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year, respectively. Cardiac events were associated with a his-
tory of diabetes (p  !  0.0003) and a family history of CAD (p  !  
0.05).  Conclusion:  A normal cardiac PET study is associated 
with a very low rate of future cardiac events. Women with 
diabetes and a strong family history of CAD are more likely 
to sustain events and require close surveillance for the devel-
opment of coronary disease.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Coronary artery disease (CAD) has become the lead-
ing cause of mortality in women in the USA, accounting 
for 220,000 deaths per year  [1, 2] . CAD deaths in women 
now outnumber those in men, and 38.2 million women 
in the USA are estimated to have CAD  [1–3] . Thus, the 
accurate diagnosis of CAD in women has become in-
creasingly important, but may be more clinically diffi-
cult to achieve than in men. Chest pain and the clinical 
presentation of CAD in women are often atypical  [1, 4] , 
and routine diagnostic tests, such as stress electrocardi-
ography, may be associated with a high incidence of 
false-positive findings  [4, 5]  .  Stress myocardial perfu-
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 Abstract 

  Objectives:  Myocardial perfusion imaging (MPI) with posi-
tron emission tomography (PET) has advantages over single-
photon emission computerized tomography, particularly for 
women. This investigation was undertaken to define the 
prognosis of a normal stress PET MPI study in women.  Meth-

ods:    The cohort comprised 457 women evaluated for sus-
pected coronary artery disease (CAD) who had normal phar-
macologic stress  82 Rb PET MPI. No patient had clinically evi-
dent CAD. Kaplan-Meier estimates were used to determine 
death and initial nonfatal cardiac event rates over 7 years. 
Log rank tests were used to assess the relationship be-
tween baseline cardiac risk and events during follow-up,
and to contrast survival in the cohort with age- and gender-
matched US census comparators.  Results:  During follow-up, 
there were 11 deaths (all nonischemic), 3 nonfatal myocar-
dial infarctions, 3 percutaneous coronary interventions and 
1 coronary artery bypass operation. Average risks of death 
and initial nonfatal cardiac events were 0.72 and 0.47% per 
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sion imaging (MPI) using  201 Tl in women report a sig-
nificant incidence of false-positive results due to vari-
able soft tissue (breast) attenuation  [6–9]  .  MPI studies 
using technetium isotopes, quantification and gated 
single-photon emission computerized tomography 
(SPECT) wall motion studies achieve higher sensitivi-
ties, specificities and normalcy rates. However, variable 
breast attenuation and smaller heart size in women still 
pose problems for the clinical interpretation of MPI, and 
may result in reductions in both specificity  and  sensitiv-
ity  [10–13] . The optimum method to diagnose women at 
risk for cardiac events remains a subject of investigation 
 [14] . 

  Although women with normal SPECT studies have a 
low cardiac event rate ( ! 0.7%)  [15–17] , limitations of con-
ventional noninvasive diagnostic tests may lead to studies 
that are equivocal or nondiagnostic  [12] . Compared to 
SPECT, positron emission tomography (PET) has poten-
tial advantages for performing stress MPI in women, in-
cluding superior spatial resolution and validated attenua-
tion correction  [18, 19] . In women who have had noninva-
sive studies that are either nondiagnostic or suspected of 
being false positive due to attenuation, a subsequent nor-
mal PET study may indicate normal myocardial perfusion 
and an excellent long-term prognosis, obviating the need 
for invasive contrast-based imaging  [20] . However, few 
data are available on the prognostic value of a normal PET 
scan in women  [21] , nor has any study specifically exam-
ined the prognosis of a normal PET study in women with-
out prior history of coronary disease  [21, 22] .

  The purpose of this investigation was to further define 
the prognosis of a normal stress PET MPI in women. We 
focused on a cohort with no preceding history of clini-
cally evident CAD, so that our data would be applicable 
to the typical patient who presents for evaluation of chest 
pain or suspected CAD. Our hypothesis was that in this 
group, a normal PET MPI would effectively rule out prog-
nostically important CAD and eliminate the need for 
further invasive cardiac studies.

  Methods 

 The study was approved by the Committee on Scientific Ac-
tivities of Beth Israel Medical Center, New York, N.Y., USA. In-
formed consent was obtained from all subjects, or from next of 
kin for patients who had died during follow-up.

  Patient Selection 
 The sample was drawn from a consecutive series of women 

who underwent pharmacologic stress PET MPI for the indica-

tions of chest discomfort, investigation of symptoms presumed to 
be an angina equivalent, or to otherwise evaluate suspected CAD. 
All tests were performed at Beth Israel Medical Center, New York, 
from November 1995 to December 1998. The study cohort in-
cluded all female patients who met the following criteria: (1) no 
history, prior to PET imaging, of myocardial infarction (MI), per-
cutaneous coronary intervention (PCI) or coronary artery bypass 
graft surgery (CABG); (2) for any patient who had coronary angi-
ography performed prior to PET imaging, no major coronary ar-
tery or branch vessel with  1 50% stenosis; (3) rest and stress  82 Rb 
PET perfusion imaging interpreted as normal, with no perfusion 
defects on either set of images, by qualitative interpretation per-
formed by an experienced reader, and (4) willingness to partici-
pate in a clinical follow-up assessment. 

  There were 579 women who had a normal PET during the pe-
riod outlined above. Eighty-one patients were excluded because 
of a prior history of documented CAD (as defined above). There 
were 41 patients who were excluded because of refusal to partici-
pate in the study, uncertainty regarding the presence of preexist-
ing CAD or lack of follow-up after the index PET. The remaining 
457 patients (92% of total eligible patients) comprise the cohort in 
the present analysis.

  Pharmacologic Stress  82 Rb PET MPI 
 Pharmacologic stress testing was performed using dipyridam-

ole, or dobutamine in the small minority of patients with reactive 
airways disease  [23] . Stress testing procedures, including patient 
preparation, duration of fasting, abstention from caffeine and 
withholding of cardiac medications, conformed to accepted stan-
dard protocols  [24] . Blood pressure, heart rate and cardiac rhythm 
were monitored throughout. At rest, an activity of 1.48–1.65 GBq 
(40–50 mCi) of  82 Rb was infused over 20–30 s from a strontium-
rubidium generator (Bracco Diagnostics Inc., Princeton, N.J., 
USA), which measured the delivered dose using a beta probe  [25] . 
At peak pharmacologic stress (8 min after dipyridamole injection, 
or at peak heart rate during dobutamine testing), an identical ac-
tivity of isotope to that used for rest imaging was infused and 
stress images were acquired. PET imaging was performed as pre-
viously reported  [26, 27] , using a Posicam PET camera (Positron, 
Houston, Tex., USA), a 21-slice bismuth germanate oxide system 
with an 11.5-cm field of view and 5.0-mm in-plane intrinsic reso-
lution. Transmission scans for attenuation correction used a  68 Ge 
line source and a fan beam rejection method for minimizing ran-
dom counts  [28] . Perfusion imaging was performed in profile 
mode. A 6-min static acquisition was begun 70 s after the infusion 
of isotope to allow for clearance of blood pool activity. Image data 
were reconstructed into transaxial tomograms using algorithms 
providing 10- to 12-mm axial resolution for the heart (Butter-
worth filter, cutoff 0.4, order 5.0, z-axis smoothing). Transaxial 
images were reoriented into standard vertical and horizontal 
long-axis and short-axis tomograms. Standard polar coordinate 
maps were constructed from the short-axis data with counts nor-
malized to peak myocardial values. 

  Image Interpretation 
 A nuclear cardiologist with extensive experience in cardiac 

PET imaging qualitatively reviewed the ungated rest and stress 
vertical and horizontal long-axis and short-axis tomograms si-
multaneously for the presence of perfusion defects. A convention-
al 17-segment left ventricle model was used  [29] , and segmental 
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perfusion was graded on a 4-point scale (0 = normal, 1 = mild 
perfusion defect, 2 = moderate perfusion defect, 3 = severely re-
duced  82 Rb uptake). All patients in this study had been judged to 
have completely normal myocardial perfusion (equivalent to a 
summed stress score of 0) in all segments, for both rest and stress 
imaging, on the original clinical report. The studies were not re-
interpreted retrospectively for the purpose of this investigation.

  Assessment of Baseline Risk Factors and Events during 
Follow-Up 
 Demographics, clinical history and coronary risk factors (dia-

betes, hypertension, hypercholesterolemia, family history of 
CAD and smoking history) were evaluated at the time of the index 
PET study. Events during follow-up (death, nonfatal MI, PCI or 
CABG) were determined by telephone and/or postal mail contact 
with the patient (or a family member or caregiver, if the patient 
could not be contacted) and the patient’s physician and were con-
firmed by review of medical and vital records. The services of 
Pension Benefits Information, San Rafael, Calif., USA, were en-
listed to locate patients who were lost to follow-up, to verify deaths 
among this subgroup and to assist in the procurement of death 
certificates. Cardiac events were defined, and deaths were classi-
fied as cardiac (ischemic or nonischemic) versus noncardiac, us-
ing accepted standards  [30] . 

  Statistical Analysis 
 Summary statistics are presented as mean  8  standard devia-

tion or number and percentage, as appropriate. The Kaplan-Mei-
er product limit estimate method was used to define the time from 
the index PET study to (1) death (all causes) and (2) initial nonfa-
tal ischemic events (MI, PCI or CABG) during follow-up among 
members of the cohort. Univariable Cox model analysis and log 
rank test comparisons of Kaplan-Meier curves were used to de-
termine the impact of age and coronary risk factors (evaluated 
individually and as total number of risk factors per patient) on the 
time to cardiac events among the cohort. Multivariable analysis 
was not performed due to low event rates. The rates of death (all-
cause mortality) among members of the cohort were compared to 
those of age-matched women drawn from US census data using 
the one-sample log rank test  [31] . Probability (p) values  ! 0.05 
(2-tailed test) were considered significant.

  Results 

 Patient Characteristics 
 The study group comprised 457 women, mean age 63 

 8  12 years (range 29–90 years). Their average number of 
major cardiac risk factors (diabetes, elevated cholesterol, 
cigarette smoking within the last 10 years, hypertension 
or family history of CAD prior to age 55) was 1.7  8  1.2 
( table 1 ). 

  Cardiac Events during Follow-Up 
 During an average follow-up of 3.3  8  1.6 years (range 

0.2–7.2 years), there were 11 deaths, including 9 noncar-

diac deaths and 2 cardiac deaths (the latter due to heart 
failure in the setting of nonischemic cardiomyopathy). 
The average annual mortality risk (AAR) in the cohort 
was 0.72% ( fig. 1 ). There were no ischemic cardiac deaths. 
Survival among the normal PET cohort was significantly 
(p  !  0.002) better than survival of age- and gender-
matched US census comparators.

  There were 7 nonfatal ischemic cardiac events (3 non-
fatal MIs, 3 PCIs and 1 CABG). The AAR of nonfatal MI 
was 0.2%, and for coronary intervention (PCI or CABG) 
it was 0.27%; the AAR of total nonfatal ischemic cardiac 
events was 0.47% ( fig. 2 ). 

  Evaluation of the time course of ischemic cardiac 
events indicated that none occurred during the first year 
after PET imaging was performed. There was one event, 
a CABG, that occurred between years 1 and 2. The bal-
ance of ischemic events (3 nonfatal MIs and 3 PCIs) oc-
curred between years 3 and 5 of follow-up.

  A significant association was observed between the in-
cidence of ischemic cardiac events and the presence of 
diabetes (p  !  0.0003) and family history of CAD at base-
line (p  !  0.05). The association of cardiac events with hy-
percholesterolemia (p  !  0.06) and hypertension (p  !  0.09) 
was weaker and did not reach statistical significance.

Table 1. C linical characteristics of the patient population (n = 457)

Variable n (%)

History of diabetes mellitus 65/452 (14.2)
History of hypercholesteremia 193/452 (42.3)
History of hypertension 221/452 (48.3)
Family history of CAD1 196/452 (42.9)
Cigarette smoking 

(current or in last 10 years) 80/452 (17.5)
CAD risk factors2 92/452 (20.4)

1 CAD risk factor 115/452 (25.4)
2 CAD risk factors 131/452 (29.0)
3 CAD risk factors 86/452 (19.0)
4 CAD risk factors 26/452 (5.8)
5 CAD risk factors 2/452 (0.4)

Average number of CAD risk
factors2 (range) 1.6681.19 (0–5)

Average age at index PET
study, years (range) 62.63812.02 (26.6–90.3)

1  MI or angina before age 55. 
2 CAD risk factors: history of diabetes mellitus, history of hy-

percholesteremia, history of hypertension, family history of CAD, 
current smoker or smoked in last 10 years.
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  Discussion 

 Our study confirms a very low event rate for women 
with significant cardiac risk factors suspected of having 
CAD who have a normal stress PET MPI study. No isch-
emic cardiac deaths were identified. In the first 2 years of 
follow-up, only 1 ischemic cardiac event was reported, a 
CABG, suggesting a ‘warranty period’ of 18–24 months for 
a normal PET study in this selected population. In our co-
hort of women with a normal PET, the risk of future fatal 
events was lower than in an age- and gender-matched gen-
eral population, despite the high prevalence of risk factors 
in our cohort (14% diabetes, 42% hypercholesterolemia, 
48% hypertension), which might be expected to yield a 
greater future event rate than the general population. 

  PET Imaging Advantages for Women 
  82 Rb PET has technical advantages over SPECT, includ-

ing higher scanner sensitivity and better spatial resolution 
 [18] , which may enhance detection of perfusion defects in 
women, whose small ventricular chambers may cause 
false-negative scans  [11] . PET’s attenuation correction mit-
igates artifacts that cause false positives and reduce speci-
ficity  [18] . Soft tissue artifacts may also reduce sensitivity, 
as readers disregard true perfusion defects to compensate 
for attenuation  [13]  .  PET achieves higher sensitivity and 
specificity compared to SPECT  [32, 33]  . 

  Prognosis of a Normal PET Myocardial Perfusion 
Scan 
 A normal SPECT MPI confers a good prognosis  [16] , 

with cardiac event rates of 0.6–1.6% per year for all pa-
tients, depending on the characteristics of the population 

being studied and the definition of events. Women with 
normal SPECT MPI have event rates of 0.7–1.3% per year 
 [15, 17, 34] .

To date, there have been no studies specifically defining 
the prognosis of normal  82 Rb PET in women. Several re-
ports do provide data on the prognosis of all patients with 
normal cardiac PET MPI. Those investigations differ with 
regard to the pretest cardiac risk of their patient popula-
tions and their analysis of the effect of gender on progno-
sis. Marwick et al.  [35]  studied 685 patients (29% women), 
70% of whom had known CAD .  Cardiac mortality was 
0.9% per year in patients with normal scans, with no sta-
tistical effect of gender on prognosis, but results in women 
with normal scans were not reported. Yoshinaga et al.  [36]  
followed 367 patients (54.2% women) who had  82 Rb PET 
MPI, 40% of whom had known CAD. Patients with a nor-
mal PET had an overall event rate of 1.7% (including car-
diac hospitalizations), with an event rate of 0.4% for non-
fatal MI and cardiac death. Events were said to be less fre-
quent for women than men. Ninety patients had PET 
following abnormal or equivocal SPECT MPI. The event 
rate was 1.3% per year in patients with normal PET versus 
15.2% per year in those with abnormal scans. The authors 
concluded that PET could be used to further define coro-
nary risk following nondiagnostic noninvasive studies. 

  Chow et al.  [21]  performed  82 Rb PET in 694 patients, 
25% of whom had confirmed CAD. The event rate in pa-
tients with normal scans was 0.98% per year for cardiac 
death, MI or revascularization. Event rates were not re-
ported by gender, but were said not to differ between men 
and women. Dorbala et al.  [37]  reported on 1,432 patients 
(52% female) with  82 Rb PET, 30% of whom had known 
CAD (mean follow-up of 1.7 years). The event rate in pa-
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  Fig. 1.  Percent survival (freedom from all-cause mortality) among 
457 female patients evaluated for suspected CAD who had normal 
pharmacologic stress  82 Rb PET MPI. 

  Fig. 2.  Percentage of patients free from nonfatal ischemic cardiac 
events (MI, PCI or CABG) among 457 female patients evaluated 
for suspected CAD who had normal pharmacologic stress  82 Rb 
PET MPI. 
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tients with normal scans was 1.2% per year, but it was not 
analyzed by gender. Lertsburapa et al.  [38]  studied 1,441 
patients (58% women), 53% with known CAD (mean fol-
low-up of 2.5 years). Mortality was 2.1% in patients with 
normal scans and was associated with increased age and 
diabetes but not gender.

  In prior studies, the prevalence of known CAD was 
25–70%, associated with a 0.9–2.1% event rate, versus 0% 
prevalence and a 0.47% event rate in the current study  [21, 
35–38] . The higher event rates in previous studies are 
likely due to progression of more extensive underlying 
CAD  [21, 35–38] . The event rates we found are less influ-
enced by progression of preexisting CAD and thus more 
indicative of the ability of PET to identify women with no 
or minimal ischemia. A normal  82 Rb PET cannot entire-
ly exclude the presence of early CAD, which may sud-
denly worsen due to plaque rupture  [39] . The correlation 
we noted between ischemic events following PET imag-
ing and diabetes is consistent with the known association 
of this risk factor with abrupt CAD progression  [40, 41] . 

  Clinical Implications 
 In women being evaluated for chest pain or suspected 

CAD, false-positive or nondiagnostic noninvasive studies 
are common and may lead to the performance of a second 
diagnostic test  [36] . Our data suggest that a normal  82 Rb 
PET MPI in women is associated with a very low rate of 
ischemic events over an average 3.3-year follow-up. PET 
MPI has the potential to substitute for more invasive car-
diac diagnostic studies  [36] . Our data confirm the asso-
ciation of diabetes with future ischemic events following 
a normal perfusion scan  [41] , supporting the recommen-
dation for a 2-year screening interval for diabetics  [42] .

  Study Limitations 
 Ours was a single-center study, with images interpret-

ed by a reader highly experienced in PET MPI, and thus 
may not be applicable to all institutions. While appre-
ciable efforts were made to obtain data on all candidates 
who were potentially suitable for the study, the lack of 
complete participation from all eligible patients may have 
led to an underestimation of even rates. The 92% rate of 
participation achieved in our study exceeds that of other 
prognostic studies of PET MPI (90.6%  [21]  and 84.3% 
 [36] ). Patients in our study had an average of 1–2 coronary 
risk factors, suggesting they were in a low-to-intermedi-
ate-risk group, but data on the specific pretest likelihood 
of CAD for each patient were not available. Although we 
found a correlation between cardiac events, diabetes and 
a family history of CAD, the precise relationship between 

the pretest likelihood of CAD and future cardiac events 
could not be evaluated.

  Attenuation correction for this study was performed 
using a  68 Ge line source. Attenuation correction can also 
be achieved using CT, enabling calcium scoring and 
quantitation of absolute perfusion  [18, 43, 44] , which may 
have identified patients whose scans appeared qualita-
tively normal but who had early nonobstructive CAD or 
balanced ischemia. However, CT has a higher prevalence 
of misregistration artifacts than scanning line source 
technology  [43]  . 

  Conclusion 

 PET MPI is a highly effective methodology to evaluate 
women with chest pain or suspected CAD and obtain 
prognostically important clinical information. A normal 
PET scan in this population is associated with a very low 
coronary event rate, particularly in the first 1–2 years, sug-
gesting that PET is highly specific in excluding significant 
coronary disease. Women with risk factors, particularly 
diabetes and a strong family history of CAD, are more like-
ly to sustain coronary events after the first year and require 
close surveillance for the development of coronary disease.
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