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Abstract
The routine and potential future applications of equilib-
rium radionuclide angiocardiography/multigated acqui-
sition (MUGA) in clinical decision making are explored 
in this review. The non-invasive nature of the test, less 
operator dependence, lower radiation dose and ease 
of performing, even in ill patients, are important con-
siderations in clinical cardiology practice. Two impor-
tant routine uses of this modality in day-to-day clinical 
practice include the following: serial assessment of left 
ventricular ejection fraction (LVEF) in patients receiv-
ing cardiotoxic chemotherapy, and determination of 
accurate LVEF in patients with intractable heart failure. 
Other potential utilities of MUGA that could be trans-
lated into clinical practice include determination of re-
gional LVEF, obtaining information about both right and 
left ventricle in suitable patients as a part of first pass 
angiocardiography, identification of diastolic dysfunc-
tion in patients with heart failure with preserved LVEF, 
and demonstration of dyssynchrony prior to cardiac 
resynchronisation, specifically by MUGA single photon 
emission tomography.The last two indications are par-
ticularly important and evolving at this point.
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INTRODUCTION
Multigated acquisition (MUGA) of  the cardiac blood 
pool or equilibrium radionuclide angiocardiography 
(ERNA) is an established modality in nuclear cardiology 
practice. The 99m-technetium radio-labelled red blood 
cells (RBCs) delineate the left ventricular (LV) cavity 
with high precision and aid in accurate evaluation of  
LV function. With the advent and routine use of  gated 
myocardial perfusion studies (MPS) and highly improved 
cardiac computed tomography and magnetic resonance 
imaging, a number of  previous applications of  MUGA 
have almost gone into oblivion or add little to the practi-
cal management of  cardiac patients at present. Use of  
the widely available echocardiogram with or without co-
lour Doppler has been highly popular among internists 
because of  its availability, ease of  use and low cost. Even 
though the routine use of  MUGA scan has reduced 
among the user community, its lower operator depen-
dence and high reproducibility are of  great advantage 
and can make this technique pivotal in the evaluation of  
certain cardiac conditions in routine clinical practice[1,2].
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In this review, we have summarized the clinical use-
fulness of  MUGA in today’s cardiology along with some 
evolving applications. The review explores the role of  
MUGA in precise estimation of  LV ejection fraction 
(LVEF) (both global EF and regional EF), its relevance 
as a part of  first pass radionuclide angiocardiography 
(FRNA), identification of  diastolic dysfunction in pa-
tients of  heart failure with preserved ejection fraction 
(HF-PEF) and also in determining the synchronicity of  
LV myocardium in the decision making of  cardiac resyn-
chronisation therapy. 

HOW MUGA IS PERFORMED-A BRIEF 
REVIEW
MUGA study, also referred to as radionuclide ventriculo-
gram, uses 99m-technetium labelled RBC (99m-Tc RBC) 
to provide a relatively accurate and reproducible assess-
ment of  LVEF. One prerequisite of  electrocardiographic 
(ECG) gating is less than 10% premature ventricular 
contraction and hence an ECG rhythm strip is taken be-
fore the study. The patient is injected with approximately 
20 mCi of  99m-Tc RBC. The tagging is undertaken by 
different methods (e.g., in vivo/in vitro). The radiolabeled 
RBCs achieve a state of  equilibrium after around 15-20 
min and the patient is imaged after an interval of  30 min 
from injection with a gamma camera. ECG gating is car-
ried out using R wave as a trigger. The cardiac cycle is 
divided into 16 or 32 frames. The correct frame rate is 
required to obtain a proper temporal sampling (to obtain 
the peaks and valleys of  the cardiac cycle) and statisti-
cal sampling (to obtain proper count statistics). Usually 
three standard views of  the heart are obtained: anterior, 
left anterior oblique and best septal view (in which the 
interventricular septum is best visualised delineating 
both right and LV blood pool)[3]. The scan takes ap-
proximately 20 min to be completed. The review and 
analysis of  the data are undertaken both by qualitative 
and quantitative mode and by the cinematic display on 
the computer screen of  the images with regard to the 
ventricular contraction and wall motion. After the initial 
visual assessment, a region of  interest (ROI) is drawn 
around the LV blood pool. This ROI would generate 
LVEF, regional EF and various other parameters includ-
ing parametric images with the aid of  software analysis 
(the details of  the parameters are described in the fol-
lowing sections) 

FUNCTIONAL PARAMETERS OBTAINED 
FROM RESTING MUGA STUDY
Substantial clinically important information can be ob-
tained from a resting MUGA study. Both the global and 
regional EF of  LV can be calculated with high precision 
with the help of  MUGA study. In addition, MUGA 
provides information about the size, position and rota-
tion of  the heart and proximal great vessels. One can 

also get an idea about the individual chamber size [LV, 
right ventricular (RV) and atria]. With regard to EF, usu-
ally a normal LVEF at rest is considered to be 50% or 
more. An important advantage of  MUGA study is the 
knowledge of  regional wall motion of  LV and regional 
EF in addition to global LVEF. Regional values can be 
abnormal even when global ejection fraction is normal, 
as happens in the setting of  a dyskinetic segment of  
myocardium. The left ventricular time activity curve 
(LV TAC) gives a fair estimate of  contractile pattern 
of  LV and diastolic function. A number of  parametric 
images can be displayed which give added insight into 
the data described above. A stroke volume (SV) image 
is obtained by subtracting the end systole image from 
the end diastole (ED) image. SV is the amount of  blood 
ejected out of  LV per contraction. The paradox image 
is the atrial SV and is generated by subtracting the dia-
stolic image from the systolic one. In this case, all nega-
tive pixels are set to zero. The phase display consists of  
both an image and a graph. The phase display shows us 
the contractile pattern of  myocardium at a given point 
of  time. The images are usually based on colour or gray 
scale. It helps in determination of  synchronicity of  
LV myocardium. The amplitude image is also a colour 
scale/gray scale display of  the magnitude of  contrac-
tion of  myocardium and obtained from MUGA study. 
Two more important parameters obtained from the LV 
TAC are peak filling rate (PFR) and time to peak filling 
rate (t-PFR). These two parameters are important con-
siderations for diagnosing diastolic dysfunction (Figures 
1-4). The clinical relevance of  each parameter has been 
described in respective sections.

WHY MUGA IS UNIQUE
The coronary angiogram has been the gold standard for 
studying LV function[3] but it is an invasive procedure 
with high radiation burden. The facilities are not widely 
available and thus are expensive. Instead, the echocardio-
gram is a widely available tool. It is easy to perform and 
does not impart any radiation to the patients. The pro-
cedure can be performed even at the bed side in a sick 
patient as well. However, the modality is highly operator 
dependent and often gives inaccurate results in some 
specific population groups like obese and female sub-
jects. MUGA is non-invasive in nature, easy to perform, 
imparts a smaller radiation burden to patients (0.3-0.52 
rem equivalent in a standard MUGA study)[3] and is less 
operator dependent. An entire MUGA study is complet-
ed by one hour. So, it can be a reasonable alternative in 
clinical practice. The use of  gating devices with R wave 
on ECG (corresponding to ED)[4] has helped in assimi-
lating both the electrical and mechanical events of  LV in 
a single study. Apart from routine use of  LVEF determi-
nation, a MUGA study can provide diastolic parameters, 
mostly the PFR and t-PFR derived from the LV time 
activity curve. However, it is widely known that varia-
tions in heart rate affect the diastolic portion of  the time 
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activity curve from which the PFR and t-PFR values are 
obtained (heart rate variations do not affect the systolic 
portion of  the curve and therefore do not affect the cal-
culation of  ejection fraction). When a physician wishes 
to obtain this diastolic information the acquisition must 
include a narrow acceptance window of  ������������ +/-���������  10%-15% 
around the average heart rate R-R interval. The acquisi-
tion time will increase proportionally with the amount 
of  heart rate irregularity, which is required for an accu-
rate PFR and t-PFR. 

The determination of  synchronicity of  LV myocar-
dium is of  paramount importance in clinical decision 
making prior to cardiac resynchronisation therapy (CRT). 

Recent studies show MUGA can also help in this sce-
nario[5] with acceptable precision as compared to speckle 
tracking echocardiogram. MPS can also provide infor-
mation about diastolic parameters[6,7] and synchronicity 
of  LV myocardium[8,9] in today’s practice of  cardiology 
but MPS is more expensive and it is a relatively pro-
longed procedure (resting MPS takes at least 2 h to be 
completed) compared to a MUGA study. The following 
sections will elaborate the strength and shortfalls of  each 
modality in details.

Before we proceed further in the discussion, we sum-
marise the main applications of  MUGA in a tabular for-
mat (Table 1).

Figure 1  Normal multigated acquisition study with left ventricular ejection fraction of 66%. The phase image shows synchronous contraction across the left 
ventricular (LV) myocardium with narrow phase histogram width. The left and right ventricular phases are in sync with each other and out of sync with the atrial phase. 
The amplitude image shows maximal count variation in the lateral wall of LV myocardium suggesting maximal contraction by lateral wall and paradox image does 
not show any wall of LV myocardium to be in paradox. LV time activity curve is normal. EF: Ejection fraction; ROI: Region of interest; LAO: Left anterior oblique; SV: 
Stroke volume; Syst: Systolic; Dias: Diastolic; Avg Bkgnd: Average backgroud.
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CURRENT STATUS OF MUGA IN 
CLINICAL PRACTICE
EF evaluation in chemotherapy patients
Serial evaluation of  LVEF in patients receiving cardio-
toxic chemotherapeutic medications like anthracycline 
antibiotics (doxorubicin, daunorubicin, epirubicin etc), 
is one of  the most commonly utilized indications for 
MUGA study. The applications of  MUGA in this setting 
has been extensively summarised in an article by Lu[10]. 
It is observed that these medicines have cumulative dose 
dependent adverse effects on cardiac myocytes and may 

lead to cardiomyopathy induced congestive heart failure 
(CHF) due to superoxide mediated cell damage mecha-
nisms[11-13]. Swain et al[13] have shown that the incidence 
of  CHF is 5%, 26% and 48% in patients who received 
cumulative doses of  400 mg/m2, 550 mg/m2 and 700 
mg/m2 of  body surface of  doxorubicin, respectively. 
Around 450-500 mg/m2 cumulative dose is considered 
a “dangerous dose” for inducing cardiotoxicity. All pa-
tients, however, are not vulnerable to the side effects in 
similar fashion. It depends on an individual’s susceptibil-
ity to cardiotoxic anthracyclines. Hence, the beneficial 
effects of  the anthracyclines are not to be curtailed 

Figure 2  Multigated acquisition scan shows significantly reduced left ventricular ejection fraction of 17%. The phase image shows dyssynchronous contrac-
tion in left ventricular (LV) myocardium and there is overlap of phases both in left and right ventricular myocardium. The width of the phase histogram is more than nor-
mal suggesting intra- and inter-ventricular dyssynchrony. The image also demonstrates regional ejection fraction (EF). The paradox image does not show any region 
of myocardium in paradox. The left ventricular time activity curve is abnormal. ROI: Region of interest; LAO: Left anterior oblique; SV: Stroke volume; Syst: Systolic; 
Dias: Diastolic; Avg Bkgnd: Average backgroud..
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abruptly at a dose of  450-500 mg/m2 in all patients. This 
has to be customised on a case to case basis, based on 
available cardiac parameters, mostly by measuring LVEF. 
The indication to discontinue doxorubicin treatment is 
a fall of  LVEF by 10% or more and/or LVEF being 
30% or less. MUGA has excellent reproducibility in de-
termining LVEF and hence forms the basis of  its serial 
application in the clinical setting. The determination of  
LVEF by MUGA does not require a particular geometric 
conformation of  LV as required by echocardiogram or 
contrast angiogram and hence the assessment by MUGA 
is more accurate.

Guidelines for monitoring adult patients on doxoru-
bicin are described in Table 2[14]. The monitoring of  pae-
diatric populations receiving anthracyclines is different 
and an echocardiogram is usually the preferred modality 
due to no radiation to the patients[15,16]. However, when 
mediastinal irradiation is necessary, the preferred ap-
proach has been described in Table 3.

Apart from systolic function, diastolic parameters can 
also be a predictor of  depressed myocardial functions 
for patients on chemotherapy[16] and will be discussed in 
the relevant section.

EF evaluation in heart failure patients
The therapeutic decision for patients with intractable 
cardiac failure is crucial. Patients with end-stage heart 
failure require surgical management such as heart trans-
plantation[17]. The determination of  LVEF in its near 
exact value is thus crucial to the central decision regard-
ing performing a surgical procedure or managing the 
patients conservatively. MUGA, being the most depend-
able methodology to determine the LVEF with minimal 
inter-observer variation, is definitely the method of  
choice[1]. Patients with chronic heart failure (HF) with 
LVEF < 35% are often candidates for CRT on the basis 
of  the duration of  QRS complexes on ECG[17]. There is 
an evolving concept of  demonstration of  dyssynchrony 
that is of  paramount importance. This will be discussed 

under the subheading of  “evaluation of  dyssynchrony 
prior to CRT”.

MUGA as a part of first pass radionuclide angiography
First pass radionuclide angiography (FPRNA) is useful 
in (1) evaluating cardiac shunts and (2) obtaining RVEF. 
This is performed by injecting the radiopharmaceutical 
in bolus form and analysing the usable data during the 
initial transit of  the radionuclide bolus through the cen-
tral circulation. In order to obtain RVEF, the injection 
should be prolonged to attain an equilibrium blood pool 
phase in the right ventricle[4]. The details of  the FPRNA 
are beyond the purview of  this review; however, it is im-
portant to note that FPRNA can be an addendum to a 
standard MUGA study. However, MUGA remains as the 
standard modality to evaluate the LVEF due to higher 
count rate[18]. 

MUGA as a modality to determine regional ejection 
fraction
MUGA is unique to demonstrate the regional EF of  LV 
myocardium with reasonable precision[19]. The change in 
background corrected count in regions of  LV, directly 
proportional to the change in blood volume, is used 
to determine the regional EF. Thus the regional EF is 
calculated from the background corrected time activ-
ity curve generated from a standard resting MUGA 
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Figure 3  Left ventricular time activity curve from the first derivative show-
ing different phases of cardiac cycle and parameters obtained. SV: Stroke 
volume; PER: Peak emptying rate; TPER: TIme at peak emptying rate; PFR: 
Peak filling rate; t-PFR: Time to peak filling rate; TES: Time to end of systole; F: 
Part of SV achieved  during rapid filling rate.

Figure 4  Multigated acquisition time activity curves with their first deriva-
tive. A: Pattern of normal diastolic function; B: One with abnormal diastolic 
function.
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study. This method obviates the geometric assump-
tions needed for invasive angiographic method of  EF 
measurement and hence becomes more reproducible in 
serial studies. Due to automated data processing, patient 
analysis can be performed within a few minutes after 
data acquisition. The role of  cardiac MR in determining 
regional EF has emerged in recent times and this ap-
pears to be more accurate in the post myocardial infarc-
tion (MI) state. The role of  the 2D echocardiogram and 
planar MUGA study in post MI is dubious due to loss 
of  3D information[20]. However, cardiac MR is an ex-
pensive investigation and has limitations (e.g., in patients 
with claustrophobia and metallic implants). The data 
on comparative assessment of  MUGA and CMR is not 
available at the moment. Regional EF determinations 
may prove useful in assessing the natural progression of  
coronary artery disease, or assessing changes resulting 
from pharmacologic, surgical or physiological interven-
tions.

EVOLVING APPLICATIONS FOR 
ROUTINE USE
Assessment of diastolic dysfunction 
Diastolic function can be conceptually described by 
two distinct parameters like relaxation and compliance. 
Systolic dysfunction and low ejection fraction have been 
implicated for various HF patients. The concept of  
isolated diastolic dysfunction[21] is emerging. Growing 
evidence is showing a clinical entity in a large number of  
patients with cardiac failure who have preserved EF but 
have an impaired diastolic function as the aetiology of  
heart failure. This entity is termed as heart failure with 
preserved ejection fraction: HF-PEF[21]. It is estimated 
that approximately 50% of  the heart failure population 
has a normal LVEF[22]. In heart failure caused by dia-
stolic dysfunction the pathophysiology, treatment and 
prognosis differ from that seen in heart failure caused 
by systolic dysfunction. Hence, it is important to assess 

Table 3  Guidelines for serial monitoring of left ventricular ejection fraction in pediatric patients receiving anthracyclines and 
mediastinal irradiation[15]

If mediastinal irradiation is < 1000 cGy Perform echocardiogram every alternate dose of doxorubicin when dose is < 300 mg/m2 and perform 
echocardiogram before each dose if the dose of chemotherapeutic agent is ≥ 300 mg/m2

If mediastinal irradiation is > 1000 cGy Perform echocardiogram before each dose
When the cumulative dose of chemotherapy 
crosses 400 mg/m2

Perform MUGA before any additional dose

Discontinue doxorubicin If the fall of LVEF is ≥ 10% from previous study or LVEF is < 55%
Follow up MUGA at 1st year of completion of therapy and then echocardiogram yearly till next 3 years and a repeat 

MUGA at 5th year along with electrocardiogram yearly

MUGA: Multigated acquisition; LVEF: Left ventricular ejection fraction.

Table 1  Older and recent applications of multigated acquisition

Table 2  Guidelines to perform multigated acquisition in adult patients on doxorubicin[14]

Baseline MUGA (before starting of chemotherapy or before 100 mg/m2 dose If LVEF is ≤ 30% - no doxorubicin
If baseline LVEF is > 30% and < 50% MUGA to perform before each dose
If baseline LVEF is ≥ 50% MUGA to perform at the dose of 250-300 mg/m2, 400-450 mg/m2 

and thereafter before each higher dose
If the fall of LVEF from previous study is ≥ 10% or if LVEF is ≤ 30% Discontinue doxorubicin

MUGA: Multigated acquisition; LVEF: Left ventricular ejection fraction.

Older 
applications

Recent 
applications

Evolving applications for 
routine use

Commonly employed modality in current practice

Chamber orientation + +/- - Echocardiogram
Chamber size + +/- - Echocardiogram
Rhythm abnormalities + - - Electrophysiologic studies
Global EF ++ ++ Contrast angiogram, 2D echocardiogram
Regional EF ++ ++ MUGA
Wall motion abnormalities ++ +/- - Gated myocardial perfusion scans
Diastolic function evaluation - + ++ Echo-Doppler with E/A measurements
Assessment of synchrony - - ++ Speckle tracking echocardiogram

EF: Ejection fraction; E/A wave: E wave depicts early [passive filling of left ventricular (LV)] and A wave represents active (atrial) filling of LV. Normally 
E>A. However, E<A is seen in diastolic dysfunction. ++: Strongly indicated; +: Indicated; +/-: Doubtful indication;  -: Not indicated.

Mitra D et al . Usefulness and potentials of radionuclide ventriculography
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quantitatively the diastolic properties of  the left ventricle 
as well as the systolic properties of  the left ventricle in 
the management of  patients with heart failure. The cur-
rent diagnostic modality routinely used for assessment 
of  diastolic dysfunction is Doppler echocardiography 
which allows non-invasive evaluation of  ventricular dia-
stolic filling[23]. The trans-mitral velocity curves reflect 
the relative pressure gradient between the left atrium and 
left ventricle throughout the diastolic filling period. The 
progression of  diastolic dysfunction in disease states can 
be assessed by Doppler flow velocity curves. This test 
gives information about early filling to atrial filling ratio 
(E/A), deceleration time (dT) and isovolumetric relax-
ation time (IVRT)[24,25]. 

Non-invasive and invasive procedures require math-
ematical assumptions about geometry of  the ventricles 
to quantify ventricular function. Such assumptions work 
well when ventricular shape is maintained. When the 
shape of  the left ventricle is distorted by infarction, 
severe hypertrophy or marked dilatation, the accuracy 
of  such geometric approaches is questionable[26]. Echo-
cardiography is operator dependent, and for this reason, 
following up the patients with serial echocardiography 
may not give accurate information[27]. A mitral inflow 
pattern of  abnormal relaxation (early filling less than 
atrial filling; prolonged IVRT; prolonged dT) is com-
monly associated with coronary artery disease, ischemic 
cardiomyopathy, hypertension, LV hypertrophy and 
aging[28]. Alterations in loading conditions e.g. reduced 
preload or increased after-load can also change a nor-
mal pattern to an abnormal filling pattern. As relaxation 
becomes further delayed, it impinges on the early filling 
phase, resulting in an increase in left atrial pressure (LAP). 
This increased LAP causes the filling pattern to appear 
normal as E/A becomes > 1[26,28]. This transition zone 
between abnormal relaxation and restrictive filling is 
termed pseudo-normalization[28] and is characterized by 
normal diastolic filling values. In order to differentiate 
between normal and “pseudo-normal”, evaluation of  the 
trans-mitral flow at peak valsalva (or any manoeuvre that 
reduces preload such as reverse trendelenburg or nitro-
glycerin) and/or evaluation of  pulmonary venous flow 
is advocated. ERNA results have higher reproducibility 
because there are no geometric assumptions and do not 
have the disadvantage of  being operator dependent. 
Also, with the emergence of  newer software and high 
data storage capabilities for storing high frame data, the 
possibility of  employing MUGA in the clinical context 
of  diastolic dysfunction is emerging and appears more 
feasible for routine use.

Several studies demonstrated a good correlation 
between 2D echocardiogram and ERNA for a reliable 
determination of  the diastolic parameters[29,30]. 

It has been observed that, for diastolic function as-
sessment, a 32 frame gated study[4] is more valuable as 
compared to the more commonly performed 16 or 24 
frame gated studies due to better temporal resolution. 

The LV TAC is generated by first Fourier harmonics 
(Figure 2). In a patient with diastolic dysfunction, there 
will be prolongation of  IVRT, delay in onset of  rapid 
filling, decrease in slope of  rapid filling phase and exag-
gerated atrial kick[31]. Quantitatively, peak diastolic filling 
rate can be obtained from the first derivative of  the dia-
stolic portion of  the LV TAC. The lower normal limit 
of  PFR is 2.50 end diastolic volume per second (EDV/s). 
In addition, t-PFR can also be expressed in millisec-
onds and is expected to be less than 180 ms in a normal 
subject. The relative contribution of  atrial filling to LV 
filling may be quantified as the ratio of  the atrial peak to 
the peak of  the rapid filling phase on the first derivative 
curve. Ratios of  less than 1:4 are normal[3] (Figure 3).

The PFR is calculated by taking the first derivative of  
the time activity curve. The first major positive peak in 
the first derivative curve corresponds to the point in the 
time activity curve at which counts are increasing at their 
fastest rate. It is expressed as EDV/s. The second major 
positive peak in the first derivative curve corresponds to 
the most rapidly increasing count rate during atrial systo-
le and has been referred to as the atrial filling rate (AFR). 
The PFR and AFR have been shown to correspond to 
the E and A waves of  the Doppler echocardiographic 
mitral velocity waveform. 

Others[31] have studied various parameters in the 
evaluation of  diastolic function by the radionuclide tech-
nique. The parameters were PFR, t-PFR, atrial contribu-
tion to filling and IVRT. Prolongation of  isovolumetric 
time, delay and/or decrease in early rapid filling and 
exaggeration of  atrial contribution to filling are typical 
disturbances of  normal filling pattern. They may occur 
alone or in combination (Figure 4).

In addition, the LV TAC can differentiate between a 
restrictive cardiomyopathy and constrictive pericarditis. 
The clinical presentations of  both these entities are con-
fusing and it is important to differentiate between the 
aetiology as the treatment plans are different. The walls 
of  the heart become rigid in restrictive cardiomyopa-
thy leading to less compliance of  LV during its filling. 
Constrictive pericarditis is usually a sequela of  infec-
tion/inflammation of  the pericardium. It can also occur 
subsequent to heart attack or surgery. If  early diastolic 
filling is delayed in a MUGA study, it indicates restrictive 
disease whereas if  it is very rapid, it is suggestive of  con-
strictive disease[3].

Assessment of dyssynchrony prior to cardiac re-
synchronization therapy
CRT, also known as biventricular pacing, is a definitive 
therapy for patients with intractable heart failure. The 
selection of  patients for CRT is crucial and it depends 
upon the fulfilment of  the following criteria[17]: (1) HF 
of  New York Heart Association grading of  heart failure 
grade Ⅲ/Ⅳ; (2) LVEF < 35% and (3) prolonged QRS 
(≥ 120 ms) on ECG. A wide QRS complex is a surro-
gate marker for mechanical dyssynchrony used to select 
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CRT patients. Baseline QRS duration is a good marker 
of  inter-ventricular dyssynchrony, but left intra-ventric-
ular dyssynchrony, which is a more accurate predictor 
of  CRT response, does not correlate with baseline QRS 
duration[32]. With the use of  these selection criteria it is 
shown that 30% of  patients do not show an improve-
ment in their heart failure status even after CRT. So, it 
is not the prolonged QRS, but rather demonstration of  
dyssynchrony, that is more important in selecting pa-
tients for CRT. A handful of  studies have shown that 
speckle tracking echocardiogram/tissue Doppler imag-
ing is a good modality to demonstrate dyssynchrony by 
showing lateral to septal delay[33]. A recent multicentre 
trial has demonstrated inconsistencies in predicting the 
outcome of  CRT on the basis of  echocardiographic pa-
rameters[34]. Hence, MUGA scan, MUGA single-photon 
emission computed tomography (SPECT) in particular, 
is equally efficient in demonstrating dyssynchrony in the 
LV myocardium and help in taking decisions for CRT. In 
particular the phase image in MUGA is mostly helpful in 
diagnosing dyssynchrony. Each phase angle corresponds 
to a temporal event and thus provides information on 
synchronous or dyssynchronous patterns. The mean 
and SD of  LV Ø (SD Ø), derived from first harmonic 
phase analysis and the phase histogram of  the ventricu-
lar time activity curve in ERNA, have been applied to 
characterize synchrony[35]. Novel, objective measures of  
regional contraction and global mechanical synchrony, 
the synchrony (S) and entropy (E) parameters have been 
developed and applied to planar ERNA as a tool for 
evaluation and management of  HF patients. S expresses 
the efficiency of  contraction within a region of  interest 
(ROI). S can estimate the contraction potential if  the 
ROI is synchronized. E measures the degree of  random-
ness within the ROI, from 0, with synchronous motion 
and a single Ø, to 1 with fully dyssynchronous contrac-
tion[35,36]. It is designed to differentiate between forms of  
extremely variable regional dyssynchrony. In preliminary 
clinical protocols normal values were established and 
these measures were shown to enhance CRT patient se-
lection, to predict and quantitate CRT outcomes, to op-
timize CRT pacemaker lead placement based on location 
of  the latest contracting segment, to assess synchrony in 
HF patients with narrow QRS, and to measure RV syn-
chrony[35,36]. With the phase image from which they are 
derived, the latest contracting segment can be localized 
and CRT pacemaker location optimized. Additionally, 
the importance of  RV synchrony can be evaluated over a 
spectrum of  cardiac pathology. As noted by the authors, 
further studies assessing the ability of  these parameters 
to predict CRT outcome are required and application of  
the method to SPECT ERNA could add greater resolu-
tion and accuracy.

SPECT MUGA
This is an upcoming modality and increasingly more 
studies have been published in this domain in recent 
times. The advantage of  this technique is the absence of  

the necessity of  a background subtraction in generating 
the LV TAC, as in the case of  planar MUGA study, thus 
being less liable to manual error[37]. Automatic or semi-
automatic programmes which are inherently volumetric 
and consider LV as a 3D object are the current standard. 
The timing of  the scan is similar to that of  planar study 
i.e., 30 min after the injection of  radiolabeled blood 
cells. Instead of  planar acquisition for standard MUGA 
study, gamma camera heads are rotated around the pa-
tient’s body to obtain data from different angles. Usually 
180 degree acquisition is performed. The R wave gating 
and beat window acceptance is kept similar to that of  a 
standard resting MUGA study. The data are then pro-
cessed with an optimum filtered back projection method 
to provide short axis oblique slices. With the help of  
software, different parameters are obtained, includ-
ing LV volume curve, LVEF, RVEF, LV emptying, RV 
emptying, LV volumes as well as synchronicity of  LV 
myocardium (i.e., phase histogram)[3]. LVEF obtained 
from SPECT MUGA study is 7-10 units higher than 
that obtained from planar MUGA study due to com-
plete removal of  all activity from left atrium. This factor 
must be considered for applying the SPECT MUGA 
LVEF values in the evaluation of  chemotherapy patients 
where standards have been established using planar 
techniques[38]. The RV parameters and wall motions are 
better analyzed on SPECT MUGA. It is a useful modal-
ity for the assessment of  LV and RV activation sequence 
and identification of  the sites of  atrio-ventricular nodal 
bypass tracks, as well as LV and RV arrhythmias[38]. The 
newer application of  SPECT MUGA is to determine 
the synchronicity of  LV myocardium in HF patients as 
described earlier for guiding them for CRT[37].

In conclusion, the data supporting potential applica-
tions of  MUGA in diagnosing diastolic dysfunction and 
LV dyssynchrony are emerging at present; these could 
be translated into clinical practice. Due to higher inter-
observer reproducibility and precision, MUGA is more 
reliable and easy to apply method for the estimation of  
LVEF especially in patients receiving cardiotoxic chemo-
therapy and in patients with intractable heart failure as 
compared to commonly practiced 2D echocardiogram.
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