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Reduced Hypothalamic Blood Flow 
After Radiation Treatment of 
NasopharyngeaiCancer:SPECT 
Studies in 34 Patients 

To determine the effect of cranial irradiation on hypothalamic blood flow, we per
formed 44 regional cerebral blood flow studies with 99mTc hexamethyl propyleneamine 
oxime (HMPAO) single-photon emission CT (SPECT) on four normal volunteers and 34 
patients with pathologically proved nasopharyngeal cancer. Twenty-three men and 15 
women, 30-65 years old, were divided into four study groups: group 1 served as a 
control and consisted of four normal volunteers and six patients studied prior to cranial 
irradiation; group 2 patients had cranial irradiation half a year before the SPECT study 
(n = 12, one from group 1); group 3 patients were irradiated 1 year before the study 
(n = 13, three from group 1 and two from group 2); and group 4 patients were irradiated 
at least 5 years before SPECT imaging (n = 9). Six patients were studied twice. 
Quantification of the 99mTc-HMPAO brain SPECT studies was done separately by three 
radiologists to obtain the hypothalamus/occipital (H/0) and hypothalamusfparasagittal 
(H/P) ratios. Endocrinologic studies were performed in all cases and the hypothalamus
thyrotroph-thyroid, hypothalamus-gonadotroph-testis (ovary), hypothalamus-lactotroph, 
hypothalamus-somatotroph, and hypothalamus-corticotroph-adrenal axes were evalu
ated separately. We determined that regional hypothalamic blood flow was reduced 
after cranial irradiation in patients with nasopharyngeal cancer. The H/0 ratio of groups 
3 and 4 did not differ from that of group 2 (one-half year after cranial irradiation). The 
H/0 ratio was significantly reduced 6 months and 1 year after cranial irradiation; mean 
±SO= 0.5801 ± 0.0829 (p < .025), 0.5725 ± 0.0791 (p < .01) versus 0.6477 ± 0.0458 
before cranial irradiation, respectively. On the whole, deterioration of endocrine dys
function could be said to be evident after cranial irradiation. There was progressive 
endocrine dysfunction over time. 

Progressive deterioration of hypothalamic pituitary function is in contrast to the stable 
reduction in hypothalamic blood flow. Our study indicates that direct injury to the 
hypothalamic neurons, which secrete releasing hormone or somatostatin, rather than 
reduced cerebral blood flow is one of the major causes of progressive hypothalamic 
pituitary dysfunction after cranial irradiation with a fractional dose. 
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Hypopituitarism can occur after cranial irradiation [1-8] . Recently , progressive 
hypothalamic pituitary function impairment has been reported as early as 1 year 
after cranial radiation therapy [7 , 8]. It is suggested that hypopituitarism after cranial 
irradiation may be associated with radiation damage to the hypothalamus, the 
hypothalamoportal circulation , or both [6] . Since nervous tissue is considered to 
be relatively radioresistant, its radiodamage is considered to occur indirectly 
through damage to vascular stroma [9 , 1 0] . However, the brain tissue of the 
paraventricular and supraoptic nucleus of the hypothalamus was noted to be rather 
responsive to cranial irradiation. Thus , pituitary hormone deficit might be related to 
the cranial irradiation dose reaching the hypothalamic-pituitary axis. In order to 
understand the relation of regional blood flow and hypothalamus-pituitary function , 
we undertook a prospective study in a group of 34 nasopharyngeal carcinoma 
patients. 
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Technetium-99m hexamethyl propyleneamine oxime 
(HMPAO) is a lipophilic radiopharmaceutical that crosses the 
intact blood-brain barrier and is extracted by the brain tissue. 
Its distribution in the brain is proportional to the regional blood 
flow (11, 12]. Since 99mTc-HMPAO has the unique character
istics of excellent cerebral extraction and slow cerebral clear
ance, it has been used for cerebral blood flow imaging (11-
13]. It provides an inexpensive method for assessing regional 
cerebral blood flow that is safe and easy to perform, yielding 
images of diagnostic quality. In this study, we used single
photon emission CT (SPECT) to detect 99mTc-HMPAO distri
bution after IV injection to evaluate the possibility of reduced 
blood flow to the hypothalamus and the time course of any 
such change after cranial irradiation. 

Materials and Methods 

We performed 44 cerebral blood flow studies with 99mTc-HMPAO 
SPECT on four normal volunteers and 34 patients with pathologically 
proved nasopharyngeal cancer with neither brain metastasis nor 
cerebral vascular disease as confirmed by cranial CT. 

Subjects 

Twenty three men and 15 women, 30-65 years old , were recruited 
for this study, with informed consent obtained in each case. This 
study population was divided into four groups. Group 1 , the control 
group, had 1 0 people: four normal volunteers and six patients with 
nasopharyngeal cancer who had not yet received cranial irradiation. 
Group 2 consisted of 12 patients with nasopharyngeal cancer who 
had had cranial irradiation 6 months earlier (one patient was from 
group 1 ). Group 3 consisted of 13 patients with nasopharyngeal 
cancer who had had cranial irradiation 1 year earlier (three patients 
were from group 1 and two from group 2). Group 4 consisted of nine 
patients with nasopharyngeal cancer who had had cranial irradiation 
more than 5 years earlier. Six of the 38 subjects were imaged twice. 
No patient was on medication, except a few subjects in group 4 who 
took thyroid, adrenocortical , andjor sexual hormone for replacement 
therapy. 

99mTc-HMPAO Brain SPECT 

Freshly prepared 99mTc-HMPAO (Ceretec; Amersham, Interna
tional ; United Kingdom) was administered intravenously into the an
tecubital vein in a dose of 15 mCi (550 MBq). Five to ten minutes 
after IV injection, brain SPECT was performed on a dual-head system 
(Picker International) with a PCS-512 computer unit for data acquisi
tion and reconstruction . The data was acquired in a 64 x 64 pixel 
matrix through a 180° rotation at an angular interval of 6° (30 angles) 
in 15-sec intervals each. Reconstruction was performed by a standard 
back projection using a Ramp filter for a 64 x 64 pixel matrix image. 
The whole procedure required 10 to 15 min. 

Quantification of the 99mTc-HMPAO brain SPECT from the multi
planar sections was performed independently by three radiologists 
(Fig . 1, top). The anatomic position of the hypothalamus on brain 
SPECT was reviewed and agreed upon by all three. A 6 x 6 pixel 
region of interest was defined over the right and left hypothalamic 
region and the right and left occipital regions on the same transverse 
tomogram of the brain SPECT (Fig . 1, bottom left). The hypothala-

Fig. 1.-Quantification of cerebral blood flow of hypothalamus by 99mTc
HMPAO brain perfusion SPECT in multiplanar sections (top). Square re
gions of interest of 6 x 6 pixels were defined over right and left hypothal
amus, right and left occipital regions on same transverse tomogram (bot
tom /eft), and on parasagittal cortex of coronal tomogram (bottom right) 
of the brain SPECT. 

musjoccipital (H/0) ratio was obtained, and the average ratio of the 
three observers was used as final data. 

total counts of both hypothalamus regions 
HJO ratio = ---------''-'------"-

total counts of both occipital regions 

Quantification was also performed on the coronal sections; how
ever, the region of interest was located on the same tomogram at 
the hypothalamic and parasagittal cortex instead of the occipital 
region . Consequently , a hypothalamusjparasagittal (H/P) ratio was 
obtained (Fig . 1, bottom right). 

Mode of Irradiation 

All cases of nasopharyngeal cancer were randomly allocated for 
treatment either by a tele-6°Co unit or a linear accelerator using 10 
MV photons, for 35-40 fractions at a rate of five treatments per 
week , with a break of about 1 0 days midway through the course 
[14] . The total dose to the primary lesion was 7000 cGy in 8 weeks, 
plus 5000-6000 cGy to bilateral cervical chains. The estimated total 
dose delivered over an 8-week period was 4600-5600 cGy for the 
hypothalamic-pituitary area. No reduction of portal size was allowed 
during the course of treatment. For an irregular and unusual primary 
site lesion , portals were arranged individually, and a booster dose of 
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another 1 000 cGy to the target might be given in case of residue at 
the end of treatment. 

Endocrinologic Studies 

All patients were studied from 8-9 A.M. after an overnight fast. 
Two basal blood samples were taken 15 min apart for serum follicle
stimulating hormone (FSH), luteinizing hormone (LH), thyrotropin 
(TSH), prolactin (PRL), growth hormone (GH), cortisol , adrenocorti
cotrophic hormone (ACTH), and estradiol or testosterone. Then, 
hypophysiotrophic hormone was given as an IV bolus (ovine cortico
trophin-releasing hormone [oCRH 1-41 , 1 !Lg/kg body weight], lutein
izing hormone-releasing hormone [LHRH , 100 !Lg]. human growth 
hormone-releasing hormone [hGRH 1-4, 1 !Lg/kg body weight], and 
thyrotropin-releasing hormone [TRH , 400 !Lg]). Blood was sampled 
for pituitary hormones and cortisol at 15-min intervals for 60 min , 
then at 30-min intervals for an additional 60 min, and thereafter at 
60-min intervals for up to 240 min after injection. Next morning, all 
patients received an insulin tolerance test (ITT, 0.125 Ufkg body 
weight} at 8:00 A.M. after an overnight fast , and blood was sampled 
for blood sugar, cortisol , and GH. All blood sugar levels declined 
more than 50% from the baseline. Hormonal response to hypothal
amic-releasing hormone and insulin hypoglycemia among patients in 
groups 2 and 3 were compared with those obtained before cranial 
irradiation in each individual. Hormonal responses of patients in group 
4 were compared with those obtained from age- and sex-matched 
controls [6] . 

Hypothalamus-thyrotroph-thyroid , hypothalamus-gonadotroph
testis (ovary), hypothalamus-lactotroph, hypothalamus-somatotroph, 
and hypothalamus-corticotroph-adrenal axes were evaluated sepa
rately. 

Ethical Considerations 

This study was performed in compliance with the recommendation 
of the Declaration of Helsinki [12] . It was approved by the Human 
Subjects Committee of the National Taiwan University Hospital. In
formed consent was obtained from all patients. 
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Fig. 2.-Ratio of hypothalamus and occipital cortex (H /0) count obta ined 
from transaxial 99mTc·HMPAO brain SPECT images in nasopharyngeal 
cancer patient groups 1-4. 

Results 

The quantification of regional hypothalamic blood flow by 
99mTc-HMPAO brain SPECT was quantified by three radiolo
gists for the four groups as determined by the H/0 ratio , 
which is shown in Figure 2, with 2 SDs. 

The H/0 ratio was significantly reduced 6 months and 1 
year after cranial irradiation : mean ± SD = 0.5801 ± 0.0829 
(p < .025), 0.5725 ± 0.0791 (p < .01) versus 0.6477 ± 
0.0458 before cranial irradiation, respectively . The H/0 ratio 
was also reduced in group 4, 0.5986 ± 0.0963 , but did reach 
statistical significance (.05 < p < .1 ). Four of 12 patients in 
group 2, five of 13 patients in group 3, and three of nine 
patients in group 4 had an H/0 ratio below 2 SD of the normal 
mean; i.e. , 0.5561 (Fig. 2) . 

Similar data were obtained for the H/P ratio on the coronal 
sections (Fig. 3). The H/P ratio was significantly reduced in 
groups 2, 3, and 4: mean ± SD = 0.6650 ± 0.0958 (p < .01 ), 
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Fig. 3.-Ratio of hypothalamus and parasagittal cortex (H/P) count 
obtained from coronal 99mTc·HMPAO brain SPECT images in nasopharyn
geal cancer patient groups 1-4. 
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Fig. 4.-Correlation of hypothalamusf parasagittal (H/P) ratio and hy
pothalamus/ occipital (H/0) ratio as evaluated by linear regression. We 
found a significant correlation between H/P and H/0 ratios (r = .65, p < 
.0001), y = 0.1334 + 0.93x. 
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0.6776 ± 0.1170 (p < .05), 0.6558 ± 0.1619 (p < .05) versus 
0.7564 ± 0.0641 before cranial irradiation, respectively. Four 
of 12 patients in group 1, five of 13 patients in group 3, md 
four of nine patients in group 4 had HfP ratios below 2 SD of 
the normal mean; i.e., 0.6282. Fifteen patients had H/0 and/ 
or H/P ratios below 2 SD of the normal mean. 

Correlation of the H/P and H/0 ratios was evaluated by 
linear regression (Fig . 4). We found a significant correlation 
between H/P and H/0 ratios (r = .65, p < .0001 ), y = 
0.1334 + 0.93x. 

In this study, six patients with nasopharyngeal cancer were 
imaged twice with brain SPECT. The change in regional 
hypothalamic blood flow, expressed in the plot of H/0 ratio 
over time, is shown in Figure 5. There was a decrease in the 
H/0 ratio after cranial irradiation in five of the patients. Simi
larly, the H/P ratio was also reduced in four of these six 
patients after cranial irradiation (Fig. 6). 

The results of the endocrinologic studies of all 34 patients 
are summarized in Figure 7 and Table 1. A deterioration of 
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Fig. 5.-Results of study in which six patients with nasopharyngeal 
cancer were imaged twice with 99mTc-HMPAO brain SPECT after cranial 
irradiation. In five patients, the hypothalamus/occipital (H/0) ratio shows 
a decrease in regional hypothalamic blood flow after cranial irradiation. 
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Fig. 6.- The hypothalamusf parasagittal (H / P) ratio shows a similar 
decrease in regional cerebral blood flow in four of the six patients after 
cranial irradiation. 
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Fig. 7.-Summary of endocrinologic studies of 34 patients (groups 2-
4) with nasopharyngeal cancer after cranial irradiation. Deterioration of 
endocrine function was evident, but there was no significant difference in 
function before and after irradiation in group 2 and 3 patients. After 
irradiation, endocrine function was significantly worse in group 4 as com
pared with the other groups. 

TABLE 1: Endocrine Dysfunction in Four Groups of Patients 

No. of 
No. of Impaired 

Group Patients 
Endocrine 

Axes• 

1 10 0 
2 12 1.82 ± 0.60 
3 13 2.23 ± 0.60b 
4 9 4.00 ± 1.0c 

' Mean ± SD. 
b .05 < p < .1 compared with group 2 by Student" s t test. 
c p < .0001 compared with group 2 or 3 by Student"s t test. 

endocrine function after cranial irradiation was evident in 
group 4. There was no significant difference in function before 
and after irradiation among the patients in groups 2 and 3. 
After irradiation, endocrine function was significantly worse in 
group 4 as compared with the other groups. 

Discussion 

In this study we demonstrated that hypothalamic blood 
flow was reduced after cranial irradiation in patients with 
nasopharyngeal cancer. The H/0 ratio of group 3 (1 year after 
cranial irradiation) and group 4 (5 years after cranial irradiation) 
was not different from that of group 2 (half a year after cranial 
irradiation). 

With the development of radiopharmaceutical agents , quan
tifiable measurement of regional cerebral blood flow is now 
possible on a routine basis [11-13]. Several properties of 
99mTc-HMPAO made this new radiopharmaceutical ideal for 
SPECT imaging of cerebral blood flow; i.e., good brain uptake 
(about 80% in one pass), prolonged retention of activity in the 
brain , slow regional redistribution , good physical characteris
tics, and easy availability of 99mTc [14] . 

Since the vertebral artery and the posterior cerebral arteries 
were shielded from cranial irradiation , the cerebral blood flow 
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to the occipital area should be relatively unchanged. The lack 
of significant difference in the HJO and HJP ratios in groups 
2, 3, and 4 suggested that the reduction of hypothalamic 
blood flow, which is supplied by the anterior and middle 
cerebral arteries, is stabilized 6 months after insult from cranial 
irradiation . However, two of the six patients who had two 
cerebral blood flow studies showed a further decrease of H/ 
P and H/0 ratio 1 year after cranial irradiation. Neither was 
studied before cranial irradiation. Further follow-up study is 
needed to clarify the trend. 

There are several ways to interpret the reduced H/0 and 
H/P ratio. These include reduced hypothalamic volume, alter
ation of brain uptake mechanism, alteration of radiopharma
ceutical metabolism, reduced metabolic activity or cellular 
dysfunction, and truly reduced blood flow. With the well
known limitation of CT, we can find no discernible lesic n in 
the hypothalamus after cranial irradiation [6]. Whether there 
is persistent alteration of brain uptake mechanism andjor 
altered radiopharmaceutical metabolism is unknown. Re
duced metabolic activity and reduced blood flow may be 
interrelated as autoregulation mechanisms and may be pres
ent in the hypothalamus. Among these possibilities, we be
lieve reduced hypothalamic blood flow is the most likely 
explanation for decreased H/0 or H/P ratio after cranial 
irradiation. 

The paraventricular hypothalamus and other structures in 
its vicinity , as well as the supraoptic nucleus , would be 
included in the hypothalamus region of interest. However, the 
radiation effect on these deep cerebral structures might be 
rather similar, and thus quantification of regional cerebral 
blood flow at the hypothalamus should be verified on 99mTc
HMPAO brain SPECT. The regional cerebral blood flow at the 
pituitary was not quantified because this structure was not 
precisely located on our 99mTc-HMPAO brain SPECT image, 
which was definitely not a high-resolution SPECT study. 

Since not all patients with impaired hypothalamic pituitary 
function had a decreased H/0 or HJP ratio , we believe that 
reduced hypothalamic blood flow and decreased endocrine 
function are independent. Furthermore, much more severe 
hypopituitarism was found in group 4 patients [6] whose H/ 
0 or H/P ratio was almost equal to that of group 2 patients, 
and there was minimal hypopituitarism in group 2 patients 
[7] . The different sensitivity of each hypothalamus-pituitary 
axis also strengthens the notion that neuron damage and 
reduced blood flow may be independent in these patients . 
However, we still cannot exclude chronic ischemic changes 
as one of the causes of the progressive pituitary dysfunction. 
As in our previous studies, we found relatively few cases of 
hypothalamic-pituitary dysfunction 6 months or 1 year after 
cranial irradiation [7 , 8] ; but, as we report here, there was 
significant hypopituitarism in group 4 patients , who were 
irradiated more than 5 years before the study [6). The pro
gressive deterioration of hypothalamic pituitary function was 
in contrast to the stably reduced hypothalamic blood flow. If 
the hypopituitarism after cranial irradiation is attributed solely 
to the vascular damage, then a stabilized rather than pro
gressive hypothalamic-pituitary dysfunction would be ex
pected after cranial irradiation. 

Histologically, early changes in the CNS after high doses 
of cranial irradiation include inflammation (demyelination) pro
gressing to necrosis and fibrosis as a result of blood vessel 
sclerosis and thrombosis. Moreover, somatostatin and GRH 
neurons are distributed unevenly in the hypothalamus; if they 
have different radiosensitivity , more somatostatin neurons 
would be damaged as suggested by the previous study 's 
data [8). However, these patients received a fractionated 
dose of cranial irradiation , totaling about 5000 cGy to the 
hypothalamus and pituitary area, delivered over 8 weeks 
[15]. No anatomic change in the hypothalamus area could be 
found by brain CT in any of the group 4 patients [6). With a 
fractional dose there may not be as much vascular damage 
as in single, large-dose irradiation. This study indicates that 
direct injury to the hypothalamic neurons , which secrete 
releasing hormone or somatostatin, is one of the major causes 
of progressive hypothalamic pituitary dysfunction after cranial 
irradiation with a fractional dose. 
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