patients with noninvasive diagnostics within 3 mo before CA 33.8 334 41.9 35.7 28.9 343 <0.001
Patients receiving invasive procedure following CA within 30 d after index CA or within same billing case

PCI 38.6 38.6 39.9 383 40.3 37.0 0.067

CABG 4.8 5.1 53 4.2 44 4.8 0.534
Patients with re-CA within 30-180d after index CA* 6.4 6.7 52 6.8 6.0 6.8 0.296
Patients who died within 180 d after index CA 8.6 7.5 5.6 7.2 11.6 8.3 <0.001

*For the re-CA rate, the denominator population is not the entire study population of 11,535 patients, but only 10,427 patients, since 986 patients were excluded since they died in
the timeframe of 180 days and 122 patients were excluded because an acute coronary event was coded in the billing episode of the second CA.

CA indicates (invasive) coronary angiography; CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; DMP, structured disease management program for
coronary artery disease patients; PCI, percutaneous coronary intervention; re-CA, re-catheterization.

In contrast, cluster G and, to a considerably greater extent,
cluster Mix exhibit escalating dynamics from the middle of the
observation period on. Both clusters show an increase in medi-
cation events. While the increase in cluster G is small, cluster Mix
reaches medication levels as high as those of cluster PS towards
the CA. In addition, cluster Mix shows a gradual increase of
cardiologist involvement throughout the observation period.

Patient Characteristics by Sequence Clusters

Patient characteristics differ significantly between clusters
(Table 1).

Cluster Mix has the youngest, mostly urban population
and the lowest percentage of women. Its patients seem to be
healthier in general, with a low comorbidity index and the
lowest 180-day mortality rate. Additional indicators of health
care use, NID use and DMP participation, are by far the
highest, respectively above average in this cluster.

Cluster S provides the greatest contrast to cluster Mix.
It is characterized by a significantly older, mostly rural pop-
ulation, with more comorbidities, the highest mortality rate
and the highest proportion of women. NID use and DMP
participation were substantially lower than in other clusters.

While clusters P and PS show similarities to cluster S in
terms of age distribution and the region of residence, relatively
high rates of DMP enrollment and NID use can be observed.

Finally, cluster G is comparable to cluster Mix in terms
of age, sex, residential area and comorbidity, but shows sig-
nificantly lower rates of DMP enrollment and NID use.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Neither the occurrence of an acute coronary event, nor
subsequent re-CA within 180 days, nor bypass surgery within
30 days of the CA show associations with cluster membership
in unadjusted correlation analysis. A slight tendency for cor-
relation (P =0.07) might be present for PCI within 30 days of
CA.

Occurrence of Re-catheterization

The identified clusters were included as a predictor in a
logistic regression model, with the occurrence of a second CA
within 180 days (re-CA) of the index CA as dependent var-
iable. The patient population for the regression was reduced
to 10,427 patients, excluding 986 patients who died in the
relevant period and 122 patients for whom an acute coronary
event was diagnosed within the billing episode of the second
CA. Regression results are presented in Table 2.

Across clusters, 6.4% of patients experienced a re-CA.
The logistic regression reveals that by adjusting for patient
characteristics and morbidity, cluster membership is sig-
nificantly associated with re-CA: Patients of clusters G, P, S,
and PS have higher odds compared with those of cluster Mix.
Older patients show decreased odds for a re-CA. Being fe-
male is negatively associated with receiving re-CA. Sig-
nificantly increased odds for re-CA are seen in patients who
live in former East Germany. Eight-fold odds are seen in
patients who received a PCI within 30 days of the index CA.
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TABLE 2. Results of Logistic Regression for Re-catheterization
Within 180 Days After the Index CA

Independent Variables OR P 95% CI
Reference: cluster Mix

Cluster G 1.48 0.015 1.08; 2.03

Cluster P 1.51 0.031 1.04;2.21

Cluster S 1.40 0.035 1.02; 1.92

Cluster PS 1.55 0.003 1.16; 2.07
Reference: age <69 (y)

69-76 0.79 0.036 0.64; 0.98

77-80 0.82 0.104 0.65; 1.04

>80 0.54 <0.001 0.42;0.70
Reference: male

Female 0.70 <0.001 0.58;0.85
Living area, reference: major city

Urban area 1.18 0.150 0.94; 1.46

Rural, densely populated 0.93 0.576  0.73; 1.19

Rural, sparsely populated 0.98 0.871 0.76; 1.25
Region, reference: West Germany

East Germany 1.37 0.002 1.12;1.68
Elixhauser Comorbidity Score

Ambulatory 1.00 0.561 0.99; 1.01

Hospital 1.00 0.431 0.99; 1.01
Revascularization procedure within 30 d, reference: none

PCI 8.56 <0.001 6.92;10.59

CABG 0.50 0.132  0.20; 1.23
Acute coronary event in billing case 1.01 0.929 0.84; 1.21

of index CA
NID within 3 mo before CA 1.13 0.190 0.94; 1.35
DMP 1.01 0.934 0.85; 1.19
Constant 0.02 <0.001 0.01;0.02

CA indicates (invasive) coronary angiography; CABG, coronary artery bypass graft
surgery; CAD, coronary artery disease; CI, confidence interval; DMP, structured disease
management program for coronary artery disease patients; NID, noninvasive diagnostic
procedure; OR, odds ratio; PCI, percutaneous coronary intervention.

DISCUSSION

In this study, we apply SSA to comprehensive insurance
claims data from 3 German health insurances to explore ambu-
latory care patterns of patients with CAD before undergoing CA.
Due to the high number of observations and since the data cover
multiple years, it was possible to create a study population that is
approximately homogeneous in terms of CAD morbidity, despite
the absence of clinical or lifestyle information.

Identified Treatment Patterns

For patients with stable CAD, our analysis demon-
strates the heterogeneity of treatment patterns preceding CA
with respect to physician consultations and medication. We
identified and visualized 5 clusters of care sequences.

In all clusters, the majority of patients consulted general
practitioners throughout the observation period. This is con-
sistent with guideline recommendations that emphasize the
responsibility of general practitioners to coordinate con-
tinuous evidence-based care.'® Although overall cardiologist
involvement is relatively low, an increase is visible towards
the index CA as recommended in the guidelines.'3

Clusters differ with respect to the medication pre-
scribed, the extent of cardiologist participation, and the
development over time.

Two clusters, clusters Mix and PS, show a high intensity
of care before CA, alongside high rates of DMP enrollment and

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

NID. While the older and more comorbid population of cluster
PS received this level of care continuously, the younger, urban
and healthier patients of cluster Mix evolve to reach this high
level of care. Its patients experience treatment closely reflecting
the guidelines, with optimal medication therapy, cardiologist
involvement, DMP enrollment and NID use. This could be
guided by the physician, by the behavior of informed patients,
or by supply structures in urban areas.

The remaining 3 clusters lack the presence of 1 or both
medication events: A substantial proportion of clusters P and G
does not receive continuous symptom-improving medication.
One might hypothesize that this absence of medication reflects
the absence of symptoms. This would imply that CA was not
performed out of symptomatic, but out of prognostic indication.
However, the absence of higher coronary artery bypass graft rates
in these clusters does not support this hypothesis. In another
scenario, patients might undergo CA considering revasculariza-
tion out of symptomatic indication. In this case, contrary to
guideline recommendations, revascularization therapy seems to
have been considered before conservative symptomatic drug
therapy options had been exhausted.

Patients from clusters G and S do not receive continuous
prognosis-improving medication, even immediately preceding
CA. This indicates deficits in the care of stable CAD patients
and a deviation from guideline recommendations. Notably,
cluster S has the highest proportion of female patients. This
reminisces the repeatedly stated hypothesis of underestimation
and undertreatment of CAD in women,38-3%:44-46

To gain additional insight, a logistic regression was
performed with re-CA within 180 days as the outcome. The
observed re-CA rate of 6.4% is substantial, yet significantly
lower than in a previous study,? most likely due to our
conservative approach in the operationalization of re-CA.

The regression revealed that older and more comorbid
patients are less likely to receive a re-CA. This meets our
expectations since providers might refrain from routinely
scheduling of re-CAs for patients with higher procedural
risks. A similar reasoning was hypothesized by Piedmont
et al*? in a comparable context. Our results on the correlation
between PCI at index event and re-CA also complement the
descriptive results of Jeschke et al.>> With respect to cluster
membership, we find that patients of cluster Mix have lower
odds for re-CA compared with all other clusters. This con-
firms the characterization of cluster Mix as being in good
accordance with guidelines. A possible explanation could be
that for patients from this cluster, being the youngest and
healthiest, a second intervention, even only for controlling
purposes, seems unnecessary. Another probable scenario is
that these patients or their physicians refrain to a higher de-
gree from performing re-CA in general.

Strengths and Limitations

This is the first SSA on insurance claims data that in-
cludes different kinds of simultaneous or overlapping care
events, namely physician visits and medication, in a single
analysis. Previous studies have focused on the frequency or
volume of health service utilization alone, or on different care
events in separate analysis.”!%12 Our combined approach
enables to exploit the potential of the SSA method to capture
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the treatment of large patient population in a holistic manner
over a considerable period. The method is however limited to
a rather small number of care events per type (due to the
growing number of resulting states). This also implies that
health care can be captured only with respect to the selected
events. We identified 5 clusters. The silhouette coefficient,
which reflects intracluster homogeneity and intercluster het-
erogeneity, is 0.35. Comparing to previous studies,”»'%!! this
value indicates a high level of cluster quality, in particular
since our combined approach is done at the expense of a
larger number of states with a corresponding increase in se-
quence heterogeneity. We advocate the use of a theory-driven
definition of state and consequently sequence dissimilarity.
This allows to capture the medical relevance of a transition
between 2 states, which is not guaranteed for standard data-
driven dissimilarity measures.

From a health care management perspective, our results
provide health policymakers and care providers with easily ac-
cessible and comprehensive insights into the health care situation
of CAD patients in Germany. The identified deviations from
guidelines may indicate aims of targeted interventions.

Since the study population consists of patients with diag-
nosed stable CAD, the study results only relate to stable CAD
patients. Despite their comprehensiveness, insurance claims data
have some limitations. The reasons for physician consultations are
not reported and could also be noncardiac issues. Since physicians
in Germany receive remuneration partly in quarterly flat rates,
physician visits can only be determined on a quarterly basis, and
the frequency of visits per quarter cannot be reliably determined.
Further, the data do not contain clinical or lifestyle information.
Thus, it is not possible to determine whether the indication for CA
reflects morbidity-based need or observed deviations from guide-
line care do indicate suboptimal therapy. For example, a fast
progression of symptoms may necessitate early revascularization.
However, it can be reasonably assumed that such phenomena
occur at a much smaller scale than the macrolevel picture enabled
by SSA. For instance, our analysis revealed that 2 clusters, con-
stituting substantial 44% of the study population, do not receive
continuing prognosis-improving medication before CA.

CONCLUSIONS

This study investigated ambulatory care sequences preced-
ing invasive CA among patients with stable CAD. To this end, we
applied sequence clustering techniques on German health in-
surance claims. Different types of care events were considered
within a combined SSA. Based on a theory-driven approach to
determine sequence similarities, 5 clusters of treatment patterns
were identified. Alongside CAD morbidity and comorbidity, re-
gional structures, patient preferences, or medical practice patterns
might influence treatment pathways. The comparison to guideline
recommendations suggests the presence of care deficits within
some clusters and may indicate starting points of further research
and targeted interventions. Logistic regression revealed that cluster
membership is correlated with the risk of subsequent health in-
terventions. Future studies should further explore the potential of
SSA for patient phenotyping, risk stratification, and predictive
modeling of health outcomes and health care use.
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