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In recent decades, there have been significant advances in both surgical and minimally 
invasive approaches to revascularization in ischemic heart disease. This article discusses 
the evidence from key clinical trials comparing the various management strategies in 
stable coronary artery disease, and culminates in a discussion of the recently published 
Future Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal Man-
agement of Multivessel Disease (FREEDOM) trial, which randomized patients with type 
2 diabetes mellitus and multivessel coronary disease to coronary artery bypass graft-
ing (CABG) or percutaneous coronary intervention (PCI) with drug-eluting stents, and 
found, for the first time, a survival advantage with CABG relative to PCI.
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In recent decades, several strategies for manage-
ment of stable ischemic heart disease (SIHD) have 
evolved in parallel. Lifestyle modification, inten-

sive medical management, and revascularization 
are the mainstays of therapy.1 Two revasculariza-
tion strategies, percutaneous coronary intervention 
(PCI) and coronary artery bypass grafting (CABG), 

are the subject of much debate. Both strategies have 
seen significant advances since their inception. PCI 
has evolved from the era of balloon angioplasty, 
first used in 1977, to bare metal stenting in the 
1990s, to the era of drug-eluting stents (DES) in the  
21st century. CABG outcomes have also improved 
over time, led by the development of advanced 
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characteristics, including persistent 
CCS Class IV angina, markedly 
positive stress test result, an ejec-
tion fraction , 30%, and coronary 
anatomy not suitable for PCI; 42% 
of patients were either asymptom-
atic or CCS Class I. The median 
 follow-up was 4.6 years. The pri-
mary outcome measures, all-
cause mortality and nonfatal MI, 
occurred in 211 patients in the PCI 
group versus 202 patients in the 
medical therapy alone group, with 
cumulative 4.6 year event rates of 
19% versus 18.5% (P  5  .62). Over 
the course of this trial, there was 

significant crossover of patients 
from the optimal medical therapy 
arm to revascularization consis-
tent with the progression of disease 
even when a truly optimal medical 
approach was applied. The results 
of the COURAGE trial showed that, 
as an initial strategy in patients with 
stable CAD, PCI did not reduce the 
risk of death, MI, or other major 
cardiovascular event when added to 
optimal medical therapy. Patients 
in the PCI group had significantly 
more freedom from angina dur-
ing the majority of the follow-up 
period, but it should be noted that 
both groups had improvement in 
the rates of freedom from angina, 
which were typically realized in 
the first year of therapy but con-
tinued throughout the 5-year 
follow-up—74% of patients in the 
PCI group and 72% in the medi-
cal therapy alone group were free 
from angina at 5 years. Most of 
the 1149 patients in the PCI arm 
received bare metal stents, as DES 
were not approved for clinical use 
until the final 6 months of the trial. 
The authors of COURAGE point 
to the difference in atherosclerotic 

noninvasive strategies, including 
fibrinolysis,6-11 but similar benefits 
have not been shown in patients 
with stable CAD.12-16 Before pub-
lication of the Clinical Outcomes 
Utilizing Revascularization and 
Aggressive Drug Evaluation 
(COURAGE) trial,17 coronary 
intervention had been studied in 
, 3000 patients with stable coro-
nary disease. In 2005, the results 
of a meta-analysis of 11 random-
ized studies comparing PCI with 
conservative treatment for stable 
CAD showed no reduction in mor-
tality, nonfatal MI, or the need for 

subsequent revascularization, but 
did show improvement of angina 
symptoms.18 However, many of 
the patients included in the meta- 
analysis were treated in the era of 
balloon angioplasty before wide-
spread use of intracoronary stent-
ing and modern medical therapies.

The COURAGE trial,17 published 
in 2007, randomized 2287 patients 
with stable coronary disease to an 
initial strategy of PCI plus opti-
mal medical therapy versus opti-
mal medical therapy alone. The 
COURAGE trial included patients 
from 50 sites in the United States 
and Canada with SIHD and those 
with Canadian Cardiovascular 
Society (CCS) Class IV angina—

subsequently stabilized medically— 
and stenosis in $ one proximal 
epicardial vessel of $ 70% (single-
vessel disease in 30%-31%, two- or 
three-vessel disease in 69%-70% 
of patients). Exclusion criteria 
included patients with high-risk 

surgical techniques, particularly 
grafting of the left internal mam-
mary artery to the left anterior 
descending artery and the use of 
newer anticoagulation drugs. The 
primary aim of contemporary clini-
cal trials has been to elucidate the 
comparative benefits of these revas-
cularization strategies with respect 
to mortality, myocardial infarction 
(MI), and other endpoints, such 
as stroke. In addition, appropriate 
stratification of subgroups in the 
population that will benefit most 
from these strategies is an equally 
important goal. A cohort of inter-
est are patients with type 2 diabe-
tes mellitus (DM) and coronary 
artery disease (CAD). This popu-
lation often has severe cardiovas-
cular disease, and has been shown 
to benefit the most from revascu-
larization.2,3 This is the foundation 
for the recently published Future 
Revascularization Evaluation in 
Patients with Diabetes Mellitus: 
Optimal Management of Multivessel 
Disease (FREEDOM) trial,4 which 
randomized patients with DM and 
multivessel coronary disease to PCI 
with DES versus CABG. The Type 2 
Diabetes Evaluation of Ranolazine 
in Subjects With Chronic Stable 
Angina (TERISA) trial found that 
ranolazine reduced angina and sub-
lingual nitroglycerin use compared 
with placebo in patients with DM 
and SIHD. This demonstrates that 
medical therapy is and should be 
part of the treatment algorithm in 
patient with DM and SIHD.5

Revascularization Versus 
Medical Therapy Alone for 
Stable CAD 
In acute coronary syndrome 
(ACS), PCI reduces the incidence 
of death and MI compared with 

In acute coronary syndrome, PCI reduces the incidence of death and 
MI compared with noninvasive strategies, including fibrinolysis, but 
similar benefits have not been shown in patients with stable CAD.

The results of the COURAGE trial showed that, as an initial strat-
egy in patients with stable CAD, PCI did not reduce the risk of 
death, MI, or other major cardiovascular event when added to 
optimal medical therapy.
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COURAGE trial. It is important to 
note that a majority of the cohort 
was maintained on a strategy of 
medical therapy alone for the term 
of follow-up. The use of newer anti-
anginal agents such as ranolazine 
was not reported in this trial and 
was, perhaps, infrequent.

Patients prespecified for CABG, 
at the discretion of the investiga-
tor, as the intended method of 
revascularization had more exten-
sive coronary disease, were more 
likely to have had a previous MI, 
and were less likely to have under-
gone previous coronary revascu-
larization than those selected for 
the PCI stratum. BARI 2D was 
designed to compare revascular-
ization versus medical therapy 
alone, not the comparative effec-
tiveness of CABG versus PCI. The 
findings of BARI 2D suggested 
that a strategy of prompt revascu-
larization may be indicated in dia-
betic patients with the most severe 
coronary disease, but left the 
question of comparative effective-
ness of CABG versus PCI in these 
patients unanswered.

Intracoronary pressure wires to 
measure fractional flow reserve 
(FFR) have been used to character-
ize the functional significance of 
angiographic stenosis during car-
diac catheterization procedures.20 
The Fractional Flow Reserve-
Guided PCI versus Medical 
Therapy in Stable Coronary dis-
ease (FAME 2) trial21 randomized 
patients with stable CAD to FFR-
guided PCI or to best medical ther-
apy alone. Like the COURAGE and 
BARI 2D trials,17,19 FAME 2 made a 
direct comparison of PCI with best 
medical therapy alone. The pri-
mary outcome was a composite of 
death, MI, or urgent revasculariza-
tion. The study was stopped early 
because of a benefit observed in 
favor of the FFR-guided PCI group. 
The rate of the primary endpoint 
was 4.3% versus 12.7% (P , .001) 

to revascularization plus intensive 
medical therapy or intensive medi-
cal therapy alone. A priori, patients 
were selected to participate in the 
PCI stratum or the CABG stratum 
based on what the treating physician 
determined to be most clinically 
appropriate. Within each stratum, 
patients were randomly assigned 
to the predesignated revasculariza-
tion procedure plus intensive medi-
cal therapy or intensive medical 
therapy alone. The average follow-

up was 5.3 years. The primary out-
comes were the rate of death and 
the rate of major adverse cardiovas-
cular event (MACE), a composite of 
death, MI, and stroke.19

Rates of survival did not differ 
significantly between the revascu-
larization group and the intensive 
medical therapy group (88.3% vs  
87.8%; P 5 .97). Rates of freedom 
from MACE were also similar 
(77.2% vs 75.9%; P 5 0.70). Likewise, 
there was no significant difference 
in mortality or MACE in patients 
undergoing PCI for revascular-
ization versus medical therapy 
alone. However, in patients under-
going CABG for revascularization, 
the MACE rate was significantly 
lower in the revascularization group 
compared with the medical therapy 
alone group (22.4% vs 30.5%; P 5 .01; 
P 5 .002 for interaction with PCI 
cohort), a difference driven mostly 
by the lower rate of nonfatal MI.19

Of patients in the PCI stratum 
undergoing revascularization, ap-
proximately one-third received 
DES, but their use was not thought 
to impact results. Also notewor-
thy, 42% of patients initially ran-
domized to medical therapy alone 
crossed over and underwent revas-
cularization by the end of 5 years, 
similar to what was observed in the 

plaque morphology between stable 
plaques (thick fibrous cap, small 
lipid core) and vulnerable plaques 
(thin fibrous cap, large lipid core), 
which precede ACS and cause less 
significant stenosis prior to rup-
ture, as a possible explanation for 
the lack of robust mortality and 
cardiovascular event benefit in the 
stenting of stable CAD patients. 
Thus, treating a stenosis caused by 
a plaque that is unlikely to trigger 
an ACS, regardless of whether the 

stent used is bare metal or a DES, 
would not be expected to alter the 
rate of death or MI.

The Bypass Angioplasty Revas-
cularization Investigation 2 Diabetes 
(BARI 2D) study,19  published in 
2009, was designed to determine the 
optimal treatment for patients with 
both DM and stable ischemic CAD. 
The primary aim of the BARI 2D 
trial was to test two hypotheses of 
treatment efficacy in patients with 
DM and documented stable CAD, 
in the setting of uniform glycemic 
control and intensive management 
of all other risk factors, including 
dyslipidemia, hypertension, smok-
ing, and obesity: (1) Coronary 
Revascularization Hypothesis: a 
strategy of initial elective revas-
cularization of choice (surgical or 
catheter-based) combined with 
aggressive medical therapy results 
in lower 5-year mortality compared 
with a strategy of aggressive medi-
cal therapy alone; and (2) Method of 
Glycemic Control Hypothesis: with 
a target hemoglobin A1c level of 
, 7.0%, a strategy of hyperglycemia 
management directed at insulin 
sensitization results in lower 5-year 
mortality compared with a strategy 
of insulin provision.

A total of 2368 patients from 49 
sites in 6 nations were randomized 

… treating a stenosis caused by a plaque that is unlikely to trigger 
an ACS, regardless of whether the stent used is bare metal or a DES, 
would not be expected to alter the rate of death or MI.

S52 • Vol. 14 Suppl. 1 • 2013 • Reviews in Cardiovascular Medicine

Management of Stable Coronary Disease in Type 2 Diabetes Mellitus continued

4170004_RICMS0006.indd   52 16/04/13   10:58 AM



The BARI study randomized 
1829 patients with multivessel 
CAD to PTCA or CABG.3 The 
hypothesis of the investigators was 
that, in patients suitable for both 
procedures, undergoing an initial 
strategy of PTCA would not lead to 
worse 5-year clinical outcomes. The 
study found that an initial strat-
egy of PTCA did not lead to worse 
5-year clinical outcomes in patients 
with multivessel disease, although 
there were more subsequent revas-
cularizations. The 5-year survival 
rate in the CABG group and the 
PTCA group was 89.3% and 86.3%, 
respectively (P 5 .19). The rate of 
repeat revascularization was 8% 
and 54%, respectively. In contrast, 
in patients with DM receiving 
insulin or oral hypoglycemic medi-
cation, 5-year survival was signifi-
cantly better after CABG compared 
with PTCA (80.6% vs 65.5%;  
P 5 .003). The influence of DM and 
this striking reduction in mortal-
ity in patients undergoing CABG 
rather than PTCA was described in 
more detail in a subgroup analysis 
by the BARI Investigators.2 This 
finding led to a National Heart, 
Lung, and Blood Institute alert 
and revised American College of 
Cardiology Foundation/American 
Heart Association guidelines rec-
ommending CABG as the preferred 
method of revascularization in dia-
betic patients with multivessel cor-
onary disease.26

The Synergy Between Percu-
taneous Coronary Intervention 
with Taxus and Cardiac Surgery 
(SYNTAX) trial,27 a recently 
published noninferiority study 
designed to compare PCI with 
DES to CABG in patients with left 
main or three-vessel CAD disease, 
confirmed CABG as the standard 
of care for revascularization in 
these patients. In SYNTAX, 1800 
patients with three-vessel coro-
nary disease or left main disease 
were randomly assigned to PCI 

Revascularization:  
PCI Versus CABG
The comparative effectiveness of 
revascularization with CABG ver-
sus PCI for patients with stable 
multivessel coronary disease has 
been the subject of much scrutiny 
over the past 2 decades. In a post 
hoc subgroup analysis of patients 
with DM, the landmark BARI 
study3 signaled that CABG may 
provide a survival benefit over per-
cutaneous transluminal coronary 
angioplasty (PTCA) in diabetic 

for FFR-guided PCI versus medi-
cal therapy alone. The lower event 
rate in the PCI group was driven 
largely by a lower rate of urgent 
revascularization. 

In summary, neither the 
FAME 221 nor the COURAGE17 
trial showed a reduction in the rate 
of MI or mortality from PCI with 
stenting of stable CAD. Although 
FFR provides a strategy for a more 
targeted approach to PCI, this may 
be at the expense of time, case 
complexity, and risk of compli-
cations, such as coronary artery 

perforation. An ongoing clinical 
trial, the  International Study of 
Comparative Health Effectiveness 
with Medical and Invasive 
Approaches (ISCHEMIA [http://
www.clinicaltrials.gov/ct2/show/
NCT01471522]) is powered to study 
the long-term effects of revascu-
larization versus medical therapy 
alone on rates of mortality and MI 
in patients with stable CAD and 
documented myocardial ischemia 
measured by noninvasive testing. 
That study is currently underway, 
but results are not expected for 
several years. Whether antianginal 
therapy needs to be tailored to the 
specific metabolic abnormalities 
in the diabetic patient is open to 
debate as there is a dearth of clini-
cal trial data to direct clinicians. 
From a theoretical basis, it may 
be reasonable to avoid drugs that 
cause insulin resistance such as that 
observed with selective b1-blockers 
(atenolol, propranolol, or metopro-
lol) versus an agent such as ranola-
zine that has been found to reduce 
HbA1c levels in diabetic patients.22 
A recent evaluation of ranolazine 
in diabetic patients found it to have 
increasing antianginal efficacy as 
HbA1c levels increased.5

The comparative effectiveness of revascularization with CABG 
versus PCI for patients with stable multivessel coronary disease has 
been the subject of much scrutiny…

patients with multivessel disease. 
This cohort of patients, with both 
DM and SIHD, were the subject of 
the subsequent BARI 2D study, the 
underpowered Coronary Artery 
Revascularization in Diabetes 
(CARDia) trial,23 and the recently 
published FREEDOM trial.4,19 The 
following is a summary of these 
key trials and a discussion of the 
implications for the practicing 
physician.

For context, the trend over the  
past decade has been toward 
increased utilization of PCI rela-
tive to CABG. In Canada, from 
1994 to 2005, rates of PCI increased 
from 85.6/100,000 persons-years to 
186.7/100,000 (P ,  .001), whereas 
CABG rates stayed the same 
(75.6/100,000 to 70.8/100,000;  
P 5 .43).24 Another study found 
that rates of stent implantation 
had increased in patients with a 
Class I indication for CABG in the 
era of DES.25 This study included 
. 265,000 patients from the National 
Cardiovascular Data Registry and 
documented that the rate of stent 
implantation had increased from 
29.4% in the pre-DES era to 34.7% in 
the DES era in patients with a Class 
I indication for CABG.
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Figure 1. Comparison of baseline characteristics in contemporary trials. BARI, Bypass Angioplasty Revascularization Investigation; CARDia, 
Coronary Artery Revascularization in Diabetes; FREEDOM, Future Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal 
Management of Multivessel Disease; MI, myocardial infarction; PAD, peripheral artery disease; SYNTAX, Synergy Between Percutaneous 
Coronary Intervention with Taxus and Cardiac Surgery. Reprinted with permission from Bansilal S et al.29
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with DES or CABG. Rates of the 
primary outcome, major adverse 
cardiovascular or cerebrovascular 
events (MACCE), at 1 year, were 
significantly higher in the PCI 
group (17.8% vs 12.4%; P 5 .002), 
driven primarily by the need for 
repeat revascularization (13.5% vs 
5.9%; P , .001). Thus, PCI with 
DES was not found to be nonin-
ferior to CABG in these patients, 
although the rates of death and 
MI were similar between the two 
groups. A subgroup analysis of 
the SYNTAX trial, focusing on 
the subset of patients with DM, 
showed further divergence of the 
event curves at 3-year follow-up.28 

The CARDia trial,23 although 
small (n 5 510) and underpowered, 
was the first trial to randomize 
diabetic patients with multivessel 
or complex single-vessel CAD to 
CABG versus PCI; 69% of patients 
were treated with DES, which were 
used once they became available. 

The 1-year results failed to dem-
onstrate a difference for PCI with 
respect to CABG, with MACCE 
rates of 13.0% and 10.5% for PCI 
and CABG, respectively (P 5 .39). 
The consensus was that a larger 
trial with longer follow-up was 
needed.

In this landscape, the FREEDOM 
trial4 sought to discover the com-
parative effectiveness of CABG ver-
sus PCI with DES in patients with 
DM and multivessel CAD. A total 
of 1900 patients at 140 international 
centers were randomized to either 
PCI with DES or CABG. Minimum 
follow-up was 2 years and median 
follow-up was 3.8 years. The base-
line clinical and angiographic 
characteristics of the patients in 
both the CABG and PCI groups 
were well matched. These baseline 
characteristics were remarkably 
similar to those of patients in other 
contemporary trials—BARI 2D, 
SYNTAX, CARDia, and BARI.29 

In the FREEDOM trial, a greater 
proportion (. 80%) of patients had 
three-vessel disease. The rates of 
hypertension and hyperlipidemia 
were almost twice those of the his-
toric BARI trial (Figure 1). 

COURAGE and BARI 2D used 
nurse practitioners or study coor-
dinators to organize an intensive 
 protocol-based approach to medi-
cal therapy. Although FREEDOM 
did not use such a rigorous 
approach, medication use was sim-
ilar in all the contemporary trials 
(Figure 2). In the FREEDOM trial, 
intensive evidence-based medi-
cal therapies were mandated in 
both groups. Although the use of 
thienopyridines remained higher 
in the PCI group compared with 
the CABG group at 5 years, there 
was  no significant difference in 
the rate of use of other evidence- 
based cardiovascular medications— 
including statins, b-blockers, 
angiotensin-converting enzyme 
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compared with the CABG group 
(5-year event rates 26.6% vs 
18.7%; P 5 .005) (Figure 3).4 This 
was driven by higher rates of MI 
(13.9% vs 6.0%; P , .001) and all-
cause mortality (16.3% vs 10.9%; 
P  5  .049) for PCI versus CABG. 

group had a high SYNTAX score 
($ 33), indicating extensive dis-
ease. The primary outcome was a 
composite of all-cause mortality, 
nonfatal MI, and nonfatal stroke. 
The primary outcome occurred 
more frequently in the PCI group 

inhibitors, and angiotensin recep-
tor blockers—between the two 
groups. Patients in both groups 
had a wide range of SYNTAX 
scores, an angiographic measure 
of complexity of CAD30; approxi-
mately 20% of patients in each 

Figure 3. Kaplan-Meier estimates of the composite primary outcome and death in the FREEDOM trial. (A) Primary outcome. (B) Death. CABG, coronary artery bypass 
graft; PCI, percutaneous coronary intervention. Reprinted with permission from Farkouh ME et al.4

D
ea

th
, M

yo
ca

rd
ia

l I
n

fa
rc

ti
on

,
or

 S
tr

ok
e 

(%
) 

0

10

20

30

40

50

Years Since Randomization

60

0 54321

No. at Risk
PCI
CABG

953
947

848
814

788
758

625
613

416
422

219
221

CABG

PCI

P = .005 by log-rank test
5-Yr event rate: 26.6% vs 18.7%

A Primary Outcome Death

D
ea

th
 F

ro
m

 A
n

y 
C

au
se

 (
%

) 

0

10

20

30

40

50

Years Since Randomization

60

0 54321

No. at Risk
PCI
CABG

953
947

897
855

845
806

685
655

466
449

243
238

CABG

PCI

B

P = .049 by log-rank test
5-Yr event rate: 16.3% vs 10.9%

Figure 2. Comparison of evidence-based medication use across trials. BARI, Bypass Angioplasty Revascularization Investigation; CARDia, 
Coronary Artery Revascularization in Diabetes; FREEDOM, Future Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal 
Management of Multivessel Disease; SYNTAX, Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery. 
Reprinted with permission from Bansilal S et al.29

0%
Insulin Treated Statin Anti-platelet

Agent
�-blocker RAS Blockade

BARI-2D
FREEDOM

CARDia
SYNTAX

10%

20%

30%

40%

50%

60%

70%

80%

100%

90%

Vol. 14 Suppl. 1 • 2013 • Reviews in Cardiovascular Medicine • S55

Management of Stable Coronary Disease in Type 2 Diabetes Mellitus

4170004_RICMS0006.indd   55 16/04/13   10:58 AM



FREEDOM trial results are differ-
ent. In FREEDOM, the benefit from 
CABG is derived from a reduction 
in rates of MI and all-cause mor-
tality. The excess risk of early post-
procedural stroke observed with 
CABG as compared with PCI has 
been observed consistently in com-
parative trials, and was described 
in a recent meta-analysis.32

Because most PCIs are performed 
at the time of diagnostic coronary 
angiography, a discussion about the 
survival benefits of CABG should 
begin prior to cardiac catheteriza-
tion, especially in patients with 

published in 2009, including 7812 
patients from 10 randomized tri-
als comparing CABG with balloon 
angioplasty (6 trials) or bare metal 
stenting (4 trials), found excess 
mortality with PCI compared with 
CABG in diabetic patients and 
patients $ age 65.31 In contempo-
rary trials, including CARDia and 
a subgroup analysis of SYNTAX, 
which used primarily PCI with 
DES compared with CABG in dia-
betics, the higher event rates after 
an initial strategy of PCI were 
driven primarily by higher rates 
of repeat revascularization. The 

Strokes occurred more frequently 
in the CABG group (2.4% vs 5.2%; 
P  5 .03), and were largely peri-
procedural, occurring during the 
first 30  days after randomization. 
The prespecified subgroup analy-
sis according to tertile of SYNTAX 
score revealed no significant sub-
group interaction. The greater benefit 
of CABG versus PCI was consistent 
across all subgroups (Figure 4). 

Since BARI was published in the 
mid-1990s, multiple studies have 
found an excess of MACCE with PCI 
compared with CABG in diabetics. 
A comprehensive meta-analysis, 

Figure 4. Primary composite outcome according to subgroup in the FREEDOM trial. CABG, coronary artery bypass graft; CI, confidence interval; FREEDOM, Future 
Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease; LAD, left anterior descending artery; LVEF, left ven-
tricular ejection fraction; PCI, percutaneous coronary intervention; SYNTAX, Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery. 
Reprinted with permission from Farkouh ME et al.4
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