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Abstract

Objectives: Due to demographic aging, the prevalence of coronary artery disease (CAD) is expected to increase in
the future, resulting in a growing demand for stent and bypass interventions. This study aims to investigate the mor-
tality risk of patients following conventional coronary artery bypass grafting (CABG) or endovascular procedure by the
implantation of bare-metal stents (BMS) or drug-eluting stents (DES).

Methods: Based on a random sample of 250,000 members of Germany’s largest health insurance ‘Aligemeine Ortsk-
rankenkassen’ (AOK) from 2004 to 2015, incident CAD patients were analyzed by Cox Proportional-Hazard models. Risk
adjustment was made for sex, age, other cardiac diseases, non-cardiovascular comorbidities and years since interven-
tion. Due to later admission of DES and thus a shorter observation time, mortality was examined for 3 years since the
intervention.

Results: BMS represented the most frequent procedure (48%). We found similar proportions of CABG (19%) and DES
interventions (23%). After risk adjustment, the models showed a 21% (p =0.004) lower mortality risk of patients with
DES and also a 21% (p=0.002) lower mortality risk of CABG patients compared to persons with BMS.

Conclusion: Based on a large-scale dataset, our study demonstrated survival advantages of CABG and DES interven-
tions over BMS, with no differences between the DES and CABG groups. The results help to assess the risks of coro-
nary interventions. Aspects of quality of life, severity of postoperative physical limitations, duration of rehabilitation,
patients’ preferences, and aspects of cost-effectiveness for hospitals and society should be further considered.
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Introduction

Coronary artery disease (CAD) is the leading cause
of death worldwide. Globally, ischemic heart diseases
caused 8.9 out of 55.5 million deaths between 1980
and 2015 (16%) and 15.2 million people deceased due
to ischemic heart disease and stroke (27%) [1].Thus,
improvements in medicine and technology are essential
in future gains in longevity and quality of life at the old-
est ages. Considering the demographic characteristics
of patients, the incidence of CAD increases with age.
Men show a higher prevalence and are also more likely
to receive coronary interventions as women. CAD is per-
ceived as a male-dominated disease; however, it is the
leading cause of death in women aged 65 years and older
worldwide. In this context, it is important to consider
that ischemic heart diseases in women often progress
asymptomatically, which results in delays of medical
treatment [2].

In the last two decades percutaneous coronary inter-
ventions (PCI) with stent implantation emerged as
alternative to surgical procedure of coronary artery
bypass grafting (CABQ) in the treatment of CAD. This
trend is particularly evident in Germany: in 2003 the
ALKK (“Arbeitsgemeinschaft leitender kardiologischer
Krankenhausirzte”) registry reported approximately
30,000 cases of PCI with stent [3]. However, in 2015
more than 300,000 PCI's compared to 50,000 proce-
dures of CABG proceeded whereby drug-eluting stents
(DES) accounted for 91.2% of revascularizations [4].
Recent findings of comparing the efficacy and safety

of coronary stents preferred innovative DES over tra-
ditional bare-metal stents (BMS) in terms of a lower
incidence of adverse cardiac events leading to death
[5]. Thus, we hypothesized survival benefits of DES
towards BMS within the first three years since patients
underwent initial coronary intervention (Hypothesis
I). According to short-term follow-ups of patients with
coronary interventions, stent implantation potentially
revealed lower mortality rates compared to CABG
(Hypothesis II) [6].However, considering the mortality
selection shortly after revascularization procedure, we
expected CABG to be associated with a higher 3-year-
survival compared to DES (Hypothesis III).

The role and benefits of CABG in the treatment of a
specific subtype of CAD, namely complex multivessel
disease, were well established in the recent past by long
term clinical follow up and landmark studies such as the
SYNTAX trial. The outcome following PCI or CABG in
patients exhibiting left main stem disease was addressed
by several trials such as the EXEL trial and the NOBLE
trial. These trials reported non-inferiority of PCI in the
treatment of left main stem disease but with persistent
advantages for CABG in terms of the need for repeated
revascularization during follow-up [7, 8].

Contrary to previous studies, our sample was not
biased by health selection of respondents. We com-
pared survival after stent- and bypass procedure to
mortality in CAD patients who never underwent coro-
nary intervention and also provided the disease dura-
tion of CAD. Thus, we represented a valid ‘real-world
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analysis’ of clinical results following different types of
coronary revascularization in a large patient cohort.

Our study complied with RECORD reporting guide-
lines, which were developed for studies involving rou-
tinely collected health data. As an extension of the
existing STROBE guidelines, we fulfilled the RECORD
reporting requirements by adequately conveying the
methods and results of our research.

Materials and methods

Data source

Our analysis based on anonymized routine data from the
largest public health insurance ‘Allgemeine Ortskranken-
kassen’ (AOK) in Germany. The scientific institute of the
AOK (WIdO) granted the data access. The random sam-
ple consisted of 250,000 members from private house-
holds and nursing homes which aged 50+ years, and we
tracked from first quarter in 2004 until fourth quarter
in 2015 at the latest. The routine data covered patients’
sex, date of birth and death, as well as in- and outpatient
diagnoses coded by the Operational and Procedural Clas-
sification (OPS), and the International Classification of
Diseases and Related Health Problems (ICD-10-GM).
The data also comprised a unique identification number
and only involved completely anonymized information.
Thus, the study complied with the tenets of the Declara-
tion of Helsinki and did not require an ethical approval.

Definition of outcome measure and risk factors

The mortality status based on master data of health
claims. In analysis, we set the time of death to the middle
of the month of death.

We included BMS coded by OPS as ‘8—837.k’ and DES
coded as ‘8—837.m’ For CABG we considered OPS-codes
‘5-361* and ‘5-362*. We categorized the variable of
intervention type into “BMS’, “DES’, “CABG’, “mixed’,
and “none” (no procedure). The categories BMS, DES and
CABG implied initial interventions, whereas patients in
the mixed-group underwent at least two different revas-
cularization techniques in one quarter or received dif-
ferent intervention types as a re-intervention. Patients
remained in ‘none’ as long as they did not receive BMS,
DES, or CABG. Intergroup changes from none to BMS,
DES, CABG or mixed and from BMS, DES or CABG to
mixed were possible.

Control variables and validation strategy

Analysis controlled for sex, and age at first valid CAD
diagnosis or at first coronary intervention (50-54,
55-59, 60-64, 65-69, 70-74, 75-79, 80-84, 85+). To
identify modifying effects of other cardiac diseases on
mortality, we included the following ICD-10-diagnoses
ever received between 2004 and 2015: acute coronary
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syndrome (I21 and 120.0), congestive heart failure (109.9,
111.0, 113.0, 113.2, 125.5, 142.0, 142.5-142.9, 143, 150), car-
diogenic shock (R57.0), arrhythmia (144.1-144.3, 145.6,
145.9, 146, 147, 148, 149, R00.0, R00.1, R00.8, T82.1, Z45.0,
795.0), multivessel coronary artery disease (125.13).

We also considered non-cardiovascular diseases with
high impact on mortality. We measured the risk factor
“multimorbidity” by an additive score as the number of
the following acute and chronic diseases ever diagnosed
between 2004 and 2015: atherosclerosis (I170), Alzhei-
mer’s disease (F00), diabetes mellitus (I10-114), cancer
(C00-C97), liver diseases (B18, K70-K72, K76, 794.4),
lung diseases (J44, J47), neurological diseases (GO0—GO09,
G23, G24-G26, G31.8, G32), kidney diseases (N17-N19,
794.2, T82.4, 799.2), Parkinson’s disease (G20—G22), cer-
ebrovascular diseases (160-169, G45, G46, H34), paralysis
(G80-G83, G04.1, G11.4) and peptic ulcer (K25-K28).
The multimorbidity score consisted three categories: 01,
2-6, or 7+ of the selected diseases.

In addition, we considered external injuries (S00-S03,
TO00, T01.3, T02.4, T02.6-T02.9, T05.8, T05.9, T14-T98)
as non-degenerative risk factor of death. All diseases were
defined as irreversible since the first observed diagnosis.

Another control variable concerned the duration since
coronary intervention measured in years. We compared
CAD patients in 1st to 2nd year since intervention with a
third (residual) group that covered both, CAD patients in
the 3rd year and CAD patients who never received BMS,
DES, or CABG.

We reduced the problem of false-positive CAD diag-
noses by applying a validation strategy: to define the
first CAD diagnosis as valid, the patient required the co-
occurrence of CAD diagnosis in another quarter over the
whole observation period [9]. We considered all covari-
ates, with the exception of sex and age at incident CAD
diagnosis, to be time-varying variables with value 1 since
first valid diagnosis and 0 otherwise.

Sample selection

First, we excluded all patients with inconsistent or
implausible information of birth or death (n=463) and
7332 persons under the age of 50 (Fig. 1). To only include
incident CAD cases, patients with CAD diagnosis already
underlying in 2004 (n=16,366) met the exclusion crite-
ria. Considering deceased and patients who left the AOK
in 2004, the sample decreased by 9395 persons. We fur-
ther excluded patients with first CAD diagnosis in 2015
(n=2782) to avoid an end-of-study-bias, and those who
had less than three years of follow-up after initial inter-
vention as of Q1 2013 (n=1324), just as patients with
an incident CAD diagnosis and death in the same quar-
ter (n=2447). The final study cohort comprised 39,418
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AOK Sample (Q1 2004)

n =250 000
Q12004
Implausible information of birth Birth cohort 1954
and death n=7322
n =463
Q1-Q4 2004

Deaths & changes of health
insurance
n=9395

Valid CAD diagnosis
n=16 366

Q12005 - Q4 2015

Never received CAD diagnosis
n=170483

Deaths at first CAD diagnosis
n =2 447

Q12013 - Q4 2015

Initial intervention after 2012 First CAD diagnosis in 2015
n=1324 n=2782

Analysis Sample (Q1 2005)
n=39418

Fig. 1 Flowchart of sample selection procedure

incident CAD patients without or with coronary inter-
vention between Q1 2005 and Q4 2012.

Statistical analysis

We estimated sex and age-standardized 3-year mortal-
ity rates from 2005 to 2015 by using the German aver-
age population of 2005 and computed the mortality rate
for each intervention type by dividing the number of
deaths (D2005—15,,4) by the population under risk (Eq. 1).
The Person-years under risk (PYp;s) from 2005 to 2015
defined the population of risk in the denominator.

D2005-15,%,a

Mortality2005_15,x,a = * 100 (1)

PYRisk2005—15,x,a

To compare 3-year survival after coronary interven-
tion, we applied Kaplan—Meier estimators. We also com-
puted Cox proportional-hazard models, which aimed to
examine disparities in the 3-year mortality among CAD
patients with adjustment for demographic character-
istics, cardiovascular and non-cardiac diseases and the
years passed since intervention. In sensitivity analysis, we
calculated an additional model excluding CAD patients
who never underwent coronary intervention in the
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observation period, as well as the observation time prior
to intervention. All analyses were conducted with the use
of Stata (version 16.1).

We measured analysis time as the years since first valid
CAD diagnosis as of Q1 2005 at the earliest (Additional
file 1: Fig. S1, persons 1-5). Following the principles of
Hernén et al. (2016) and Emilson et al. (2018), we emu-
lated a target trial [10, 11]. We maximally tripled all
eligible observations (measured in person-times) and
assigned each copy to the corresponding coronary inter-
vention group (none, BMS, DES, CABG or mixed). In
case of a group change we defined a time zero of analysis
time (Additional file 1: Fig. S1, persons 1 & 2). Coronary
intervention simultaneous with the first valid CAD diag-
nosis (study entry) was also possible (Additional file 1:
Fig. S1, persons 3 & 5). To face the immortal time bias,
we censored CAD patients after a follow-up of 3 years
spend in the category of BMS, DES or CABG (Additional
file 1: Fig. S1, persons 2, 3 & 5). Person-times spend in
the categories of none and mixed had no observational
time limit (Additional file 1: Fig. S1, person 4).

Results

Patients at CAD diagnosis and death

12,974 out of 39,418 incident CAD patients died
(Table 1) and we found that 1245 of the deceased under-
went coronary revascularization (Tab 2). 48.22% of
patients with coronary intervention received a BMS,
whereas 45.94% of the deceased were assigned to the
same group. 22.64% of CAD patients received DES and
18.77% underwent bypass surgery. Mortality in patients
with CABG (18.80%) was slightly higher than in patients
with DES (17.35%). A total of 754 (10.38%) persons had
mixed intervention types. The mixed group consisted of
371 (49.20%) initial revascularizations and 383 (50.80%)
re-interventions with changed intervention type.

The sample revealed a balanced representation of
females and males at first CAD diagnosis (50.13% and
49.87%) and among the deceased (47.39% and 52.61%,
Table 1). With increasing age, the number of CAD diag-
noses increased as well as mortality. 20.74% received their
first CAD diagnosis in the age of 70-74, whereas mortal-
ity reached a peak at ages 85 and older (24.87%). Con-
sidering the other ischemic heart diseases at study entry,
acute coronary syndrome was diagnosed in 27.98% and
almost half of the insured (46.12%) had congestive heart
failure. Cardiogenic shock affected 2.22% of patients and
we found a prevalence of 52.37% for arrhythmia. 28.70%
suffered from multivessel coronary artery disease at first
CAD diagnosis. Among the deceased, cardiogenic shock
showed a five times higher prevalence (11.25%) compared
to study entry and patients with congestive heart failure
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Table 1 Descriptive overview of CAD patients at study entry and

Page 5 of 8

Table 2 Coronary interventions 2005-2012 and deaths 2005-

death, 2005-2015 2015
Persons at CAD Deaths 2005-2015 Coronary interventions Deaths 2005-2015
diagnosis 2005-2012
n % n % n % n %
Sex BMS 3502 4822 572 4594
Males 19,760 50.13 6149 47.39 DES 1644 22.64 216 17.35
Females 19,658 49.87 6825 5261 CABG 1363 18.77 234 18.80
Age at CAD diagnosis/coronary intervention Mixed 754° 10.38 223 17.91
50-54 501 127 63 0.49 Total 7263 100% 1245 100%
55-59 2366 6.00 277 214 ?Including 371 (49.20%) initial coronary interventions and 383 (50.80%)
60-64 4144 10.51 556 429 re-interventions with changed intervention type
65-69 6051 15.35 1175 9.06
70-74 8175 20.74 2032 1566 ) . i ’
75_79 7664 1944 2693 20.76 Mos’t patients had at least ‘two .to six additional dis-
80-84 5960 1514 2051 75 €ases :)ndept:lnc(lient hfrom ca§d1ac dlsiases at Stflfldy e(;ltlzy
854 4548 1154 3997 487 (76.30%;).a.r1 ‘ eat (76.51/)). 22.35@ werfe affected by
external injuries at first valid CAD diagnosis and 27.99%
Acute coronary syndrome f A d h o h d L. 1
No 28,389 7202 8366 6448 ;) Pat{ents atﬁ eatCASSSQ (28‘7'(M)i a 1n1}tl1a drevasa(ll—
Yes 11029 2708 4608 3557 arization at first : 1agn051s.‘ mong t e ecgase ,
. . 93.28% never received coronary intervention, or inter-
Congestive heart failure X h h 9.73% of death
No 21,240 5388 7359 1818 ventlon(;v?s n;ore t ar(lit ree ).lears.ago. /3% o heat S
Ves 18178 46,12 10615 8182 occurre 1n’t e se.con. year since intervention whereas
Cardiogenic shock 3.99% of patients died in the first year.
No 38541 9778 g 8575 The descriptive overview of coronary interventions per
' ' ' ' patient (2005-2012) and subsequent deaths (2005-2015)
Yes 877 222 1459 11.25 . SoTa e . X
, contained initial interventions as well as re-interven-
Arrhythmia R . . . .
No 18775 4763 3183 ,ocy  tions with same and changed intervention type (Addi-
' ’ ’ tional file 2: Table S1). 78.44% received one intervention.
Yes 20,643 52.37 9791 7547 . R
. . 16.98% underwent a second intervention whereas 3.62%
Multivessel coronary artery disease . . S
obtained a third re-vascularization. The number of cor-
No 28,106 71.30 8593 66.23 X . R
onary interventions per person varied between one and
Yes 11,312 28.70 4381 33.77 X X R .
. seven. CAD patients with four and more interventions
Comorbidities o
represented less than 1% of the sample.
0-1 3283 833 500 3.85
2-6 30,076 76.30 9927 76.51
7-12 6059 15.37 2547 19.63
External injuries
100%
No 30,610 77.65 9343 72.01
Yes 8808 22.35 3631 27.99
Years since intervention
First year 6880 28.70 518 3.99 °\E°
Second year - - 354 2.73 g 75%
Third year/no 32,538 7130 12,102 93.28 e
intervention
Total 39418 100% 12,974 100%

contributed the majority (81.82%). We found arrhyth-
mia in 75.47% whereas diagnoses of acute coronary syn-
drome (35.37%) and multivessel coronary artery disease
(33.77%) concerned approximately one third of deaths.

50%
T

0 1 2 3
Years since coronary intervention / CAD diagnosis ('none')
none BMS —— DES —— CABG ——— mixed

Fig. 2 Kaplan-Meier survival curves by coronary intervention group
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Survival in CAD patients

Without risk adjustment, the survival curves of BMS,
CABG, mixed and none overlapped within the first year
since coronary intervention (Fig. 2, Additional file 2:
Table S2), whereas after one year, DES patients showed
a higher survival (DES: 96.31%) compared to BMS
(93.99%); CABG (94.12%) or the none group (91.65%).
With progressing time, the survival curves revealed
disparities in mortality risk. Whereas CABG implied
higher mortality compared to BMS, DES and none after
the first year since intervention, CABG had survival
advantage over BMS and none (CABG: 91.19%; BMS:
89.42%; none: 84.87%) after the second year as well
as after the third year (CABG: 88.71%; BMS: 84.99%;
none: 79.54) and converged to the curve of DES. We
found worse survival outcomes for CAD patients with-
out coronary intervention. Three years after CAD diag-
nosis just over two thirds of the none group were still
alive. The Log-rank test indicated non-equality of survi-
vor functions (p <0.001).

Within the first three years after intervention, mortality
rates increased with increasing age of patient but there was
no sex difference by intervention type (Additional file 3:
Fig. S2). Mortality rates of CAD patients without revascu-
larization also showed no significant sex disparities.

Multivariable analysis

Controlled for sex, age at first CAD diagnosis or coro-
nary intervention, cardiovascular and non-cardiac dis-
eases as well as the years since intervention, mortality
in patients without stent or bypass surgery was 60%
(p<0.001) higher compared to any intervention type
(Table 3). DES patients showed 21% (p =0.004) lower
mortality risk as the BMS group. We also observed
survival benefits of CABG (HR 0.79; CI 0.68-0.92;
p=0.002) towards BMS patients. In sensitivity analy-
sis (Additional file 3: Table S3), the HR for DES (HR
0.77; CI 0.66-0.90; p=0.001) and CABG (HR 0.68; CI

Table 3 Multivariable analysis of risk factors effecting mortality
in CAD patients, 2005-2015

Hazard Ratio (95% CI) p-value
Coronary intervention (Reference: BMS)
None 1.60 (141-1.82) p<0.001
DES 0.79 (0.68-0.93) 0.004
CABG 0.79 (0.68-0.92) 0.002
Mixed 0.81 (0.69-0.94) 0.007

(n=39,418; deaths =12,974; LR=12,032.08; p <0.001)

Cox model controlled for sex, age at CAD diagnosis/coronary intervention,
cardiovascular and non-cardiac diseases, years since intervention

Page 6 of 8

0.58-0.80; p<0.001) even decreased as compared to
the total model, indicating that the effects of coronary
interventions were not driven by mortality pattern of
the CAD patients without BMS, DES, or CABG.

Discussion

DES and CABG showed similar survival advantages in
3-year mortality follow-up which based on a large num-
ber of CAD patients. Among the different operative pro-
cedures, BMS indicated worse results but worst survival
outcomes we found for CAD patients who never under-
went coronary intervention. The descriptive results also
confirmed a more frequently application of stents com-
pared to bypass surgery. Thus, we are able to replicate the
findings of earlier studies but extended them to a longer
follow-up period and used a larger sample size with
higher representativity of the general population.

When interpreting the results of our study it is impor-
tant to consider that the analysis included various types
of CAD morphology. Earlier studies showed disparities
in survival outcomes between DES and CABG for spe-
cific CAD profiles. With the adjustment for risk factors of
death in multivariable analysis, the tendency of DES to be
superior over CABG in Kaplan—Meier estimates ceased.
The survival curves implied a higher postoperative mor-
tality risk of open-surgical procedure in first year after
intervention compared to catheter-based revasculari-
zation, but also showed the long-term benefit of CABG
after 3 years of follow-up. Our study confirmed non-infe-
riority for DES as compared to CABG and thus indicated
favorable results for aging populations with high burden
of ischemic heart disease. However, the equality of sur-
vival outcomes for DES and CABG possibly emerged due
to the healthier and younger CAD patients who received
bypass surgery. On the other hand, it can be estimated
that less complex CAD, i.e. one- and two vessel disease,
was preferentially treated by DES regardless patients age.
High mortality in patients who never received coronary
intervention can be caused by a delayed first diagnosis of
CAD, a general worse health profile or patient’s prefer-
ences to reject an operative procedure.

Furthermore, our study revealed less expected results.
Patients with BMS showed worse survival outcomes as
compared to DES or CABG. Nevertheless, BMS repre-
sents the most frequent procedure used between 2005
and 2012. According to the current state of medical
research, the BMS can be seen as historical in clinical
importance. Hence, there is seldom a compelling rea-
son to prefer BMS to DES [12]. Drug-eluting stents were
developed to improve the long-term efficacy and safety of
patients receiving percutaneous coronary interventions
and hitherto represents the gold standard in interven-
tional CAD treatment [13].
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Given the generally higher number of deaths in male
CAD patients, the missing sex-gradient in mortality in
our study supports earlier studies that point towards a
more severe progression of disease in women due to a
delayed first CAD diagnosis.

Prospective clinical trials demonstrated clinical advan-
tages regarding survival and/or subsequent cardiac
events for either treatment method depending on specific
CAD morphologies, e.g. isolated left main stenosis or
three-vessel disease [14]. A large retrospective study by
Head et al. (2018) analyzed differences in mortality fol-
lowing PCI or CABG in patients with multivessel-disease
and left main stem stenosis. Similar to the mentioned
prospective clinical trials this pooled analysis of indi-
vidual patient data found a mortality benefit for CABG
over PCI in patients with multivessel-disease whereas no
benefit for CABG over PCI was seen in left main disease
[15]. The strength and main clinical impact of the retro-
spective results presented here is that data were obtained
from a large patient cohort without pre-specifying for
certain coronary morphologies including even one-
and two-vessel disease. In this way our data provided a
unique validation of early and midterm survival follow-
ing invasive CAD treatment on an observational basis in
“a real-world scenario and matched the overall survival
results following PCI or CABG performed within pro-
spective clinical trials.

Strengths and limitations
An important advantage of this health claims analysis
was the large sample size concerning the number of CAD
patients and different coronary interventions, just as the
range of diagnoses from all fields of medicine. Also, the
cohort design offered a long observation period of twelve
years to track patient’s health status and changes over time.
We reduced false-positive diagnoses of CAD by using a
validation strategy and assumed high validity of the diag-
noses, which based on medical examinations of practicing
physicians, and the interventions because health claims
data aims to document medical treatments and their costs.
The elimination of false-negative CAD diagnoses was
possible due to the wash-out period in 2004 but came
up again when patients received their second diagnosis
of coronary artery disease after 2014. Another limitation
concerned that our data based on all-cause mortality and
was limited to medical or demographic risk factors of
death. Also, the patient’s preferences have to be consid-
ered, who often favor a less invasive treatment strategy.
In contrast to clinical trials, our official process-gen-
erated data source (AOK’) was not affected by self-
selected dropouts, reactivity (e.g. social desirability), any
response biases and any cognitive biases (e.g. recall bias
or overconfidence bias). To solve three general problems
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of observational studies: The mortality selection bias,
the end-of-study-bias, and the immortal time bias, we
opposed the biases by emulating a randomized target
trial following pre-defined eligibility criteria [10].

Conclusion

Our results strengthened the interdisciplinary approach
in treating CAD patients by either percutaneous coro-
nary intervention using DES or CABG are clearly dem-
onstrated to represent complementary rather than
competing treatment options. An early survival benefit
of PCI using DES is supplemented by an advantage of
CABG regarding the mid and long-term survival. Simi-
lar to the treatment of structural heart disease, institu-
tional Heart Teams consisting of cardiac surgeons and
cardiologists should evaluate CAD cases on a routine
basis and allocate patients to the optimal treatment,
thereby taking in account patient age, comorbidities and
the specific morphology (i.e. single or multi-vessel dis-
ease, presence or absence of left main stenosis) of the
underlying CAD. There is a need for future long-term
observational analyses, such as the one presented here,
but with a focus on specific coronary morphologies in
order to compare their results of surgical versus inter-
ventional CAD treatments in large cohorts of patients.
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