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Reduced Coronary Flow Reserve in Familial
Hypercholesterolemia
Ikuo Yokoyama, Toni Murakami, Tohru Ohtake, Shin-ichi Momomura, Junichi Nishikawa, Yasuhito Sasaki and Masao Ornata

Second Department of Internal Medicine and Department of Radiology, University of Tokyo, Tokyo, Japan

Familial hypercholesterolemia (FH) presents the highest risk for
coronary artery disease (CAD) among patients with hyperlipidemia.
Therefore, early detection of coronary arterial atherosclerosis is
important for the treatment of FH patients. The aim of this study was
to detect early coronary arterial abnormalities that may relate to
future atherosclerosis in asymptomatic FH patients by measuring
coronary flow reserve (CFR)using PET and 13N-ammonia. Methods:
Twenty-five patients with FH (14 men, 11 women) without a history
of myocardial ischemia and 14 control subjects (9 men, 5 women)
were studied. Total serum cholesterol (mmole/liter) was 5.33 Â±0.66
in control subjects and 7.90 Â±0.77 in FH patients (p < 0.01 versus
control subjects). Results: Myocardial blood flow (MBF) at rest and
during dipyridamole loading was measured using PET, and CFR
was calculated. MBF (ml/min/100 g weight heart) at rest in the FH
group (79.0 Â±20.0) was comparable to that in control subjects
(70.0 Â± 17.0). However, MBF during dipyridamole loading was
significantly lower in FH patients (163.0 Â±67.0) than in control
subjects (286.0 Â±120.0, p < 0.01). CFR in FH patients (2.09 Â±0.62)
was also significantly lower than that in control subjects (4.13 Â±
1.38, p < 0.01). CFR showed a gender-specific variance in FH
patients (1.85 Â±0.40 in men versus 2.55 Â±0.74 in women p < 0.05)
but not in control subjects. Significant inverse correlations between
CFR and the total plasma cholesterol level as well as plasma LDL
cholesterol were observed. Conclusion: The CFR was reduced in
patients with FH. This abnormality was more prominent in men than
in women patients. Noninvasive assessment of CFR by 13N-ammo-

nia PET was useful to detect early abnormalities of the coronary
arteries in asymptomatic patients with FH.

Key Words: familial hypercholesterolemia;myocardial blood flow;
coronary flow reserve; PET; dipyridamole.
J NucÃMed 1996; 37:1937-1942

.Tamilial hypercholesterolemia (FH) is dominantly an inherited
disease caused by mutation of low-density lipoprotein (LDL)
receptor genes (/). The most important clinical characteristics
of FH is the high incidence of coronary artery disease (CAD),
increased mortality by CAD and reduced longevity with gen
der-specific variance (2-9). Therefore, early detection of abnor

mal coronary arteriosclerosis or abnormal coronary flow dy
namics in FH patients is important in the management of this
disease.

The inverse relationship between the severity of coronary
stenosis and coronary flow reserve (CFR), as demonstrated by
Gould et al. (10), showed that CFR decreases even in coronary
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arteries with 40%-50% stenoses. Furthermore, reduced CFR in

hyperlipidemic patients without evidence of myocardial isch
emia has been recently demonstrated (77). This suggests that a
decrease in CFR should occur even in FH patients who have no
evidence of myocardial ischemia. However, little is known
about whether CFR is reduced in FH patients. Moreover, it has
not been well-understood whether a decrease in CFR occurs
with gender-specific variance in asymptomatic patients with FH
or with any hyperlipidemia.

The aim of this study was to determine, by using PET and
13N-ammonia, whether CFR decreases in asymptomatic FH

patients, and, if so, to find out whether the reduced flow reserve
is related to serum cholesterol level and to investigate a possible
gender-specific variance in CFR.

MATERIALS AND METHODS

Subjects
Twenty-five patients with FH but no history of ischemie heart

disease (14 men, 11 women) and 14 control subjects (9 men, 5
women) were studied. The diagnosis of FH, proposed by Mabuchi
et al. (3) was made according to the following criteria: primary
hypercholesterolemic patients with a total cholesterol >6.71
mmole/liter (260 mg/dl) and LDL cholesterol >4.64 mmole/liter
(180 mg/dl) and an Achilles tendon thickness of >10 mm, or (b)
primary hypercholesterolemic patients with a total cholesterol >6.71
mmole/liter (260 mg/dl) and LDL cholesterol >4.64 mmole/liter
(180 mg/dl) with a family history of hypercholesterolemia in a
first-degree relative. All patients with FH were asymptomatic and
had not taken lipid lowering agents. Fourteen normo-lipidemic,
normo-glycemic asymptomatic subjects without a history of heart

disease were selected as control subjects. In all study subjects,
resting ECG was normal. Symptom-limited treadmill testing was
performed on 17 patients with FH and all normal subjects. We did
not include those patients with typical chest pain or abnormal ECG
indicating myocardial ischemia in this study.

Coronary angiography was performed in only five patients with
FH, and all of them had normal coronary arteries. Table 1
summarizes the general characteristics of our study subjects. There
were no significant differences in age, sex, body weight, height,
body mass index (BMI), blood pressure or fasting plasma glucose
concentration between the two groups. Gender-specific variance
was not observed in either control subjects or patients with FH with
the exception of height. Before participation, the nature of the
study was explained to all subjects according to the study protocol
which was approved by the local Ethics Committee.
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TABLE 1
Subjects' Characteristics

No.AgeBW

(kg)HT(m)BMI

(kg/m2)BPS

(mmHg)BPD
(mmHg)HR(R)HR(EX)RPR

(R)RPP(EX)HR

(DP)SBP
(DP)RPP
(DP)TC
(mmole/l)LDL
(mmole/l)HDL
(mmole/l)TG
(mmole/l)HBA1C

(%)Male953.4

Â±9.165.1
Â±4.21.66

Â±0.0624.4
Â±1.7123
Â±5.472.6
Â±6.373.4
Â±9.2141
Â±18.59028
Â±14952441

3Â±4476100.9
Â±12.711

8.2Â±5.211929
Â±19765.41

Â±0.723.38
Â±0.501.53

Â±0.901.45
Â±0.535.8

Â±0.30ControlsFemale561

.2Â±13.961

.3Â±5.81.53
Â±0.02*26.0

Â±2.0124
Â±15.174.7
Â±9.272.5

Â±10.9136
Â±24.98990
Â±14892221

7Â±609699.7
Â±15.0119.2
Â±14.511988
+19675.13

Â±0.443.21
Â±0.711.07Â±

0.201.40
Â±0.175.9

Â±0.40Familial

HypercholesterolemiaTotal1456.2

Â±10.663.6
Â±5.11.60
Â±0.0724.9
Â±2.1123
Â±10.178.0
Â±6.773.0
Â±7.3139

Â±21.49018
Â±149423399
Â±5293100.4

Â±10.0118.6Â±
10.611864

Â±19655.33
Â±0.663.33
Â±0.571.41

Â±0.791.53
Â±0.575.8

Â±0.32Male1449.0

Â±8.064.8
Â±5.41.69
Â±0.0422.3
Â±2.3120
Â±10.476.4
Â±6.877.4
Â±16.0143.9
Â±16.49707
Â±330825161

Â±414792.0
Â±19.011

4.0Â±9.8910498
Â±18487.97
Â±0.87f5.61
Â±1.07*1.51

Â±0.631.72
Â±0.575.9

Â±0.43Female1156.0

Â±7.558.3
Â±7.51.51

Â±0.07*23.1

Â±2.7122
Â±8.080.7
Â±5.076.0
Â±12.8143.0

Â±20.09020
Â±251727738
Â±632090.5
Â±15.211

5.9Â±7.5910480Â±
18457.79

Â±0.42t5.75
Â±0.13*1.41

Â±0.791.48
Â±0.535.6

Â±0.45Total2552.8

Â±7.762.3
Â±6.31.64

Â±0.1123.3
Â±2.5121
Â±8.080.1
Â±5.077.1
Â±14.9143.7
Â±16.49559
Â±307825712
Â±453691

.7Â±17.711
4.7Â±7.6010564

Â±18607.12
Â±0.77*5.64
Â±0.93*1.51

Â±0.631.66
Â±0.565.8

Â±0.44

*p < 0.01 vs. males in the same group.

*p < 0.01 vs. control.
*p < 0.01 vs. control.
BW = body weight; HT = height; BMI = body mass index; BPS = systolic blood pressure; BPD = diastolic blood pressure; HR = heart rate; RPP = rate

pressure product; R = rest; EX = exercise stress loading; DP = dipyridamole loading; TC = total cholesterol; LDL = LDL cholesterol; HDL = HDL cholesterol;
TG = triglycÃ©ride;HBA1c = hemoglobin A1c.

PET Imaging
Regional myocardial blood flow (MBF) (ml/min/100 g) at rest

and during dipyridamole loading was measured using PET and
uN-ammonia. Myocardial flow images were obtained using a PET

scanner with seven imaging planes and in-plane resolution of
4.5 mm (FWHM) and z-axial resolution of 9.5 mm (FWHM).
Effective in-plane resolution was 7 mm after using a smoothing
filter. The sensitivity of the PET scanner we used was 14 and 24
kcps/(/u.Ci/ml) for direct and cross planes, respectively.

After acquiring transmission data to correct for photon attenua
tion before obtaining the PET emission images, 15-20 mCi
uN-ammonia were injected and dynamic PET scanning was

performed for 2 min and static PET scanning for 8 min. After
waiting 45 min to allow for decay of the radioactivity of I3N-

ammonia, dipyridamole (0.56 mg/kg) was loaded intravenously
over a 4-min period; 5 min after dipyridamole loading, 15-20 mCi
of l3N-ammonia were injected, and exactly at the same time a

second dynamic PET scan was performed for 2 min and a static
PET scan for 8 min. The dynamic PET scan was performed every
15 sec (eight times) during the 2-min period. Dynamic data were
obtained for seven slices. Only one channel ECG monitoring in
limb leads was made during the PET study. ECG monitoring was
performed but was not satisfactory because the precordal ECG
record could not be monitored due to technical difficulty, therefore,
there was the possibility that ECG data would be unreliable.

Determination of MBF. Regional MBF was calculated according
to the two-compartmental "N-ammonia tracer kinetic model dem
onstrated by Krivokapitch et al. (12). The time-activity curve of the
left ventricular cavity was used as an input function. The tracer
spillover was corrected by least square nonlinear regression anal
ysis on our program to calculate MBF with the assumption that
both myocardial and left ventricular radioactivity were influenced
by each other. Specifically, true radioactivity of the left ventricular
cavity at the time of t (Ca(t)true) was expressed as follows:

Ca(t)true = Ca(t)PET - C, X Cm Eq. 1

where Ca(t)PET is radioactivity of the left ventricular cavity
measured by PET, Cm(t)lruc is the true radioactivity of the cardiac
muscle and C, is the spillover factor, which is expressed as a
percentage with the assumption that C, (%) of the true radioactivity
of the cardiac muscle was added to the radioactivity of the left
ventricular cavity measured by PET.

Similarly, true radioactivity of cardiac muscle at the time of t
(Cm(t)lrue) is expressed as follows:

Cm(t)truc= - C2 X Ca(t)true, Eq.2

where Cm(t)P!.T is radioactivity of the cardiac muscle measured by
PET, Ca(t)tm(,is the true radioactivity of the left ventricular cavity
and Ci is the spillover factor, which is expressed as a percentage
with the assumption that C2 (%) of the true radioactivity of the left
ventricular cavity was added to the cardiac muscle radioactivity
measured by PET.

All data were corrected for deadtime effects to reduce errors
<1%. To avoid the influence of the partial volume effect associ
ated with the object's size, recovery coefficients obtained from

experimental phantom studies in our laboratory were used. The
recovery coefficients were 0.8 when myocardial wall thickness was
10 mm. To correct partial volume effect, wall thickness was
measured with two-dimensional echocardiography by specialists in
our hospital. The recovery coefficients was taken into consider
ation in our program to measure MBF.

To obtain the MBF corresponding to the left descending coro
nary artery, regions of interest (ROI) were placed on the antero-
septal wall in the third or fourth transaxial dynamic images during
2 min of dynamic PET scanning. To obtain MBF corresponding to
the left circumflex coronary artery, ROI were placed on the lateral
wall in the third or fourth transaxial dynamic PET images during
the 2-min scan period. To obtain MBF corresponding to the right
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TABLE 2
Comparison of Myocardial Blood Flow at Rest and Dipyridamole Loading and Coronary Flow Reserve Between Controls and Patients

with Familial Hypercholesterolemia and Gender-Specific Variance

MBF (R)
MBF (DP)
CFRMale67

Â±26
250 Â±123
3.70 Â±1.10ControlFemale80

Â±20
352 Â±127

4.40 Â±1.70Familial

HypercholesterolemiaTotal70

Â±17
286 Â±1204.1

3 Â±1.38Male80

Â±22
151 Â±54
1.85 Â±0.40Female75

Â±14
186 Â±70

2.55 Â±0.74*Total79

Â±20
163 Â±67t

2.09 Â±0.62t

*p < 0.05 vs. males in the same group.

fp < 0.01 vs. controls.
MBF (ml/min/1 OOg)= myocardial blood flow; R = rest; DP = dipyridamole stress loading; CFR = coronary flow reserve.

coronary artery, ROI were also placed on the lower segment of the
sixth or the seventh transaxial dynamic images. Static 13N-ammo-

nia images were also obtained from the PET study and analyzed
visually by three independent specialists who had no other infor
mation on the patients. We then determined the CFR value as
follows:

CFR = MBFDP/MBFR, Eq. 3

where MBF dipyridamole loading is the MBF during dipyridamole
loading and MBFR is the MBF at rest. To obtain the regional CFR,
we placed ROI at the septum, anterior wall, lateral wall and
inferoposterior wall on the transaxial dynamic images during 2 min
of dynamic PET scan using 13N-ammonia.

Statistical Analysis
The MBF at rest, MBF during dipyridamole loading, CFR, body

weight, systolic blood pressure, diastolic blood pressure, height,
BMI and lipid parameters in the two groups were compared using
analysis of variance. Individual data were analyzed by the two-
tailed Student's t-test. Values are expressed as the mean Â±s.d. A

value of p < 0.05 was considered significant.

RESULTS

Plasma Lipid Levels
Both plasma concentrations of total cholesterol and LDL

cholesterol were significantly higher in FH patients than in
control subjects while that of high density lipoprotein (HDL)
cholesterol and triglycÃ©rideswere about the same in both
groups (Table 1). Gender-specific variance were not observed
in these parameters in either group.

Hemodynamic and EGG Responses to Exercise and
Dipyridamole Infusion

There were no significant differences in systolic blood
pressure, diastolic blood pressure and rate pressure product at
rest between the two groups. Significant differences were not
observed in the rate pressure product during exercise stress
testing or dipyridamole infusion between the two groups (Table
1). ECG were normal during exercise stress testing in both
groups. Due to technical difficulty in recording ECG from

precordial leads on the PET study, detailed description of ECG
response to dipyridamole was not possible.

Myocardial Blood Flow
In the FH group, MBF at rest was similar to that of control

subjects (Table 2). In addition, there was no significant gender-
specific variance in MBF at rest in the control group and in the
FH group (Table 2). The MBF during dipyridamole loading was
significantly lower in the FH group than in control subjects but
no specific gender variance was observed within either group
(Table 2).

Coronary Row Reserve
The CFR was significantly lower in the FH group than

in control subjects (Table 2), with a significant gender-
specific variance in the FH group (Table 2). The CFR in
five FH patients with normal coronary anatomy (1.83 Â±
0.48) was comparable with the CFR in FH patients in
whom coronary angiography was not undertaken (2.16 Â±
0.64). Three independent specialists without any other in
formation on the subjects did not identify a regional decrease
in CFR indicative of significant coronary stenotic lesion.
There was no significant regional differences in CFR in
either group (Table 3). Significant correlationship between
rate pressure products and CFR was not observed. In
Figure 1, typical myocardial 13N-ammonia PET images of a

patient with FH having normal coronary arteries is shown.
No significant abnormal 13N-ammonia distributions were

seen.

Relationship between Coronary Flow Reserve and Plasma
Lipid Fractions

There was a significant inverse correlation between CFR and
the plasma concentration of total cholesterol (r = 0.59,
p <0.01, Fig. 2, upper) as well as plasma concentration of LDL
cholesterol (r = 0.57, p <0.01, Fig. 2, lower). However, neither

plasma concentration of HDL cholesterol nor that of triglycÃ©r
ides correlated with CFR.

TABLE 3
Comparison of Regional Coronary Flow Reserve Values

CFR Septum Anterior wall Lateralwall Posterior wall

Control
Familial hypercholesterolemia

4.27 Â±1.40
2.20 Â±0.66*

4.16 Â±1.58
2.12 Â±0.68*

3.91 Â±1.25
2.10 Â±0.64*

4.11 Â±1.37
1.90 Â±0.67*

*p < 0.01 vs. controls.

CFR = cononary flow reserve.
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FIGURE 1. (Left)Typical myocardial 13N-ammonia static PET images at rest. (Right)Typical myocardial 13N-ammonia static PET images during dipyridamole

loading.

DISCUSSION

Diagnosis of Familial Hypercholesterolemia
We studied CFR in FH patients as distinct from other

hypercholesterolemic patients because FH patients have the
highest risk for death by CAD among patients with hyperlip-
idemia. No documentation of hypercholesterolemia in the first
degree relatives was supplied in about 35% of the study
subjects. However, that does not necessarily conflict with the
diagnosis of FH, since a diagnosis of FH is usually based on the
presence of Achilles tendon xanthoma (Achilles tendon >10
mm). Achilles tendon xanthoma rarely occurs in other hyper
cholesterolemic patients, and family history cannot always be
documented for all so-called familial hypercholesterolemic
patients. In this study, all of the FH patients had Achilles tendon
thickness of more than 10 mm.

y=-0.09x+4.742, r=0.59, p<0.01

cP
oo o

B

3.87 5.16 6.45 7.74 9.03 10.3

Total Cholesterol

ys-0.08x-f3.94, r=0.53, p<0.01

11.6 (mmd/L)

OC
u.
U

2.58 3.87 5.16 6.45 7.74 (mmoi/u

LDLCholesterol

FIGURE 2. (A) Relationship between coronary blood flow reserve and total
cholesterol level. Note the significant negative correlation between the two.
(B) Relationship between the coronary blood flow reserve and LDL choles
terol level. Note the significant negative correlation between the two.

Decreased Coronary Flow Reserve
The mechanism of reduced CFR in FH patients, in the

absence of myocardial ischemia, is not yet completely under
stood. Multiple factors may contribute to this abnormality in FH
patients including less severe coronary atherosclerosis, diffuse
coronary atherosclerosis and abnormal coronary circulatory
regulation. The mechanism specifically related to the reduced
CFR in FH patients could not be completely identified from this
study. Recent studies have identified a significantly decreased
CFR in myocardial segments perfused by normal coronary
arteries (15,16).

Since no significant difference was seen in the CFR and FH
patients with normal coronary arteries and those without evi
dence of ischemia, we believe that the decrease in CFR in those
FH patients might be attributed to a functional abnormality in
coronary arteries rather than typical atherosclerosis. This ab
normality was not completely determined by this study. How
ever, whatever the mechanism of the reduced CFR in FH
patients, the major aim of this study was to detect early
abnormalities in coronary arteries that would predict atheroscle
rosis before the progression to typical CAD because FH patients
have a high risk of death by CAD. It may be possible to
speculate that the reduced CFR in FH patients without evidence
of ischemia may predict the occurrence of significant CAD.
Further studies are necessary to determine whether patients with
more severely reduced CFR have a higher risk of CAD than
those with less severe decreases in CFR. Impaired endothelial
function in hypercholesterolemic patients has been suggested
(17-24).

Recent investigations have indicated that the vasodilating
action of dipyridamole may be associated with increased
production of nitric oxide resulting from the inhibition of
phosphodiesterase activity (25,26). Therefore, it may be possi
ble to speculate that endothelial function in FH patients may be
partially related to reduced CFR.

However, because the impairment of endothelial function is
usually associated with intimai proliferation of abnormal
smooth muscle cells, diffuse coronary arterial atherosclerosis
might influence CFR in FH. On the contrary, the principal
pharmacological action of dipyridamole is independent of
endothelial function, therefore impaired endothelial function
independently or a cooperative mechanism between the two
functional abnormalities in FH patients should also be ad
dressed. Lack of additional endothel iurn-mediated vasodilation
through the dipyridamole-induced high blood flow may be one
of a possible explanation to this discrepancy.

Czernin et al. (27) recently demonstrated a more significantly
reduced CFR in healthy elderly subjects than in younger
subjects due to increased MBF at rest. Because there were no
significant differences in age and MBF at rest and a significant
difference in MBF during dipyridamole loading between FH
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patients and control subjects, the reduced CFR in FH patients
may not be attributed to the age.

Differences between Patients with Familial
Hypercholesterolemia and Other Types of Hyperlipidemia

Among the diseases associated with a hyperlipidemic state,
patients with FH have the highest risk of death due to CAD (9).
Since this disease develops in infancy, any abnormalities due to
LDL hypercholesterolemia would be more striking in FH than
in secondary hyperlipidemia. Secondary hyperlipidemia is fre
quently associated with obesity, hypertension and diabetes
mellitus. However, these parameters were not ruled out in the
recent report by Dayanikli et al. (//). Because CFR could be
affected under these conditions regardless of the presence of
hyperlipidemia, it may be misleading to attribute the decreased
CFR simply to hyperlipidemia in those patients with secondary
hyperlipidemia. In contrast, in asymptomatic FH patients, such
complications are rare. For this reason, we can reasonably
speculate that the reduced CFR observed in our FH patients
were associated with hypercholesterolemia itself. Thus, FH is
the best clinical model for the investigation of the effect of
hypercholesterolemia on CFR.

Gender-Specific Variance of Coronary Flow Reserve in
Patients with Familial Hypercholesterolemia

The incidence of CAD in patients with FH is significantly
elevated (2-9), and about 70% of FH patients die from CAD

(2,3). However, the incidence of CAD is much lower and
longevity is higher for women than men with FH (2,3,9).
Gender-specific variance of CFR has not been investigated. In
this study, we demonstrated that CFR was significantly higher
in women than in men with asymptomatic FH, while there was
no such significant gender-specific variance in control subjects.
Therefore, gender-specific variance in CFR might be related to
the higher incidence of CAD in men with FH. Because the
hypercholesterolemic state may occur in infancy, the cumula
tive protective effect of estrogen on atherosclerosis during the
premenopausal years may be a reason for this difference,
although most female patients in the present study were
postmenopausal (women mean age, 56.0 Â±8.0 yr).

Relationship between the Level of Plasma Lipids and
Coronary Flow Reserve

It is well-known that various lipid parameters are predictive
of coronary vascular events. Dayanikli et al. (Il) demonstrated
a significant inverse correlation between CFR and lipid param
eters including the total cholesterol to HDL-cholesterol ratio,
total cholesterol and LDL cholesterol in asymptomatic subjects
at high risk of CAD. Seiler et al. (28) reported a similar
relationship between lipid parameters and coronary arterial
vasomotion. Although the results from the present study were
similar to those investigations, our study more clearly specified
hypercholesterolemia as the parameter responsible for reduced
CFR.

The data presented in this article strongly indicate that the
level of blood lipids in patients with FH is a critical parameter
for their prognosis even though patients are asymptomatic and
show no evidence of ischemia. Gould et al. (29) found perfusion
abnormalities were improved after short-term cholesterol low
ering therapy administered before anatomic regression occurs in
patients with CAD. This indicates that early lipid lowering
therapy in patients with FH may improve their CRF. Clinical
studies regarding the effect of treatment for hypercholesterol
emia on CRF in patients with FH are indicated.

Determination of Myocardial Blood Flow with
NÂ¡trogen-13-Ammonia PET

We based our study on the two-compartmental 13N-ammonia

tracer kinetic model to determine MBF using dynamic PET and
13N-ammonia. Recently, Hutchins et al. (13) demonstrated
another model to measure MBF using PET and 13N-ammonia.

Their method is the three-compartmental tracer kinetic model that
considers metabolism of 13N-ammonia in cardiac muscle. A

major problem in calculating MBF is whether metabolism of
13N-ammonia in the myocardium should be considered. How

ever, since we calculated MBF using dynamic PET scan data
during the first 90 sec after 13N-ammonia injection, the effects
of metabolites of l3N-ammonia might be negligible. Further

more, Hutchins et al. (13) showed that CFR calculated from the
two-compartmental model did not differ from that calculated
from the three-compartmental model. In the present study, the
CFR was slightly lower than that of Hutchins et al. (Â¡3)(4.1 Â±
1.4 vs. 4.8 Â±1.3). This difference may be simply due to the
difference in age between the groups and not dependent on the
method used to determine MBF. As shown by Czernin et al.
(27), CFR decreases with age, so it would be expected that the
CFR in the control subjects in our study would be lower than
that in Hutchins's report (13).

Study Limitations
Diagnosis of FH is usually made by Achilles tendon xan-

thoma (Achilles tendon thickness >10 mm), with the assump
tion that such severe Achilles tendon xanthoma rarely occurs in
other hypercholesterolemic patients. Actually, for complete
confirmation of the diagnosis of FH, the LDL receptor gene
abnormality in hepatocytes or fibroblasts should be identified as
described by Goldstein et al. (1). At present, this presents
difficulty in clinical research and is a limitation of our study.

We did not perform coronary angiography on all study
subjects. Therefore, latent coronary stenosis could not be
completely ruled out in patients enrolled in this study. Five
patients had normal coronary artery anatomy, but this was not
always satisfactory proof that the reduced CFR in FH patients
could be attributed to abnormal coronary arterial flow regula
tion. Although it is an important point, it was difficult to
perform CAG on all asymptomatic FH patients because static
PET images did not in fact suggest the existence of significant
CAD with a high probability (14). Currently, this is one
limitation of this study.

It may be questioned whether a noninvasively evaluated
normal person actually has normal coronary arteries. This is a
difficult problem because coronary angiography should not be
performed in such asymptomatic normal subjects, which is a
limitation of this study. Given the high diagnostic accuracy of
myocardial PET imaging for CAD, it is possible to assume that
in asymptomatic normal subjects without any coronary risk
factors or chronic disease the anatomy and the function of the
coronary arteries are normal.

CONCLUSION
The CFR decreased in patients with FH without evidence of

myocardial ischemia. This abnormality occurred more promi
nently in men than in women FH patients.
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Improvement of Radiation Treatment Planning in
Squamous-Cell Head and Neck Cancer by
Immuno-SPECT
IrenÃ¤usA. Adamietz, Richard P. Baum, Frank Schemman, Andreas Niesen, Rainald Knecht, Frank SarÃ¡n,Sophia Tieku,
Graeme R. Boniface, Gustav HÃ¶rand Heinz D. BÃ¶ttcher
Departments of Radiotherapy, Nuclear Medicine and Otorhinolaryngology, Johann Wolfgang Goethe University Medical
Center, Frankfurt/Main, Germany; and Biomira Ine, Edmonton, Canada

Previous studies have shown high accuracy for immunoscintigraphy
with 99mTc-MAb-174 in patients with squamous-cell carcinoma of

the head and neck region compared to CT and MRI. We conducted
a prospective study to determine if immunoscintigraphy provides
additional diagnostic information for radiation treatment planning.
Methods: Radioimmunoscintigraphy (RIS) was performed on 40
patients (planar, whole-body, SPECT) with histologically confirmed
squamous-cell carcinoma (30 primary tumors, 10 recurrences) after
injection of the 99mTc(1.1 GBq) labeled monoclonal anti-squamous-

cell cancer antibody 174H0.64 (murine lgG1). Results were com
bined with information obtained by clinical examination, sonogra-
phy, panendoscopy and x-ray CT. The strategy for radiation
treatment and the required treatment volumes were defined with
and without immunoscintigraphical findings. Results: Additional
diagnostically relevant information from RIS was obtained from 10
patients (25%) with advanced tumors or recurrences. In three
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patients (7.5%), the treatment volume had to be extended. The
therapeutic strategy for seven patients (17.5%) had to be changed
due to the detection of metastatic disease beyond the head and
neck region. RIS of patients with squamous-cell cancers of the head
and neck region with ""Tc MAb-174H0.64 enabled the detection of

tumors that were not depicted by other conventional diagnostic
imaging procedures. Conclusion: The use of RIS in radiation treat
ment planning of advanced tumors of the head and neck region
appears to yield important diagnostic information that may alter
patient management.
Key Words: radiation treatment planning; radioimmunoscintigra-
phy; technetium-99m-labeled monoclonal antibodies; SPECT; head
and neck neoplasms
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dancer of the head and neck is a relatively rare form of
malignancy, consisting of less than 5% of all human cancers in
the U.S. (1). Over 90% of these tumors are squamous-cell
carcinomas (SCCs) of epithelial origin (2). SCCs of the head
and neck grow in a locally invasive manner and tend to
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