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Each Nuclear Cardiology lab should have its own
lower limit of normal for functional parameters:
True or False?
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In the field of nuclear cardiology we have three

imaging modalities to measure ventricular function:

first-pass radionuclide angiography (FPRNA), equilib-

rium gated radionuclide angiography (ERNA), and

ECG-gated myocardial perfusion imaging SPECT

(GSPECT) or PET studies.1 GSPECT was introduced in

the 1980s and is considered an ideal technique for

combined evaluation of myocardial perfusion and left

ventricular function from a single study.2 Automation of

the image processing and quantification has made this

technique practical and highly reproducible. In patients

with known or suspected coronary artery disease, gating

enhances the diagnostic and prognostic capability of

myocardial perfusion imaging and provides incremental

information over the perfusion data.3

During a GSPECT study, a perfusion tracer is

injected and is taken up by the LV myocardium. The

definitions of the LV myocardium and the LV cavity are

achieved by delineating both the endocardium as well as

the epicardial edges on the perfusion image. LV regional

and global contractile functions are quantified based on

the changes in the LV volume, excursion of the endo-

cardium, and brightening of the myocardium from the

ECG-gated end-diastole to end-systole.4

LV volumes and LVEF are usually obtained by

applying commercially available software to the recon-

structed gated dataset. Software packages developed at

Cedars-Sinai Medical Center (QGS), University of

Michigan (4D-MSPECT), and Emory University

(Emory Cardiac Toolbox)3–5 are available in many

nuclear cardiology labs. Direct comparison between

these software packages reveals good correlations in LV

volumes as well as LV functional measurements.6

In addition to identification of perfusion abnormal-

ities, gated SPECT offers evaluation of systolic

functional parameters including LVEF, LVED, and

LVES volumes. GSPECT also allows assessment of

diastolic parameters such as the peak ejection rate

(PER), peak filling rate (PFR), time to peak filling rate

(TPFR), and mean filling rate during the first third of

diastole (MFR/3). Both systolic and diastolic functional

parameters obtained from GSPECT have been validated

against similar parameters obtained from other imaging

modalities.7 Other parameters such as transient ischemic

dilatation (TID), lung-to-heart (L/H) ratio, and intra-

ventricular synchrony have also been shown to add

valuable clinical and prognostic information.8

The introduction of ECG gating to MPI allowed the

simultaneous assessment of myocardial perfusion and

function from a single study. Both global and regional

systolic functions have incremental prognostic value

over perfusion variables alone. Also, adding ESV or EF

to summed stress score (SSS) better predicts mortality in

both men and women.9 On stress SPECT studies, per-

fusion images capture myocardial perfusion distribution

at peak stress, while gated images demonstrate LV

contractile function at the time of acquisition. Patients

with particularly severe coronary artery disease may

show post-stress stunning on SPECT MPI, with regional

and global LV dysfunction seen on post-stress images,
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but not on the rest images. This finding both confirms

myocardial ischemia, and is an adverse prognostic sign.

Also, with newer generation cameras, a recent study has

shown that it is possible to detect negative EF reserve in

patients with significant ischemia using early gated

regadenoson stress ultra-fast SPECT.10

Impairment of LV diastolic function is defined as

abnormalities that exist during LV relaxation and filling.

Diastolic dysfunction usually indicates early pathologi-

cal changes that precede systolic dysfunction and it is

particularly seen with hypertension, diabetes, advanced

renal disease, and with aging. Diastolic dysfunction

carries a substantial risk of heart failure and reduced

survival, even in asymptomatic patients. Using

echocardiography and Doppler techniques, the LV fill-

ing parameters E/A and E/E’ ratios provide excellent

metrics for the assessment of diastolic function.

GSPECT offers PFR, TPFR, and MFR/3 for the evalu-

ation of diastolic function. Good correlation has been

found between diastolic parameters measured by these

two imaging modalities.7 Diastolic functional parame-

ters obtained by echocardiography and Doppler

techniques are operator dependent and each must be

measured separately. However, diastolic parameters

obtained by GSPECT are obtained automatically, as a

part of routine gated myocardial scintigraphy, and are

highly reproducible.11

Lung-heart ratios[55% for TI-201 and[44% for

Tc-99m tracers, and transient ischemic dilatation (TID)

help better detect patients with severe CAD on MPI.12

However, in the setting of normal MPI, increased TID

ratio has a low prevalence and a poor predictive accu-

racy and should not be considered as a marker of high

risk CAD.13

Multiple studies have shown the importance of

identifying a normal limit for functional parameters

obtained by GSPECT in different geographic regions

and different ethnicities. Multiple variables may affect

these parameters including biological ones such as age,

gender, body surface area (BSA), and heart rate; and

imaging variables such as isotope used, filters and

reconstruction algorithms, number of frames, new gen-

eration cameras, imaging protocols, and even imaging

position. Some authors have even suggested that each

lab should have its own lower limit of normal for

functional parameters.14,15

One of the first studies of normal limits for LVEF

and volume measurements from GSPECT was by

Rozanski et al. These investigators reported Gated

SPECT measurements in the evaluation of 214 patients

with a low likelihood (\10%) of coronary artery disease

(CAD), by 99mTc-sestamibi stress-rest myocardial

perfusion. Left ventricular end-diastolic volume index

(LVEDVI), end systolic volume (LVESVI), and LVEF

were measured. They found that women had signifi-

cantly higher mean resting LVEF than men and a

significantly lower mean resting LVEDVI. A significant

relationship was found between LVEDVI and LVEF.

The normal limits for women and men were also

recorded. Rozanski et al recommended the evaluation of

normal limits in other laboratories in order to determine

the robustness of their clinical normal ranges.14

Peace et al derived male and female reference limits

for LV functional parameters and evaluated the effect of

age, weight, and body surface area (BSA). The lower

reference limits of EF for women and men were recor-

ded as well as the upper reference limits of ESV,

indexed to BSA. They found no correlation between EF

and age, weight, or BSA. There was only a small

decrease in ESV with age and an increase with weight

and BSA. The gender-specific differences remained

even after adjusting for confounding variables. Peace

et al thus obtained their own laboratory reference limits

for ESV and EF, which they considered to be transfer-

able to other nuclear cardiology labs using similar

protocols.15

In a multicenter trial performed in Japan (J-

ACCESS study), the investigators reported that three

quarters of women with a low likelihood of CAD had

small hearts.16 It is well known that in subjects with a

small heart, the LVESV is underestimated and the EF is

overestimated and that the errors are greater in women.

Thus, different thresholds between normal and abnormal

subjects depend on the size of the heart. Nakajima et al

tried to develop a new method for delineation of the LV

and evaluated it in studies using a digital phantom,

normal subjects, and patients. They concluded that the

volume-dependent edge correction algorithm was able to

effectively reduce the effects on ESV and EF of a small

heart. The uniform normal values they derived might be

applicable to both men and women and to both small-

and normal-sized hearts.17

In the current issue of the journal, Kapitan et al

reports on the normal limits of LV functional parameters

by GSPECT in a Latin American country. The study

provides detailed information on most systolic and

diastolic indices in a low-risk population both at rest and

post exercise. In 90 patients (50 men), GSPECT Tc-99m

Sestamibi was performed using 2-day rest-stress proto-

col, with 16 frames/ R-R cycles. Patients with small

hearts (\10 mL ESV) at either rest or post stress were

excluded. LVVs were corrected to BSA. ESVi and

EDVi were expressed in mL/m2.

Kapitan et al found that LVVs and LVEF were not

different between the rest and post exercise set of ima-

ges. They also reported a trend for the post-stress LVEF

to be higher than the rest LVEF at lower rest LVEF

values in a population that is expected to have preserved
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contractile reserve. These authors also showed that

LVVs and LVEF were significantly different between

genders, but they did not find differences between rest

and post-stress studies in either men or women. TID was

similar for men and women, and they set an upper limit of

normal for both genders. In this study, there were no

differences in diastolic function parameters between the

rest and post-stress images in either sex, except for MFR/

3, that was lower in men post stress compared to rest.

They also reported that PFR was significantly higher in

women compared to men both at rest and post stress.

One of the strong points of this article is that the

authors were able to compare their results to those of

eight similar trials from different geographical regions

and ethnicities, despite the wide variability in the design

of those studies. The results were comparable to Kapitan

et al’s for most of the functional parameters.

As pointed out by Kapitan et al, several limitations

in their study design should be considered. The utiliza-

tion of mainly inappropriate patient studies to define the

normal values of functional parameters for patients

referred for GSPECT MPI is problematic in the era of

patient-centered imaging, ‘‘when the right test for the

right patient should be performed at the right time.’’18

This study is an observational retrospective one with a

relatively small number of patients. It is also a single

center trial that may not represent the country or the

region. Also of note, one should consider the hardware,

the software packages, and the imaging protocols that

were used in the derivation of the defined normal values.

We agree with the author’s conclusion that cardiac

function parameters and volumes are probably not influ-

enced very much by ethnicity or geographic region.

However, variables such as gender and BSA should be

considered in defining normative ranges for functional

parameters. Also, if a nuclear laboratory is to adopt nor-

mal range functional values from a study in the literature,

the lab should be using hardware, software, and imaging

protocols that are similar to those used in the study.

It is important to state that defining the normal

limits for functional parameters on GSPECT is not only

important for use in clinical reporting, but that such

parameters should also be incorporated into scores that

also include clinical, exercise, and perfusion parameters.

Such scoring systems may improve the diagnostic

accuracy of GSPECT, as well as provide incremental

prognostic information in different patient populations.

So the answer to our question posed in the title of

this article is, No. Some nuclear cardiology labs can

adopt normal limits of their functional parameters from

studies in the literature provided that these labs use the

same hardware, software, and imaging protocols as these

studies. Gender and BSA should be considered.

We believe Kapitan et al in this article succeeded to

answer an important question for all nuclear cardiology

labs.
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