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Gated cardiac SPECT: can it be used for serial assessment
of left ventricular function in oncology patients?
Penelope J. Thorley?, Meg Bould® and Fahmid U. Chowdhury®*®

Nuclear Medicine Communications 2013, 34:1137-1140

Departments of ®*Medical Physics, PNuclear Medicine and °Clinical Radiology,
Leeds Teaching Hospitals NHS Trust, Leeds, UK

Correspondence to Fahmid U. Chowdhury, MRCP (UK), FRCR, Department
of Nuclear Medicine, St James's University Hospital, Bexley Wing, Level 1,

Use of cardiotoxic chemotherapeutic drugs in oncology,
both in clinical routine and in pharmacological research
trials, requires regular monitoring of left ventricular
ejection fraction (LVEF) [1]. It has been well recognized
for over four decades that anthracycline chemotherapy
can cause cumulative dose-dependent cardiac toxicity,
which is mediated by direct and irreversible cellular
damage to myocytes that can result in congestive heart
failure and even cardiac death [2]. One of the most
significant advances in medical oncology in recent years
has been the routine use of the monoclonal antibody
trastuzumab (Herceptin) in patients with HER2-recep-
tor-positive early breast cancer [1,3-5]. Approximately
20% of all early breast cancer patients show overexpres-
sion of HERZ2 receptors, and the use of trastuzumab in
the postsurgical (adjuvant) setting in these patients has
been shown to reduce the risk of recurrence by 50% [4,5].
However, some early trials on the use of trastuzumab in
patients with metastatic HER2-positive breast cancer,
who had also received anthracycline and cyclopho-
sphamide treatment, showed an unexpectedly high
incidence of cardiac toxicity of up to 27% [3]. The
pivotal HERA trial and related follow-up studies into
adjuvant trastuzumab have subsequently shown that the
incidence of symptomatic heart failure and asymptomatic
reduction in LVEF (the long-term clinical significance of
which remains unclear) is actually considerably lower,
occurring in 1-2% and 7-10%, respectively [4-6]. It is
also now recognized that cardiotoxicity associated with
trastuzumab, in contradistinction to the cardiac effects of
anthracycline chemotherapy, is idiosyncratic, not dose-
dependent and reversible, in the majority of cases.

Currently, the most common indication for serial assess-
ment of LVEF in the clinical setting is in early breast cancer
patients undergoing trastuzumab therapy. This has pre-
viously been performed in an inconsistent and arbitrary
manner based on trial protocols and results that were not
directly comparable. The increasing recognition and greater
understanding of trastuzumab-related cardiac toxicity has
led to recommendations by the National Cancer Research
Institute for the monitoring of LVEF in trastuzumab-
treated patients with breast cancer [1]. These guidelines
have simplified the algorithm for evaluation of cardiac
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function by recommending LVEF measurement at baseline
before trastuzumab therapy and then at routine intervals of
4 and 8 months. The requirements for using the same
monitoring modality (i.e. echocardiography or a radionuclide
technique) and establishing institution-specific and mod-
ality-specific lower limits of normal (LLN) for LVEF have
been re-emphasized. Trastuzumab can be initiated in
patients with an LVEF greater than the LLN, and during
monitoring the key nodal points for medical intervention
(e.g. cardiology referral and commencement of cardio-
protective therapy such as ACE inhibitors) and/or early re-
evaluation (at 6-8 weeks) are (a) decrease in LVEF to less
than 40% (considered to represent biologically important
left ventricular systolic dysfunction), (b) decrease in LVEF
below the LLN but LVEF remaining greater than 40% and
(c) decrease in LVEF by 10 ejection fraction (EF) points or
higher [1]. Therefore, any imaging test that can be shown
to reproduce LVEF measurement effectively enough to
identify these categories of patients can theoretically be
used for serial monitoring of cardiac function during
trastuzumab therapy.

Of the different methods that are available for serial
assessment of LVEE transthoracic echocardiography is
recommended in patients who have clinical signs or
symptoms of cardiac dysfunction at baseline, for example,
abnormal ECG, as echocardiography provides additional
structural and functional information, such as valvular
function, pulmonary artery pressure and right ventric-
ular function. Further, the technique does not involve any
ionizing radiation. However, despite this, in the majority
of asymptomatic patients the radionuclide technique of
planar radionuclide ventriculography (RNV), often in-
correctly referred to by nonimaging clinicians as ‘MUGA,
which nonspecifically stands for multiple gated acquisi-
tion, is frequently favoured over transthoracic echocardio-
graphy for its desirable technical qualities of availability,
repeatability and reproducibility [7,8]. Since Strauss
et al. [9] first described the technique of planar RNV in
1971, it has become the radionuclide method of choice
for LVEF assessment, not only in the clinical routine
but also in the clinical trial setting, wherein RNV (or
‘MUGA) is often stipulated as the only permissible
radionuclide test in research trial protocols.
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RNV requires two separate intravenous injections
(a stannous agent followed by “™Tc-pertechnetate).
Patients may need to be scanned for up to 20-30 min to
acquire sufficient counts, and the effective dose (ED) for
the examination is in the ‘intermediate risk’ category at
6-8 mSv [10]. Processing is often by a manual method of
drawing regions of interest, and, although good inter-
observer and intraobserver reproducibility can be
achieved with training to follow specified protocols, the
method is liable to subjectivity. Semiautomatic and
automatic methods of region of interest delineation (with
user intervention if required) are also available, and these
may improve reproducibility. RNV also suffers from
difficulties in separation of the left ventricle and
from background subtraction problems, which are inher-
ent disadvantages of a planar methodology.

Within this context, it is of practical importance to
remember that gated single-photon emission computed
tomography (SPECT) is now routinely performed for all
myocardial perfusion scintigraphy studies and that this
technique can give an accurate, reproducible and
repeatable LVEF from a single injection of **™Tc-
methoxyisobutylisontrile or tetrofosmin  (Myoview).
There have also been technical advances in cardiac
SPECT technology in recent years, including cameras
equipped with multipinhole collimation, new solid-state
detectors (e.g. cadmium—zinc—telluride detectors) and
resolution recovery, which have substantially reduced
imaging time and/or injected activity, such that a gated
acquisition can now be completed in less than 5 min with
an ED of 3 mSv [10]. Of course, the latest gamma camera
technology may not be universally available, but even by
using conventional dual-head cameras gated SPECT can
be completed within 15min. This can be highly
convenient for both the patient and the clinical workflow
in dedicated nuclear cardiology departments, while
reducing the ED by more than 50%. These are extremely
important considerations for the patient who has to
undergo serial testing over a long period of time. The
costs of myocardial perfusion scintigraphy may super-
ficially appear to be greater than those of RNV, but such
financial calculations are often arbitrary and depend
heavily on local factors such as clinical workload rather
than just pharmaceutical cost; for example, performing a
few rest-only gated SPECT studies in the course of
routine 2-day stress—rest studies in a dedicated nuclear
cardiology department (when up to 15 individual patient
doses can be extracted from a single vial of tetrofosmin) is
actually less costly than RNV. As a three-dimensional
technique, gated SPECT also eliminates background
subtraction issues, and automated processing algorithms
can reduce the subjective reproducibility issues pre-
sented by human processing of RNV [11]. It should be
pointed out, of course, that automatic processing of gated
SPECT data may require user intervention if edge
detection fails because of poor perfusion of the left

ventricle or the presence of overlying extracardiac
activity. Moreover, similar to RNV, LVEF values may be
affected by arrhythmias.

Thus, from a pragmatic and practical viewpoint, the question
has to be asked: can gated SPECT be used as an alternative
to planar RNV for serial LVEF assessment in oncology
patients? The practical arguments are compelling, especially
in a dedicated nuclear cardiology department, but one of the
key issues in this clinical context is reproducibility of LVEF
measurements. Gated SPECT is a widely used technique in
clinical practice for providing both functional and perfusion
information from a single study [12,13]. LVEE left
ventricular wall motion and ventricular volumes calculated
using Cedars-Sinai  Quantitative Gated SPECT (QGS)
software [11] have been widely validated by comparison
with other methods used to calculate LVEF and volumes,
including RNV [14], echocardiography [15] and MRI
[16,17]. Nakajima ez 2/. [18] showed excellent interinstitution
reproducibility using QGS on a standard data set of gated
SPECT projections even when different workstations were
utilized. A recent large study involving 514 patients with
suspected or known coronary artery disease compared gated
SPECT and radionuclide angiography [19]. Using 16 frames
for both techniques they found a high level of agreement in
LVEF measurements both in patients with normal perfusion
(589 and 57 =8%, respectively) and in those with abnormal
perfusion (48=10 and 48+ 11%, respectively). It is important
to note that using eight frames for gated SPECT rather than
16 frames as used for RNV will give a reduction in absolute
LVEF value of around 4% but will have no effect on
repeatability [13]. Serial measurement of LVEF using
conventional SPECT imaging has been shown to have good
reproducibility of 5-7 EF units [20-22]. A recent study
examining the reproducibility of gated SPECT using the
newer technology of cadmium—zinc—telluride detectors
showed differences between successive scans of 13 EF units
in 50 patients, provided manual optimization of the valve
plane and ventricular wall was used. This compared with 11
EF units in a different set of 52 patients who underwent
planar RNV. A large EF range was used for both studies [23].

It is generally fair to say that planar RNV is a well-validated
technique for measuring LVEE and reproducibility between
separate studies is generally accepted to be in the range of
+10 EF units [19]. RNV is often quoted as being highly
reproducible and repeatable, but there are actually few
published data [24,25], and patient numbers are often low
in those studies that have been published. This has led to
several authors recently questioning the previously unassail-
able position of RNV as the only validated radionuclide
technique for serial assessment of LVEF [26]. Heidendal
et al. [27] reviewed the literature on the reproducibility of
LVEF measurements from RNV. They found that compar-
ing studies was difficult because of the different ways in
which variability was expressed but concluded that overall
reproducibility can be expected to be around 10 EF units.
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Pfisterer er al. [28] states a difference of 8 EF units in an
individual patient to be significant for planar RNV from data
acquired on 16 patients 15 days apart. Hecht e 4/. [24]
found a change of more than 12 EF units between rest
LVEF measurements to be significant in a study on 18
patients with studies conducted 2 weeks apart. Wright
et al. [25], in a study on 23 patients with repeat RNV on the
same day, gives 95% confidence limits of 6 EF units.
Wackers ¢z a/. [29] studied 70 patients with repeat same-day
studies and 29 patients on separate days and found the
same variability of 6 EF units. They also differentiated
between normal and abnormal patients and concluded that
for normal patients a difference between repeat studies
must be 10 EF units in order to be significant but in
abnormal patients only 5 EF units is required.

It is interesting that there are actually few data on the
long-term repeatability of gated SPECT or RNV. A study
by Thorley and Smith [30], who performed repeat gated
SPECT studies at a mean of 1 year apart, found 95%
confidence limits of 8 EF units for repeat studies. Some
studies were performed with low doses (before the
ARSAC limit for gated SPECT was increased) and
excluding these patients gave a repeatability of 6 EF
units. Sciagra ez a/. [31] also found 95% confidence limits
of 8 EF units in 67 patients with stable disease imaged
at a mean difference of 25 months.

In conclusion, the repeatability of LVEF measurement by
gated SPECT is in the range of 6-8 EF units provided the
same acquisition and processing parameters and calculation
software are employed, which is similar to that for RNV. With
advances in SPECT technology, these studies can now be
performed within a fraction of the time taken for RNV and
with a significant reduction in ED, while also maintaining
cost-effectiveness, all of which are extremely important and
practical considerations in patients who are undergoing serial
and repeated testing over a long period of time. These are
compelling arguments, with a reasonable evidence base, to
indicate that gated SPECT can be used for serial assessment
of LVEE as it provides reproducible LVEF measurements
within the range of variation that is required for guiding the
clinical management of oncology patients on potentially
cardiotoxic drugs such as trastuzumab. Gated SPECT should
therefore be offered as an alternative to RNV both in the
routine clinical and research arenas, within the departmental
setting where this best suits the patient workflow. As with
any technique, attention to detail in the performance and
interpretation of these studies, together with a robust audit
of results that involves evaluation of the clinical cardiac
outcomes in these patients, is highly desirable to ensure that
the test is clinically both relevant and reliable.
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