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Abstract

BACKGROUND: The immediate result of successful revascu-
larisation of the myocardium is the improvement of perfusion
(and in patients with depressed ventricular function, functional
recovery is expected as an effect of coronary flow improvement).
The main goal of the work was to assess the value of myocar-
dial stress-rest MIBI perfusion scintigraphy in predicting myo-
cardial perfusion state measured early (< 5 months) after CABG.
MATERIAL AND METHODS: Forty-three patients (39 males,
mean age 52 ± 9 years) with chronic coronary artery disease
underwent prerevascularisation and postrevascularisation
stress-rest Tc-99m-MIBI SPECT studies. Eighty-one percent of
patients had a history of myocardial infarction, the number of
stenosed main coronary arteries was 2.3 ± 0.6 per patient, and
the left ventricle ejection fraction was 18–70% (mean 46 ± 14%).

Preoperative perfusion defects were considered as small, me-
dium or severe (depending upon stress uptake deficiency) and
as transient or persistent (depending upon uptake improvement
in rest). Changes in perfusion defects (improvement, lack of
changes or deterioration) were evaluated very early after CABG
(mean 31 ± 12 days) in all patients and additionally about 3 months
later (mean 119 ± 17 days after CABG) in 36 patients.
RESULTS: In transient perfusion defects, the probability of ear-
ly postoperative perfusion improvement was 80% (in small de-
fects: 89%, CI0,95 = 80–94%) and was significantly higher than
in small persistent defects (51%) and than in medium-and-se-
vere persistent defects (21%). In medium-and-severe persis-
tent defects, the lack of changes in perfusion was observed in
76% of defects (in severe defects: 81%, CI0,95 = 69–91%) and
was significantly higher than in small persistent defects (37%),
than in medium-and-severe transient defects (17%), and than
in small transient defects (4%). The probability of later postop-
erative perfusion improvement was 78% in transient perfusion
defects (in small defects: 85%, CI0,95=74–92%) and was signif-
icantly higher than in small, medium, and severe persistent
defects (28%). In medium-and-severe persistent defects, the
lack of changes in perfusion was observed in 71% of defects
(in severe defects: 81%, CI0,95 = 66–91%) and was significantly
higher than in small persistent defects (40%), and than in se-
vere, medium, and small transient defects (11%).
CONCLUSIONS: 1. The result of preoperative stress-rest Tc-
99m-MIBI SPECT myocardial perfusion study is an exact pre-
dictor of the state of perfusion measured early (< 5 months)
after CABG; the postoperative regional perfusion improvement
is most dependent upon reversibility and also upon severity of
stress defect. 2. In small persistent defects, changes in perfu-
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sion are different than in other types of defects — so they should
not be considered together with transient defects (as “viable”)
or with persistent defects (as “nonviable”). 3. Preoperative via-
bility assessment on the basis of Tc-99m-MIBI study performed
solely in rest is unjustified: at the similar perfusion defect at rest,
the presence of even minimal inducible ischaemia is associated
with increased probability of perfusion improvement after CABG.
Key words: myocardial perfusion, SPECT, Tc-99m-MIBI,
CABG

Introduction

A positive result of myocardial revascularisation is the effect of
improvement of the myocardial blood flow, with possible consec-
utive improvement of regional or global function of the left ventri-
cle (LV), and/or lowered mortality, and/or improved quality of life.
Revascularisation can significantly increase perfusion and func-
tion of LV, even in patients with chronic left ventricular dysfunction
— but only in the regions with preserved viability of myocytes.

Tc-99m-MIBI (2-methoxy-isobutyl-isonitrile) is a relatively new
compound with proved value in the diagnosis of coronary artery
disease and with clinically tested utility in myocardial viability as-
sessment [1–4]. The efficiency of the techniques assessing myo-
cardial perfusion and viability is usually postoperatively evaluated
on the basis of function improvement, most often by echocardio-
graphy (ECHO) [5–9]. Such an approach is not accurate because
of differences in techniques used pre- and post-operatively (per-
fusion v. function evaluation, planar views (ECHO) v. tomograph-
ic sections (SPECT) used, different doctors assessing the study)
and because the improvement of LV function can depend on the
time interval from operation (reperfusion stunning, prolonging for
a few months after revascularisation, can take place). Postopera-
tive control study performed in the same way as preoperative Tc-
99m-MIBI SPECT study seems to be the only precise method of
evaluation of the changes in perfusion caused by revascularisa-
tion. An independent, further, part of evaluation can be investiga-
tion of the functional changes caused by perfusion changes.

The main goal of this work was to assess the value of the
stress-rest myocardial perfusion Tc-99m-MIBI SPECT technique
in predicting the postoperative state of perfusion, measured  ear-
ly (< 5 months) after surgical revascularisation with the same tech-
nique. Our purpose was also to study the dynamics of perfusion
changes during the first months after operation.

Material and methods

Patients
The group consisted of 43 patients (39 males, 34–69 years old,
mean: 52 ± 9 years) submitted to coronary artery bypass grafting
surgery (CABG) because of chronic coronary artery disease doc-
umented angiographically. Thirty-five patients (81%) had a history
of previous myocardial infarctions (MI), however no patient had
had an acute MI within 2 months preceding the study. One pa-
tient underwent three MI, 12 patients underwent two MI, 22 pa-
tients underwent one MI, and 8 patients were without a history of MI
(mean: 1.1 ± 0.8 MI per patient). Left ventricle ejection fraction,
evaluated on the basis of contrast ventriculography in 25 patients,
was 0.18–0.70 (mean: 0.46 ± 0.14). Sixteen patients had signifi-

cant stenosis (> 70% narrowing in luminal diameter) of three major
coronary vessels, 22 patients — of two vessels, and 5 patients
— of one vessel (mean: 2.3 ± 0.6 vessels disease per patient).

Surgical revascularisation
All operations were performed after sternotomy, using extracor-
poreal circulation. During the operation, in 18 patients (42%) there
were 1–5 venous grafts implemented (mean: 3.3 ± 1.2 grafts), in
4 patients (9%) there were 1–3 arterial grafts  (mean: 1.8 ± 1.0
grafts), in 21 patients (49%) there were 2–5 venous and arterial
grafts (mean: 3.0 ± 0.7 grafts). Mean number of grafts per patient
was 3.0 ± 1.0. All the patients had uncomplicated postoperative
recovery.

Segments of the LV with perfusion defects were affiliated to
territories of three major coronary vessels, according to the stan-
dard algorithm [10]. Perfusion of anterior wall, antero-septal wall
and apex was connected with left anterior descending artery (7 seg-
ments), inferior and infero-septal walls — with right coronary
artery (6 segments), and lateral wall — with left circumflex artery
(4 segments). It was assumed that a defect (a segment) was re-
vascularised during CABG if there was a graft implemented to the
artery responsible for blood flow to the segment.

Imaging protocol
In all 43 patients, Tc-99m-MIBI stress-rest single-photon emis-
sion computed tomography (SPECT) was performed 2 times:
before CABG (not earlier than 6 months before CABG, SPECT-0)
and early after CABG (< 2 months, SPECT-I). In 36 patients
(84%) next control study was also performed (< 5 months after
CABG, SPECT-II).

Stress and rest studies were performed after separate tracer
injections, on consecutive days, in a random sequence. Stress
tests were performed according to a modified Bruce protocol
(MAX-1 Marquette exercise system with Series 1900 treadmill).
After at least 4-hours fasting, a dose of 1.11 MBq per 1 kg of
body weight of Tc-99m-MIBI was injected. SPECT data acquisi-
tion commenced 60 to 120 minutes after tracer injection in rest
and 45–90 minutes after injection in stress. Image sets were
obtained from 64 projections over 180-degree arc beginning at
45-degree right anterior oblique and ending at 45-degree left poste-
rior oblique projection. A low-energy high-resolution, parallel-hole col-
limator and a 64 × 64 matrix with no zoom were used. Processing
was performed with filtered back-projection using one-dimensional
Butterworth filter with a cut-off frequency of 0.4 of Nyquist frequency
and the order of 7; interslice weighting 1-2-1 was applied after trans-
verse reconstruction. Images were corrected for nonuniformity and
for centre of rotation displacement. From transaxial tomograms, the
short-axis, vertical long-axis, and horizontal long-axis tomograms were
derived. From the short-axis slices, the BULL’S-EYE maps [10, 11] in
stress and in rest were generated. SPECT imaging was done by
a single-head gamma camera (ORBITER 75, Siemens) connected
with MaxDELTA 2000 computer system (Siemens).

Image analysis
Perfusion assessment was performed visually on the basis of ver-
tical long-axis tomograms, horizontal long-axis tomograms and
the BULL’S-EYE maps. Perfusion was evaluated after dividing the
LV into 17 segments (four segments corresponded to the anterior
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wall, four to the lateral wall, four to the inferior wall, four to the
septum and one to the apex). The severity of the uptake defect
in stress was assessed on a 4-grade intensity scale (0 — no
defect, 1 — small defect, 2 — medium defect, 3 — severe de-
fect). According to that, all perfusion defects were divided into
6 types: small, medium, and severe persistent defects (when there
was no perfusion improvement in rest in comparison to stress)
and small, medium and severe transient defects (when there was
perfusion improvement in rest).

In postoperative studies, perfusion improvement in a seg-
ment was described if the defect severity decreased: in stress
and rest, in stress only (and there was no change in rest), or in
rest only (and there was no change in stress). Perfusion deterio-
ration in a segment was described if the defect severity increased in
stress and/or rest. Perfusion improvement in a patient was described
when the number of segments with perfusion improvement was higher
than the number of segments with perfusion deterioration (consider-
ing only the segments with preoperative perfusion defects).

Each SPECT study was assessed by three observers experienced
in nuclear cardiology and the results were established by consensus.

The study protocol was approved by the State Committee for
Scientific Research.

Statistical analysis
All continuous variables were represented as a mean and one
standard deviation. Mean values were first evaluated by F-test
(p = 0.05) for variances equality and then the t-test (p = 0.05) for
means with equal or non-equal variances was used to compare
them. Rates of segments or rates of patients with perfusion pre-
served, improved or deteriorated were described as variables with
binomial distribution and 95-percent confidence intervals (CI0.95)
were calculated for assessment of the equality of the rates.

Results

Date of studies
SPECT studies were performed in the following time schedule:
SPECT-0: 3–179 (mean: 57 ± 52) days before CABG, SPECT-I:
13–62 (mean: 31 ± 12) days after CABG, SPECT-II: 87–154 (mean:
119 ± 17) days after CABG. The interval between SPECT-I and
SPECT-II was 52–130 (mean: 89 ± 20) days, i.e. about three months.

Revascularisations
During the operations there were revascularised 331 of 368 (90%)
segments with preoperative perfusion defects.

Results of perfusion assessment
In SPECT-0, 368 segments were diagnosed as perfusion defects
(on average: 9 defects per patient): there were 119 persistent
defects (35 small, 30 medium and 54 severe) and 249 transient
defects (83 small, 114 medium and 52 severe). Among transient
defects, there were only 5 totally reversible defects — for that rea-
son they were not treated separately and the term “transient” con-
cerns the group of 244 partially reversible defects (98%) and 5
(2%) totally reversible defects. Changes in perfusion in postoper-
ative studies in relation to preoperative study in all types of de-
fects are presented in Table 1. No significant differences in the
number of segments with perfusion improvement, preservation or

deterioration were found between all defects of a given type and
a subgroup of corresponding revascularised defects. For that rea-
son, in further part of the presentation, all defects of a given type
(revascularised and nonrevascularised) were considered togeth-
er, for the sake of better statistics.
Perfusion in SPECT-I in comparison to SPECT-0 (top of Fig-
ure 1; for details see Table 1). In all types of transient defects
(small, medium or severe), the percentage of defects with perfu-
sion improvement was similar (89%, 77% and 73%) and was sig-
nificantly higher than the percentage with perfusion preservation
(4%, 16% and 21%) and with perfusion deterioration. In small per-
sistent defects, the percentage of defects with perfusion improve-
ment was still (but insignificantly) higher than the percentage with
perfusion preservation (51% v. 37%). In medium persistent de-
fects, there was an inverse relation: the percentage of defects
with perfusion improvement was significantly lower than the per-
centage with perfusion preservation (27% v. 67%); in severe per-
sistent defects, the relation was similar (19% v. 81%). The per-
centage of defects with perfusion improvement in transient de-
fects on average was 80% (in small transient defects: 89%, CI0.95

= 80–94%) and was significantly higher than in small persistent
defects (51%) and than in medium and severe persistent defects
altogether (21%). The percentage of defects with no changes in
perfusion in medium and severe persistent defects was 76% (in
severe persistent defects: 81%, CI0.95 = 69–91%) and was signifi-
cantly higher than in small persistent (37%), than in medium and
severe transient (17%) and than in small transient defects (4%).
The percentage of defects with perfusion deterioration in postop-
erative study was similar in every type of defect (0–11%).
Perfusion in SPECT-II in comparison to SPECT-0 (bottom of
Figure 1; for details see Table 1). In all types of transient defects
(small, medium or severe), the percentage of defects with perfu-
sion improvement was similar (85%, 73% and 79%) and was signif-
icantly higher than the percentage with perfusion preservation
(6%, 14% and 11%) and with perfusion deterioration — like in
SPECT-I. In small persistent defects, the percentage of defects
with perfusion improvement was similar to the percentage with
perfusion preservation (33% v. 40%); in medium persistent de-
fects, the relation was similar (36% v. 57%). In severe persistent
defects, the percentage of defects with perfusion improvement
was significantly lower than the percentage with perfusion preser-
vation (19% v. 81%) — like in SPECT-I. The percentage of defects
with perfusion improvement in transient defects on average was
78% (in small transient defects: 85%, CI0.95 = 74–92%) and was
significantly higher than in small, medium and severe persistent
defects (altogether 28%). The percentage of defects with no chang-
es in perfusion in medium and severe persistent defects was 71%
(in severe persistent defects: 81%, CI0.95 = 66–91%) and was sig-
nificantly higher than in small persistent (40%) and than in severe,
medium and small transient defects (altogether 11%). The per-
centage of defects with perfusion deterioration in postoperative
study was similar in every type of defect (0–13%) but small persis-
tent defects, in which it was higher (27%).
Dynamics of perfusion changes between SPECT-I and
SPECT-II (Figure 2; for details see Table 2). Changes in perfu-
sion in postoperative SPECT-I in relation to later SPECT-II were
calculated in 36 patients who underwent both postoperative stud-
ies in all types of defects. As previously (Tab. 1), no significant
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differences in the number of segments with perfusion improve-
ment, preservation or deterioration between all corresponding
defects of a given type and a subgroup of revascularised de-
fects of a given type were found. Similary as before, therefore, in
the further part of this presentation, all defects of a given type
(revascularised and nonrevascularised) were considered, com-
bined for the sake of better statistics. The percentage of defects
with perfusion improvement, preservation or deterioration be-
tween two postoperative studies was similar in every type of de-
fects but severe persistent defects, in which there was a signifi-
cantly higher percentage of segments with perfusion preserva-
tion (90% v. 62%) and a significantly lower percentage with per-
fusion deterioration (2% v. 19%).
Diagnostic concordance of the results from SPECT-I and
SPECT-II. Concordance of the postoperative results (SPECT-I
and SPECT-II) in the area of the defective segment was claimed
if in both studies the perfusion was better, unchanged or worse
than in preoperative study (SPECT-0). Concordance for dif-
ferent types of defects was similar (73–97%, globally: 87%,

Figure 1. Graphical illustration of postoperative changes in different types of preoperative myocardial perfusion defects (95%-confidence intervals for
printed values are given in Table 1). Top: changes in very early postoperative study (SPECT-I), bottom: changes in later postoperative study (SPECT-II)
— in comparison to preoperative state.

Figure 2. Graphical illustration of dynamics in perfusion changes be-
tween very early postoperative study and later study (95%-confidence
intervals for printed values are given in Table 2).
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CI0.95 = 83–90%), with the lowest (but not significantly) value in
small persistent defects.
The history of small persistent defects. In those defects, chang-
es in perfusion were different than in other types of defects. In the

early postoperative study, they presented perfusion improvement
less often (51%) than transient defects (80%) but more often than
other persistent defects (21%). On the other hand, they present-
ed no changes in perfusion less often (37%) than other persistent

Table 1. Changes in perfusion in postoperative studies (SPECT-I and SPECT-II), in relation to preoperative study (SPECT-0), in different
types of defects (small, medium and severe, transient v. persistent)

Types of defects % of defects with % of defects with % of defects
found in SPECT-0 perfusion improvement  no changes in with perfusion

after CABG perfusion after deterioration after
CABG CABG

(with 95-percentage confidence interval)

Small SPECT-I all defects (n = 83) 89% (80–94%) 4% (1–10%) 7% (3–15%)
transient revascularised defects only (n=74) 88% (78–94%) 4% (1–11%) 8% (3– 17%)

SPECT-II all defects (n = 65) 85% (74–92%) 6% (2–17%) 9% (3– 19%)
revascularised defects only (n=60) 83% (71–92%) 7% (2–16%) 10% (4– 21%)

Medium SPECT-I all defects (n = 114) 77% (68–84%) 16% (10–24%) 7% (4– 13%)
transient revascularised defects only (n = 105) 80% (71–87%) 14% (9–22%) 6% (1– 17%)

SPECT-II all defects (n = 104) 73% (64–81%) 14% (9–23%) 13% (7– 20%)
revascularised defects only (n = 98) 76% (66–74%) 13% (7–22%) 11% (6– 19%)

Severe SPECT-I all defects (n = 52) 73% (59–84%) 21% (11–35%) 6% (1– 16%)
transient revascularised defects only (n = 49) 71% (57–83%) 22% (12–37%) 6% (1– 17%)

SPECT-II all defects (n = 38) 79% (63–90%) 11% (3–25%) 11% (3– 25%)
revascularised defects only (n = 37) 78% (62–90%) 10% (3–25%) 10% (3– 25%)

Small SPECT-I all defects (n = 35) 51% (34–69%) 37% (21–55%) 11% (3– 27%)
persistent revascularised defects only (n = 29) 48% (29–67%) 38% (21–58%) 14% (4– 32%)

SPECT-II all defects (n = 30) 33% (17–53%) 40% (23–59%) 27% (12– 46%)
revascularised defects only (n = 24) 21% (7 - 42%) 46% (23–67%) 33% (16– 55%)

Medium SPECT-I all defects (n = 30) 27% (12–46%) 67% (47–83%) 7% (1– 22%)
persistent revascularised defects only (n = 25) 24% (9–45%) 68% (47–85%) 8% (1– 26%)

SPECT-II all defects (n = 28) 36% (17–54%) 57% (37–76%) 7% (1– 24%)
revascularised defects only (n = 23) 30% (13–53%) 61%  (39–80%) 9% (1– 28%)

Severe SPECT-I all defects (n = 54) 19% (9–31%) 81% (69–91%) 0% (0– 7%)
persistent revascularised defects only (n = 49) 12% (5–25%) 88% (75–95%) 0% (0– 7%)

SPECT-II all defects (n = 42) 19% (9–34%) 81% (66–91%) 0% (0– 9%)

revascularised defects only (n = 39) 15% (6–31%) 85% (69–94%) 0% (0– 9%)

Table 2. Dynamics of perfusion changes in different types of defects (small, medium and severe, transient v. persistent) between early
postrevascularisation study (SPECT-I) and later study (SPECT-II)

Types of defects % of defects % of defects % of defects
found in SPECT-0 with perfusion with no changes with perfusion

improvement in perfusion deterioration

(with 95-percentage confidence interval)

Small transient all defects (n = 65) 20% (11–32%) 63% (50–75%) 17% (9– 28%)
revascularised defects only (n = 60) 18% (10–30%) 63% (50–75%) 18% (10– 30%)

Medium transient all defects (n = 104) 15% (10–24%) 62% (52–70%) 23% (16– 32%)
revascularised defects only (n = 98) 16% (10–25%) 60% (49–70%) 24% (16– 33%)

Severe transient all defects (n = 38) 29% (15–46%) 61% (43–76%) 11% (3– 25%)
revascularised defects only (n = 37) 26% (12–43%) 66% (48–81%) 9% (2– 23%)

Small persistent all defects (n = 30) 10% (2–27%) 57% (37–75%) 33% (17– 53%)
revascularised defects only (n = 24) 8% (1–27%) 50% (29–71%) 42% (22– 63%)

Medium persistent all defects (n = 28) 21% (8–41%) 71% (51–87%) 7% (1– 24%)
revascularised defects only (n = 23) 17% (5–37%) 74% (52–90%) 9% (1– 28%)

Severe persistent all defects (n = 42) 7% (2–19%) 90% (77–97%) 2% (0– 13%)
revascularised defects only (n = 39) 5% (4–17%) 92% (79–98%) 3% (0– 13%)
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defects (76%) but more often than transient defects (13%). It was
the only group of defects in which the percentage of defects with
the same perfusion in SPECT-I and -II studies was not significant-
ly higher than the percentage of defects which were worse (57%
v. 33%). The resulting images in SPECT-II, in comparison to pre-
operative study, presented perfusion improvement less often (33%)
than transient defects (78%) but more often than severe persis-
tent defects (18%). They presented no changes in perfusion still
less often (40%) than other persistent defects (71%) and more
often than transient defects (11%). In summary, those were the
defects which early post CABG behaved differently from transient
defects as well as from more severe persistent defects and which
often became worse three months later.
Level of perfusion in rest. Rest uptake of Tc-99m-MIBI in small
transient defects theoretically has the closest equivalent in small
persistent defects (and only in cases of minimal reversibility of
small transient defects). Rest uptake of Tc-99m-MIBI in medium
transient defects theoretically has the equivalent in medium per-
sistent defects (in cases of minimal reversibility) or in small per-
sistent defects (in cases of significant reversibility). Rest uptake of
Tc-99m-MIBI in severe transient defects theoretically has the equiv-
alent in severe persistent defects (in cases of minimal reversibility),
in medium persistent defects (in cases of significant reversibility) or
in small persistent defects (if there was very big reversibility — which
was not observed in our study). But, despite similar rest uptake of
Tc-99m-MIBI, postoperative state of transient defects was different
from persistent defects. In small transient defects, perfusion im-
provement was more frequent than in small persistent defects (89
v. 51% in SPECT-I and 85 v. 33% in SPECT-II). In medium transient
defects, perfusion improvement was more frequent than in small
and medium persistent defects (77 v. 40% in SPECT-I and 73 v.
34% in SPECT-II). In severe transient defects, perfusion improve-
ment was more frequent than in medium and severe persistent
defects (73 v. 21% in SPECT-I and 79 v. 26% in SPECT-II).
Changes of perfusion state in patients. Changes in perfusion
in SPECT-I and SPECT-II in relation to SPECT-0, affiliated to pa-
tients (not to segments, as above), are shown in Figure 3. Perfu-
sion was better early after CABG than preoperatively in 37 of 43
patients (86%, CI0.95 = 72–95%), was unchanged in 3 patients
(7%, CI0.95 = 1–19%), and was worse in 3 patients (7%). Perfusion
was better late after CABG than preoperatively in 27 of 36 patients
(75%, CI0.95 = 58–88%), was unchanged in 6 patients (17%, CI0.95

= 6–33%), and was worse in 3 patients (8%, CI0.95 = 2–22%).
Among 36 patients with both postoperative studies, «concordance»
was achieved in 34 patients (94%); in one patient perfusion was
better in SPECT-I and worse in SPECT-II (in comparison to SPECT-0)
and in another one perfusion was worse in SPECT-I and better in
SPECT-II.
Changes in exercise capacity of the patients. Patients achieved
6.9 ± 2.7 MET (MET — metabolic equivalent; 1 MET = 3.5 ml O2

per kg and minute) during stress SPECT-0, 8.3 ± 2.5 MET
during SPECT-I (p < 0.01), and 9.7 ± 2.9 MET during SPECT-II
(p < 0.01 in comparison to SPECT-I and p < 0.00001 in com-
parison to SPECT-0). In SPECT-I, exercise capacity increased in
27 of 43 patients (63%, CI0.95 = 48–76%, NS in comparison to the
percentage of patients with perfusion improvement) and «concor-
dance» between perfusion and exercise capacity (improvement,
preservation or deterioration) was achieved in 26 of 43 patients

(60%, CI0.95 = 45–74%) in the early control term. In SPECT-II, exer-
cise capacity increased in 30 of 36 patients (83%, CI0.95 = 67–92%,
NS in comparison to the percentage of patients with perfusion im-
provement) and «concordance» between perfusion and exercise
capacity was achieved in 25 of 36 patients (69%, CI0.95 = 53–83%)
in the later control term.

Discussion

This study shows that in transient perfusion defects, the postop-
erative perfusion improvement measured during first 5 months
after CABG is more frequent than in small persistent defects and
than in medium-and-severe defects. Most often perfusion improve-
ment is observed in small transient defects  (taking into account
95-percent confidence interval, improvement can happen in over
90% of the defects). In all the types of transient defects, perfusion
improvement is most often observed after CABG. In small persis-
tent defects, perfusion improvement and lack of perfusion chang-
es are observed equally often. In medium and severe persistent de-
fects, lack of perfusion changes after CABG is most often observed.

Rest uptake of Tc-99m-MIBI in small transient defects theo-
retically has the closest equivalent in small persistent defects, rest
uptake in medium transient defects — in medium or small persis-
tent defects, and rest uptake in severe transient defects — in se-
vere or medium persistent defects. But we showed that despite
similar rest uptake of Tc-99m-MIBI, postoperative state of tran-
sient defects was different from persistent defects. So, preopera-
tive assessment of solely rest uptake, which is the basic method
of viability assessment with Tc-99m-MIBI proposed in internation-
al literature [5–9, 12], does not seem to be justified: if perfusion
defect at rest is associated with the presence of even minimal
deterioration of perfusion in stress (inducible ischaemia), then in
such a defect a higher probability of perfusion improvement after
CABG is observed than in persistent defects. These observations
are in agreement with Kitsiou et al. [13], who, in stress-rest viabil-
ity assessment with Tl-201, proved that even at a similar mass of
viable myocardial tissue (as reflected by the final thallium content
in redistribution-reinjection images), the presence of inducible is-

Figure 3. Changes in perfusion state in patients in very early postopera-
tive study (SPECT-I) and in later postoperative study (SPECT-II) — in
comparison to preoperative state.
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chaemia is associated with an increased likelihood of functional
recovery. They concluded that, although both reversible and mild-
to-moderate irreversible thallium defects after stress retain viable
myocardium, the identification of reversible thallium defect on
stress in an asynergic region more accurately predicts recovery
of function after revascularisation.

In the literature it was shown that perfusion Tc-99m-MIBI SPECT
studies (in rest) can accurately identify segments with improved
contractile function after revascularisation but have lower predic-
tive specificity than low dose dobutamine echocardiography (Bax
et al., on the basis of pooled analysis of 10 studies [12]). In that
report [12], however, the efficiency of the technique assessing
myocardial perfusion and viability was postoperatively evaluated
on the basis of function improvement, mainly by echocardiography.
Our goal was to investigate solely the myocardial perfusion and
to evaluate to what extent the character of perfusion disturbances
allows the state of perfusion after CABG to be predicted. Postop-
erative control study performed in the same way as preoperative
Tc-99m-MIBI SPECT study seemed to us the only precise method
of evaluation of the changes in perfusion caused by revasculari-
sation. And, despite the fact that the expected clinical result of
revascularisation is the functional improvement of the left ventri-
cle, and not only perfusion improvement, the latter is a necessary
condition for functional improvement achievement. It is not proved,
however, that it is a sufficient condition. Rohns et al., in isolated
rabbit hearts, showed that not all levels of reperfusion are equal for
optimal myocardial functional recovery: minimal perfusion improve-
ment may result in persistent stunning of myocardium, without im-
provement of contractility and oxygen consumption [14]. Also in
our study, we did not find a high concordance between perfusion
improvement and exercise capacity improvement — which may
support the idea about blood flow improvement which sometimes
is too low to cause functional improvement of a heart and clinical
improvement of a patient. Generally, however, smaller contractility
disturbances accompany better regional perfusion (although in
myocardial stunning, perfusion improvement may be ahead of func-
tional improvement even for 6–12 months after CABG) [15, 16].
Limitations. No quantitative approach to an assessment of de-
fect severity was applied in this work. Quantitative assessment
theoretically could be more exact in cases of making decisions
about minimal reversibility against nonreversibility. We believe,
however, that visual assessment performed by three observers
with many years experience in nuclear cardiology and consensus
achieved in every SPECT study guarantee reliable grading of de-
fect severity. The quantitative approach also suffers from known
limitations and does not work properly, for instance in situations
when the defect does not occupy the whole segment.

Conclusions

1. The result of preoperative stress-rest Tc-99m-MIBI SPECT myo-
cardial perfusion study is an exact predictor of the state of perfu-
sion measured early (< 5 months) after CABG. Postoperative re-
gional perfusion improvement depends above all on the type of
defect (improvement in every type of transient defect is significantly
more probable than in persistent defects) and on defect severity in
stress (improvement in small persistent defects is significantly more
probable than in medium and severe persistent defects).

2. Concordance of the results from SPECT performed early
(< 2 months) and 3 months later is high (87%) so timing during the
first 5 months after operation is not crucial for perfusion evaluation.
3. In small persistent defects, changes in perfusion are different
than in other types of defects — so it seems unjustified to consid-
er them together with transient defects (as “viable”) or with persis-
tent defects (as “nonviable”).
4. Preoperative viability assessment on the basis of Tc-99m-MIBI
study performed solely in rest is unjustified: at the similar perfu-
sion defect at rest, the presence of even minimal inducible is-
chaemia is associated with increased probability of perfusion im-
provement after CABG.

References

1. Wackers FJ, Berman DS, Maddahi J, et al. Technetium-99m hexakis
2-methoxyisobutyl isonitrile: human biodistribution, dosimetry, safety,
and preliminary comparison to thallium-201 for myocardial perfusion
imaging. J Nucl Med 1989; 30: 301–311.

2. Kiat H, Maddahi J, Roy LT, et al. Comparison of technetium-99m metox-
yisobutyl isonitrile and thallium-201 for evaluation of coronary artery dis-
ease by planar and tomographic methods. Am Heart J 1989; 117: 1–11.

3. Kahn JK, McGhie I, Akers MS, et al. Quantitative rotational tomogra-
phy with Tl-201 and Tc-99m 2-methoxy-isobutil-isonitrile. A direct com-
parison in normal individuals and patients with coronary artery dis-
ease. Circulation 1989; 79: 1282–1293.

4. Beanlands RSB, Dawood F, Wen WH, et al. Are the kinetics of techne-
tium-99m methoxyisobutyl isonitrile affected by cell metabolism and
viability? Circulation 1990; 82: 1802–1814.

5. Marzullo P, Parodi O, Raisenhofer B, et al. Value of rest thallium-201/
technetium-99m sestamibi scans and dobutamine echocardiography
for detecting myocardial viability. Am J Cardiol 1993; 71: 166–172.

6. Marzullo P, Sambuceti G, Parodi O, et al. Regional concordance and
discordance between rest thallium 201 and sestamibi imaging for
assessing tissue viability: Comparison with postrevascularisation func-
tional recovery. J Nucl Cardiol 1995; 2: 309–316.

7. Vom Dahl J, Altehoefer C, Sheehan FH, et al. Recovery of regional left
ventricular dysfunction after coronary revascularisation. Impact of
myocardial viability assessed by nuclear imaging and vessel patency
at follow-up angiography. J Am Coll Cardiol 1996; 28: 948–958.

8. Dakik HA, Howell JF, Lawrie GM, et al. Assessment of myocardial
viability with 99mTc-sestamibi tomography before coronary bypass
graft surgery. Correlation with histopathology and postoperative im-
provement in cardiac function. Circulation 1997; 96: 2892–2898.

9. Maes AAF, Borgers M, Flameng W, et al. Assessment of myocardial via-
bility in chronic coronary artery disease using technetium-99m sestamibi
SPECT. Correlation with histologic and positron emission tomographic
studies and functional follow-up. J Am Coll Cardiol 1997; 29: 62–68.

10. Minoves M, Garcia A, Magrina J, Pavia J, Herranz R, Setoain J. Evalu-
ation of myocardial perfusion defects by means of “Bull’s Eye” imag-
es. Clin Cardiol 1993; 16: 16–22.

11. Garcia EV, Van Train K, Maddahi J, et al. Quantification of rotational
thallium-201 myocardial tomography. J Nucl Med 1985; 26: 17–26.

12. Bax JJ, Wijns W, Cornel JH, Visser FC, Boersma E, Fioretti PM. Accu-
racy of currently available techniques for prediction of functional re-
covery after revascularization in patients with left ventricular dysfunc-
tion due to chronic coronary artery disease: comparison of pooled
data. J Am Coll Cardiol 1997; 30: 1451–1460.

13. Kitsiou AN, Srinivasan G, Quyyumi AA, Summers RM, Bacharach SL, Dilsi-
zian V. Stress-induced reversible and mild-to-moderate irreversible thallium
defects. Are they equally accurate for predicting recovery of regional left
ventricular function after revascularisation? Circulation 1998; 98: 501–508.



26

Nuclear Medicine Review 2001, Vol. 4, No. 1

www.nmr.viamedica.pl

Original

14. Rohns JT, Benedict MB, Bolling SF. Reperfusion adequacy and func-
tional recovery. Chest 1997; 112: 1075–1078.

15. Ragosta M, Beller GA, Watson DD, Kaul S, Gimple LW. Quantitative
planar rest-redistribution 201Tl imaging in detection of myocardial vi-
ability and prediction of improvement in left ventricular function after

coronary bypass surgery in patients with severely depressed left ven-
tricular function. Circulation 1993; 87: 1630–1641.

16. Takeishi Y, Tono-oka I, Kubota I, et al. Functional recovery of hibernat-
ing myocardium after coronary bypass surgery: Does it coincide with
improvement in perfusion? Am Heart J 1991; 122: 665–670.


