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The significance of transient ischemic dilation
in the setting of otherwise normal SPECT
radionuclide myocardial perfusion images

Carolina Valdiviezo, MD,a,b Apurva A. Motivala, MD,a,c Rory Hachamovitch,

MD, MSc,d Murthy Chamarthy, MD,a,e Pablo C. Navarro, MD,a,f Robert J. Ostfeld,

MD, MSc,a Mimi Kim, ScD,g and Mark I. Travin, MDa

Background. Transient ischemic dilation (TID) in the setting of an abnormal SPECT
radionuclide myocardial perfusion imaging (MPI) study is considered a marker of severe and
extensive coronary artery disease (CAD). However, the clinical significance of TID and its
association with CAD in patients with an otherwise normal MPI study is unclear.

Methods. From a database of patients who underwent MPI over a 9-year period, 96
without known cardiac history who had normal image perfusion patterns, and who underwent
coronary angiography within 6 months, were identified. TID quantitative values were derived.
To adjust for varying stress and image protocols, a TID index based on published threshold
values was derived for each patient, with >1 considered as TID. We examined the relationship
of TID to the presence/extent of CAD, and to a CAD prognostic index. TID was also correlated
with patient survival. To address referral bias, survival in a separate cohort of 3,691 patients
with a normal perfusion MPI who did not undergo angiography in the 6-month interval was
correlated with the presence and severity of TID.

Results. For 28 (29.2%) patients with normal MPI perfusion patterns but with TID,
there was no increased incidence of CAD, multivessel or left main disease, or a higher prognostic
index compared with no TID. In addition, there was no increased mortality associated with TID
in both the angiography cohort and in the patients who did not undergo immediate angiography.

Conclusions. TID in patients with an otherwise normal SPECT MPI study does not increase
the likelihood of CAD, its extent or severity, and is not associated with worsened patient survival.
(J Nucl Cardiol 2011;18:220–9.)
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INTRODUCTION

Transient ischemic dilation (TID) of the left ven-

tricle on a stress single-photon emission computed

tomography (SPECT) radionuclide myocardial perfu-

sion imaging (MPI) study is thought to reflect

myocardial ischemia that is sufficiently severe and

extensive to cause visually apparent LV enlargement on

the post-stress relative to the post-rest images. Several

pathophysiologic mechanisms have been proposed,

including actual stress-induced transient cavity dila-

tion,1 a lack of subendocardial tracer uptake in the

setting of extensive subendocardial ischemia without

true anatomic cavity enlargement,2 a stress induced

decrease in LV systolic function from stunning that

appears as TID in the summed SPECT images,3,4 or

perhaps various combinations of these. Regardless of the

mechanism of the phenomenon, the presence of TID in

patients with an abnormal MPI study has been shown to

be a marker of severe and extensive CAD,1,5-7 and in a

few studies to confer increased risk for cardiovascular

events.8-10
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Nevertheless, the significance of TID in patients

with otherwise normal MPI images is not well under-

stood as such patients have typically been excluded from

investigative studies. One study did find an increased

likelihood of a cardiac event in these patients, but most

events were revascularization procedures rather than

hard cardiac events, with therefore a potential bias from

the image findings leading to the events rather than there

being true increased patient risk.11

Therefore, it remains unclear how best to approach

patients with TID and otherwise normal SPECT images.

While many people consider TID and normal SPECT to

indicate a significant likelihood of balanced ischemia from

multivessel coronary artery disease (CAD), to our knowl-

edge there are no published manuscripts correlating TID as

an isolated finding with the anatomic extent and severity of

CAD. A recent editorial states that the finding of isolated

TID is usually not associated with severe CAD and that it

would not be appropriate to perform invasive coronary

angiography on the basis of this observation alone, but then

also suggests that in some clinical instances isolated TID

could indicate high risk ‘‘balanced’’ ischemia.12

Therefore, to further investigate the significance of

isolated TID on SPECT MPI, i.e., to specifically assess

whether this SPECT image finding increases the likelihood

of balanced ischemia from multivessel disease, we queried

our nuclear cardiology database to find patients with nor-

mal perfusion images who underwent cardiac catheter-

ization. We examined the relationship of the presence/

absence and quantitative severity of TID to the extent/

severity of CAD on coronary angiography and to patient

survival. In addition, to account to some extent for cathe-

terization referral bias, we assessed the survival of patients

with normal perfusion images who did not undergo cardiac

catheterization in relation to the presence/absence and

quantitative severity of TID, with the reasoning being that

the absence of a worsened prognosis suggests that balanced

ischemia/multivessel disease was infrequent.

METHODS

Study Population

The study patient selection process is detailed in Figure 1.

To summarize, following IRB expedited review and approval,

we reviewed a prospectively created database of over 20,000

consecutive patients who underwent stress radionuclide MPI at

our institution between 2000 and 2009. We identified all

Figure 1. Study patient selection process. CABG, coronary artery bypass grafting; CHF,
congestive heart failure; DCM, dilated cardiomyopathy; LBBB, left bundle branch block; MPI,
myocardial perfusion imaging; PCI, percutaneous coronary intervention; PPM, permanent
pacemaker; pts, patients; cath., catheterization; SSS, summed stress score.
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patients without previously known cardiac history (no myo-

cardial infarction, no coronary revascularization, no

cardiomyopathy) who had normal or probably normal perfu-

sion images on initial clinical read, and for whom a TID value

had been entered into the database, approximately 6,000

patients. From these we chose patients who underwent cardiac

catheterization within 180 days of nuclear testing, without

intervening intervention or cardiac event, yielding 168

patients. Images of these patients were retrieved and repro-

cessed to assure that the images were truly normal in terms of

perfusion (summed stress score (SSS) \ 4).13 All patients with

equivocal findings, those with probable cardiomyopathy, left

bundle branch block or pacemaker perfusion patterns, and

doubles (for those who had numerous tests during the time

interval, only the first test was used) were excluded, resulting

in the 96 patients who comprise the main cohort of the study

(Cohort 1). For these patients the TID score was based on the

reprocessed value rather than that obtained at the initial clinical

read.6,14

To take into account the confounding influence of cath-

eterization referral bias, a separate cohort of patients without

previous cardiac history who did not undergo cardiac cathe-

terization within 6 months of SPECT imaging, with a TID

value entered in the database, and with a clinical read data

entry of normal perfusion (SSS \ 4; images in this cohort were

not reprocessed nor re-reviewed) but who had not undergone

cardiac catheterization within 180 days were identified,

yielding 3691 patients (Cohort 2).

Stress Testing and Imaging

Patients had undergone stress radionuclide single-photon

emission computed tomography (SPECT) myocardial perfusion

imaging using standard techniques.15 Radiopharmaceutical

dosing, image acquisition, and processing were performed as per

published guidelines.16 At the time the patients in this study

underwent testing, dual isotope imaging was standard in many

institutions, and was thus used for the majority of our patients.

Image Interpretation

SPECT images had been visually interpreted during a

standard clinical read by experienced readers blinded to cath-

eterization data, but with all other clinical data available to

make a final clinical interpretation. All SPECT images were

scored semiquantitatively using the standard 17-segment

scoring method, generating a summed stress score (SSS),

summed rest score (SRS), and summed difference score (SDS)

for each patient.16 During the clinical read, each image had

been interpreted globally as normal, probably normal, equiv-

ocal, probably abnormal, or abnormal. ECG-gated SPECT

acquisition was performed in all cases, with the RR segments

divided into 16 intervals.

Measurement of TID

TID values were calculated from the summed SPECT

images using a commercially available automated program

(QPS = quantitative perfusion score, Cedars-Sinai, Los

Angeles, California) which allows manual operator interaction

if required. The TID ratio is derived from rest and stress

endocardial volumes bounded by endocardial surface and

valve plane.6 To adjust for known varying TID values and

normal thresholds of the different stresses and imaging pro-

tocols, we derived a TID index, dividing the raw QPS-derived

TID values by published normal thresholds. A TID index [ 1

was considered to be TID ‘‘positive’’ (‘‘TID ?’’), TID B 1

was designated ‘‘TID-.’’ For the entire population of patients

studied (Cohorts 1 and 2), the mean TID index was

0.87 ± 0.15, with a median of 0.86. The patients were divided

into TID quartiles based on the distribution of these patients,

with the groupings as follows—Quartile I: 0.31-0.77 (976 total

patients); Quartile II: 0.78 = 0.86 (938 total patients); Quartile

III: 0.87 = 0.95 (908 total patients); Quartile IV: 0.96-1.88

(965 total patients).

Angiographic Analysis

Angiographic data were obtained from cardiac catheteri-

zation reports, composed of independent angiographers at the

time of the procedure. Significant coronary artery disease

(CAD) was defined as luminal coronary diameter stenosis of

C70% in at least one major coronary artery distribution: left

anterior descending (LAD), left circumflex artery (LCx), or

right coronary artery (RCA). Significant left main (LM) dis-

ease was defined as luminal diameter stenosis of C50%. Multi-

vessel CAD was defined as either significant left main disease,

or two-vessel or triple-vessel CAD. To more precisely char-

acterize the extent and severity of CAD, a CAD prognostic

index based on the description by Mark et al.18 was derived for

our patients based on the number of vessels diseased as well as

the location, given higher weight to lesion in proximal seg-

ments of larger vessels. The presence and extent of coronary

artery disease were correlated with the presence and the

severity of TID.

Survival Analysis

Data for Cohorts 1 and 2 were uploaded into Montefiore

Medical Center’s Clinical Looking Glass
TM

(CLG), an inter-

active software application system developed at our institution

for the evaluation of health care quality, effectiveness, and

efficiency.19-21 Among other functions, CLG can merge patient

information with the national Social Security Death Registry to

generate survival analysis curves. We analyzed all-cause mor-

tality of patients from both cohorts to determine the relation of

TID presence or severity with patient survival (note that the

Social Security Death Registry does not provide the cause of

death).

Statistical Analysis

Continuous variables were expressed as the means ±

standard deviation, and categorical variables were expressed as

percentages (%). The Student’s t test was used for analysis of

continuous data, and the v2 test was used to compare

222 Valdiviezo et al Journal of Nuclear Cardiology

TID with normal SPECT perfusion March/April 2011



differences between proportions of categorical variables. The

extent and severity of CAD between subjects with various

degrees of TID were analyzed using ANOVA. Univariate

analysis was performed to determine how a variety of key

variables (age, gender, pharmacologic stress, diabetes mellitus,

hypertension, baseline abnormal ECG, ECG ischemia during

stress) compared with the presence of TID in terms of the

presence of CAD or MVD/LM, and if any these variable

correlated with CAD or MVD/LM in the patients who had

TID. Survival analysis was depicted using Kaplan-Meier

curves, and differences in the event occurrence rate between

the two groups were analyzed using a log-rank Mantel-Ha-

enszel test. For all analyses, P values \.05 were considered

statistically significant.

RESULTS

Patient Characteristics

Cohort 1 comprised a total of 96 patients. While one

cannot say exactly why these patients with normal

SPECT perfusion images were referred for cardiac

catheterization within 6 months of nuclear testing,

compared with the Cohort 2 patients who did not

undergo cardiac catheterization in such close proximity

to SPECT, the Cohort 1 patients more often had various

clinical factors consistent with increased cardiac risk.

These included a higher Diamond/Forrester pre-test

likelihood of CAD.22 (47.5% ± 28.3% vs 38.9% ±

27.5%, P \ .01), and were often taking cardiac medi-

cations at the time of testing (b-blockers: 51% vs 35%,

P \ .01; nitrates: 10% vs 3%, P \ .001; angiotensin

converting enzymes inhibitors: 44% vs 31%, P \ .05;

aspirin: 60% vs 44%, P \ .005), suggesting that they

may have been more symptomatic. They also more

frequently had hypertension (78% vs 71%, P \ .05),

were more often referred for pharmacologic stress (78%

vs 62%, P \ .05), more frequently had an abnormal

baseline ECG (73% vs 62%, P \ .05), and had a lower

LV ejection fraction (61% ± 15% vs 70% ± 10%,

P \ .001). Cohort 1 patients were also more often men

(51% vs 29%, P \ .001).

Of these 96 patients, 28 were ‘‘TID?’’ and 68

‘‘TID-’’. As in Table 1, the mean age was lower for

‘‘TID?’’ than for ‘‘TID-’’ patients. There were no

significant differences in the type of chest pain/angina,

the prevalence of hypertension or diabetes mellitus,

Table 1. Baseline characteristics of Cohort 1

Variable All patients (n 5 96) TID1 (n 5 28) TID2 (n 5 68)

Age (years) 58.0 ? 12.1 53.6 ± 11.5 59.8 ± 11.9*

Male gender (%) 49 (51%) 18 (64%) 31 (46%)

Type of chest pain

Typical angina (%) 17 (18%) 4 (14%) 13 (19%)

Atypical angina (%) 63 (66%) 19 (68%) 44 (65%)

Non-anginal or no chest pain (%) 16 (17%) 5 (18%) 11 (16%)

Cardiac risk factors

Hypertension (%) 79 (82%) 21 (75%) 58 (85%)

Diabetes mellitus (%) 36 (38%) 10 (36%) 26 (38%)

Medications

b-blockers (%) 49 (51%) 12 (43%) 37 (54%)

Ca-channel blockers (%) 29 (30%) 6 (21%) 23 (34%)

ACE-I (%) 42 (44%) 11 (39%) 31 (46%)

ASA (%) 58 (60%) 19 (68%) 39 (51%)

Stress protocol

Exercise (%) 21 (22%) 8 (28%) 13 (19%)

Image protocol

Dual isotope (%) 91 (95%) 26 (93%) 65 (96%)

ECG results

Baseline normal (%) 26 (27%) 9 (32%) 17 (25%)

Stress ischemia (%) 6 (6%) 1 (4%) 5 (7%)

LVEF (%) 61.0 ? 14.5 57.9 ± 12.8 62.3 ± 15.1

ACE-I, Angiotensin converting enzyme inhibitors; ASA, aspirin; Ca, calcium; ECG, electrocardiogram; LVEF, left ventricular ejection
fraction; TID?, patients with transient ischemic dilation; TID-, patients without transient ischemic dilation.
* P\ .05 compared with TID?. For all other variables, P = NS.
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cardiac medications taken, the method of the stress or

imaging, the baseline or stress ECG results, or the LV

ejection fraction.

In terms of TID quartiles, 12 patients (12.5%) were

in quartile I, 13 (13.5%) were in quartile II, 30 (31.3%)

were in quartile III, and 41 (42.7%) were in quartile IV.

Thus, when considering the entire study population

(Cohorts 1 and 2) patients in higher TID quartiles were

more likely to undergo cardiac catheterization—1.2%

(12/976) for quartile I, 1.4% (13/938) for Quartile II,

3.3% (30/908) for quartile III, and 4.2% (41/965) for

quartile IV (P \ .001).

TID and Coronary Angiography

The interval between the SPECT study and coro-

nary angiography was 26 ± 49 days. CAD results were

similar in ‘‘TID?’’ and ‘‘TID-’’ patients, shown in

Table 2. In particular, the two groups were similar with

regard to the presence of CAD, the number of vessels

with significant stenoses, or the CAD prognostic index.

For example, although ‘‘TID?’’ is often considered to

have a high correlation with multivessel or left main

disease, such disease was present in only 11% of

patients with ‘‘TID?’’ compared with 16% of those

with ‘‘TID-’’ (P = NS).

The distribution of the number of vessels with a

significant coronary stenosis was similar in patient with

and without TID, depicted in Figure 2. As illustrated in

Figure 3, the distributions of CAD prognostic indices

were similar across the four TID index quartiles, without

the presence of more extensive or severe coronary dis-

ease in the higher TID groups.

None of the variables assessed by univariate anal-

ysis correlated with the presence of CAD, or the

presence of multivessel or left main disease (MVD/LM).

Of the 28 patient with TID?, the presence of diabetes

did increase the likelihood of CAD compared with

patients who did not have diabetes—60% (6/10) vs 11%

(2/18) (P = -.11), respectively, but did not significantly

increase the likelihood of MVD/LM.

TID and All Cause Mortality

Patients in Cohort 1 were followed for 3.5 ±

2.2 years (98% follow-up). The mortality in patients

Table 2. Presence and severity of coronary artery disease in relation to TID

Variable TID1 (n 5 28) TID2 (n 5 68) P value

CAD present (%) 8 (29%) 24 (36%) NS

#VD 0.39 ± 0.69 0.63 ± 1.06 NS

MVD/LM 3 (11%) 11 (16%) NS

CAD Prognostic Index 13.64 ± 21.02 15.41 ± 22.18 NS

CAD, Coronary artery disease; LM, left main; MVD, multivessel disease; TID, transient ischemic dilation; TID?, patients with
transient ischemic dilation; TID-, patients without transient ischemic dilation, #VD, number of vessels with significant (C70%)
obstruction.

Figure 2. Distribution of coronary artery disease (number of
vessels with disease) in relation to the presence or absence of
TID. LM, Left main disease; TID, transient ischemic dilation;
VD, vessels with disease.

Figure 3. Distribution of CAD prognostic index scores in
relation to TID index quartile. CAD, Coronary artery disease;
TID, transient ischemic dilation.
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with ‘‘TID?’’ was not increased compared with ‘‘TID-

’’ patients, 3.7% vs 6.0%, respectively (P = NS), with

survival curves shown in Figure 4.

Characteristics of Cohort 2 patients are shown in

Table 3. For these patients, those who were TID? were

less often male, had more non-anginal or no chest pain

at the time presentation for stress SPECT testing, were

more often taking aspirin, more often underwent phar-

macologic stress, had more stress ECG ischemia, and

had a lower LVEF. Cohort 2 patients were followed for

3.6 ± 1.9 years (95% follow-up), and despite the

aforementioned somewhat worsened clinical character-

istics of the TID? subgroup, again there was a similar

mortality in ‘‘TID?’’ and ‘‘TID-’’ patients (8.4% vs

6.0%, respectively, P = NS), with survival curves

(Figure 5) that essentially superimposed.

Sub-group analysis for both cohorts showed no

difference in survival among the various TID quartiles,

illustrated in Figure 6 for Cohort 2 (for Cohort 1, sub-

group quartile analysis yielded too few patients for

meaningful analysis).

DISCUSSION

The presence of TID in patients with an abnormal

SPECT MPI study is considered to be a marker of severe

and extensive CAD that confers increased risk for car-

diovascular events.1,5-10 Such patients are therefore

Figure 4. Survival analysis in relation to the presence of TID:
patients who underwent coronary angiography within
6 months (Cohort 1).

Table 3. Baseline characteristics of Cohort 2

Variable All patients (n 5 3691) TID1 (n 5 593) TID2 (n 5 3098)

Age (years) 58.9 ? 12.6 59.2 ± 13.0 58.9 ± 12.5

Male gender (%) 1087 (29%) 152 (26%) 935 (30%)*

Type of chest pain

Typical angina (%) 503 (14%) 101 (17%) 402 (13%)

Atypical angina (%) 2134 (58%) 358 (60%) 1776 (57%)

Non-anginal or no chest pain (%) 1054 (29%) 134 (23%) 920 (30%)**

Cardiac risk factors

Hypertension (%) 2618 (71%) 440 (74%) 2178 (70%)

Diabetes mellitus (%) 1156 (31%) 205 (35%) 951 (31%)

Medications

b-blockers (%) 1297 (35%) 211 (36%) 1086 (35%)

Ca-channel blockers (%) 808 (22%) 125 (21%) 683 (22%)

ACE-I (%) 1153 (31%) 193 (33%) 960 (31%)

ASA (%) 1632 (44%) 292 (49%) 1340 (43%)

Stress protocol

Exercise (%) 1225 (33%) 242 (41%) 983 (32%)**

Image protocol

Dual isotope (%) 3574 (97%) 575 (97%) 2999 (97%)

ECG results

Baseline normal (%) 1408 (38%) 246 (41%) 1162 (38%)

Stress ischemia (%) 177 (5%) 40 (7%) 137 (4%)*

LVEF (%) 70.3 ? 10.0 68.4 ± 9.8 70.7 ± 9.9**

ACE-I, Angiotensin converting enzyme inhibitors; ASA, aspirin; Ca, calcium; ECG, electrocardiogram; LVEF, left ventricular ejection
fraction; TID?, patients with transient ischemic dilation; TID-, patients without transient ischemic dilation.
* P\ .05 compared with TID?; ** P\ .001 compared with TID?. For all other variables, P = NS.
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often referred for cardiac catheterization with intent to

revascularize. However, despite the absence of clear

data, such an approach is often extrapolated to patients

who have TID in the presence of an otherwise normal

MPI study, with these patients commonly also referred

for cardiac catheterization out of concern for the possi-

ble presence of multivessel disease and balanced

ischemia. Nevertheless, our study of close to 100

patients with normal perfusion images who underwent

cardiac catheterization within 6 months of SPECT found

no TID associated increase in the presence of CAD, the

presence of multivessel or left main disease, or in the

CAD prognostic index. Patients who had TID had no

worsened survival compared with patients who did not.

Similarly, for a much larger group of over 3,000 patients

with normal (perfusion pattern) SPECT images who did

not (within 6 months) undergo cardiac catheterization,

the presence of TID also did not increase mortality, or

was there any increase in mortality as the extent of TID

increased.

Thus, our findings indicate that in the setting of an

otherwise normal SPECT perfusion image study, TID

infrequently indicates balanced ischemia, and in this

instance is not useful as a marker for severe or extensive

CAD. In addition, there is no increased mortality com-

pared with patients who do not have TID.

Previous Reports

To our knowledge there are no published manu-

scripts on the correlation of TID with the anatomic

extent and severity of CAD in patients with an otherwise

normal MPI study. Studies that have addressed the

relation of TID to coronary anatomy have excluded

patients with normal SPECT MPI.1,5-7

There are several studies reporting prognostic

implications of TID in patients with otherwise normal

SPECT images. Abidov et al. studied a group of 1,560

patients with no perfusion defects, and a second group of

2,037 patients with SPECT scans considered normal by

the institution’s standard definition (SSS B 3) that

therefore also included patients with minimal defects

considered too small to be called abnormal.11 In follow-

up of slightly over a mean of 2 years, the annual hard

event rate (cardiac death and non-fatal MI) was extre-

mely low in both the groups (\0.5%), but the patients in

the highest TID quartile in both groups had a signifi-

cantly higher total event (cardiac death, non-fatal MI,

and revascularization 60 days after SPECT) rate than

patients in the lower three quartiles. In the first cohort

the highest TID quartile was an independent predictor

(with diabetes, age, and typical angina) of total events,

having a hazard ratio of 2.3. In that study, though, it is

unclear how the presence of TID might have biased the

decision to proceed to revascularization and thereby

increase the total event rate.

Several other studies reported no increased cardiac

event rate associated with TID in the presence of

otherwise normal perfusion images. Baddi et al23 fol-

lowed 1,200 patients with normal perfusion images for

approximately 4 years, and for the 25 patients who had

TID there were no deaths, no cardiac events or hospi-

talizations, and the patients were symptom free. More

recently, Hakeem et al. found that of 1,003 patients

with normal MPI (SSS \ 4), for the 3.8% of patients

with TID followed for about 2 years, there was no

increase in all cause mortality, although there was a

trend toward increased cardiac events (21% vs 10%,

P = .06).24

Figure 5. Survival analysis in relation to the presence of TID:
patients who did not undergo coronary angiography within
6 months (Cohort 2).

Figure 6. Survival of patients in Cohort 2 in relation to TID
quartile.
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Mechanisms

The mechanism of TID is not entirely clear. Initial

papers by Stolzenberg and by Weiss et al.1,25 measured

an area derived from tracing the epicardial border of

planar images that therefore would appear to represent

true stress-induced cardiac enlargement. However with

SPECT imaging, TID represents a change in the inner

cavity dimension that is both apparent visually and

quantitatively measurable by standard software programs

which calculate the change in area or volume circum-

scribed by software determined endocardial border. As

TID is customarily derived from summed (systolic and

diastolic) SPECT images, this inner cavity dimension

represents a complex interplay between left ventricular

systolic functional changes with stress, and perfusion

tracer uptake in the myocardial subendocardium, with

likely a component of true anatomic cavity dilation as

well.2-4,26 Given the likely complex mechanism of the

TID phenomenon, it is not be surprising that it occurs in

association with pathophysiology other than extensive

coronary disease. For example, there are several reports

of TID associated with hypertension and left ventricular

hypertrophy.27,28 Smelly et al29 reported an independent

association of TID with a hypertensive response to

exercise in patients with otherwise normal perfusion

images. Hypertensive and hypertrophic conditions may

result in stress-induced subendocardial ischemia because

of a greater reduction in subendocardial than in trans-

mural perfusion, thereby accounting for the TID.30

Likewise, diabetes has been associated with TID inde-

pendent of the severity of CAD, perhaps also accounted

for by subendocardial ischemia, possibly related to flow

reserve abnormalities in microvessels.31 Nevertheless, in

both of our patient cohorts, those with TID did not have

more frequent hypertension or diabetes.

Of course, in some cases computer measured TID

may be the result of technical errors related to limits of

the computer software’s ability to detect the endocardial

border or the myocardial valve plane, or from errors in

slice matching between the stress and rest images.32 In

addition, in patients with small left ventricles, small

statistically random changes in cavity size between

stress and rest images can yield high ratios.6,26

Clinical Implications

Contrary to the significance of TID in patients with

concomitant MPI perfusion defect(s), the significance of

TID as an isolated finding in MPI does not appear to

increase the likelihood of severe CAD or convey

increased mortality. Thus, our results show no evidence

that TID alone should be used to guide decisions

regarding further invasive testing, such as coronary

angiography, or for risk stratification beyond conven-

tional cardiac risk factors.

Limitations

There are several limitations to this study. The

reported findings are based on data obtained from a

nuclear cardiology database of a single center with

unique characteristics, and thus may not be applicable to

other centers. Corroboration of our findings in other

settings and with larger patient populations is needed.

In addition, the catheterization referral bias that

results in few referrals of patients with normal perfusion

pattern images for invasive coronary angiography skews

the data. While we did not find a worsened survival in

the patients with TID who were not immediately

(\6 months) referred for catheterization, it is still pos-

sible that many had severe and extensive CAD, doing

well in terms of survival because of the protective

effects of current aggressive medical therapies (although

our results therefore do suggest that avoiding an invasive

approach does no harm in this regard). Perhaps, the

widespread availability of noninvasive cardiac CTA

may allow accumulation of larger patient cohorts in

which the concepts considered here can be explored

further, although results from such analyses would still

be affected to some degree by referral bias to cardiac

CTA.

In addition, due to the retrospective nature of our

study, specific cardiac event data are not available. As

we only analyzed all-cause mortality, we cannot know if

the patients with TID had a higher cardiac mortality that

was off-set by a higher non-cardiac mortality in patients

without TID, although this would be unlikely, especially

as no differences in all-cause mortality were seen for

any of the multiple survival analyses performed. As

discussed above, at least one group reports a trend

toward a higher non-revascularization cardiac event rate

in association with TID despite there being no survival

decrease.24 Certainly in the current era aggressive

approaches to acute coronary syndromes have signifi-

cantly improved survival, making it more difficult to

show mortality differences, particularly over shorter

follow-up times. At the same time, there is no evidence

that an invasive approach to otherwise stable coronary

disease prevents acute coronary syndrome, again argu-

ing that avoiding cardiac catheterization in clinically

stable patients with TID but otherwise normal perfusion

images is a an appropriate management approach.

CONCLUSIONS

The presence of TID in our cohort of patients with

otherwise normal SPECT myocardial perfusion images

Journal of Nuclear Cardiology Valdiviezo et al 227

Volume 18, Number 2;220–9 TID with normal SPECT perfusion



did not predict extensive and severe CAD. In addition,

the presence of TID in these patients did not increase the

mortality risk when compared with those who did not

have TID. Thus, the presence of TID as an isolated

finding in stable patients with an otherwise normal

SPECT MPI studies does not appear to indicate a need

for invasive coronary angiography.
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