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Introduction and objectives. The aim of this study was 
to determine the diagnostic value of using myocardial 
perfusion single-photon emission computed tomography 
(SPECT) with intravenous atropine administration at the 
end of submaximal exercise testing.

Methods. One milligram of atropine was administered 
intravenously at the end of exercise testing to 172 patients 
who underwent a symptom-limited ergometric test but did 
not reach 80% of their peak heart rate without exhibiting 
angina or an ST-segment depression ≥1 mm. Within 1 
week, 23 patients who satisfied scintigraphic criteria 
for ischemia during SPECT with atropine underwent 
SPECT for a second time without atropine administration 
with the aim of comparing the presence and severity of 
scintigraphic ischemia between the two studies (SDS: 
summed difference score).

Results. Of the 172 patients, 75 (43.6%) developed 
angina (n=56) or ST-segment depression (n=30) during 
atropine administration. Eight of the 23 patients (35%) 
who underwent two tests exhibited scintigraphic ischemia 
(SDS ≥2) on only the test with atropine. Furthermore, the 
SDS was significantly greater on SPECT imaging with 
atropine (5.6 [4.5] vs. 3.1 [2.8]; P=.0001).

Conclusions. One-third of patients who met scintigraphic 
criteria for ischemia at the end of submaximal exercise 
testing and after atropine administration would not have 
met those criteria without administration of the drug.
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Prueba de esfuerzo submáxima y atropina  
en la SPECT de perfusión miocárdica

Introducción y objetivos. El objetivo de este estu-
dio es evaluar la eficacia diagnóstica de la tomografía 
computarizada por emisión monofotónica (SPECT) de 
perfusión miocárdica con la administración de atropina 
intravenosa al final de una prueba de esfuerzo con insufi-
ciente taquicardización.

Métodos. A 172 pacientes que, a pesar de realizar una 
prueba ergométrica limitada por síntomas, no alcanzaron 
un 80% de taquicardización, sin presentar angina ni des-
censo del segmento ST ≥ 1 mm, se les administró 1 mg 
de atropina intravenosa al final del esfuerzo. A 23 de es-
tos pacientes con criterios de isquemia gammagráfica en 
la SPECT con atropina, y en el curso de 1 semana, se 
les practicó una segunda SPECT sin la administración de 
atropina con la finalidad de comparar la presencia y la 
gravedad de la isquemia gammagráfica entre los dos es-
tudios (suma puntuación diferencial [SPD]). 

Resultados. De los 172 pacientes, 75 (43,6%) pre-
sentaron angina (n = 56) o descenso del segmento ST 
(n = 30) con la administración de atropina. De los 23 pa-
cientes en los que se hicieron ambas pruebas, 8 (35%) 
tuvieron isquemia (SPD ≥ 2) únicamente en la prueba con 
atropina. Además, la SPD fue significativamente superior 
en las imágenes de SPECT con atropina (5,6 ± 4,5 frente 
a 3,1 ± 2,8; p = 0,0001). 

Conclusiones. La administración de atropina al final 
de una prueba de esfuerzo insuficiente permite obtener 
criterios gammagráficos de isquemia en una tercera par-
te de los casos en que no se habría obtenido sin la admi-
nistración del fármaco. 

Palabras clave: Gammagrafía. Medicina nuclear. Enfer-

medad coronaria.
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rate without symptoms of angina or ST-segment 
alterations. 

Patients with the following contraindications for 
atropine were excluded: narrow angle glaucoma, 
obstructive uropathy, severe myasthenia, and 
obstructive gastrointestinal disease. In total, 23 
of the patients who satisfied criteria for ischemia 
during SPECT underwent myocardial perfusion 
SPECT for a second time without atropine after 
1 week with the aim of comparing the ergometric 
and scintigraphic results of the 2 tests. The study 
protocol was approved by the ethics committee of 
the hospital and all the patients gave their informed 
consent. 

Exercise Testing Plus Atropine in Myocardial 
Perfusion SPECT

All patients underwent symptom-limited cycle 
ergometry testing (Biodex Medical System 8450A), 
with an initial 50 W load with 25-W increments per 
step every 3 min. A cephalic vein was cannulated 
before the procedure and 1 mg of atropine was 
administered intravenously to those who did 
not reach 80% of their peak heart rate without 
exhibiting angina or ST-segment depression ≥1 mm, 
while maintaining the maximum level of physical 
exercise they could tolerate for an extra 2 min. 
Between 30 s and 60 s before the end of exercise 
testing, 10 mCi of a radiotracer with technetium 
(methoxyisobutylisonitrile or tetrofosmin) were given 
by injection with the aim of acquiring tomographic 
images between 30 min and 60 min later. The device 
used was a dual-head 90o gamma camera (E.CAM, 
Siemens), equipped with low-energy, high-resolution 
collimators, set at 20 s/image with acquisition over a 
circular 180o orbit. After the images were acquired 
during submaximal exercise, 25 mCi of the same 
radiotracer were intravenously injected to obtain 
images during rest between 1 h and 2 h later. 

Exercise Testing Without Atropine  
in Myocardial Perfusion SPECT

Within 1 week, 23 patients who satisfied 
scintigraphic criteria for ischemia during SPECT 
with atropine underwent exercise testing for a 
second time at the same level (power and metabolic 
equivalents [MET]) as before, but without atropine 
administration. Between 30 s and 60 s before the end 
of exercise testing, 10 mCi of the same radiotracer 
were administered to acquire exercise SPECT images. 
Resting images were not acquired, since the images 
obtained during the first study served as controls. 

The following parameters were used to assess 
ischemia: clinical (angina), electrocardiographic 
(magnitude of horizontal or downsloping ST-

INTRODUCTION

The inability to reach peak heart rate during exercise 
testing is a factor that decreases the sensitivity and 
negative predictive value of myocardial perfusion 
single-photon emission computed tomography 
(SPECT) to detect ischemia.1-3 Thus, any method 
that helps to improve peak heart rate during exercise 
testing is of clinical interest. 

Atropine is a muscarinic agent known to induce 
tachycardia and is commonly used in combination 
with dobutamine in echocardiographic and 
myocardial perfusion studies.4 However, its use as 
an aid in exercise testing has been little studied to 
date5-10 and its diagnostic value remains unknown 
compared to conventional stress protocols. 

The study hypothesis was that scintigraphic 
criteria of ischemia during myocardial perfusion 
SPECT plus atropine obtained during submaximal 
exercise testing would be superior to those obtained 
with submaximal exercise testing alone. Thus, the 
aim of this work was to assess the diagnostic value 
of SPECT with intravenous atropine combined with 
submaximal exercise testing. This methodology 
could be used in clinical care during myocardial 
perfusion SPECT in patients who do not reach 
peak heart rate during exercise testing and do not 
have contraindications for atropine. It would be less 
difficult to administer (a perfusion pump would not be 
needed) and the duration of exercise testing would be 
reduced compared to other current pharmacological 
protocols (dipyridamole, adenosine, dobutamine). 

METHODS

The ergometric and scintigraphic results were 
analyzed of a consecutive series of 172 patients who 
had been referred to myocardial perfusion SPECT 
for medical reasons and who had received atropine 
when they did not exceed 80% of their peak heart 

ABBREVIATIONS

IV: intravenous
MET: metabolic equivalent
SDS: summed difference score
SPECT: single-photon emission computed 

tomography
SRS: summed rest score
SSS: summed stress score
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(exercise with atropine compared to exercise without 
atropine). The c2 test was used to compare qualitative 
independent variables, and the McNemar test was 
used for the dependent variables. A P-value of <.05 
was used as a cutoff for statistical significance.

RESULTS

The clinical characteristics of the 172 patients 
studied and of the 23 patients who underwent 
exercise testing with and without atropine are shown 
in Table 1. In total, 76 patients (44%) reached ≥80% 
of their peak heart rate and 113 (60%) a product 
heart rate×maximum blood pressure ≥18 000. Heart 
rate and blood pressure significantly increased after 
atropine administration (Table 2). This increase 
could not have been due to the increase in the level 
of exercise, given that the load was not increased in 
any patient and even had to be slightly reduced in 
some patients so they could continue exercising for 
2 min after atropine administration. There was a 
significant increase in heart rate in patients who were 
taking beta blockers (92 [13] vs 116 [19]; P<.0001). 
In total, 56 patients (32.5%) developed angina after 
atropine administration and 30 patients (17%) 
exhibited ST-segment depression ≥1 mm. No patient 
experienced unwanted adverse effects immediately 
after the administration of intravenous atropine and 
just 2 patients experienced nausea between 30 min 
and 60 min later. 

segment depression) and scintigraphic (severity and 
extent of the perfusion defects). A 17-segment model 
was used in line with the American Heart Association 
guidelines,11,12 using a scale ranging from 0 points to 
4 points according to the intensity of ischemia (0 = 
normal, 1 = slightly decreased uptake, 2 = moderately 
decreased uptake, 3 = severely decreased uptake, 
and 4 = absence of uptake). Without the observers 
being aware of the clinical and ergometric data or of 
the other test results, the scores of exercise SPECT 
with atropine, submaximal exercise SPECT without 
atropine, rest SPECT and the difference between 
the exercise and rest score (SDS) were quantified on 
the polar maps.13 Scintigraphic criteria for ischemia 
were satisfied when the SDS was ≥2.

Statistical Analysis

The SPSS version 15 statistical package was used. 
The clinical, electrocardiographic, and scintigraphic 
diagnostic variables of myocardial ischemia 
recorded in the first study (exercise with atropine) 
and second study (exercise without atropine) were 
compared. The results of the quantitative variables 
were expressed as mean (standard deviation) (range), 
whereas the qualitative variables were expressed 
as percentages or proportions. The normality of 
the data was determined using the Kolmogorov-
Smirnov normality test. The Student t test was used 
to compare the quantitative variables of the 2 studies 

TABLE 1. General Characteristics of the Total Population and of the Patients Who Underwent a Dual Protocol, 

With and Without Atropine

 Total Population (n=172) Atropine (n=23) P

Age, mean (SD), y 64.2 (10) (39-87) 64.2 (8) (44-75) .981

Men 124 (72) 21 (91.3) .083

Weight, mean (SD), kg 74.5 (4.3) 79.6 (19.2) .12

Body mass index, mean (SD) 28 (4.5) 29 (5.7) .315

Prognostic indication 120 (69.8) 19 (82.6) .301

Previous infarction 68 (39.5) 9 (39.2) .849

Peripheral vasculopathy 11 (6.4) 2 (8.7) .976

Arterial hypertension 102 (59.3) 15 (65.2) .751

Dyslipidemia 105 (61) 20 (86.9) .027

Smoking 96 (55.8) 17 (73.9) .154

Diabetes mellitus 66 (38.4) 9 (39.2) .874

COPD or asthma 36 (21) 3 (13) .541

Beta-blockers 88 (51) 12 (52.2) .896

Calcium antagonists 41 (23.8) 7 (30.4) .666

Duration of the test, mean (SD), min 8.7 (2.4) 8.8 (2) .841

Power, mean (SD), W 96.1 (55.5) 108.7 (48.6) .221

Ejection fraction, mean (SD), % 57.5 (15) 56.1 (12) .664

Reversible defects (SPECT) 79 (45.9) 23 (100) <.001

Irreversible defects (SPECT) 80 (46.5) 11 (47.8) .917

COPD indicates chronic obstructive pulmonary disease; SPECT, single-photon emission computed tomography. 
Data are expressed as mean (standard deviation) (range) or n (%).
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When conducting an ergometric test, the physician 
does not usually know if the patient will be able 
to reach peak myocardial oxygen consumption, 
especially peak heart rate, which is the determining 
parameter. Very often the inability of the patient to 
reach peak heart rate only becomes apparent during 
the exercise test itself when the patient is close to 
physical exhaustion. Dipyridamole administration 
at this point involves extending the exercise by an 
amount of time impossible for the patient to maintain, 
even if the load is reduced: 4 min of perfusion plus 2 
min for administering the radionuclide and between 
30 s and 60 s more before exercise is finally halted. 
The administration of atropine would make it 
possible to markedly shorten this extra time. 

The intravenous administration of atropine 
has been combined with dobutamine with the aim 
of improving the diagnostic sensitivity of stress 
echocardiography4 and of myocardial perfusion 
SPECT21,22 when peak heart rate is not reached with 
dobutamine alone. Cousin-Sales et al6 administered 
0.5 mg of intravenous atropine to 44 patients 
who underwent submaximal exercise testing, and 
obtained increases in maximum heart rate of 13.7 
(7.4) beats/min; 74% reached a peak heart rate 
>80%. De Lorenzo et al7 obtained 85% peak heart 
rate in 44 of 47 patients (93.6%) who had received 
up to a maximum of 2 mg of atropine at the end of 
treadmill exercise testing. Our study hypothesis was 
to confirm whether intravenous administration of 

The ergometric and scintigraphic results of the 23 
patients who underwent SPECT with and without 
atropine are shown in Table 3. Twelve patients had 
previously undergone coronary angiography (6 had 
3-vessel disease; 3 had 2-vessel disease; and 3 had 
1-vessel disease). Of these 23 patients, 11 (48%) 
surpassed 80% of the peak heart rate. Six patients 
(26%) developed angina during the exercise test 
with atropine but not in the test without atropine. 
Furthermore, 5 patients (21.7%) exhibited ST-
segment depression ≥1 mm in the exercise test with 
atropine but not in the test without atropine. In 
addition, 8 patients (35%) developed scintigraphic 
criteria of ischemia (SDS ≥2) during SPECT with 
atropine but not in SPECT without atropine (Figure 
1 and Figure 2). The SDS was significantly greater 
in the SPECT studies with atropine (5.6 [4.5] vs 3.1 
[2.8]; P=.0001). 

DISCUSSION

When a patient is unable to perform any type of 
dynamic exercise, myocardial perfusion SPECT with 
the administration of dipyridamole or adenosine 
at rest14,15 or combined with isometric exercise16 
can provide good sensitivity and specificity for the 
detection of coronary artery disease.17,18 Whenever 
a patient is able to perform dynamic exercise, the 
information provided by the clinical, hemodynamic 
and electrocardiographic parameters is of high 
prognostic value. For this reason, in practice, 
exercise testing is usually the first option proposed 
by the cardiologist as a provocation maneuver in 
bloodless diagnostic tests for ischemia. 

Nevertheless, the sensitivity and negative predictive 
value of exercise testing and of myocardial perfusion 
SPECT are clearly related to maximum oxygen 
consumption and myocardial oxygen consumption.1 
Thus, if 80% of the peak heart rate, product heart 
rate×maximum blood pressures of 18 000 and 5 MET 
cannot be achieved then the sensitivity and negative 
predictive values are prohibitively low.2 In these cases 
it has been demonstrated that dipyridamole3,19 or 
adenosine20 administration combined with physical 
exercise can significantly improve the diagnostic 
value of the test. 

TABLE 2. Changes in Exercise Testing Variables Before and After Atropine Administration in the Total Population 

(n=172)

 Before Atropine After Atropine Difference (%) P

SBPmax 145 (23) 159 (24) 8.6 (5) <.001

HRmax beat/min 95 (13) 120 (17) 20 (8) <.001

HRmax with BB 92 (13) 116 (19) 20 (7.5) <.001 

SBP×HR 13 762 (2942) 19 025 (4177) 27 (7.2) <.001 

BB indicates beta blockers; HRmax, maximum heart rate; SBPmax, maximum systolic blood pressure. 

TABLE 3. Differences Between Studies With and 

Without Atropine (n=23)

  Without Atropine With Atropine P

Angina 0 6 (26) <.001

ST ≥1 mm 0 5 (21.7) <.001

Ischemia during SPECT, 15 (65.2) 23 (100) <.001 

 n (%)

SDS 3.13 (2.82) 5.65 (4.49) <.001

HRmax 102.4 (13.05) 120.4 (12.32) <.001

SBPmax 155 (25) 153.7 (39) .777

HRmax×SBPmax 15 704 (3636) 18 717 (3918) .001

HRmax indicates maximum heart rate; SBPmax, maximum systolic blood pressure; 
SDS, summed difference score; SPECT, single-photon emission computed 
tomography. 
Data are expressed as n (%) or mean (standard deviation).
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Furthermore, 23 of these patients with scintigraphic 
criteria for ischemia during SPECT with atropine 
underwent SPECT for a second time without 
atropine administration with the aim of comparing 
differences in clinical, electrocardiographic, and 
scintigraphic responses in the same patient. 

We observed that when the patient is already 
unable to improve their level of exercise and the 
heart rate reached is submaximal, the administration 
of atropine at the end of exercise testing significantly 
increases heart rate and blood pressure. Thus, 

atropine to patients who do not reach a peak heart 
rate without clinical or electrocardiographic criteria 
for ischemia could improve the diagnostic yield of 
the test. Thus, this methodology was applied in a 
series of 172 patients in whom myocardial perfusion 
SPECT was indicated for diagnostic or prognostic 
reasons. No patient experienced unwanted adverse 
effects and 43.6% of the patients presented clinical 
(32.5%) or electrocardiographic (17%) signs of 
ischemia, and this would also increase the sensitivity 
of the conventional exercise test. 

Figure 1. Examples of myocardial perfusion single-photon emission computed tomography (SPECT) with atropine (A) and without atropine (B) of a patient 
with stenosis of the anterior descending artery. The reversible septoapical defect observed during SPECT with atropine is not seen during SPECT without 
atropine. Quantification of the summed difference score (SDS) ranges between 4 and 1. SRS indicates summed rest score; SSS, summed stress score. 

Figure 2. Examples of myocardial perfusion single-photon emission computed tomography (SPECT) with atropine (A) and without atropine (B) of a patient 
with inferior infarction and stenosis of the anterior descending artery. The partially reversible anteroapical defect is more evident during SPECT with atropine. 
Quantification of the summed difference score (SDS) ranges between 6 and 1. SRS indicates summed rest score, SSS, summed stress score.

 SSS SRS SPD
 SSS SRS SPD

 SSS SRS SPD  SSS SRS SPD
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CONCLUSIONS

Our results indicate that one-third of patients who 
met scintigraphic criteria for ischemia at the end 
of submaximal exercise testing and after atropine 
administration would not have met those criteria 
without administration of the drug. 
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