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MICASA: a randomized trial using 
biochemical markers and cardiac 
magnetic resonance imaging

 CliniCal trial Commentary

Patients with coronary artery disease who undergo revascularization are prone to periprocedural myocardial 
injury. Although this may reflect procedural complications, it can occur in an uneventful routine procedure. 
This injury is reflected by increases in blood biomarkers, and it occurs during both coronary artery bypass 
grafting (CABG) and percutaneous coronary intervention (PCI). Recent studies using late gadolinium 
enhancement cardiac magnetic resonance (LGE-CMR) imaging have demonstrated that higher elevations 
of creatine kinase-MB and troponin I reflect new myocardial necrosis. LGE-CMR is a noninvasive, radiation-
free technique that offers considerably higher spatial resolution than alternative forms of cardiac imaging 
(e.g., positron emission tomography and stress single-photon emission computed tomography). LGE-CMR 
provides accurate quantification of even small areas of necrosis, allowing for direct comparison of the 
incidence and amount of periprocedural injury between different revascularization strategies. This article 
reports on the Myocardial Injury following Coronary Artery Surgery versus Angioplasty study, the first 
study to directly compare periprocedural injury as defined by serial CMR imaging before and after 
revascularization with either PCI or CABG.
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The incidence of symptomatic coronary heart 
disease (defined as myocardial infarction [MI], 
angina pectoris, coronary artery bypass grafting 
[CABG], percutaneous coronary intervention 
[PCI] and/or fatal atherosclerotic coronary heart 
disease) in the USA between 1989 and 2000 was 
as high as 41.7 cases per 1000 patient-years [1]. In 
the USA, over 150,000 patients undergo CABG 
per year, with many more undergoing PCI [2]. 

Current treatment guidelines for patients with 
left main and/or three-vessel coronary artery dis-
ease recommend CABG as the preferred treatment 
option. Two-vessel disease involving the proxi-
mal left anterior descending artery is considered 
equally suited to treatment with PCI or CABG [3]. 
When choosing a revascularization strategy other 
factors also need consideration, including opera-
tive risk and informed patient preference, with 
many patients opting for percutaneous treatment 
rather than the surgical approach.

As well as the risk of death and cerebrovascular 
injury, both revascularization strategies can lead 
to irreversible myocardial damage. Even minor 
elevations of troponin I (cTnI) are detectable 
by sensitive imaging techniques such as cardiac 
magnetic resonance (CMR). Irrespective of the 
revascularization method used, studies utilizing 
CMR have shown that postprocedural elevation 
of creatine kinase-MB (CK-MB) [4] and cTnI [5,6] 
following revascularization reflect irreversible 

myocardial necrosis. Furthermore, the extent of 
elevation of troponin measured at 24 h postpro-
cedure is directly related to the absolute mass 
of new myocardial necrosis [5], which can be 
measured directly using CMR techniques. The 
actual incidence of peripro cedural myocardial 
injury varies widely according to the definition 
used, methodology employed, population stud-
ied and the type of revascularization performed. 
Reports range from as low as 3% with uncom-
plicated PCI [7], 28% with more complex PCI [8] 
and up to 44% following CABG [6]. However, 
no randomized study has evaluated the incidence 
of periprocedural myocardial injury following 
PCI compared with CABG, in particular uti-
lizing CMR imaging and the new joint ESC/
ACCF/AHA/WHF task force definitions of 
periprocedural necrosis and infarction.

Recently, the definition of periprocedural 
myocardial necrosis and MI following PCI 
and CABG was arbitrarily redefined by the 
joint ESC/ACCF/AHA/WHF task force [9]. 
Following PCI or CABG in patients with normal 
baseline troponin values, elevations of cardiac 
biomarkers above the 99th percentile upper refer-
ence limit (URL) are indicative of periprocedural 
myocardial necrosis. The definitions of MI differ 
however. Following PCI, an increase in biomark-
ers greater than 3 × 99th percentile URL defines 
PCI-related MI. However, for the definition of 
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CABG-related MI the increase in biomarkers 
must be greater than 5 × 99th percentile URL, 
plus one of the following must be present: new 
pathological Q waves, new left bundle branch 
block, angiographically documented new graft 
or native vessel occlusion, or imaging evidence 
of new loss of viable myocardium.

There is little doubt that significant peripro-
cedural myocardial injury is associated with 
worse clinical outcomes, including death. 
Elevated cardiac biomarkers following PCI 
have been shown to portend a worse prognosis 

[10]. To evolve therapy and minimize adverse 
outcomes, a greater understanding of peripro-
cedural myocardial injury is required. This will 
allow development of new techniques and thera-
peutic strategies to predict, prevent and treat 
such injury.

Introduction to the trial
Patients were selected for the Myocardial 
Injury following Coronary Artery Surgery ver-
sus Angioplasty (MICASA) trial if they had 
severe disease of all three coronary arteries or 
double-vessel disease involving the left anterior 
descending artery, and/or disease of the left main 
coronary stem. The aims of the trial were to com-
pare the frequency of periprocedural myocardial 
injury following CABG compared with PCI. 
Serial measurement or biomarkers were under-
taken using cTnI and CK-MB, with CMR prior 
to and after treatment. The findings were com-
pared according to the new definitions from the 
joint ESC/ACCF/AHA/WHF task force. Several 
angiographic scores including the SYNTAX 
score, Gensini score and the AHA/ACC clas-
sification, as well as measures of procedural risk 
(Euroscore), were evaluated for their ability to 
 predict  periprocedural  myocardial injury.

 n Design
The MICASA trial was a prospective, single-
center, randomized (1:1) trial of myocardial 
injury following PCI compared with CABG 

[11]. This randomized controlled trial was 
 prospectively registered [101]. 

Based on previous work by our group, we 
expected the frequency of periprocedural injury 
to be 44% in the CABG group [6]. We prospec-
tively powered the study to detect a 25% dif-
ference in the primary end point (frequency of 
periprocedural injury) between the groups with 
a significance level of 0.05 and a power of 80%. 

Patients who underwent coronary angio-
graphy with stable angina, unstable angina 
(Braunwald class 1 or 2) or documented silent 

ischemia on functional stress testing, at the 
John Radcliffe Hospital (Oxfordshire, UK), 
were eligible for the study. The interventional 
cardiologist and cardiac surgeon evaluated eli-
gible patients with previously untreated three-
vessel coronary artery disease (minimum 50% 
stenosis in each vessel) or two-vessel coronary 
artery disease including an AHA type C lesion 
in the left anterior descending artery, and/or a 
functionally significant left main stem stenosis 
of at least 50%. Diagnostic coronary angiograms 
were scored according to the SYNTAX score 
algorithm [102]. Patients were randomized 1:1 to 
PCI or CABG if it was determined they could 
achieve equivalent anatomical revascularization 
based on their coronary angiogram. 

Patients undergoing PCI were treated in 
accordance with current best practice includ-
ing aspirin and clopidogrel prior to PCI, hepa-
rin intravenously and glycoprotein IIb/IIIa 
inhibitor (abciximab) followed by a 12-h infu-
sion unless contraindications existed. Use of 
drug-eluting stents was the preferred strategy 
for all lesions. Angioplasty technique (use of 
adjunctive lesion preparation, direct stenting, 
postinflation and bifurcation technique) was 
left to operator choice and patients underwent 
PCI in one sitting. Aspirin was prescribed 
indefinitely for all patients who underwent 
randomization. Clopidogrel was prescribed to 
all PCI patients with an intended duration of 
at least 12 months.

Patients undergoing CABG ceased all anti-
platelet agents at least 2 days prior to surgery. 
Myocardial protection was achieved with cold 
crystalloid cardioplegia delivered antegradely. 
Use of saphenous vein and/or arterial con-
duits was left to the discretion of the operator, 
although all patients received at least one pedicle 
internal mammary artery graft.

 n Data analysis
The primary end points were the frequency 
of new myocardial injury following PCI and 
CABG, as assessed by postprocedural elevation 
of cTnI, and new late gadolinium enhancement 
(LGE) on postprocedural CMR. Secondary end 
points included the total amount of new myo-
cardial necrosis (in grams) assessed by CMR, 
the change in left ventricular ejection fraction 
assessed by CMR, and periprocedural myo-
cardial necrosis and infarction as defined by the 
new universal definition [9]. 

Troponin I and CK-MB were measured 
before treatment and at multiple time points 
in the first 24 h after revascularization. For 
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CMR imaging, patients were studied at 1.5T 
Sonata (Siemens Medical Solutions). Baseline 
CMR assessment was performed in the fort-
night prior to revascularization. Repeat CMR 
was performed 7 days (4–10 days) after the 
procedure, and a third CMR assessment was 
undertaken 6 months (5–7 months) after 
revascularization. Areas of LGE were assessed 
using custom software (MATLAB R2007b; 
The MathWorks, MA, USA), with new LGE 
being defined as pixels with an image intensity 
>2 standard deviations above the mean image 
intensity with the same slice.

 n Results
A total of 80 patients were randomized into the 
study; however, one patient died after rando-
mization to CABG prior to having surgery. 
The remaining 79 patients all underwent their 
assigned treatment and there were no significant 
differences with respect to baseline demographic 
variables between the treatment groups. Thus, 
in the surgical group, 39 patients underwent 
successful on-pump CABG and in the PCI 
group, 40 patients underwent attempted PCI. 
Revascularization was complete in 39 out of 
40 PCI procedures (102 treated vessels), with 
inability to cross a chronic total occlusion in 
one patient. PCI was uneventful in 35 of the 
remaining patients, with four patients experi-
encing occlusive dissection or embolism. There 
were two patients in the PCI group and seven 
in the CABG group that did not undergo LGE-
CMR ana lysis (one poor image quality, three 
impaired estimated glomerular filtration rate, 
five claustrophobia).

No patient developed a new Q wave MI accord-
ing to the 12-lead ECG following revasculariza-
tion. Elevation of cTnI was universal in the CABG 
group and significantly more frequent compared 
with the PCI group in those with biomarkers 
available for ana lysis (35 out of 35, 100% vs 30 
out of 40, 75%; p = 0.0001). Mean peak cTnI 
and CK-MB levels in the first 24 h after revascu-
larization were also significantly higher following 
CABG compared with PCI (Figures 1 & 2).

Rates of new LGE on the early postprocedure 
CMR were lower than expected and not statisti-
cally different between the two revasculariza-
tion strategies (CABG: 9 out of 32, 28.1% vs 
PCI: 6 out of 38, 15.8%; p = 0.25). In patients 
with new LGE, the mean amount of new necro-
sis (grams) following CABG was 8.7 ± 4.5 versus 
5.6 ± 2.8 following PCI (p = 0.12). There was a 
strong positive correlation between the absolute 
peak cTnI  postprocedure and the amount of 

new myocardial necrosis in grams assessed by 
CMR (Figure 3). At 6 months, 13 patients with 
new LGE underwent repeat imaging with mini-
mal change in the amount of LGE (8.2 ± 3.8 g 
at 7 days vs 7.9 ± 3.8 g at 6 months; p = 0.25).
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Figure 1. Mean troponin I (µg/l) levels at each time point following PCI 
versus CABG. The median area under the curve for troponin I was 11.0 for 
patients following PCI and 89.2 for CABG.  
CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary intervention.
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Figure 2. Mean CK-MB (ng/ml) levels at each time point following PCI 
versus CABG. The median area under the curve for CK-MB was 68.6 for patients 
following PCI and 412.3 for CABG.  
CABG: Coronary artery bypass grafting; CK-MB: Creatine kinase-MB;  
PCI: Percutaneous coronary intervention.
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According to the new universal definition, 
the incidence of periprocedural necrosis was 35 
out of 35 (100%) in the CABG group and 30 
out of 40 (75%) in the PCI group (p = 0.0001), 
which simply reflects the presence of any ele-
vation in postprocedural cTnI. The incidence 
of MI was much lower in the CABG group 
according to the new definition (9 out of 32, 
28.1% vs 30 out of 40, 75%; p = 0.0001). All 
of the cTnI elevations post-PCI met the criteria 
for necrosis as well as infarction, being more 
than 3 × 99th URL. The ‘apparent’ infarction 
rate was lower in the CABG group owing to the 
need for imaging evidence of infarction (not 
present in the PCI-related  MI definition). Only 
six patients in the PCI group who met the new 
criteria for infarction had imaging evidence of 
infarction (LGE).

Troponin I elevation with new LGE fol-
lowing PCI was associated with visible angio-
graphic complications (dissection with tran-
sient slow flow, embolus) in the majority of 
cases. Patients in the CABG group were more 
likely to have pre-existing LGE prior to revas-
cularization and were also more likely to have 
periprocedural troponin elevation without 
 evidence of new LGE.

The baseline ejection fraction was similar in 
each group, with no significant differences fol-
lowing revascularization or at 6-month follow-up 
(Figure 4). New regional wall motion abnormali-
ties postprocedure corresponded in all cases to 
vascular territories sustaining new areas of LGE.

None of the prespecified angiographic or 
clinical scores were predictive of periprocedural 
MI, nor was there any relationship between peak 
troponin and these scores. The mean patient 
SYNTAX scores in patients with and without 
new LGE were 19.9 ± 5.6 versus 23.8 ± 7.4, 
respectively (p = 0.07). Similarly, there was no 
relationship between peak troponin and the 
SYNTAX score (r = 0.039, p = 0.74).

Conclusion
The MICASA study demonstrates that PCI 
can be performed without excess LGE-defined 
periprocedural myocardial injury in patients 
with left main and/or triple-vessel disease. The 
amount of myocardial injury, as detected by new 
enzyme elevation with CABG, actually appears 
to be more than with PCI, although this is not 
translated into a significant difference as assessed 
by LGE-CMR. 

Applying the new universal definitions of peri-
procedural necrosis and MI, periprocedural necrosis 
was significantly more frequent following CABG; 
however, MI was significantly more frequent fol-
lowing PCI. This arbitrarily manufactured differ-
ence relates to the requirement for the addition of 
CMR evidence of new LGE to the enzyme data to 
diagnose CABG-related MI. The incidence of MI 
in the PCI group would have fallen dramatically if 
the CABG criteria were applied (i.e., imaging evi-
dence of infarction). Application of the new defini-
tion of MI profoundly affected the interpretation 
of our results. Whilst the AUC for troponin and 
CK-MB was significantly higher following CABG 
compared with PCI, and the incidence of CMR-
defined injury was similar, application of the new 
definition actually resulted in a higher incidence 
of MI following PCI. Notably, the definition of 
CABG-related MI differs from PCI as it requires 
presence of either new Q waves, angiographically 
documented graft or native vessel occlusion, 
and/or imaging evidence of MI. Consequently, 
without routine CMR imaging in our study, 
the incidence of MI after CABG would have 
been 0%. The difference in definitions could 
result in confusion during future  comparative 
 revascularization studies.

CMR-defined injury following PCI was pre-
dicted by clinically relevant angiographic com-
plications (embolus or dissection with slow flow). 
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Figure 3. Cardiac magnetic resonance assessment of myocardial necrosis 
(g) versus peak troponin I in the first 24 h following revascularization. 
There was a strong positive correlation between the amount of new myocardial 
necrosis and the absolute peak troponin I postprocedure.  
CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary intervention.
Reprinted from [11], with permission from Europa Edition © (2010).
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The overall incidence of CMR-defined injury 
was relatively low for this complex patient subset 
(six out of 102 vessels). In previous studies, we 
have shown a 28% incidence of CMR-defined 
injury in complex PCI patients [8]. Factors that 
may explain the apparent reduction in peripro-
cedural injury rates include the liberal use of 
IIb/IIIa inhibitors in the current study, fastidi-
ous technique to prevent side-branch loss by pre-
emptive wiring of branches and predominant use 
of second-generation drug-eluting stent, which 
have thinner struts and have been shown to 
reduce both side-branch occlusion and the rates 
of non-Q wave MI during PCI [12]. 

Unlike previous studies, we were not able to 
detect LGE reliably following PCI in patients 
with troponin elevations under 4.0 µg/l. Factors 
that may explain this apparent loss of sensitivity 
include the multiterritory nature of the interven-
tion, which may cause small undetectable areas 
of watershed ischemia, and the inclusion of some 
patients with pre-existing LGE. A subsequent 
ana lysis of these patients has shown that CK-MB 
may be the preferred biomarker for detection 
of periprocedural necrosis and infarction [13]. 
The majority of CABG patients with abnormal 
biomarker profiles and no new LGE had pre-
existing infarction, and it is possible that unde-
tectable new injury may have occurred within 
these previously infarcted areas. Future stud-
ies of periprocedural myocardial injury utiliz-
ing imaging should exclude patients with any 
 pre-existing necrosis. 

Future perspective
The field of percutaneous revascularization 
for patients with left-main and triple-vessel 
disease is likely to progress further. Already 
many interventional cardiologists are will-
ing to perform these procedures on high-risk 
surgical candidates and for those patients who 
make an informed decision regarding PCI. 
Certain subsets of patients have shown favor-
able/equitable short-term (1 year) outcomes in 
the SYNTAX trial with PCI, notably patients 
with isolated left main disease not involving the 
bifurcation and those with low-to-intermediate 
SYNTAX scores (<33). Future developments in 
stent technology are likely to expand the group 
of patients suitable for PCI. Newer generation 
drug-eluting stents may reduce stent restenosis 
and thrombosis further, and are more deliver-
able. Novel polymer agents are now more bio-
compatible, and newer generation bioabsorb-
able polymers and stents are designed to ‘leave 
nothing behind’. New therapeutic agents such 

as prasugrel and ticagrelor have given cardi-
ologists a much broader armamentarium in 
the fight against stent thrombosis, an issue of 
significance in patients undergoing multivessel 
stenting. Newer intravenous antiplatelet agents 
will get to market in the next 5 years and also 
improve the procedural outcomes for patients 
undergoing total percutaneous  coronary 
revascularization.

With major adverse cardiac event rates already 
reduced by improvements in stent and drug tech-
nology, periprocedural injury is an easily mea-
sured surrogate marker of worse outcomes that 
will be employed in future trials of PCI with 
increasing frequency. With respect to peripro-
cedural injury during PCI, fastidious technique 
aimed at prevention of side-branch loss is para-
mount. Distal embolization is also known to 
occur during PCI and can obstruct the microvas-
culature causing irreversible damage. Distal pro-
tection devices have proved disappointing in the 
native coronary circulation, whilst intracoronary 
vasodilators may improve flow; however, their 
effect on myocardial preservation is questionable. 
Despite best efforts, unforeseen complications 
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Figure 4. Mean ejection fraction pre-, 1-week post- and 6-months post-
revascularization for PCI and CABG. There were no significant differences in EF 
between revascularization methods at any time point (two-way ANOVA: F = 0.024; 
p = 0.877). There was a minor, but significant decline in EF at 6 months within each 
treatment group (two-way ANOVA: F = 4.233; p = 0.016); however, the measured 
EF fell within the normal range at all time points for both groups and the reduction 
in EF for both groups at 6 months was minimal.  
CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary intervention.
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such as dissection will still arise that jeopardize 
the myocardium and require prompt treatment. 
Myocardial preconditioning using intracoronary 
administration of adenosine has been shown to 
decrease myocardial damage caused by elective 
PCI, and the use of nitroglycerin, nicorandil, 
bradykinin and enalaprilat have shown promis-
ing results (e.g., reduction of ST-segment shift, 
less chest pain), but reduction of myocardial 
injury has not been demonstrated as yet. Remote 
preconditioning induced by three 5-min infla-
tions of a blood pressure cuff to 200 mmHg 
around the upper arm, followed by 5-min inter-
vals of reperfusion markedly improved the inci-
dence of biomarker release and could represent 
an easily applicable tool to reduce injury during 
 revascularization [14]. 

The definitions of periprocedural necrosis 
and MI for PCI and CABG should be aligned. 
Whilst imaging evidence of infarction is useful, 
only LGE-CMR has the required sensitivity to 
detect small areas of infarction, and is not read-
ily available or suitable for routine use postre-
vascularization. Other imaging modalities and 
ECG evidence of new infarction are crude tools 
at detecting infarction and therefore not useful 

in incorporating into the standard definition of 
periprocedural MI. We would support the use 
of CK-MB rather than PCI as the marker of 
choice in defining such injury and this approach 
would be supported by recent meta-analytic 
data of CABG patients showing CK-MB to be 
the stronger predictor of adverse outcomes [15].

Information resource
 � SYNTAX Score: www.syntaxscore.com/; 
downloadable free software allows you to cal-
culate the SYNTAX score for patients with 
left main and/or triple-vessel coronary artery 
disease, and compare major adverse cardiac 
events out to 2 years.
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Executive summary

Background
 � Periprocedural injury is common following percutaneous coronary intervention (PCI) and coronary 

artery bypass grafting (CABG).
 � Periprocedural injury is associated with poorer clinical outcomes, including death.
 � No randomized study has compared the frequency of periprocedural injury following PCI compared 

with CABG using cardiac magnetic resonance (CMR) imaging, or the new joint ESC/ACCF/AHA/WHF 
task force definitions of necrosis and myocardial infarction (MI).

Study overview
 � Randomized controlled trial of PCI versus CABG.
 � Primary end points were periprocedural injury as assessed by cardiac biomarkers, late gadolinium 

enhancement (LGE) on MRI, and the new joint ESC/ACCF/AHA/WHF task force definitions of 
necrosis and MI.

 � Secondary end point was to evaluate angiographic and clinical predictors of periprocedural injury.

Results
 � 80 patients enrolled (40 patients underwent PCI, 39 underwent CABG).
 � Median AUC and mean peak troponin I and creatine kinase-MB levels were significantly higher 

following CABG compared with PCI in the first 24 h following treatment.
 � The frequency of new LGE on MRI and the mean amount of new necrosis in those with new LGE 

were not statistically different between treatment groups.
 � According to the new joint ESC/ACCF/AHA/WHF task force definitions, postprocedural necrosis was 

universal following CABG but not PCI, whilst procedure-related MI was significantly more frequent 
following PCI (the difference being entirely accounted for by discrepancies in the definitions of PCI 
and CABG-related MI).

Conclusion
 � PCI can be performed without excess periprocedural myocardial injury in patients with left-main  

and/or triple-vessel disease as assessed by CMR and cardiac biomarkers.
 � CMR-defined injury following PCI is predicted by clinically relevant angiographic complications.
 � Application of the new definition of MI will profoundly affect the interpretation of studies 

comparing CABG with PCI.
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