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Myocardial perfusion imaging (MPI) is superior
to the demonstration of distal collaterals in
predicting cardiac events in chronic total
occlusion (CTO)

Samuel Wright, MBBS, FRACP,a,b Meir Lichtenstein, MBBS, FRACP,a

Leeanne Grigg, MBBS, FRACP,b and Dinesh Sivaratnam, MBBS, BMedSci,

FRACPa,b

Background. In chronic total occlusion (CTO), the evidence for revascularization is less
robust than for stable angina. A medical therapy strategy is common and often based on distal
collateralization, regardless of the presence of ischemia.

Aim. The aim of this study was to examine the correlation between distal collateralization,
myocardial perfusion imaging (MPI), and hard cardiac events (HCE) in CTO.

Method. Retrospective analysis of consecutive patients undergoing coronary angiography
revealed 21 non-revascularized patients with CTO and MPI, over a 24-month period. Blinded
review of patient charts, MPI, and angiography was undertaken. HCE of death, myocardial
infarct, and unstable angina were assessed. Mean follow up was 23 months.

Results. Summed difference scores were calculated on a 17-segment model and collaterals
graded on the Rentrop scale. 43% of patients had HCE, and 62% had collaterals. Ischemia on
MPI accurately predicted HCE in CTO (60% vs 0%, P 5 .01). Distal collateralization failed to
predict freedom from ischemia on MPI (31% vs 25%, P 5 .53) or HCE (31% vs 62%, P 5 .15).

Conclusion. MPI in patients with CTO accurately predicted HCE. This allows for accurate
triage of patients by MPI for consideration of revascularization. Patients without ischemia can
be safely managed with optimal medical therapy. The presence of collateralization did not
predict either ischemia or HCE. (J Nucl Cardiol 2013;20:563–8.)
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BACKGROUND

In chronic total occlusion (CTO), the evidence for

revascularization is less robust than for stable angina.

Current ACC/AHA1 and ESC2 guidelines recommend

ischemia-directed revascularization; however, that is

largely based on non-occlusive stable coronary disease

data. This treatment algorithm is also theoretically

supported by previous study demonstrating hemody-

namic equivalence of CTO and 90% luminal stenoses.3

Percutaneous coronary intervention (PCI) of CTO is

complex with potential risks. Advancements in hard-

ware and PCI techniques are increasing the procedural

success rate;4 however, potential lethal complications

still exist. Even in the hands of experienced operators, in

hospital mortality rates of 0.5% and myocardial infarc-

tion (MI) rates of 3% are observed.5 Coronary computed

tomography assists in predicting cases where PCI will be

technically successful,6 and in others, delineate extralu-

minal plaque and collateral channels to assist PCI

planning,7 but does not identify which patients will

clinically benefit from revascularization. While single

graft coronary bypass surgery is indicated in non-LAD

disease not amenable to PCI in patients with refractory

angina,8 it is infrequently undertaken because of the

operative risks, recovery time, and lack of demonstrated

prognostic benefit.
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Despite these guidelines, the management of CTO

remains controversial, with no head-to-head trials com-

paring the relative efficacy of an optimal medical therapy

(OMT) strategy vs revascularization. Given the com-

plexity and risk of CTO PCI,5 OMT is common and often

based on the demonstration of distal collateralization,

regardless of the presence of ischemia.

We aimed to evaluate the correlation between distal

collateralization, ischemia demonstrated by myocardial

perfusion imaging (MPI), and hard cardiac events

(HCE). A changing landscape of pharmacotherapeutics

as well as improving PCI techniques have provided the

need for a contemporary management strategy, and we

aimed to identify an at-risk population who stand to

benefit the most from revascularization.

METHODS

A retrospective analysis of consecutive patients undergo-

ing diagnostic coronary angiography over a 24-month period

(September 2008-September 2010) at a single tertiary center

was undertaken. CTO, defined as a new estimated luminal

stenosis C99% with no clinical or biochemical history of MI

within the prior 3 months or persistent luminal stenosis C99%

demonstrated at coronary angiography twice at least 3 months

apart, was identified in 90 patients and classified by the initial

planned management strategy. 39 underwent CTO PCI, 4

proceeded to single LAD bypass graft surgery, and 47 were

managed medically. Of the 47 planned for medical therapy, 21

had undergone MPI as part of their assessment, and blinded

chart review of these subjects was performed.

MPI studies were conducted using an exercise protocol

where possible (n = 8), with 99mTc-sestamibi scintigraphy

conducted at rest, then post stress. Patients unable to exercise

or with left bundle branch block were stressed pharmacolog-

ically using a dipyridamole protocol (0.568 mg/kg over

4 minutes). Beta blockers and caffeine were withheld for at

least 24 hours in all patients. Dipyridamole stress was contra-

indicated in one patient because of reactive airways disease,

and a standardized dobutamine protocol was used. In two

patients, the presence of large perfusion defects at rest raised

clinical concern regarding the safety of stress, and rest 99mTc-

sestamibi/ 24-hour 201-Thallium study was used to demon-

strate significant resting ischemia, and hence increased risk of

cardiac events.9 All studies were retrospectively analyzed in a

blinded, semiquantitative fashion by a nuclear cardiologist. A

standard 17-segment model was scored on a five-point scale.10

Summed rest scores (SRS), summed stress scores, and summed

difference scores (SDS) were calculated with SDS 0-1 con-

sidered normal, SDS 2-4 representing mild ischemia, SDS 5-7

moderate ischemia, and SDS [7 severe ischemia.

Diagnostic angiography was blindly reviewed with col-

lateralization assessed according to the validated Rentrop

classification scale.11 Collaterals were graded as 0 (no visible

filling of any collateral channels); 1 (filling of the distal

branches, but not the epicardial portion, of the recipient

artery); 2 (partial filling of the recipient epicardial artery); or 3

(complete filling of the recipient epicardial artery) depending

on their angiographic appearance. Distal collateralization was

then dichotomously divided as present (Rentrop Grade 1, 2, or

3) or absent (Rentrop Grade 0). It is contentious as to whether

Grade 1 collaterals should be considered as absent or present

collaterals; however, no patients in our study were assessed as

Grade 1. The MPI study preceded angiography in 19 of 21

cases, and the findings were available to the treating clinician

at the time of procedure, although the decision to medically

manage was not necessarily directly related to MPI findings.

Follow up for a mean period of 23 months (13-37

months) was undertaken, assessing for HCE of death, MI,

and unstable angina (UA). UA was defined as an acute

coronary syndrome without Troponin I elevation, and resultant

hospital admission with either revascularization of the CTO or

titration of antianginal therapy. Analysis was performed on a

patient experiencing HCE basis, rather than a cumulative

aggregate involving multiple HCE per patient. Pearsons chi

square test was used for statistical analysis, with a P

value \ .05 considered significant. Kruskal-Wallis testing

was used for non-continuous variables. Further statistical and

ROC curve analyses were performed using MedCalc for

Windows, version 9.5.0.0 (MedCalc Software, Mariakerke,

Belgium).

RESULTS

For this study, 21 of 47 patients met the inclusion

criteria of a medically managed CTO with a co-existent

MPI study. 76% were male. The baseline characteristics

of these patients were typical of an ischemic disease

population (Table 1). Current guidelines of OMT in

ischemic heart disease recommend aspirin, beta block-

ade, ace inhibition, and statin therapy.12 The medication

regimes of all 21 patients were considered optimal, with

doses maximized as allowed by heart rate, blood

pressure, and symptoms (Table 2) in the absence of

justifiable relative contraindications. Only one patient

was not on aspirin, with warfarin being used for atrial

fibrillation. Two patients were intolerant of statin ther-

apy, but were on alternative anti cholesterol medications

with acceptable lipid profiles. Two patients were not on

ace inhibition or angiotensin receptor blockade due to

renal impairment. One patient was not on beta blocker

due to a resting heart rate of 48.

There was general agreement between retrospective

reviews of both MPI and angiographic collateral assess-

ment and the initial procedure reports. The median SDS

was 5 (0-27), and only one study was reclassified

compared with the original MPI report (mild ischemia

to normal; SDS 1). As described above, in two patients

with significant 99mTc-sestamibi resting perfusion defects

(SRS of 21 and 22), 24-hour 201-Thallium redistribution

images were performed to document resting ischemia in

preference to stress. Scoring of the 201-Thallium scintig-

raphy using the same 17-segment model produced scores
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of 15 and 3, respectively. Both these patients were

considered to have severe ischemia.

The Rentrop grading of collaterals demonstrated

strong agreement with the initial angiographic procedure

reports. All the patients retrospectively classified as

Rentrop Grade 2 or 3 had collaterals reported at the time

of diagnostic angiography; and no Rentrop Grade 0

patients had been reported to have distal collateralization.

A total of 62% (13/21) had distal collateralization, but this

failed to predict ischemia on MPI (Table 3). 86% (18 of

21) of CTO lesions in our study were in a non-LAD

territory (Table 1), most likely reflecting that LAD CTO

lesions were revascularized and hence not captured in our

analysis. Our observed HCE event rate therefore probably

underestimates the true event rate in medically managed

CTO, as proximal LAD lesions are more likely to jeopar-

dize a prognostically significant myocardial mass.

43% (9 of 21) patients experienced HCE. There were

no deaths, six MI and three UA. All nine patients with

HCE underwent repeat angiographic assessment with the

known CTO considered the ‘‘culprit’’ lesion in all cases.

There was a strong correlation between ischemia on MPI

and HCE (Table 4), with an area under the ROC curve of

0.750 (Figure 1; 95% confidence interval 0.516-0.910,

P \ .01). Distal collateralization failed to significantly

predict HCE (31% vs 62%, P = .15).

A common diagnostic pathway is for patients with

positive MPI to proceed to coronary angiography.

Within our cohort of positive MPI patients (n = 15),

the absence of collaterals correlated with a high HCE

event rate of 83% (5 of 6), and was a predictor of poor

outcome. The presence of collaterals (with positive

MPI) failed to discriminate between patients that suf-

fered HCE and those that did not, with almost half of the

patients with collaterals experiencing events (four of

nine). In these patients with positive MPI, the presence

of collaterals does not assist in predicting HCE.

DISCUSSION

Distal coronary collaterals are frequently present in

CTO and are often used to justify OMT, rather than

revascularization, driven largely by improved survival

and freedom from MI demonstrated in the 1980s,13 as

well as low technical success rates of CTO PCI in that

period. However, these benefits have not been repro-

duced in the current era of improved stents, antiplatelet

agents and anti-ischemic medications. We observed no

Table 1. Baseline patient characteristics

Mean age 64.4 (37–79)

Male 76% (16/21)

Hypertension 76% (16/21)

Dyslipidemia 48% (10/21)

Smoker 33% (7/21)

Diabetes mellitus 43% (9/21)

Family history IHD 29% (6/21)

Prior MI 9% (2/21)

Prior revascularization 14% (3/21)

PCI 100% (3/3)

CABG 0% (0/0)

CTO vessel

LAD 9.5% (2/21)

DIAG 5% (1/21)

LCx 19% (4/21)

OM 9.5% (2/21)

Ix 5% (1/21)

RCA 47.5% (10/21)

PDA 5% (1/21)

Mean LV ejection fraction 59.1% (38–85)

Systolic wall motion

Normal 43% (9/21)

Regional hypokinesis 48% (10/21)

Regional akinesis 9% (2/21)

LV ejection fraction assessed by gated SPECT analysis on
resting 99mTc-sestamibi scintigraphy.
LAD, Left anterior descending artery; DIAG, diagonal artery;
LCx, left circumflex artery; OM, circumflex obtuse marginal
artery; Ix, ramus intermediate artery; RCA, right coronary
artery; PDA, posterior descending artery.

Table 2. Medication regimes were considered
optimal in all patients

Aspirin 95% (20/21)

Beta blocker 95% (20/21)

Ace I/ARB 90% (19/21)

Statin 90% (19/21)

Clopidogrel 29% (6/21)

CCB 33% (7/21)

Nitrate 33% (7/21)

One patient not on aspirin was on warfarin for atrial fibrilla-
tion. One patient was not on beta blocker with a resting heart
rate of 48. Two patients were not on Ace-I or ARB due to
renal impairment, and two patients were intolerant of statin
therapy
Ace I ace inhibitor, ARB angiotensin receptor blocker, CCB
calcium channel blocker

Table 3. Distal collaterals and correlation with
ischemia on MPI

MPI 2ve MPI 1ve

Distal collaterals 4 9

No distal collaterals 2 6

P = .53.
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significant relationship between visualization of collat-

erals and HCE suggesting a restricted utility in currently

used management algorithms. Angiographic assessment

of collaterals’ functional capabilities and ability to

predict against cardiac events is limited, with the

Rentrop grading system only demonstrating a weak

correlation to invasive parameters of function.14 It fails

to discriminate the vast majority of patients, who have

Grade 3 collaterals. More accurate assessment requires

quantitative angiography with multiple invasive pressure

measurements, including a pressure distal to the occlu-

sion (which requires crossing the CTO with a pressure

wire and increased radiation exposure). This is not

practicable in every-day practice, and is only undertaken

at the time of revascularization.14 Recent evidence does

suggest long-term survival with a well-developed, func-

tional collateral circulation; however, visualization of

collaterals at angiography alone cannot predict these

patients, or their functional capabilities.15 Our results

support this failure to predict functional reserve.

In CTO, ischemia may be caused by inadequate

collateral arteries or by coronary steal during exercise or

pharmacological stress. Coronary steal is the phenom-

enon of decreased collateral flow due to microvascular

dilatation and has three primary determinants: increased

donor artery resistance (with or without a discrete

stenosis), non-negligible collateral resistance, and the

microvasculature distal to the occlusion lacking vasod-

ilatory reserve as a result of already being maximally

dilated.16 The visual appearance of collaterals at angi-

ography under basal resting conditions is not directly

influenced by these factors, and therefore struggles to

predict coronary steal, particularly in cases without a

discrete epicardial donor stenosis. Steal occurs in up

to a third of CTO patients. While protecting against rest-

ing ischemia, collaterals do not protect against stress-

induced perfusion defects, and only 10% of collateral

circulations provide an adequate functional response

to pharmacological stress.17 Although we observed a

slightly higher rate of ischemic protection (31%), the

majority of patients with collaterals still had significant

perfusion abnormalities.

MPI is backed by robust data to predict ischemia

and risk of cardiac events across a broad spectrum of

coronary artery disease presentations.18 Our findings

support its applicability to the CTO cohort. The dem-

onstration of regional perfusion reduction at the myocyte

level allows it to accurately predict ischemia regardless

of the anatomy. It provides summative evaluation of the

ischemic burden and indirectly assesses the functional

Table 4. Correlation of MPI and distal collateralization with HCE

MPI 1ve MPI 2ve P value

HCE 60% (9/15) 0% (0/6) .01

Death 0% (0/15) 0% (0/6)

MI 40% (6/15) 0% (0/6) .06

UA 20% (3/15) 0% (0/6) .23

Distal collateralization No distal collateralization P value

HCE 31% (4/13) 63% (5/8) .15

Death 0% (0/3) 0% (0/8)

MI 15% (2/13) 50% (4/8) .08

UA 15% (2/13) 13% (1/8) .86

P\ .05 significant.

Figure 1. Receiver operator curve of MPI in predicting HCE.
Area under the curve 0.750 (95% CI 0.516-0.910); P \ .01.
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capabilities of collateral arteries. This is in contrast to

invasive physiological assessment of collaterals, which

is limited by anatomy and relies on distal pressure

wire placement necessitating crossing of the occlusive

disease or traversing the collateral supply. Our demon-

stration of increased HCE in patients with ischemia on

MPI adds to the accumulating knowledge base of CTO,

and in particular the importance of recognizing physi-

ological compromise.

There are a number of potential benefits of revas-

cularization in CTO, and intervention should be

considered in patients at increased risk of HCE. Patients

with CTO and high ischemic burden ([12.5%) have

significant reduction in ischemia ([5% reduction) fol-

lowing successful PCI, with demonstrated survival

benefit at 12 months.19 These results are in keeping with

prior observational findings of mortality benefit with

revascularization in stable coronary artery disease and

significant ischemia.20 Recanalization of CTO can also

reduce ischemia in other vascular territories. A signifi-

cant fractional flow reserve (FFR \ 0.75) within an

epicardial donor artery can be rendered nonsignificant by

PCI of the CTO which reduces the strain of a collateral

circulation.21 Another important consideration is patients

presenting with ST elevation MI (STEMI) in a different

coronary artery. In STEMI, patients with coexistent CTO

in a non-infarct artery experience increased cardiac

mortality at 2 years, as well as increased infarct size and

impairment of reperfusion markers.22 PCI of CTO (prior

to STEMI) can therefore potentially reduce risk in

this population at high risk for multi-vessel disease.

Improvement in left ventricular function is also observed

following PCI of CTO.23

Guideline recommendations for PCI in CTO follow

those for non-occlusive obstructive coronary disease.2

Although the COURAGE24 and BARI-2D25 trials

recently demonstrated no benefit of revascularization

over OMT in stable coronary artery disease, they are not

directly applicable to the CTO population. There are two

important observations of these trials. First, the COUR-

AGE nuclear substudy showed a significant reduction in

ischemic burden with revascularization compared with

OMT and that residual ischemic burden was related to

survival.26 CTO patients inherently have a high ischemic

burden, and survival benefit for those with [5% ische-

mic burden reduction with revascularization has already

been demonstrated.19 Second, in the BARI-2D trial, a

statistically significant majority (358 of 577) of patients

with CTO were selected for CABG rather than PCI as

the revascularization strategy. Although the individual

outcomes of these patients are not known, this CABG

arm of the trial demonstrated survival benefit with

revascularization over OMT.25,27 Also, the patients

selected for the CABG arm had a significantly higher

myocardial jeopardy index than those recruited for PCI,

which is proportional to ischemic burden25 and likely

applicable to CTO patients. The significant increase in

HCE in patients with CTO and ischemia observed in our

study make these patients as ideal targets for revascu-

larization and further randomized evaluation.

The DECISION CTO (Clinical Trials.gov

NCT01078051) trial aims to address the paucity of

randomized controlled data comparing revascularization

with OMT in CTO. Robust evidence delineates

improved long-term cardiac survival of successful vs

unsuccessful CTO PCI;28 however, it is possible that

unsuccessful PCI may have a higher event rate than

OMT alone because of procedure complication and

emboli to the microvascular circulation. Regardless of

the final outcome of DECISION CTO, our findings

suggest that the presence of ischemia is an accurate

discriminator of patient’s at high risk of cardiac events.

Intuitively, revascularization to reduce the ischemic

burden should limit these events, and until these

randomized data become available, our results support

ischemia-directed revascularization, without consider-

ation of collateralization.

CONCLUSION

Despite inherent limitations of a small sample size

and retrospective, non-randomized review, MPI in

patients with CTO accurately predicted HCE, with

extremely high sensitivity and negative predictive value.

Patients without ischemia can be safely managed with

OMT given their exceptionally low rate of HCE. The

presence of collateralization did not predict either

ischemia or HCE, and even in the positive MPI

subgroup, it failed to further risk stratify patients. In

the absence of definitive outcome data directly address-

ing medical therapy and CTO PCI, it is the subgroup of

patients at risk of HCE, who may potentially benefit

from attempted revascularization. We hypothesize that

the accurate prediction of HCE by MPI can identify

these patients; and that this cohort deserves further

randomized evaluation of outcomes with PCI.
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