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Abstract

Purpose: The ST segment depression occurring only in the recovery phase of an exercise testing (ET) (| STr)
is relatively rare (2.3-15%). This study aimed to investigate possible associations between |STr and ECG-
gated SPECT imaging alterations.

Methods: Observational study (April 2010-December 2012), including 92 consecutive patients with known
or suspected CAD with |ST anytime (=1 mm) during recovery on ET, and who underwent ECG-gated SPECT.
Mean age was 60+9.9 years, 74 (80.4%) male. A 5-point score (0-normal; 4-no uptake) and a 6-point score
(0-normal; 5-diskinesia) assessed perfusion and wall motion; LVEF assessed after ET. From ET data, |STr,
blood pressure (BP), heart rate (HR), time of tolerance to exercise, functional capacity (MET), time to onset
of |STr, and presence of arrhythmias were evaluated.

Results: Abnormal perfusion was found in 58 patients (63%), 60% had ischemia — either isolated or associated
with fixed defect, 31 (33.7%) abnormal wall motion; LVEF mean 57.8+11.6%, | STr 184.9 + 92.4 s, magnitude
1.2+£0.3 mm, 10.4+£2.7 MET; 16 pts (17.6%) had angina, 58 pts (63%) ventricular arrhythmias. There were
significant differences between |STr on ET and perfusion regarding male gender (p<<0.001, PPV=73%)); early
time of onset | STr [(< 3min) p=0.011, PPV=76.2%]; increased systolic BP <30mmHg during ET (p=0.002,
PPV=91.3%); and typical angina (p=0.025, PPV=87.5%). Transient defect was associated with male gender
(p=0.01), hypertension (p=0.04), and smoking (p=0.03). The PPV was 64% for |STr to the presence of
perfusion or wall motion abnormalities, and LVEF decrease.

Conclusions: |STr on ET showed strong association with ECG-gated SPECT alterations.

Keywords: Exercise Stress Testing, Myocardial Perfusion Imaging, St Segment Depression, Recovery
Phase.

1. Introduction diagnostic and prognostic value of ST segment

Exercise stress test (ET) has been used frequently for depressu.)n occurtng d““ng ETis yvell recanlze?d, the
assessment of suspected or known CAD, and exercise current literature is scarce in studies that investigated
induced ST segment depression is considered the the clinical significance of ST segment depression
hallmark of ECG diagnosis of CAD'2. While the that appears only in the recovery>". In the daily
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practice, ST depression only in the recovery phase
presents low prevalence, ranging from 2.3 to 15%*
1013 and has not been valued in most cases. Some
studies in symptomatic patients comparing abnormal
ST segment during exercise and in the recovery
phase showed both high sensitivity and specificity
for obstructive CAD when compared with cardiac
catheterization’. Little is known about the factors that
could be involved in these two different ST behaviors.
On the other hand, few studies!®!? investigated its
association with myocardial ischemia on myocardial
perfusion scintigraphy (ECG-gated SPECT). Hence,
the aim of this study was to assess whether there are
any associations between | STrand ECG-gated SPECT
imaging alterations and the PPV of the recovery-only
ST segment depression during ET.

2. Methods

The study was performed at the Department of
Nuclear Medicine and Molecular Imaging of the
Heart Institute of the University of Sao Paulo Medical
School Hospital and was approved by the institutional
ethics review board. All patients signed an informed
consent to take part in the study and to have its results
published as well.

2.1 Study Design

Observational study. We analyzed the data obtained
at the Department of Nuclear Medicine database from
consecutive individuals that had a clinical indication
to undergo ECG-gated SPECT and ET in patients
with suspected or known CAD.

» The inclusion criteria: The inclusion criteria were
sinus rhythm and interpretable electrocardiogram
for ischemic changes, positive ET and ST segment
depression only in the recovery phase.

» Exclusion criteria: Unstable angina, recent
myocardial infarction, pacemaker rhythm,
atrial fibrillation or flutter, left bundle branch
block, significant valve heart disease, and use of
digitalis.

ST segment depression was defined as >1.0 mm

(0.1 mV) horizontal or downsloping ST segment

depression occurring 80 ms after the J-point in at

least two contiguous leads, consistent with the current
practice guidelines.!?

2.2 Exercise Testing

Patients underwent ET on a GE model CASE 2100
(GE Medical Systems, Wisconsin, USA) treadmill.
ET consisted of a symptom-limited exercise treadmill

according to the Bruce protocol. ECG, blood pressure
(BP) and heart rate (HR) were recorded at rest, during
each exercise stage, and every minute until the 6"
during recovery. The interruption criteria of ET were
the same described in the current guidelines'?.

We analyzed the following parameters during ET:
time to onset of | ST in the recovery phase (| STr) and
magnitude of (|STr); exertional angina; abnormal
increase in systolic blood pressure during exercise
(SBP <30 mmHg); maximal heart rate (HR) achieved
(>85%); time oftolerance to exercise (TTE); functional
capacity in MET, and ventricular arrhythmias
(frequent premature ventricular complexes, couplets or
nonsustained ventricular tachycardia). We considered
the three minutes point in the recovery phase as the
cut-off to classify ST segment depression as early (<
3 min) or late (> 3 min).

Patients were instructed to fast for 4 hours and
abstain from caffeine and cigarettes for 24 hours, to
discontinue beta-blockers or calcium channel blocker
medications for 3 days and long-acting nitrates for 6
hours before the exam.

2.3 ECG-Gated SPECT Myocardial Perfusion
Imaging (MPI)

ECG-Gated SPECT myocardial perfusion imaging
(MPI) technetium-99m sestamibi at rest and during
stress was performed on all patients using one-
day protocol. Tomographic images were acquired
using a dual-head gamma camera equipped with
high-resolution parallel-hole collimators (Cardio
MD, GE Medical Systems, Wisconsin; or Forte,
Philips Medical Systems, Cleveland, Ohio - USA).
Rest images were acquired 50 minutes after the
intravenous injection of 10 mCi of Tc-99m sestamibi,
and stress were performed 15 to 30 minutes after peak
stress injection of 30 mCi of Tc-99m sestamibi. Left
ventricular ejection fraction (LVEF) was determined
from ECG-gated post stress Tc-99m myocardial
perfusion images (4D QGS, version 2012.2). ECG-
gated SPECT interpretation was performed at the
time by one experienced Nuclear Medicine medical
doctor, using a semi-quantitative S5-point score
analysis in the 17-segments model (0-normal, 1-mild
uptake, 2-moderate, 3-severe, and 4-no uptake) for
relative myocardial perfusion distribution, and 6-point
score for regional wall motion (0-normal, 1-mild
hypokinesia, 2-moderate, 3-severe, 4-akinesia, and
5-dyskinesia), according to the American Society of
Nuclear Cardiology guidelines'*. The perfusion images
were analyzed in conjunction with the left ventricle
regional wall motion and thickening. Summed stress
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scores (SSS), summed rest scores (SRS), and summed
difference scores (SDS) were determined. An SDS of
< 2 was considered as no ischemia, 2-6 indicates mild
ischemia, 7-10 moderate, and >11 as severe ischemia.
LVEF dysfunction was considered when < 50%."*

2.4 Statistical Analysis

Descriptive analysis was performed using measures
of position and dispersion for quantitative variables
(mean and standard deviation), and percentages for
qualitative variables. In a second step, we studied
which variables, observed in patients with ST segment
depression only in the recovery phase were associated
with higher positive predictive value (PPV) related to
myocardial perfusion alterations using Fisher’s exact
test for qualitative variables. Additionally, the Mann-
Whitney test was used to compare the variable time

Table 1. Clinical characteristics and exercise test results

to onset of |STr. P value < 0.05 indicated statistical
significance. Finally, the PPV of ET with its respective
95% confidence interval was presented.

3. Results

Data from ninety-two subjects were included in the
study. The prevalence of ST segment depression in the
recovery phase in our population was 1.5%. Mean age
was 60.0 = 9.9 years (37-88y), 74 (80.4%) male and
18 (19.6%) female. In this group, 19 pts (20%) had a
history of previous CABG, 24 pts (25%) myocardial
infarction (MI), and 32 pts (35.2%) PCI. Hypertension
and dyslipidemia were the more prevalent risk factors
in this population (77.53% and 62.92%, respectively).
The baseline characteristics for all patients are listed
in Table 1.

Variables All (n =92)
Age (37-88y) 60.0 £ 9.9 years
Male 74 (80.4%)
Weight (42 - 115 Kg) 74.6x£14.0
BMI (17.4 - 40) 26.6+4.0
Diabetes 24 (25.8%)
Smoking 34 (37.0%)
Hypertension 71 (77.5%)
Dyslipidemia 58 (62.9%)
Obesity 21 (22.8%)
Previous events (-)
CABG 19 (20%)
MI 24 (25%)
PCI 32 (35%)
Medications (-)
Betablockers 62 (67.4%)
Calcium antagonists 10 (10.9%)
Nitrates 15 (16.3%)
ECG-Gated SPECT (-)
Mean LVEF post stress % (20% - 84%) 57.8+£11.6
<50% LVEEF post stress 15 (16.3%)
LV wall motion abnormalities 31 (33.7%)
Mild/moderate Hypokinesia 17 (18.5%)
Severe hypokinesia, akinesia or dyskinesia 14 (15.2%)
Exercise Test (-)
TTE (259 - 918 s) 546 + 130.5
A SBP (10 — 130 mmHg) 48.6 +£24.0
A DBP (-30 — 40 mmHg) 0.6+£12.3
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ISTr (16 — 420 s) 184.9 £ 92.4
Resting HR (BPM) 72.8+11.6
Peak HR (BPM) 149.2 + 15.0
Resting SBP (mmHg) 135.6 +17.0
Peak SBP (mmHg) 184.3 +24.8
Exercise capacity (4.6 — 19.8 MET) 10.4+2.7

IST in recovery magnitude (1.0 — 2.0 mm) 1.2+0.3

Exertional angina 16 (17.6%)

BMI — body mass index, BPM — beats per minute, CABG — coronary artery bypass graft surgery, LVEF — left ventricle ejection
fraction, ADBP - increase in diastolic blood pressure, HR - heart rate, MET - functional capacity, MI — myocardial infarction, PCI

— percutaneous coronary intervention, ASBP — increase in systolic blood pressure, |STm — magnitude of ST segment depression,

LSTr - time to onset of | ST in recovery; TTE - time of tolerance to exercise.

3.1 Exercise Test Data

Eighty patients (87%) achieved at least 85% of
the maximum predicted HR. The mean TTE was
546+130.5 s (range 259 to 918 s) and the mean time
to the onset of |STr was 184.9 + 92.4 s (range 16 to
420 s). We observed that 48 pts (52.2%) showed a
late onset (> three minutes) of |STr. The magnitude
of |STr was 1.2 = 0.3 mm (range 1.0 to 2.0 mm), and
exertional angina was observed in 16 pts (17.6%). The
mean increase in SBP was 48.64+23.4 mmHg (range
10 to 130 mmHg), and in diastolic blood pressure
(DBP) was 0.6+12.3mmHg (range -30 to 40 mmHg),
although 24 pts (26.14%) showed abnormal increase
in SBP (< 30 mmHg) during ET. The mean functional
capacity was 10.4+2.7 MET (range 4.6 to 19.8 MET),
and exercise-induced ventricular arrhythmias were a
common finding, observed in 58 pts (63%). Data are
disclosed in Table 1.

3.2 ECG-Gated SPECT-MPI

We observed that |STr showed association with
SPECT-MPI abnormalities in 58 pts (63%), and 34
pts (37%) had normal perfusion images. Nearly 60%
(n= 35) of those pts with abnormal perfusion showed
isolated ischemia or ischemia associated with fixed
defects, and 23 pts (40%) showed only fixed defects.
Moderate to severe ischemia was observed in 23 pts
(25%). ECG-gated SPECT perfusion abnormalities
were found in 73% of the male gender, whereas only
in 22% of the female pts, which agrees with false-
positive ET results in women.

Mean LVEF, end systolic and end diastolic volumes
in post stress images were 57.8+11.6%, 43.4 + 30.7ml
and 95.7 + 45.5ml, respectively. Left ventricular
regional wall motion abnormalities were found in
31 pts (33.7%), and 61 pts (66.3%) had normal
wall motion. Mild/moderate hypokinesia was found

in 17 pts (18.5%); severe hypokinesia, akinesia or
dyskinesia in 14 pts (15.2%), and 15 pts (16.3%)
showed decreased LVEF on post stress phase.

3.3 Comparison of ET and ECG-Gated SPECT-
MPI

There was statistically significant association between
early onset |STr and any perfusion defect at ECG-
gated SPECT (p=0.01). Marginal association with the
presence of ischemia (p=0.06) was found, for early
and late | STr.

Exercise test variables that showed significant
association with |STr were: male gender (p<0.001),
increase in SBP < 30 mmHg during ET (p=0.02),
early onset | STr (p=0.04), and angina (p=0.02) (Table
2). Although frequent, there was no statistically
significant association between any complex
arrhythmias and perfusion alterations (p=0.24), nor
with functional capacity (p=0.24), probably because
the mean functional capacity was >10 MET.

Patients who presented with only transient defects on
ECG-gated SPECT showed statistically significant
association with male gender (p=0.01); hypertension
(p=0.04); smoking (p=0.03), and marginal significance
with increase in SBP <30 mmHg during ET (p=0.09).
We also found that fixed perfusion defects were
associated with exertional angina (p=0.02) and SBP
<30 mmHg (p=0.02). (Table 2)

The PPV of'the | STr on ET was 64% for any alteration
on myocardial perfusion, regional LV wall motion or
LVEEF. (Table 2)

Early appearance (< 3 min) of | STr, exertional angina,
and abnormal SBP < 30 mmHg during ET showed
the highest PPV for any abnormality on ECG-Gated-
SPECT, (76.2%, 87.5%, and 91.3%, respectively).

17 Archives of Cardiology and Cardiovascular Diseases V6. I1. 2024



Recovery-only PPV of Exercise Test vs ECG Gated SPECT

Table 2. P-values results for the association between myocardial perfusion abnormalities with demographic data and exercise

testing parameters

Variables Any perfusion defect Ischemia Iss‘l]:ll:l fliz;:; :ls:fl;irtrsna Fixed defects
Male gender <0.001 0.01 0.003 0.06
Hypertension 0.07 0.04 0.07 0.54
Diabetes 0,45 0.63 1.00 0.08
Dyslipidemia 0.65 1.00 0.82 0.78
Obesity 1.00 1.00 0.62 0.57
Smoking 0.12 0.03 0.13 1.00
Functional capacity 0.24 0.16 0.41 1.00
Increase in SBP <30 mmHg <0.001 0.09 0.22 0.02
Time to onset of |STr 0.04 0.66 0.29 0.09
Angina 0.02 0.27 0.28 0.02
Ventricular Arrhythmias | 0.10 | o016 | 0.43 | 0.93

MET - functional capacity; SBP - systolic blood pressure; |STr - time to onset of | ST in recovery.

Male gender also showed high association with any
SPECT-MPI alterations (PPV 73%), (true-positives
results by ET). This was not found in the female

gender, which is known to show more false-positive
results in the recovery. (Figure 1)

100%

B80% 73.0%
57.3%
B0%:
40%
22.2%
- .
0%
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Predictive value of positive testing

87.5%

With

91.3%
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0 =30

ASEP mmHg

54.4%

=3 Early Late

DURATION OF L.5T

Figure 1. Positive predictive value for any perfusion defect in relation to gender, exertional angina, abnormal increase in SBP
and early or late time to onset of STr; F = female, M = male, DSPB = increase in systolic blood pressure during exercise,  STr =
ST segment depression in the recovery phase

3.4 Cardiac Catheterization

Forty-three patients underwent invasive evaluation,
by cardiac catheterization (n=41) and by noninvasive
evaluation by CCTA (n=2). We found two- or three-
vessel disease (> 50%) in 76%; one-vessel disecase
in 12%; normal coronary arteries in only 7%, and
myocardial bridges in 5%.

4. Discussion

Our main finding was that the appearance of |STr
should be valued, since we found a significant
association with any perfusion defects, either fixed
or transient, by ECG-Gated SPECT. There was
higher PPV especially in males, and in those who

presented with angina during ET, depressed response
of SBP during exercise (that would express severity
in relation to ischemia or ventricular function), and
early time of appearance of |STr. This emphasizes
the importance of the observance of multifactorial
analyzes of an ET, beyond ST segment depression.
We did not find differences between genders related
to time of appearance of |STr, but there were more
false-positive results in women. Our data also showed
that the diagnostic power of |STr is very similar to
that induced during the exercise.

Moreover, Laukkanen and cols'® reported that |STr
was a stronger predictor of sudden cardiac death in
comparison with the ones occurring during exercise
in men with any conventional risk factors.
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Although uncommon, this finding should be carefully
assessed when evaluating the results of an ET, since
it seems to be able to identify asymptomatic high-risk
patients who could benefit from further appropriate
management.

The value of ECG-gated SPECT in the assessment of
prognosis in patients with known or suspected CAD
is well established'®. The high percentages of severe
perfusion defects and/or wall motion abnormalities in
the study population indicate that a significant number
of patients with | STr phase either have severe CAD
or should undergo further investigation.

The first study that correlates | STr with scintigraphic
incidence of ischemia was performed using planar
Thallium-201 imaging®. Moreover, two other studies
assessed ECG-gated SPECT in patients with ST
segment depression only in the recovery phase. Soto
and cols'® demonstrated that only 17 patients exhibited
1 STr (3% of the whole population) in a study cohort of
566 patients, and ischemia on MPI was found in 65%
of them. In the other study, 50 consecutive patients
referred for evaluation of known or suspected CAD
and | STr, the presence of fixed or reversible perfusion
defects was found in 60%'%. Our data is in agreement
with what has already been described. Fifty-six percent
of patients with perfusion abnormalities had moderate-
severe ischemia, while 52% of those with regional
LV wall motion abnormalities showed severe motility
alterations. Additionally, we found a PPV of 64%
when analyzing |STr in any myocardial perfusion,
regional wall motion or LVEF abnormalities.

The existing literature about the prevalence of
ISTr of ET reports a variance from 2.3 to 15%%*"2.
This variability can be probably explained mainly
by differences in the study population®!, although
the adoption of different definition criteria for
interpretation cannot be excluded. The ST segment
changes occurred in the recovery have the same
meaning, not only in diagnosis but also in prognosis,
of those occurring during exercise’®. The diagnostic
and prognostic power of |STr seems to be similar to
those changes observed during stress.

Littleisknownabouttheactualrole ofeach factorduring
the onset of ST segment depression The following
factors may be involved in the ischemic response only
in the recovery phase: continued abnormal lactate
production'”'8, mechanical dysfunction after induced
ischemia, decrease in coronary output after exercise,
electrophysiological changes at cellular level in the
ischemic region, and effects of physical training.!*?

On the other hand, we did not find severe ST segment
depression (> 0.2 mV), as we usually observe during
an ET. Probably, ST segment depressions could be
smaller due to lower heart rates than during exercise
heart rates.?** This study found amagnitude of 1.2 mm
of | STr on average, although nearly 63% of them had
myocardial perfusion abnormalities. It is important
to remember that some of ST segment depressions
appeared later than the third minute of the recovery
phase. We also did not find any association either of
ventricular arrhythmias or functional capacity with
myocardial perfusion abnormalities. All the patients
had a good performance for the expected age (10.4
MET), parameters frequently associated with ET
prognosis?’,

We highlighted the results from a 55-year-old
gentleman with previous anteroseptal MI successfully
treated with PCI who was referred for ECG-gated
SPECT for clinical follow up. He also had a positive
family history of CAD and hypertension.

The patient’s ECG and BP prior and during exercise
were found to be normal. During the 5" min of the
recovery, a significant ST depression was observed
in DII, DIII, aVF, V6 (downsloping |ST 1,0 mm),
that improved without medical intervention at the
11" minute (Figures 2A, 2B and 2C). Myocardial
perfusion imaging showed mild ischemia in the
inferior wall (SDS = 4), and fixed defect in the septal
and anteroseptal walls (Figure 3). After completing
the stress images, the patient experienced severe chest
pain and hypotension (BP=70X40 mmHg). The ECG
showed ST segment elevation in the anterior wall
(Figure 4). The patient was transferred to the cath-lab
for urgent coronary angiography that showed acute
proximal occlusion of LAD and 50% of RCA. The
patient underwent drug-eluting stenting in LAD with
good results (Figures 5A, 5B and 5C). This was an
unusual case where the onset of |ST occurred very
late along the recovery phase and the patient evolved
with acute coronary syndrome. The lack of perfusion
defects on the anterior wall may be related to the
delay between the radiopharmaceutical injection and
the start of the ischemic alterations.

These data came to reinforce the importance of
the observation of ECG in the post exercise phase,
that should be performed for at least six minutes as
recommended by the current guidelines on exercise
testing!.
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Figure 2. 4. Rest ECG of a 55-y.0. man previously treated with PCI for anteroseptal MI and normal exercise test. B. Peak exercise

ECG. C. ECG at the 5th min (5 min, 46 s) in the recovery phase.

Figure 3. Myocardial perfusion imaging showing a fixed defect in the anteroseptal wall and mild ischemia in inferior wall.
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Figure 4. ECG at 40 min after exercise test showing ST segment elevation in the anterior wall. The patient had severe chest pain
and hypotension (BP=70X40 mmHg)

S5A

5B

5C

Figure 5. 4 and B. Cardiac catheterization showing 50% of RCA and total occlusion in proximal LAD, that probably occurred
post exercise test; C. LAD treated with pharmacological stenting, showing final result (Post PCI).
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4.1 Study Limitations

Our study has some limitations. First of all, this
was a single-center observational study performed
with a select population of patients with ST segment
depression only in the recovery phase of ET. Its results
may not be applicable to all such CAD patients, given
the great diversity of clinical situations in which this
can be present yielding different results. Moreover,
cardiac catheterization or CCTA was not available in
all patients, but we could analyze the data from most
of them whose ECG-Gated SPECT images presented
alterations. Usually, the absence of relative perfusion
defects in myocardial perfusion imaging studies is
associated with not significant CAD'". Also, most
of the patients were taking anti-ischemic drugs that
could suppress myocardial ischemia and modify the
results of stress myocardial perfusion imaging and
ST segment alterations as well**2. Moreover, we
did not use any attenuation correction software for
the analyses. Transient ischemic dilatation (TID)
and LV volumes during rest images that would
provide information about LV function at rest were
not assessed, since we were focused on ST segment
behavior. Finally, we did not perform any follow up
of these patients.

The data about cardiac catheterization or CCTA was
obtained in <50% of the patients, but these data are
also in agreement with other reports in patients with
ISTr."

5. Conclusion

ST depression during recovery should be considered
since we observed a strong association with ECG-
gated SPECT alterations, especially regarding
abnormal increase in SBP during exercise, chest pain,
early onset of | STr, or male gender.

These are important findings and justify the additional
assessment by ECG-gated SPECT when this ST
behavior is present.

Knowledge Gain

ST segment depression during recovery phase of an
ET had a strong association with ECG-gated SPECT
alterations.
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