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Aims The last guidelines recommend a standardized 17-segment model for tomographic imaging of the
left ventricle. The aim of this study is to analyse the correspondence of the 17 left ventricular segments
with each coronary artery by myocardial perfusion SPECT studies.
Methods and results Fifty patients selected for percutaneous revascularization of one coronary artery
[24 left anterior descending (LAD), 15 right coronary artery (RCA), and 11 left circumﬂex (LCX)] were
included. The 99mTc-labelled compound was injected immediately after the inﬂation of the balloon
during percutaneous coronary angioplasty. At least 90 s of complete occlusion time was required.
Maximal contour of regions of hypoperfusion corresponding to each coronary artery occlusion were
delineated over the polar map of 17 segments. Nine segments corresponded to only one coronary
artery: eight to LAD (basal anterior, basal anteroseptal, mid-anterior, mid-anteroseptal, apical anterior,
apical septal, apical lateral, and apex) and one to LCX (basal anterolateral). Basal inferoseptal, midinferoseptal, and apical inferior segments could correspond to LAD or RCA. Basal inferior, basal
inferolateral, mid-inferior, and mid-inferolateral segments could correspond to RCA or LCX, whereas
the mid-anterolateral segment could correspond to LAD or LCX.
Conclusion The most speciﬁc segments (anterior, anteroseptal, and all apical segments except the
infero-apical) correspond to LAD but no segment can be exclusively attributed to the RCA. Inferoseptal
segments can be attributed to LAD or RCA, inferior and inferolateral segments to RCA or LCX, and
mid-anterolateral segment to LAD or LCX.

Introduction
Standard models of left ventricular segmentation have been
used to facilitate a more detailed analysis of regional
left ventricular function and perfusion. The left ventricular segmentation systems adopted in these models show
an enormous range of variability, ranging between nine
and 64 segments,1–13 and make difﬁcult to compare
between different studies. The last recommendation of
the American Heart Association suggests the use of the
17-myocardial segment model for all cardiac imaging modalities.14 Even assuming that there is anatomic variability
these segments were assigned to one of the three major
coronary arteries.
Extent of hypoperfused myocardium in single-photon
emission computed tomographic (SPECT) images with technetium-labelled compounds obtained during percutaneous
transluminal coronary angioplasty (PTCA) balloon occlusion
have been compared with those obtained during exercise
and dipyridamole studies.15–20 This procedure is based on
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the absence of redistribution of the 99mTc-compounds,
which makes it possible to obtain a delayed image of the
myocardial situation at the time of injection. However,
none of the previous studies have considered this method
to assign the different segments to the three major coronary
arteries.
The aim of the present study is to analyse the correspondence of the 17 left ventricular myocardial segments with
each coronary artery by myocardial perfusion SPECT
studies with technetium-labelled marked compounds
during total occlusion in the course of PTCA in patients
with single-vessel disease.

Methods
Patient population
The study consisted of 50 consecutive patients (ﬁve women; mean
age, 59.3 + 10.8) without previous myocardial infarction, who
underwent elective single PTCA by the same operator for singlevessel disease (stenosis .50%) depending on Nuclear Medicine
Department availability. Three patients with evidence of collaterals
were excluded. All patients were recruited at Hospital Universitari
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Vall d’Hebron of Barcelona, and Emory University provided quantitative tools to evaluate the images. The indications for coronary
angioplasty were either unstable angina (n ¼ 22) or exertional
angina (n ¼ 28). All patients had normal baseline electrocardiograms, normal rest myocardial perfusion SPECT, and received
cardiac medications within 12 h of angioplasty; these included
calcium channel antagonists in 27 patients, nitrates in 32, and
adrenergic blocking agents in 23.
Patients were divided into three groups according to the balloon
occlusion site: 24 patients in the left anterior descending (LAD)
group, 15 patients in the right coronary artery (RCA) group, and
11 patients in the left circumﬂex (LCX) coronary arteries group.
The study complies with the Declaration of Helsinki and was
approved by the Ethics Committee of the hospital, and all patients
signed informed consent.

Angiography and angioplasty
Coronary arteriography was performed using one of two Philips
systems, Optimus M200 (biplane) or Integris (single plane). In all
cases, a ﬁeld of view of 17.8 cm was used, and the source-toimage intensiﬁer distance was measured. According to our current
practise, evaluation of stenosis severity was visually deﬁned by
the operator performing the procedure and was agreed usually
with the patient’s cardiologist or with some other interventional
cardiologist. All stenoses included in the study were localized in
proximal or mid-segments of main epicardial arteries. Localization
of stenoses was deﬁned as follows: proximal LAD when previous to
the ﬁrst septal or diagonal branch, mid-LAD from the ﬁrst septal–
diagonal branch to just before a distal diagonal branch, proximal
LCX as previous to the obtuse marginal branch takeoff, mid-LCX
from the obtuse marginal branch to a second marginal or posterolateral, proximal RCA as previous to the acute marginal, and midRCA from the acute marginal to the posterior descending takeoff.
All patients received aspirin and ticlopidine at least 24 h before
angioplasty. After intracoronary nitroglycerin injection, two orthogonal views were obtained. The views were selected to better
deﬁne the degree of stenosis, to assess collateral ﬂow, and to
widely display the coronary tree affected by the ﬂow limitation.
The balloon catheter was passed via the femoral artery over a steerable guide wire under ﬂuoroscopy and inﬂated across the coronary
lesion. After 10–15 s of balloon inﬂation, 20–25 mCi of 99mTclabelled compound was injected into a peripheral intravenous
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tubing and inﬂation was maintained at least 90 s to allow time for
99m
Tc-agent compound myocardial distribution. After that, further
balloon inﬂations or stent deployments were performed to achieve
revascularization to the myocardium.

SPECT acquisition, processing, and analysis
Once the angiographic study concluded, 60 min after administering the 99mTc-labelled compound (32 patients with tetrofosmin
and 18 with methoxyisobutyl isonitrile), the patients were transferred to the Nuclear Medicine Department to obtain the corresponding radionuclide scan at the time of the occlusion.
Tomographic imaging was performed with a single-head gamma
camera (Elscint SP4, Haifa) set for 140 keV photo peak with a 20%
window. The acquisition was taken with a high-resolution collimator
in a 64  64 matrix, with an enlargement factor 1.2 and 6.9 mm
pixel size. Sixty projections (25 s/projection) were acquired using
a semi-circular orbit starting at 308 right anterior oblique.
Reconstructions were performed with a Butterworth ﬁlter of critical
frequency 0.4 cycle/cm and an order of 5, and short-axis, horizontal
long-axis, and vertical long-axis were obtained according to the
current recommendations.21 A polar map presentation was then
generated from short-axis slices. No attenuation or scatter correction was used. Before reconstruction, all studies were corrected
for non-uniformity with a 300 million counts matrix, obtained
weekly from a 99mTc ﬂood source.
The size of the defect was calculated using a threshold of 50%.
Such cutoff value was derived from a previous validation of our
gamma camera system using the Mayo Clinic phantom model22 and
had been previously used in clinical studies.23 The extent of perfusion defect was quantiﬁed as a percentage of the entire left ventricular surface on polar map (binarized picture normal/abnormal)
as shown in Figure 1. The extension of hypoperfused myocardium
for each group was obtained by overlapping the maximum contour
of each patient and transferred to a polar map of the 17 segments14
and assigned to the three major coronary arteries. A segment was
assigned to a given artery if the area at risk involved at least 25%
of its surface.

Statistical analysis
Sensitivity, speciﬁcity, and predictive accuracy, and their 95% conﬁdence intervals, were calculated for the diagnosis of LAD, RCA, and

Figure 1 Examples of hypoperfused regions in tomographic slices and in the polar maps corresponding to the occlusion of LAD artery, RCA, and LCX artery. Black
territory in the blackout polar map corresponds to the extent of myocardium with ,50% of uptake with respect to the maximal left ventricular uptake.
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LCX occlusions in segments supplied by more than one coronary
artery. The x2 test was used to compare these results, and Fischer’s
exact test was used when less than ﬁve patients were expected in
any subgroup. Data for continuous variables are described as
mean + SD, and categorical data were expressed as proportions.
Unpaired t-test was used to compare the average extent of the
hypoperfused region of LAD, RCA, and LCX groups. A P-value
,0.05 was considered statistically signiﬁcant. All P-values were
two-sided. No adjustment for multiple comparisons was made.

Results
Coronary arteriography
No patient had complications during the percutaneous
revascularization procedure. PTCA was performed in only
one artery per patient by the same operator. No regions
in the territory of the occluded vessel showed hypokinaesia,
akinaesia, or diskinaesia before PTCA. No qualitative
evidence of collateral circulation was observed in any
patient.
In the LAD group (11 with proximal stenosis and 13 with
mid-stenosis), 18 patients had a dominant RCA, ﬁve patients
had a dominant LCX, and one patient had balanced coronary
circulation. The LAD went around the apex to reach inferoapical region in 12 out of 24 patients of this group. In four
patients, mild stenosis of LCX was observed. The left
ventricular ejection fraction (LVEF), calculated by contrast
ventriculography, was 70.1 + 8.2%. In the RCA group (nine
with proximal stenosis and six with mid-stenosis), all
patients had a dominant RCA. The RCA supplied the inferoapical region in seven out of 15 patients of this group. In
three patients, mild stenosis of LCX (two) and LAD (one)
was observed. The LVEF was 73.1 + 11.7%. In the LCX
group (eight with proximal stenosis and three with midstenosis), nine patients had a dominant RCA, one had a
dominant LCX, and one patient had balanced coronary
circulation. In one patient, mild stenosis of LAD was
observed. The LVEF was 72.6 + 11.1%.

Myocardial perfusion SPECT
The maximal extent of hypoperfused myocardium for each
group in the polar map is shown in Figure 2A and the
number of patients in whom each segment was involved is
shown in Figure 2B.
According to the maximal contour of hypoperfused
myocardium of each group, the correspondence between 17
myocardial segments and each coronary artery is shown in
Figure 3. Basal anterior (1), basal anteroseptal (2),
mid-anterior (7), mid-anteroseptal (8), apical anterior (13),
apical septal (14), apical lateral (16), and apex (17) segments
corresponded to LAD (speciﬁcity, 100%). Basal anterolateral
(6) segment corresponded to LCX (speciﬁcity, 100%).
Basal inferoseptal (3), mid-inferoseptal (9), and apical
inferior (15) segments could correspond to LAD or RCA.
Basal inferior (4), basal inferolateral (5), mid-inferior (10),
and mid-inferolateral (11) segments could correspond to
RCA or LCX, and mid-anterolateral (12) segment could
correspond to LAD or LCX. Table 1 shows the diagnostic
accuracy in the segments supplied by more than one
coronary artery. Sensitivity, speciﬁcity, and negative
predictive accuracy in segment 5 were signiﬁcantly higher
for LCX when compared with RCA.

Figure 2 (A) Maximal extent of hypoperfused myocardium for LAD group,
RCA group, and LCX group overlapped in the polar map of 17 segments. (B)
Number of patients with involvement of each segment.

An additional analysis, including adjacent segments,
demonstrated that the coronary artery territory can be
more accurately localized. Thus, the inferior and inferolateral segments can belong to either the RCA or the LCX
artery. However, if the anterolateral segments are also
involved in a given patient, the distribution appears to be
more speciﬁc for the LCX, whereas if the inferoseptal
segments are involved, the distribution appears to be
more speciﬁc for the RCA. Similarly, the inferoseptal
segment can belong to either the LAD or the RCA, but if
the adjacent inferior segments are also involved, the
territory appears to be more speciﬁc for the LAD.
Likewise, the infero-apical segment can belong to either
the RCA or the LAD, but if the other apical segments are
involved, the territory appears to be more speciﬁc for the
LAD, whereas if the inferior segments at the mid- and
basal levels are involved, the distribution appears to be
more speciﬁc for the RCA.
The average extent of the hypoperfused region was signiﬁcantly greater for the LAD group (mean extent,
49.8 + 10.3%; range 35–67%) when compared with RCA
group (mean extent, 20.3 + 7.6%; range 8.3–35.0%)
(P , 0.0001, 95% conﬁdence interval 23.3–35.7) and LCX
group (mean extent, 21.3 + 10.8%; range 10.2–30.0%)
(P , 0.0001, 95% conﬁdence interval 20.7–36.2). The mean
extents of RCA and LCX hypoperfused regions were not
signiﬁcantly different (P ¼ 0.784, 95% conﬁdence interval
26.4–8.4).

Discussion
A 17-segment model of the left ventricle has been recommended for myocardial perfusion SPECT, echocardiography, computed tomography, and magnetic resonance
imaging as an optimally weighted approach for the visual
interpretation of regional left ventricular abnormalities.14
Although, as recommended in these guidelines, there is a
variability in the coronary blood supply to myocardial
segments, the model was believed to be appropriate for
assigning individual segments to speciﬁc coronary artery
territories,15 and a map of this correspondence is included
in the guidelines.14 The authors pointed out that the

2640

O. Pereztol-Valdés et al.

Figure 3

Correspondence of left ventricular 17 myocardial segments with each coronary artery according to our results.

greatest variability in myocardial blood supply occurs at the
apical segment 17, which can be supplied by any of the
three arteries. Segments 1, 2, 7, 8, 13, and 17 are assigned
to the LAD coronary artery distribution. Segments 3, 4, 9,
and 10 are assigned to the RCA when it is dominant.
Segments 5, 6, 11, 12, and 16 generally are assigned to
the LCX artery.
Myocardial perfusion SPECT is frequently performed
before coronary angiography to know localization and
extent of jeopardized myocardium, and after angiography,
to evaluate the haemodynamic signiﬁcance of noncritical stenoses.24–27 Thus, misassignment of myocardial
segments could alter the perception concerning the
coronary arteries involved. Coronary occlusion during PTCA
provides an in vivo model for examining the effects of
acute myocardial ischaemia on ventricular function and
perfusion.15–20 99mTc- compounds are perfusion agents,
which accumulate in the myocardium in proportion to
regional distribution of coronary blood ﬂow at the time of
injection with minimal redistribution. Experimentally, the
jeopardized myocardium assessed following their injection
during coronary artery occlusion correlates with initial
area at risk and ﬁnal infarct size.21,28,29 Clinical studies
have shown that the myocardial area at risk can be
imaged after injection of these 99mTc-compounds before
thrombolytic therapy in patients with acute myocardial
infarction.30 It has also been shown that myocardial perfusion SPECT is able to detect brief episodes of ischaemia
caused by complete occlusion of a coronary artery during
PTCA.31,32 99mTc-sestamibi and 99mTc-tetrofosmin would
therefore be used to demonstrate the myocardial area
supplied by a coronary artery, if injected during prolonged
PTCA balloon occlusion. Using this methodology, we have
previously reported the extent of the ischaemic territory
corresponding to the occlusions of LAD, RCA, and CX33 and
validated a three-dimensional fusion of coronary arteries
with myocardial perfusion distributions.34 Moreover, good
reproducibility of the different tomographic methods
quantifying myocardial area at risk during coronary artery
occlusion has been reported.20 However, no studies have
been designed for the assignment of each of the 17 left
ventricular segments to each one of the three major coronary arteries.
The purpose of the present study is to evaluate the
correspondence between coronary artery distribution and

myocardial perfusion defects in the 17 myocardial segments
of left ventricle obtained during total occlusion of each one
of the three major coronary arteries in the course of PTCA in
patients with single-vessel disease. In contrast with the
generally accepted assignment of coronary artery territories, our results show that only nine segments correspond
to only one coronary artery. Eight segments correspond to
LAD: basal anterior (1), basal anteroseptal (2), mid-anterior
(7), mid-anteroseptal (8), apical anterior (13), apical septal
(14), apical lateral (16), and apex (17) and one to CX: basal
anterolateral (6). Basal inferoseptal (3), mid-inferoseptal
(9), and apical inferior (15) segments can correspond to
LAD or RCA. Basal inferior (4), basal inferolateral (5), midinferior (10), and mid-inferolateral (11) segments can
correspond to RCA or LCX and mid-anterolateral (12)
segment can correspond to LAD or LCX. Although the
greatest superposition in myocardial blood supply occurs in
the inferolateral region corresponding to RCA and LCX
territories, superposition of LAD and RCA territories also
occurs at the level of inferoseptal region. Mid-anterolateral
segment is the unique conﬂictive territory between LAD and
LCX. Despite these considerations, an additional analysis
that includes adjacent segments can help to clarify the
role of SPECT imaging for localization of disease. This
explains why myocardial perfusion SPECT can identify
angiographic culprit lesion localization in 85% of cases,24,35
while mistakenly predicts additional vessel involvement in
29% of cases.35
Segmental analysis of myocardial perfusion studies is
based on certain assumptions concerning coronary
anatomy. The nearly universal approach is to assign the
anterior wall and septum to the LAD, the lateral wall to
the LCX, and the inferior wall to the RCA. However, there
is no consensus on the exact borders of each vascular territory as evidenced by the signiﬁcant variation in quantitative
polar maps. These differences may be explained by the
normal variability of the coronary anatomy.36,37 The most
frequent variation is the origin of the posterior descending
artery. The RCA is dominant in .70% of hearts. Other
terminal branches of the RCA and LCX, called posterolateral
branches, supply a variable amount of the inferior wall. The
great variability in blood supply to the inferior and lateral
walls is reﬂected in our study. The inferior segments are
almost always assumed to be supplied by the RCA. In our
study, all 11 patients with LCX disease had involvement of

63 (45–78)
CI, conﬁdence interval.

Segment 12

LCX
LAD vs. LCX

21 (7–42)

73 (39–44)

37 (21–55)

LAD

27 (6–61)

79 (58–93)

42 (23–63)
89 (70–98)
42 (23–63)
73 (52–88)
(9–22)
(52–96)
(0–22)
(45–92)
0
80
0
73
100 (72–100)
100 (72–100)
100 (72–100)
73 (39–94)
58 (37–77)
12 (2–30)
58 (37–77)
27 (12–48)
100 (78–100)
20 (4–48)
100 (78–100)
27 (8–55)
Segment 4
Segment 5
Segment 10
Segment 11

RCA vs. LCX

LCX

46 (26–67)
29 (13–51)
50 (29–71)
Segment 3
Segment 9
Segment 15

RCA
LAD vs. RCA

0 (0–28)
0 (0–28)
0 (9–28)
27 (6–61)

53 (27–79)
80 (52–96)
53 (27–79)

49 (32–65)
49 (32–65)
51 (35–68)

RCA

47 (21–73)
20 (4–48)
47 (21–73)

LAD

Predictive accuracy
(95% CI)
Speciﬁcity
(95% CI)
Sensitivity
(95% CI)

Table 1 Diagnostic accuracy of myocardial perfusion SPECT for segments supplied by more than one artery

Sensitivity
(95% CI)

Speciﬁcity
(95% CI)

54 (33–74)
71 (49–87)
50 (29–71)

51 (35–68)
51 (35–68)
49 (32–65)

Predictive accuracy
(95% CI)
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the inferior segments, and in patients with LCX disease,
involvement of inferior segments was more common
than involvement of the anterolateral segments. The
ﬁnding of an inferior perfusion defect extending to the
mid-septum in a patient with RCA stenosis is more
unusual. Although the septum is supplied by branches
from both the LAD and the posterior descending artery,
anterior septal branches are longer than posterior septal
branches. The inferior septum is commonly assigned to
the distribution of the RCA. However, only half of the
patients with RCA disease had involvement of the inferior
septum. Conversely, approximately half of the patients
with LAD disease also had involvement of the inferior
septum. The apical portion, as our study reveals, is almost
exclusively supplied by branches of the LAD. The supply of
the apical segments (nos 13–17) is dominated by the LAD.
The RCA was the only vessel other than LAD to supply any
of the apical segments (segment no. 15). Even this
segment is more commonly supplied by the LAD than the
RCA. Many nuclear cardiologists and clinicians believe
that the supply of the apex can be subdivided into the
individual coronary territories, but this assumption is
incorrect. The LAD is the primary vessel supplying the
apex in the vast majority of patients. Another source of
variability is the length and termination point of the LAD;
the termination point is distal to the apex in 60–82% of
cases. Thus, the LAD perfuses the infero-apical segment in
the majority of hearts. These data are consistent with our
observations.
The data of this study are based on relatively few
patients, particularly in view of the great variability of the
coronary tree. This may explain, for instance, that the
apex (segment no. 17) and the apicolateral regions
(segment no. 16) are 100% speciﬁc for the LAD. In addition
to the small number of patients, some limitations of this
study need to be kept in mind. The presence of stenosis
,70% in not occluded arteries could overestimate the
limits of the myocardium attributed to the studied coronary
arteries. As in other studies oriented to quantify the extent
of infarction, we selected 50% isocontour as the cutoff value
to quantify the extent of jeopardized myocardium.
Additional lesions should not inﬂuence this extent in rest
images. The search for collateral vessels was performed
only on the basis of detecting spontaneously visible coronary
collaterals during coronary angiography. Although this
approach does not totally exclude the presence of coronary
collateral circulation, accurate techniques for detecting
collateral ﬂow were not considered because of the complexity (and thus time and risk) that they would have added to
the angioplasty procedure in this population of patients
with a single-coronary lesion. In addition, adjustment for
attenuation artefacts was not implemented in our study
and area of myocardium at risk could be increased in inferior
and anterior regions because of diaphragmatic and breast
interposition, respectively, but 90% of our patients were
male.
In conclusion, the most speciﬁc segments (anterior, anteroseptal, and all apical segments except the infero-apical)
correspond to LAD, but no segment can be exclusively
attributed to the RCA. Inferoseptal segments can be attributed to LAD or RCA, inferior and inferolateral segments can
be attributed to RCA or LCX, and mid-anterolateral segment
can be attributed to LAD or LCX.
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Transthoracic echocardiography of Hodgkin lymphoma in the upper anterior mediastinum causing
compression of the great vessels
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A 37-year-old man with pulsus
paradoxus,
non-productive
cough, and fatigue was referred
to our institution for diagnostic
workup. A transthoracic echocardiography was performed,
revealing pericardial effusion
(PE) with right atrial compression and bilateral pleural
effusions (PLE) with ﬁbrinous
strands (Panel A). High parasternal oblique scan revealed a
huge mass (maximum anteroposterior diameter, 13.9 cm),
with ‘parenchymatous’ texture
(LY) in the upper anterior
mediastinum displacing the
aorta (AO) and pulmonary
artery (PA) posteriorly and surrounding them (Panel B).
Contrast-enhanced CT of
thorax and abdomen was
performed, conﬁrming the
ﬁndings from echocardiography
revealing also displacement of
superior vena cava (SVC)
(Panels C and D). No other
sites of involvement were
seen. Transthoracic true-cut
needle biopsy was performed.
Histology conﬁrmed the preliminary diagnosis of Hodgkin lymphoma.
The patient was referred to chemotherapy and was serially followed up. After the ﬁrst chemotherapy regimen, the pleural and pericardial effusions disappeared and the patient was with stable haemodynamics and had no complaints of cough. After the complete
uneventful chemotherapy course, the antero-posterior diameter of the mass decreased to 3.9 cm. The patient is fully asymptomatic
and is referred to radiotherapy.
See online supplementary material available at European Heart Journal online for a colour version of the ﬁgure.

