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Abstract

Paradoxical septal motion is commonly described
in patients with pulmonary hypertension and right
ventricular pressure overload during
echocardiographic  examinations, but rarely
reported during myocardial perfusion studies.
Purpose: Our study aimed at documentation of
septal flattening during rest gated SPECT imaging
with  echocardiographic ~ confirmation  of
pulmonary hypertension or right ventricular
overload. Methods: The study included 68
patients [35 males, 33 females], mean age 49+11
years with echocardiographic proven pulmonary
hypertension. All patients were subjected to
conventional echocardiography and rest gated
SPECT perfusion scanning following injection of
555 MBq Tc-99m tetrofosmin using triple head
general purpose large field scintillation gamma
camera.

Results: The study population divided into 2
groups; group A: patients showed septal
flattening in gated SPECT [56 patients; 82%] and
group B: patients did not show septal flattening
[12 patients; 18%]. Septal flattening in gated
SPECT significantly correlated with pulmonary
artery pressure (85.7+16.4 mmHg for group A
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compared to 50+12.5 mmHg for group B,
P<0.001), pulmonary artery diameter (37+0.6 mm
for group A compared to 21+0.4 mm for group B,
P<0.02), LV diastolic volume (156.4+24 ml for
group A compared to 111+12.5 ml for group B,
P<0.004) and RV tracer uptake. There was no
significant correlation between septal flattening
and septal thickness (0.92+0.16 cm for group A
compared to 0.81+0.17 cm for group B, P<0.3) or
LV ejection fraction (60+6 % for group A
compared to 58+9 % for group B, P<0.2).

Conclusion: Flattening of the interventricular
septum [D-shape left ventricle] in gated SPECT
imaging correlated with echocardiographic
finding of septal flattening and associated with
right ventricular overload. The shape of the
interventricular septum and the term of septal
flattening, if present, should be routinely reported
during interpretation of gated SPECT studies
similar to echocardiographic descriptions in
patients with suspected right ventricular overload.
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Introduction

Myocardial ~ perfusion  studies have been
extensively utilized to assess patients in the context
of coronary artery disease. The classic reporting in
this field mentions perfusion abnormalities, motion
abnormalities and ejection fraction. Right
ventricular [RV] overload assessment by gated
SPECT is not a routine indication for myocardial
perfusion studies and is not routinely reported.
Nevertheless, right ventricle dysfunction has been
associated with increased morbidity and mortality
in patients with congenital heart disease, valvular
disease, coronary artery disease, pulmonary
hypertension, and heart failure [1, 2]

Gated SPECT can be utilized to demonstrate right
ventricular overload, which was introduced mostly
in pediatric population with congenital heart
disease, and in adults with pulmonary hypertension
[3, 4]. Increased right ventricular uptake and a peak
ratio of right to left ventricular counts over 0.45
have been advocated as a sign of right ventricular
overload [3-7].

Furthermore, there are reports about nonspecific
perfusion abnormalities in the right ventricle seen
in gated SPECT studies in patients with
arrhythmogenic right ventricular dysplasia without
right ventricular overload [8].

Although patients with pulmonary hypertension
and right ventricular pressure overload has
demonstrated paradoxical septal motion during
echocardiographic examinations [9, 10] these were
rarely reported during myocardial perfusion studies
[11]. This was also applies to interventricular
septal flattening which is described and reported
commonly during echocardiagraphic examinations
of patients with significant right ventricular
overload but ignored in gated SPECT perfusion
studies.

There are few case reports which mention
displacement of interventicular septum toward the
left ventricular cavity in patients with right

ventricular pressure overload [12]. But still the
term interventricular septal flattening has not been
utilized in perfusion studies despite similar
anatomical counterpart of this phenomenon with
echocardiography.

The increase in metabolic uptake in the
interventricular septum in FDG-PET scans has
been observed in patients with atrial septal defect
but again there is no report about occurrence of
septal flattening [13].

Our study aimed at documentation of septal
flattening during single rest gated SPECT study
with echocardiographic confirmation of pulmonary
hypertension or right ventricular overload. The
correlation between septal flattening and other
hemodynamic parameters of the heart can show
clinical usefulness in the diagnosis and
management of this category of patients.

Material and methods

The study population included 68 patients with
echocardiographic proven pulmonary hypertension
and pulmonary artery pressure above 55mmHg
admitted to critical care department, Cairo
University in the period from January, 2009 till
December, 2010. Patient inclusion and research
protocol was approved by the ethical committee.
All subjects included in the study had an informed
consent before examinations.

All examinee were subjected to full clinical
evaluation, resting ECG recording, transthoracic
echocardiography and cardiac scintigraphy as
follow.

1] Radio-isotopic scanning

Rest gated SPECT images following injection of
555 MBq technetium labeled tetrofosmin were
applied using triple head general purpose large
field scintillation gamma camera [MultiSPECT-3,
Siemens, USA]



provided with parallel hole low energy high
resolution collimator. Twenty frames

were acquired [30 seconds for each frame] with
rotation of 120 degree arc and matrix of 64x64 and
total acquisition time of 12 minutes. Processing
and filtering was done using back projection
technique and Butterworth filter to get transaxial
Image, then short axis, vertical long axis, and
horizontal long axis cuts. Flattening of the septum
was defined as a straight interventricular septum
or displacement of the septum towards the left
ventricular cavity.

2] Echocardiography:

Protocol of the study: Each patient was examined
according to the American society of
echocardiography recommendations. Images from
each part of the examination sequence together
with standard lead-11 of ECG were stored on video-
tape for subsequent analysis. An ATL-HDI 5000
colored echocardiographic machine was utilized
with tissue doppler imaging [TDI] software
incorporated in the device using a 3.5 MHz
transducer to record: M-mode, 2D-
echocardiography and doppler signals in the classic
three views: long, short parasternal and apical
views.

A) Two dimensional [2D] echocardiogramphy:
The standard views of the 2D echo were used in
each patient to identify left ventricular
contractility, assessment of left ventricular regional
function and pulmonary artery diameter [PAd].

B) M-Mode:

Under guidance of 2D-echo using the parasternal
views, the M-mode cursor was positioned at the
level of the mitral valve leaflets tips to measure the
left ventricular end systolic dimensions [LVESd],
left ventricular end diastolic dimensions [LVEDdA],

left  ventricular  ejection  fraction  [EF],
interventricular septal thickness diameter [IVSTd].

C) Continuous-doppler trans-tricuspid systolic
flow:

Pulmonary artery systolic pressure [PASP] was
assessed using the following formula: PASP=4xTR
peak velocity?+right atrial pressure.

Statistical analysis:

Data were statistically analyzed using the SPSS 16
Software (SSPS incorporation, Chicago, USA).
Quantitative data were summarized and expressed
as mean and standard deviation, whereas
qualitative data were expressed as frequency.
Groups included in the study were compared using
the Kruskall-Wallis test and each of the two
groups was then compared using the Mann—
Whitney test. Significance was set at the value of
less than 0.05 level.

Results

The study included 68 patients [35 males, 33
females] with mean age 49+11 years. Among the
study group the diagnosis of pulmonary
hypertension was secondary to chronic obstructive
pulmonary disease (COPD) [28 patients, 41.2 %],
rheumatic valve disease [20 patients, 29.4%d],
systemic lupus erythmatosus (SLE) [8 patients,
11.8%)], interstitial lung fibrosis [10 patients, 14.7
%] and idiopathic in 2 patient [2.9 %]. All patients
presented with exertional dyspnea [100%], while
31 patients presented with exertional chest pain
[45.5%] and 23 patients presented with chest pain
at rest [33.8%].

The study population was divided into two groups:
Group A: Patients showing septal flattening in
gated SPECT [56 patients presenting 82% of the
study population] (figure 1).



Group B: Patients not showing septal flattening in
gated SPECT [12 patients presenting 18% of the
study population].

(A)

(B) (©)

Figures 1: A patient with pulmonary hypertension: (A) 2D-echocardiography, 4-chambers apical view
shows hugely dilated right ventricle and right atrium in pulmonary hypertension with septal flattening. (B)
Short axis (upper raw) and horizontal long axis (lower raw) of Tc-99m tetrofosmin rest gated SPECT scan
shows septal flattening with increased right ventricular uptake compared to normal rest cardiac scan (C).

Correlation  between septal flattening and
pulmonary artery pressure:

Septal flattening was a constant finding in patients
with pulmonary artery pressure more than 55
mmHg. The PAP for group A [85.7+16.4 mmHg]
was statistically significant when compared with
that of group B [50+12.5 mmHg] with P value

0.001.

Correlation  between septal flattening and

Correlation between septal flattening and left
ventricular diastolic function:
Left ventricular diastolic dysfunction as assessed

by echo-doppler [E/A ratio] showed significant
difference between group A [1.8+0.6] and group B
[0.7+0.3] with P value 0.001.

Correlation between septal flattening and right
ventricle/left ventricle [RV/LV] uptake ratio:

pulmonary artery diameter:

Pulmonary artery diameter in group A [37+ 0.6
mm] was significantly higher than that of group B
[2.1+0.4 mm] with P value 0.02.

.Correlation between septal flattening and left
ventricular end diastolic volume:

The left ventricular end diastolic volume as
measured by gated SPECT was significantly higher
in group A [156.4 + 24 ml] than in group B [111+
12.5 ml] with P value 0.004.

RV/LV tracer uptake ratio was higher in group A
[0.51+0.3] in comparison to group B [0.38+0.2]
with P value 0.01; denoting right ventricular
overload.

Correlation  between
interventricular thickness:
Thickness of interventricular septum did not show
any significant difference between group A
[0.92+0.16 cm] and group B [0.81+0.17 cm] with
P value 0.3.

septal  flattening and




Correlation between septal flattening

and left group B [58+9%] with P value 0.2. The

ventricular ejection fraction:

There was no statistically significant difference in
LV EF% in group A [60+6%] when compared to

Table 1: Comparison between patients with and without septal flattening

scintigraphic and echocardiographic parameters of

the two groups with pulmonary hypertension are
presented in Tablel.

Group A
(patients with septal flattening)

Group B
(patients without septal flattening)

pulmonary artery pressure* (mmHg)

85.7+16.4

50+12.5

pulmonary artery diameter* (mm) 3.7+ 0.6 2.1+0.4
LYV end diastolic volumey} (ml) 156.4 + 24 111+ 125
LV diastolic function [E/A ratio]* 1.840.6 0.7+0.3
RV/LYV uptake ratiof 0.51+0.3 0.38+0.2
Interventricular thickness* (cm) 0.92+0.16 0.81+0.17
LV ejection fraction (%) i 60+6 5849

e assessed by echocardiography,  assessed by gated SPECT.
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Figure(2): Comparison between patients with and without septal flattening
PAP: pulmonary artery pressure, PAD: pulmonary artery diameter, LV EDV: left ventricular end diastolic
volume, IVT: interventricular thickness, LV EF: left ventricular ejection fraction,

Discussion

Pulmonary hypertension describes a
heterogenous  diseases  characterized

group of progressive increase in pulmonary vascular
by a resistance, leading to right ventricular failure




and premature death. The diagnostic approach to
pulmonary hypertension, in aspects of imaging
and hemodynamic assessment, utilizes
echocardiography, spiral computed tomography
and right heart catheterization [14].

Transthoracic echocardiography is the most useful
and readily available noninvasive tool to evaluate
right ventricular failure due to pulmonary
hypertension. Typical findings include right
ventricular hypertrophy and dilatation, impaired
systolic function and right atrial enlargement. In a
cross-sectional view, the left ventricle appears “D”
or crescent shaped as the ventricular septum
displaces or “flattens” toward the left ventricle [15,
16].

Septal flattening during systole suggests right
ventricular pressure overload, whereas septal
flattening during diastole occurs with volume
overload [e.g tricuspid regurgitation]. Typically in
right ventricular failure, septal flattening occurs
throughout the cardiac cycle due to both right
ventricular pressure and volume overload. The left
ventricle contracts normally or is hyperdynamic;
however, the diastolic transmitral filling
characteristics are abnormal due to reduced left
ventricular compliance [15, 16]

During myocardial perfusion SPECT studies, the
right ventricle is often faintly and incompletely
visualized. The presence of right ventricular uptake
which allows good delineation of the ventricle may
be suggestive of right ventricular hypertrophy due
to pressure or volume overload [17].

Wackers et al explained that the high tracer uptake
in right ventricular wall is related to high right
ventricular work load and not just right ventricular
hypertrophy. This explains the observation that
high tracer uptake in right ventricle did not occur
only in patients with right ventricular hypertrophy
but in patients with right ventricular overload
regardless the cause [18].

Increased right ventricular uptake only seen in
stress SPECT images has been described in a

patient with severe coronary artery disease. This
appears to be related to preserved right ventricular
perfusion but reduced left ventricular tracer uptake
at stress, thereby resulting in relatively increased
right ventricular tracer uptake on stress images
[19].

Furthermore, Aepfelbacher et al. showed that
among the 52 patients with right ventricular
dilatation seen in gated SPECT studies, only 9
patients [17%] had right ventricular dilatation by
echocardiography. This can be explained by the
effect of exercise that causes more stress on the
already overloaded right ventricle inducing more
dilatation. However, the fact that gated SPECT
studies are performed 30 minutes after tracer
injection, therefore, right ventricular stress should
have waned at the time of gating. Another
reasonable explanation could be the possibility that
gated SPECT is more sensitive for right ventricular
overload detection than echocardiography [20].

In our study, we demonstrated that apart from right
ventricular  hypertrophy, flattening of the
interventricular septum is a feature of significant
pulmonary artery hypertension, which also can be
detected during myocardial perfusion SPECT
studies. The phenomenon of “D shaped left
ventricle”, ie flattening of the interventricular
septum during both systole and diastole in right
ventricular pressure overload or only during
diastole in right ventricular volume overload has
been previously reported during echocardiographic
studies [21, 22].

However, the analogous phenomenon on nuclear
imaging was recently described by Movahed et al,
who were the first to use the terminology
“interventricular septal flattening” and “D-shape
left ventricle” in gated SPECT images [23]. Then,
Maedar et al described a case of 49 year old man
with a history of sarcoidosis associated with severe
pulmonary hypertension and right ventricular
systolic pressure of 65 mm Hg, who was referred
for myocardial perfusion imaging because of



preoperative workup [planed lung transplant],
99mTc sestamibi SPECT revealed markedly
dilated and hypertrophied right ventricle with
flattened interventricular septum during both
systole and diastole, thus resulting in the picture of
“D-shaped left ventricle” [24].

In our study, septal fattening was detected in 56/68
patients (82%). Movahed et al detected this
phenomenon in all his studied patients. The
difference in results can be explained by his small
sample size as he studied only 8 patients in
comparison to 68 patients examined in our study.
The D shaped left ventricle and hypertrophied,
dilated right ventricle in cardiac SPECT imaging
has been also reported by Shih et al in a patient
with chronic obstructive pulmonary disease and
pulmonary hypertension confirmed during autopsy
[25].

In our study septal flattening was an indirect
predictor for pulmonary hypertension and right
ventricular overload. This was confirmed by the
significant correlation between septal flattening in
gated SPECT and pulmonary artery pressure,
pulmonary artery diameter and RV tracer uptake
compared to patients without septal flattening.

The previous phenomenon can be explained by the
surprising finding of abnormal tracer uptake in the
septum during rest, thus mimicking a fixed defect
most likely consistent with a scar. This finding is
not entirely clear, although data from a canine
model suggest that acute right ventricular pressure
overload [induced by pulmonary artery banding]
significantly compromises septal coronary blood
flow [26], which led to the speculation that angina-
like chest pain in patients with pulmonary
hypertension but normal epicardial coronary
arteries might reflect ischemia due to septal
compression [26]. The septal hypoperfusion was
inconsistent finding in our study as among all cases
that showed septal flattening only 15 patients
(22%) showed septal perfusion defect. The fact that
left ventricular diastolic dysfunction, as assessed

by echocardiography, correlated significantly with
septal flattening denotes the importance of this
finding as indicator for the hemodynamic
performance of the left ventricle.

Based on our observations, physicians should give
more attention to the shape of the interventricular
septum which could help detect pulmonary arterial
hypertension or right ventricular overload. The
discovery of interventricular septal flattening [D-
shaped left ventricle] should be included in
myocardial perfusion reports similar to the
echocardiographic report of right ventricular
overload. This was also reported recently by
Murarka and Movahed, who stressed on inclusion
of the high right ventricular tracer uptake, large
right ventricular cavity, Movahed’s sign or D
shaped left ventricle on gated SPECT imaging if
present as an indication of abnormal right ventricle
[27].

Conclusion

Flattening of the interventricular septum [D-shape
left ventricle] in gated SPECT imaging is a sign of
RV overload and correlates with the same
phenomenon described on echocardiography.
Reporting of the interventricular septal flattening
during the interpretation of gated SPECT studies, if
present should be considered as it raises the
attention that these patients are suspected to have
RV overload.
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