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H
eart failure has become a major problem in clinical cardiology, with recent estimations

showing that 4.9 million patients in the USA have chronic heart failure, with 550 000 new

patients diagnosed annually, resulting in 970 000 hospitalisations.1 It appears that

coronary artery disease is the underlying cause of heart failure in . 70% of patients.1 The

available therapeutic options include optimised medical treatment, heart transplantation,

revascularisation (with optional left ventricular (LV) restoration and/or mitral valve repair) and

cardiac resynchronisation therapy. Currently, substantial effort is invested in the development of

gene and cell therapy for treatment of heart failure. In daily clinical practice, the choice is

frequently between medical treatment and revascularisation. From this perspective, assessment of

viability is important to guide management of patients with ischaemic LV dysfunction; patients

with viable myocardium may improve in LV function after revascularisation, whereas patients

with only scar tissue will not improve. In view of the increased risk for (peri-) operative

complications, a pre-operative evaluation for myocardial viability is thus warranted, to select the

patients who may benefit from surgery. Currently, many techniques are available for

identification of dysfunctional but viable myocardium.w1 The most frequently used techniques

in the clinical setting include nuclear imaging with positron emission tomography (PET) and

single photon emission computed tomography (SPECT) to assess myocardial metabolism,

perfusion, cell membrane and mitochondrial intactness; and echocardiographic imaging using

dobutamine stress to assess contractile reserve/ischaemia or contrast agents to assess myocardial

perfusion. More recently cardiac magnetic resonance (CMR) has become popular for the

assessment of myocardial viability. This technique has an excellent spatial resolution and is

currently the only imaging modality that allows distinction between transmural and

subendocardial processes. Various techniques with CMR provide information on myocardial

viability; these will be discussed extensively in this article. Besides assessment of viability, CMR

provides for the surgeon additional information needed to select the optimal surgical strategy,

including information on LV function, LV volumes, the presence of LV aneurysms (which need LV

aneurysmectomy), and ischaemic mitral regurgitation (which require mitral valve repair in terms

of restrictive annuloplasty). This article discusses the value of CMR (in particular the different

CMR techniques to assess viability) for the evaluation of patients with ischaemic cardiomyopathy.

Before entering this discussion, some definitions of viability and the clinical relevance of viability

assessment are addressed.

VIABILITY: DEFINITIONSc
The observational work by Rahimtoolaw2 resulted in the awareness that LV dysfunction is not

necessarily an irreversible process, but that improvement of LV function is possible after

revascularisation. This improvement has been related to the presence of dysfunctional but viable

myocardium, which has the potential to recover in function after adequate restoration of blood

flow. Over the years, many studies have focused on the identification of viable myocardium and

prediction of improvement of function post-revascularisation. Considerable confusion has been

raised about the appropriate definition of viable myocardium. Viable myocardium theoretically

includes an entire spectrum, ranging from normal myocardium to epicardial regions of viable

myocardium in non-transmural infarction. Viable, normal myocardium is not associated with

chronic dysfunction. In the clinical setting, viability is only important in regions with chronic

contractile dysfunction, to assess whether revascularisation will result in improvement of

function. Rahimtoola popularised the concept of hibernation, which refers to a condition of

chronically reduced/absent contraction secondary to chronic hypoperfusion in patients with

coronary artery disease, in whom revascularisation will result in recovery of function.2 Studies

with PET, however, showed that chronically dysfunctional myocardium frequently had (near-)

normal resting blood flow instead of reduced blood flow. Further studies subsequently revealed

that not resting blood flow, but rather flow reserve was reduced in patients with chronically
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dysfunctional myocardium. These findings have led to the

hypothesis that repeated ischaemic attacks may result in

chronic contractile dysfunction, with flow remaining normal

or mildly reduced—a situation referred to as ‘‘repetitive

stunning’’.3 From a clinical viewpoint, the differentiation

between repetitive stunning and hibernation may not be that

important, since revascularisation is required in both condi-

tions in order to improve contractile function; from a

practical viewpoint, both conditions can be grouped as

‘‘jeopardised myocardium’’.

Many studies (using all different imaging techniques)

aiming at the prediction of functional improvement post-

revascularisation reported a lower specificity, indicating that

many dysfunctional segments that were classified as viable

did not improve in function post-revascularisation. This is

(partially) caused by regions that contain subendocardial scar

tissue. In these regions, the epicardial layers still contain

viable tissue. However, the question in these regions is

whether these epicardial layers contain viable, but normal,

myocardium or jeopardised myocardium (fig 1). Only in the

latter condition can improvement of function be anticipated.

Differentiation between these two conditions is currently one

of the most difficult and challenging issues in assessing

myocardial viability. All available imaging techniques do not

have the spatial resolution to differentiate epicardial and

endocardial processes. With CMR however, this differentia-

tion is possible.

VIABILITY: CLINICAL RELEVANCE
Viability assessment is clinically relevant for patient manage-

ment. Improvement of function after revascularisation is still

considered the ‘‘gold standard’’ for viability. Pooled data from

105 viability studies (using nuclear imaging or stress

echocardiography) showed a mean sensitivity and specificity

of 84% and 69% to predict recovery of regional function after

revascularisation.4 Improvement in LV ejection fraction

(LVEF) was evaluated in 28 studies; patients with viable

myocardium exhibited an improvement in LVEF from on

average 37% to 45%, whereas patients without viability did

not improve in LVEF (36% before revascularisation versus

36% post-revascularisation).4 Finally, viability is related to

prognosis. The available 17 prognostic studies (seven with

FDG PET, four with thallium-201 imaging, and six with

dobutamine echocardiography) showed that patients with

viable myocardium who are treated medically had a high

event rate (20%), as compared to a low event rate in viable

patients who underwent revascularisation (7%).4 Thus, the

available evidence suggests that patients with viable myo-

cardium should undergo revascularisation, although it is

important to realise that prospective, randomised trials on

the prognostic value of viability are still lacking.

CMR TECHNIQUES TO ASSESS VIABILITY
Several CMR techniques have been proposed for the

assessment of myocardial viability. These techniques include

resting CMR (which provides information on end diastolic

wall thickness (EDWT)), dobutamine CMR (which provides

information on contractile reserve), and contrast enhanced

CMR (which provides information on scar tissue). The

available studies using these various techniques to predict

recovery of function post-revascularisation are summarised

below and in tables 1–4.

RESTING CMR TO ASSESS LV END DIASTOLIC WALL
THICKNESS
Following acute myocardial infarction, structural changes

occur within the infarct zone. In particular, in the presence of

extensive, transmural infarction, wall thinning occurs in the

centre of the infarct zone. Various studies have demonstrated

that wall thinning is frequently associated with transmural

scar tissue. Perrone-Filardi et alw3 performed a direct

comparison between CMR and PET using metabolic imaging

with F18-fluorodeoxyglucose (FDG) in patients with ischae-

mic LV dysfunction. The authors demonstrated that an

EDWT , 8 mm yielded a sensitivity and specificity of 74%

and 79% for prediction of absence of metabolic activity.

Similarly, Baer et al5 performed a head to head comparison

between resting CMR and FDG PET in 35 patients with

chronic ischaemic LV dysfunction. It was shown that regions

with an EDWT , 5.5 mm had significantly reduced FDG

uptake, whereas regions with an EDWT > 5.5 mm had

preserved FDG uptake. This cutoff value for EDWT is in good

agreement with data derived from necropsy studiesw4; in

these studies it was shown that regions with a chronic

Figure 1 Prediction of functional recovery post-revascularisation in
dysfunctional segments with subendocardial scar is difficult. When the
epicardial (non-infarcted) region is normal, no recovery will occur (left
panel). However when the epicardial regions contain jeopardised
(viable) myocardium, the likelihood of recovery is high (right panel).

Table 1 End diastolic wall thickness

Study
No. of
patients

Male
(%)

Mean age
(years)

Mean
LVEF (%)

Patients with
MVD (%)

Patients with
previous MI (%)

Segments with
recovery (%)

Sensitivity (%)
(no. of segments)

Specificity (%)
(no. of segments)

Baer et al6 43 93 58 41 59 100 46 94 (176/188) 52 (113/219)
Klow et alw14 17 88 63 40 NA 100 35 98 (63/64) 19 (23/120)
Schmidt et al14 40 93 57 42 72 100 63 100 (25/25) 53 (8/15)
Average 33 91 59 41 66 100 48
Weighted mean 95 (264/277) 41 (144/354)

LVEF, left ventricular ejection fraction; MI, myocardial infarction; MVD, multivessel disease; NA, not available.
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infarction had a wall thickness , 6 mm. An example of a

patient with a previous transmural infarction and severe wall

thinning is shown in fig 2.

In a subsequent study, Baer et al6 tested the value of EDWT

for prediction of functional recovery post-revascularisation.

The authors showed that segments with an EDWT , 5.5 mm

virtually never showed recovery of function post-revascular-

isation. The alternative was not true: segments with an

EDWT > 5.5 mm did not always improve in function post-

revascularisation; this is related to the aforementioned issue

of non-transmural infarction. Segments with an EDWT

> 5.5 mm frequently contain subendocardial scar tissue,

with residual viability in the epicardial layers. In the absence

of jeopardised myocardium though, recovery of function will

not occur after revascularisation. Three studies (with a total

of 100 patients) have used EDWT to predict functional

recovery; pooling of the data (table 1) confirmed an excellent

sensitivity (95%, range 94–100%) to predict recovery, with a

lower specificity (41%, range 19–53%). Thus, severe wall

thinning appears to indicate scar tissue and has a high

accuracy to predict no recovery after revascularisation.

However, it was recently demonstrated that even in the

presence of severe wall thinning, recovery of function may

occur, but only when contrast enhanced CMR excludes scar

tissue.7

DOBUTAMINE STRESS CMR TO ASSESS
CONTRACTILE RESERVE
In addition to assessment of EDWT to identify viable

myocardium, the presence of contractile reserve is frequently

used to detect viable myocardium. The hallmark of viability is

the improvement of contraction in dysfunctional myocar-

dium that is elicited by the infusion of low dosages of

dobutamine (5–15 mg/kg/min). Baer et al5 6 w5 extensively

explored this approach and demonstrated that dobutamine

stress CMR can adequately predict improvement of regional

LV function after revascularisation. The authors showed that

an increased systolic wall thickening . 2 mm during

dobutamine infusion was a reliable marker of predictor of

functional recovery.6 A total of nine studies with 252 patients

using dobutamine stress CMR to predict recovery of function

have been published with a mean sensitivity of 73% (range

50–89%) and a mean specificity of 83% (range 70–95%).

Thus, dobutamine stress CMR has a high specificity with a

slightly lower sensitivity.

CONTRAST ENHANCED CMR TO ASSESS SCAR
TISSUE
Contrast hyperenhancement on delayed resting CMR was

first described more than 20 years agow5 w7 and is defined as

regions of increased image intensity on T1 weighted images,

acquired more than five minutes after the intravenous

administration of a contrast agent. In a study in 2001,

Kim et alw8 investigated an improved pulse sequence and

measured image intensities in ‘‘delayed hyperenhanced

regions’’ to be 485% higher than in normal regions. The

mechanism underlying the hyperenhancement appears

related to the interstitial space between collagen fibres,

which is larger in scar tissue as compared to the densely

packed myocytes in normal myocardium, and the contrast

agent will be trapped in these areas in infarcted tissue.

Kim et al8 elegantly validated the value of contrast

enhanced CMR to detect scar tissue in animal experiments.

In chronically instrumented dogs with previous infarction,

the authors showed a perfect agreement between the extent

of scar tissue on contrast enhanced CMR and the histological

extent of necrosis using TTC staining of the explanted hearts.

The major advantage of contrast enhanced CMR over other

imaging techniques is that because of the superior spatial

resolution, differentiation between transmural and subendo-

cardial infarction is possible. Examples of contrast enhanced

CMR are shown in fig 3.

Table 2 Dobutamine stress

Study
No. of
patients

Male
(%)

Mean age
(years)

Mean
LVEF (%)

Patients with
MVD (%)

Patients with
previous MI (%)

Segments with
recovery (%)

Sensitivity (%)
(no. of
segments)

Specificity (%)
(no. of
segments)

Baer et al15 52 92 58 41 75 ? 50 86 (24/28) 92 (22/24)
Baer et al5 35 100 59 42 46 100 52 81 (NA) 95 (NA)
Gunning et al16 23 90 61 24 100 NA 57 50 (NA) 81 (NA)
Sayad17 10 70 NA NA NA NA 60 89 (25/28) 93 (14/15)
Baer et al6 43 93 58 41 59 100 46 89 (24/27) 94 (15/16)
Sandstede et al18 25 88 58 NA NA 84 51 61 (65/106) 90 (91/101)
Trent et al19 25 100 64 53 NA 100 40 71 (81/114) 70 (163/232)
Lauerma et alw9 10 80 69 44 100 70 66 79 (NA) 93 (NA)
Wellnhofer et al11 29 93 68 32 NA 93 NA 75 (93/124) 93 (152/164)
Average 29 90 62 40 76 91 53
Weighted mean 73 (312/427) 83 (457/552)

LVEF, left ventricular ejection fraction; MI, myocardial infarction; MVD, multivessel disease. NA, not available.

Table 3 Delayed contrast enhancement

Study
No. of
patients

Male
(%)

Mean age
(years)

Mean
LVEF (%)

Patients with
MVD (%)

Patients with
previous MI (%)

Segments with
recovery (%)

Sensitivity (%)
(no. of segments)

Specificity (%)
(no. of segments)

Kim et al10 41 88 63 43 NA 42 53 97 (411/425) 44 (211/379)
Lauerma et alw9 10 80 69 44 100 70 66 62 (NA) 98 (NA)
Selvanayagan et al20 52 87 61 62 NA 50 59 95 (326/343) 26 (71/269)
Wellnhofer et al11 29 93 68 32 NA 93 NA 90 (111/124) 52 (85/164)
Average 33 87 65 45 NA 64 59
Weighted mean 95 (848/892) 45 (367/812)

LVEF, left ventricular ejection fraction; MI, myocardial infarction; MVD, multivessel disease. NA, not available.
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Klein and colleagues9 evaluated 31 patients with depressed

LVEF (mean (SD) 28 (9)%) with FDG PET and contrast

enhanced CMR. The agreement between both techniques for

assessing scar tissue was 91%. Importantly, 11% of segments

defined as viable on FDG PET had some extent of scar tissue

on contrast enhanced CMR. This reflects the superior

resolution of CMR allowing discrimination of small sub-

endocardial infarcts.

To evaluate further the value of contrast enhanced CMR for

predicting functional recovery, Kim and co-workers studied

50 patients with chronic infarction and LV dysfunction

undergoing revascularisation.10 Contrast enhanced CMR and

resting LV function were assessed before revascularisation,

and recovery of function was assessed 11 weeks post-

revascularisation. The likelihood of segmental recovery of

function post-revascularisation paralleled the transmurality

of infarction of the segments: improvement of function

decreased progressively as the transmurality of scar tissue

increased. In particular, 78% of dysfunctional segments

without contrast enhancement improved in function, as

compared to 2% of segments with scar tissue extending

. 75% of the LV wall (fig 4). Using a cutoff value of 25%

transmurality of scar tissue, the sensitivity and specificity

were 86% and 61% to predict improvement of function.

Changing the cutoff value to 75% transmurality, sensitivity

and specificity would be 100% and 15%, respectively. With

nuclear imaging, 50% tracer uptake is frequently used to

assess viability; when a cutoff value of 50% transmurality

was applied, the sensitivity and specificity were 97% and 44%,

respectively. Pooling of the four available studies in patients

undergoing revascularisation (total 132 patients) confirmed

these findings and revealed a sensitivity of 95% with a

specificity of 45% (table 3).

The suboptimal specificity is related to the presence of

segments with subendocardial necrosis (and epicardial

viability) that do not improve in function. The low specificity

indicates that information on the constitution of the

epicardial regions is needed: do they contain normal, viable

tissue or jeopardised myocardium?

COMPARISON OF CMR TECHNIQUES TO PREDICT
FUNCTIONAL RECOVERY
There are currently not many direct comparisons in large

groups of patients undergoing revascularisation. Baer et al6

performed a head to head comparison between EDWT and

dobutamine stress CMR in 43 patients undergoing revascu-

larisation. The sensitivities of both techniques were compar-

able (92% v 89%), whereas the specificity was higher for

dobutamine CMR as compared to EDWT (94% v 56%).

Two studies directly compared dobutamine stress CMR

with contrast enhanced CMR. Lauerma et alw9 reported a

superior sensitivity and specificity for dobutamine stress

CMR in 10 patients undergoing revascularisation. Wellnhofer

and colleagues11 demonstrated in 29 patients undergoing

revascularisation a higher sensitivity for contrast enhanced

CMR, with a higher specificity for dobutamine stress CMR to

predict functional recovery.

When pooled data are compared, the differences in

accuracy of the various CMR techniques to predict functional

recovery post-revascularisation become more clear (table 4).

The sensitivity of EDWT and contrast enhanced CMR are

significantly higher than that of dobutamine stress CMR, as

evidenced by the absence in overlap of 95% confidence

intervals. Conversely, the specificity of dobutamine stress

CMR is significantly higher than that of EDWT and contrast

enhanced CMR.

Integrated use of CMR techniques can be considered for

optimal prediction of functional recovery. A very sensitive

technique, such as contrast enhanced CMR, may serve as a

first step. In the presence of minimal scar tissue (transmur-

ality , 25%), recovery of function is likely to occur, whereas

segments with extensive scar tissue (transmurality . 50–

75%) will not recover (as shown in the study by Kim et al10).

Segments with an intermediate extent of scar tissue

(transmurality 25–50%) have an intermediate likelihood of

recovery, and in these segments additional testing may be

needed. Dobutamine stress CMR may serve as a second step

in these segments in order to further differentiate between

segments with low (without contractile reserve) and high

Table 4 Sensitivity and specificity for the different imaging techniques (based on weighted mean values from available studies)

No. of patients Sensitivity (%) 95% CI 99% CI Specificity (%) 95% CI 99% CI

End diastolic wall thickness 100 95 91 to 99 90 to 100 41 31 to 50 28 to 53
Dobutamine stress 259 73 68 to 78 66 to 80 83 78 to 87 77 to 89
Delayed contrast enhancement 132 95 91 to 99 90 to 100 45 37 to 54 34 to 56

Critical values 99%, 95% were 2.58 and 1.96, respectively,
CI, confidence interval.

Figure 2 Corresponding short axis
slices (left panel, end diastole; right
panel, end systole) of a patient with a
previous anterior and inferior infarction.
The anterior region (white arrow) shows
preserved wall thickness (> 5.5 mm)
suggesting viable tissue, whereas the
end diastolic wall thickness (EDWT) in
the inferior region (black arrow) is
( 5.5 mm, indicating scar tissue.
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likelihood (with contractile reserve) to improve in function

post-revascularisation. Kaandorp et al12 recently demon-

strated the feasibility of integrated assessment of contrast

enhanced CMR and dobutamine stress CMR. The accuracy of

this approach, however, needs further evaluation in patients

undergoing revascularisation.

Integration of EDWT with another technique can also be

considered, but the problem is as follows. It has been

demonstrated that EDWT has a high sensitivity, but low

specificity. Thus, as a first step, assessment of EDWT is

possible, and segments with EDWT , 5.5 mm should be

considered scar tissue. Then, in the remaining segments

(with EDWT > 5.5 mm) a second test is needed. However,

with the recent evidence that even in segments with EDWT

, 5.5 mm recovery of function is possible,7 all segments need

to undergo a second test.

Figure 3 Examples of contrast
enhanced CMR studies. Panel A:
transmural antero-septal infarction
(hyperenhancement, white tissue). Panel
B: non-transmural infarction with scar
tissue extending from the septum to the
lateral wall. Panel C: transmural inferior
infarction. Panel D: non-transmural
infarction in the inferior region.

Figure 4 The likelihood of recovery of function post-revascularisation
is high in the absence of infarcted tissue or in the presence of minimal
infarction (, 25% of the left ventricular wall). The likelihood of recovery
is minimal in the presence of transmural infarction (. 75% of the left
ventricular wall). Intermediate extents of infarction have an
intermediate likelihood of recovery. Data based on Klein et al.9

Figure 5 Severely dilated left ventricle with mitral annulus dilatation,
systolic leaflet retraction resulting in central ischaemic mitral
regurgitation (arrow).
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ADDITIONAL INFORMATION PROVIDED BY CMR
With more aggressive surgical approaches, more information

is needed preoperatively to determine the optimal surgical

procedure. This includes information about the LV function—

that is, the LVEF to assess the risk of surgery; patients with

lower LVEF are at higher risk for (peri-)operative morbidity/

mortality. CMR should currently be considered as the ‘‘gold

standard’’ for assessment of LVEF.w10

In addition, LV volumes are important to determine the

likelihood of recovery of function post-revascularisation. It

was recently demonstrated that patients with severely dilated

left ventricles have a low likelihood to improve in LVEF

despite the presence of viable tissue.w11 In 61 patients with

substantial viability (> 4 viable segments), the likelihood of

improvement in LVEF . 5% was minimal when the LV end

systolic volume exceeded 153 ml.

Another issue of importance is the presence of ischaemic

mitral regurgitation. This phenomenon is frequently observed

in ischaemic cardiomyopathy, as a consequence of mitral

annular dilatation,w12 and mitral valve repair should be

performed in addition to revascularisation. As illustrated in

fig 5, ischaemic mitral regurgitation can be visualised

adequately with CMR. Moreover, the feasibility of precise

quantification of regurgitant volume with CMR was reported

recently.13

Finally, with the increasing use of LV aneurysmectomy or

surgical LV restoration, information on the presence of LV

aneurysms is needed.w13 In fig 6, an example of a large LV

aneurysm (with thrombus formation) is demonstrated using

contrast enhanced CMR.

CONCLUSION
With the increasing number of patients with ischaemic heart

failure, information on myocardial viability is needed to

guide patient treatment. Accurate viability assessment is

possible with CMR using different techniques including

EDWT assessment, dobutamine stress CMR, and contrast

enhanced CMR. While dobutamine stress CMR has the

highest specificity to predict functional recovery post-

revascularisation, EDWT and contrast enhanced CMR have

a higher sensitivity. Integrated use of particularly dobuta-

mine stress CMR and contrast enhanced CMR may be

preferred for optimal prediction of functional recovery.

Finally, CMR can provide additional information on LVEF,

LV volumes, ischaemic mitral regurgitation and LV shape

(aneurysms), which can be used to plan the surgical strategy.

Additional references appear on the Heart website—http://

www.heartjnl.com/supplemental
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enhanced CMR may be preferred for optimal prediction of
functional recovery

c Additional information can be provided by CMR on left
ventricular ejection fraction (LVEF), LV volumes, ischaemic
mitral regurgitation, and LV shape

1364

EDUCATION IN HEART

www.heartjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2003.025353 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


11 Wellnhofer E, Olariu A, Klein C, et al. Magnetic resonance low-dose
dobutamine test is superior to SCAR quantification for the prediction of
functional recovery. Circulation 2004;109:2172–4.

12 Kaandorp TA, Bax JJ, Schuijf JD, et al. Head-to-head comparison between
contrast-enhanced magnetic resonance imaging and dobutamine magnetic
resonance imaging in men with ischemic cardiomyopathy. Am J Cardiol
2004;93:1461–4.

13 Westenberg JJ, Doornbos J, Versteegh MI, et al. Accurate quantitation of
regurgitant volume with MRI in patients selected for mitral valve repair.
Eur J Cardiothorac Surg 2005;27:462–6.

14 Schmidt M, Voth E, Schneider CA, et al. F-18-FDG uptake is a reliable
predictor of functional recovery of akinetic but viable infarct regions as
defined by magnetic resonance imaging before and after revascularization.
Magn Reson Imaging 2004;22:229–36.

15 Baer FM, Theissen P, Crnac J, et al. Head to head comparison of dobutamine-
transoesophageal echocardiography and dobutamine-magnetic resonance
imaging for the prediction of left ventricular functional recovery in patients
with chronic coronary artery disease. Eur Heart J 2000;21:981–91.

16 Gunning MG, Anagnostopoulos C, Knight CJ, et al. Comparison of 201Tl,
99mTc-tetrofosmin, and dobutamine magnetic resonance imaging for
identifying hibernating myocardium. Circulation 1998;98:1869–74.

17 Sayad DE, Willett DL, Hundley WG, et al. Dobutamine magnetic resonance
imaging with myocardial tagging quantitatively predicts improvement in
regional function after revascularization. Am J Cardiol 1998;82:1149–51,
A10.

18 Sandstede JJ, Bertsch G, Beer M, et al. Detection of myocardial viability by
low-dose dobutamine cine MR imaging. Magn Reson Imaging
1999;17:1437–43.

19 Trent RJ, Waiter GD, Hillis GS, et al. Dobutamine magnetic resonance
imaging as a predictor of myocardial functional recovery after
revascularisation. Heart 2000;83:40–6.

20 Selvanayagam JB, Kardos A, Francis JM, et al. Value of delayed-enhancement
cardiovascular magnetic resonance imaging in predicting myocardial viability
after surgical revascularization. Circulation 2004;110:1535–41.

Additional references appear on the Heart website—
http://www.heartjnl.com/supplemental

1365

EDUCATION IN HEART

www.heartjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2003.025353 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


Cardiovascular magnetic resonance to assess myocardial viability in 

chronic ischemic left ventricular dysfunction (ht25353) 

Kaandorp, Lamb, van der Wall, et al 

Web only refs 

 
1. Schinkel AF, Bax JJ, Poldermans D. Clinical assessment of myocardial hibernation. 

Heart 2005;91:111–7. 

2. Rahimtoola SH. Coronary bypass surgery for chronic angina–1981. A perspective. 

Circulation 1982;65:225–41. 

3. Perrone-Filardi P, Bacharach SL, Dilsizian V, et al. Metabolic evidence of viable 

myocardium in regions with reduced wall thickness and absent wall thickening in 

patients with chronic ischemic left ventricular dysfunction. J Am Coll Cardiol 

1992;20:161–8. 

4. Dubnow MH, Burchell HB, Titus JL. Postinfarction ventricular aneurysm. A 

clinicomorphologic and electrocardiographic study of 80 cases. Am Heart J 

1965;70:753–60. 

5. Baer FM, Voth E, LaRosee K, et al. Comparison of dobutamine transesophageal 

echocardiography and dobutamine magnetic resonance imaging for detection of 

residual myocardial viability. Am J Cardiol 1996;78:415–9. 

6. Wesbey GE, Higgins CB, McNamara MT, et al. Effect of gadolinium-DTPA on the 

magnetic relaxation times of normal and infarcted myocardium. Radiology 

1984;153:165–9. 



7. de Roos A, Doornbos J, Van Der Wall EE, et al. MR imaging of acute myocardial 

infarction: value of Gd-DTPA. AJR Am J Roentgenol 1988;150:531–4. 

8. Simonetti OP, Kim RJ, Fieno DS, et al. An improved MR imaging technique for the 

visualization of myocardial infarction. Radiology 2001;218:215–23. 

9. Lauerma K, Niemi P, Hanninen H, et al. Multimodality MR imaging assessment of 

myocardial viability: combination of first-pass and late contrast enhancement to wall 

motion dynamics and comparison with FDG PET-initial experience. Radiology 

2000;217:729–36. 

10. Longmore DB, Klipstein RH, Underwood SR, et al. Dimensional accuracy of 

magnetic resonance in studies of the heart. Lancet 1985;1:1360–2. 

11. Schinkel AF, Poldermans D, Rizzello V, et al. Why do patients with ischemic 

cardiomyopathy and a substantial amount of viable myocardium not always recover 

in function after revascularization? J Thorac Cardiovasc Surg 2004;127:385–90. 

12. Bolling SF, Smolens IA, Pagani FD. Surgical alternatives for heart failure. J Heart 

Lung Transplant 2001;20:729–33. 

13. Athanasuleas CL, Buckberg GD, Stanley AW, et al. Surgical ventricular restoration 

in the treatment of congestive heart failure due to post-infarction ventricular dilation. 

J Am Coll Cardiol 2004;44:1439–45. 

14. Klow NE, Smith HJ, Gullestad L, et al. Outcome of bypass surgery in patients with 

chronic ischemic left ventricular dysfunction. Predictive value of MR imaging. Acta 

Radiol 1997;38:76–82. 


