
of April 10, 2024.
This information is current as

Cerebral Blood Flow
Age and Gender Effects on Normal Regional

Laere
Anne-Sophie Pirson, Thierry Vander Borght and Koen Van

http://www.ajnr.org/content/27/6/1161.1
2006, 27 (6) 1161-1163AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57533&adclick=true&url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fwww.genericcontrastagents.com%252f%253futm_source%253dAmerican_Journal_Neuroradiology%2526utm_medium%253dPDF_Banner%2526utm_c
http://www.ajnr.org/content/27/6/1161.1


Cervical Arterial Collateral Network
Purkayastha et al1 reported 3 cases of proatlantal intersegmental

arteries of external carotid artery origin associated with Galen’s vein

malformation; however, because of their configuration, I believe that

the 3 cases do not demonstrate this rare arterial variation, but rather

show collateral blood flow from the occipital artery (OA) to the ver-

tebral artery (VA). In patients with a vein of Galen malformation, the

intra-arterial blood pressure in the VA is lower than that in the OA

because of blood steal phenomenon at the malformation. It is well

known that there is a cervical arterial collateral network between OA,

VA, and the deep cervical artery arising from the subclavian artery.2 If

one of these arteries is occluded, the remaining arteries and their

branches are dilated and supply the distal segment of the occluded

artery. The 3 cases reported by Purkayastha et al have a similar con-

dition to proximal VA occlusion and therefore should not be consid-

ered proatlantal arteries.
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Reply:
The proatlantal artery of external carotid artery origin ascends lateral

to the transverse processes of the first cervical vertebra in the neck up

to the medial aspect of the mastoid process to join the vertebral artery

as seen in the anteroposterior view. In the lateral view, it ascends

obliquely posterosuperiorly and passes at the level of the foramen

transversarium of the atlas. The type II proatlantal artery arising from

the external carotid artery was also described as the first cervical in-

tersegmental artery, which joins the vertebral artery before entering

the foramen magnum. Proatlantal arteries also give rise to the occip-

ital arteries. The proatlantal arteries of external carotid artery origin

have a similar course to that of the occipital artery. It is doubtful

whether the proatlantal artery of external carotid artery origin is

merely a hypertrophied collateral occipital artery. This happens when

the vertebral artery is hypoplastic. In our patients, however, in the

presence of normal bilateral vertebral arteries it is the proatlantal

arteries that gave rise to the occipital arteries on both sides. These

occipital arteries are smaller in caliber than the proatlantal arteries.

This finding also supports the view suggested by Lasjaunias et al1 that

the distal part of the occipital artery might be derived from the proat-

lantal artery.
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Age and Gender Effects on Normal Regional Cerebral
Blood Flow
We read with great interest the article of Takahashi et al.1 The article

points out the use of 3D stereotactic surface projections (3D-SSP) to

study the age-effect on regional cerebral blood flow (rCBF). The

greatest rCBF reduction observed was in the bilateral anterior cingu-

late. Although we generally agree with the conclusions, we would like

to emphasize some methodologic issues that may have had an impact

on the obtained results.

In the study, 31 healthy volunteers between 50 and 79 years were

classified in 3 different age classes (50–59, 60–69, and 70–79 years).

Statistical analysis was performed 2 by 2 by using unpaired Student t test.

Rather than considering age as a discrete variable, the analysis would have

been strengthened by performing a multivariate analysis based on the

general linear model with regions as intrasubject factor and sex as inter-

subject factor. The sex should also have been considered as a covariate,

because rCBF has been shown to be sex dependent in a second order.

In 2004, we presented a similar analysis by using 3D-SSP2 of a previ-

ously published normal data base constituted of 89 healthy volunteers

(46 women and 43 men; age range, 21–81 years) acquired on a triple-

head camera.3 By using the previously described multivariate analysis,

both age and sex had significant interaction with rCBF. Like Takahashi et

al, we found a significant age-related decline (P � .001) in the anterior

cingulated gyrus and left frontal association cortex, as well as in the left

insula and peri-insular cortex. Moreover, we found also a significant rel-

ative increased perfusion in the bilateral occipital association and left

primary visual cortex. Concerning the sex effect, women showed higher

uptake in parietal (P � .001) and right sensorimotor cortex (P � .002)

and a lower uptake in the left temporal associative cortex (P � .002). An

age-by-sex interaction (P � .01) was found only in the left medial frontal

cortex, in line with a known higher vulnerability of the left frontal lobe in

men compared with women.

Of major importance, although 3D-SSP seems to be better for the

analysis of atrophied brain than other analysis methods, it cannot be

stated that the partial volume effect can be totally excluded. It is

known that the anterior cingulate shows a marked age-related re-

gional atrophy (eg, based on voxel-based morphometry studies).4 In

the latter study, it was shown that in the anterior cingulate and other

regions the changes of perfusion with aging fully paralleled underly-

ing atrophy effects. Therefore, in our opinion, it should be acknowl-

edged that atrophy is not fully taken into account by 3D-SSP and that

a direct comparison between partial-volume corrected and uncor-

rected data should be made to assess to what extent the effect of

atrophy on a 3D-SSP analysis is less than other voxel-based tech-

niques such as statistical parametric mapping.
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Reply:

We thank Pirson et al for their interest in our recent article in

which we demonstrated a reduction of the regional cerebral blood

flow (rCBF) in the bilateral anterior cingulate gyrus with aging.1

They made 2 important points. One concerns the effect of sex on

rCBF with aging. The other is the effect of brain atrophy with aging

on rCBF, especially in the anterior cingulate gyri. To address these

concerns, we analyzed our data and examined the effect of aging on

rCBF in each sex, by using 3D stereotactic surface projection anal-

ysis (3D-SSP). There was reduced rCBF in the bilateral anterior

cingulate, right inferior frontal, left superior temporal gyrus, and

left posterior cingulate gyrus in women in their 70s compared with

those in their 50s (Fig 1A), whereas rCBF was reduced in bilateral

anterior cingulate, left precentral lobule, and left uncus in men in

their 70s compared with those in their 50s (Fig 1B). Thus, although

there was no sex difference in the reduction of rCBF in bilateral

anterior cingulate gyri with aging, we found differential sex effects

on age-related rCBF reduction. We conclude, however, that our

dataset was too small to reach a firm conclusion about the sex

effect.

Next, we investigated the effect of brain atrophy. As Pirson et al

stated, the anterior cingulate gyrus tends to atrophy with aging.

Therefore, we measured the area of the anterior cingulate gyrus in MR

images for each subject, by using National Institutes of Health Image

(a software for analysis of medical images, free download page: http://

rsb.info.nih.gov/nih-image/). Tracing the right and left anterior cin-

gulate gyri and the entire brain of each subject in the sagittal view, we

calculated the ratio of the area of the anterior cingulate gyri to that of

the entire brain. This measurement yielded no significant difference

in the ratio between subjects aged 50 –59 years and those aged 70 –79

years (Fig 2).

In general, we should always pay attention to the influence of

brain atrophy when interpreting 3D-SSP images as suggested by Pir-

son et al.

Fig 1. Statistical maps analyzed by using 3D-SSP. The color of the outer contour corresponds to a Z score of 7. The relative decrease in rCBF (Z score of �2) in subjects 70 –79 years
of age compared with that in subjects 50 –59 years of age (A, women; B, men). A marked reduction of rCBF was observed in the bilateral anterior cingulate gyri in each sex.

Fig 2. The ratio of the area of the right and left anterior cingulate gyri to that of the entire
brain.
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Thyroid Nodules and Other Incidentalomas: We Must
Search for Evidence and Clarify Our Ethical Priorities
A thyroid nodule will be incidentally discovered in 10%–60% of adults

imaged for other reasons. The overwhelming majority of these lesions

will be of no pertinence to the well-being of the patient.1 This unfortunate

discovery may, however, initiate a sequence of events that includes addi-

tional imaging studies and biopsies. These investigations are in turn not

totally reliable and, short of surgical resection, cannot fully eradicate the

implicit concern for the presence of a malignancy. Thyroid cancers are by

comparison much less common, with an incidence of 1–10/100,000.2

They are usually associated with an indolent course and a good progno-

sis—life expectancy is little affected in most cases—and, to the best of our

knowledge, no one has shown that early diagnosis and treatment in

asymptomatic patients imaged for other clinical complaints is beneficial.

Thus, the radiologist reporting every nodule he or she encounters may

unnecessarily impose on society an excessive financial burden as well as

psychological impact on the patients and innumerable surgical resections

of questionable justification. Nevertheless, this is just what has been pro-

posed in a recent editorial.3 Had consequences been benign, we could

leave such practice run its course, destined to extinction by its own con-

tradictions, but the problems generated are not trivial and deserve a vig-

orous response.

Our claim is that, through the search for evidence and the clarifica-

tion of ethical priorities, we can avoid such contradictions and lay foun-

dations of the practice of radiology on firmer ground.

We have long been in an era of scientific medicine. Although we

understand the discomfort associated with the suggestion of pretend-

ing to be selectively blind to incidental findings, no one has shown the

benefits of purposefully screening patients for them. Until evidence is

available, the claim that such screening is a responsibility is scientifi-

cally false. If an “absolute responsibility” exists, it is to sort out perti-

nent facts and findings from irrelevant anecdotes in a global, compre-

hensive assessment of the situation in an effort to come up with the

relevant diagnosis and the appropriate treatment of the clinical com-

plaint at hand.

This discussion could be duplicated with other incidental findings,

whether they are discovered in the pituitary or adrenal glands or in almost

any organ with which nature has provided human beings. Incidentalo-

mas are a persistent problem that increases in frequency with the avail-

ability and quality of imaging. To emphasize a duty to screen for inciden-

tal findings in an aging population could divert medical care and

expenses toward futilities while the risk of favoring iatrogenia on an ex-

ponential scale is real.

It may be surprising that one would mandate to search for these

false alerts diligently, “no matter what the intended purpose of the

study,” without even a mention of some concern regarding the pa-

tient’s consent. As far as we know, radiologists have no special waiver

to intrude into one’s personal physical and psychological integrity,

unless one assumes that any patient who agrees to have his or her

carotid evaluated for a potential stenosis is automatically consenting

to be flagged at by the discovery of anomalies, even those that have no

proven relevance and about which no one knows for sure what to do.

The editorial imposes on us an “absolute responsibility” to do pre-

vention in these cases, but requirements for preventive actions are

that the risks of iatrogenia will be low and potential benefits will be

proved by a valid trial. Although medicine only has an obligation of

means, prevention has an obligation of results. Can we reasonably

assume that any rational patient, had he or she been informed of the

poor accuracy of imaging in the diagnosis of a malignancy, would

have submitted to a screening test he or she had not asked for, to later

be stuck against his or her will with a difficult decisional dilemma?

This assumption is probably false.

The justification for this “absolute responsibility” to search for thy-

roid nodules, the editorial argues, is “our priority for reading films over

other practitioners and, therefore, the claim for primary reimbursement

for that interpretive service.”

First, being paid for doing something as a justification for doing it is

not appropriate for physicians. Second, common sense could tell us that

“services” that are erroneous in most of the 15%–60% of patients who

are flagged are unlikely to be welcomed. Not only is reimbursement a

fallacious justification of screening for thyroid nodules, but it is also a type

of practice that may justify questioning the judgment of radiologists and

the utility of their services.

How is such an ethical and scientific drift possible? The editorial

repeatedly demonstrates confusion regarding the objects of the radi-

ologist’s loyalty, mingling “justification for reimbursement” and “re-

sponsibility to the patient,” or blending “protection of the patient and

physician interests.” In this era of fast-evolving practices, reserving

time to reflect about the ethical priorities we are willing to espouse

may solve apparent dilemmas of modern imaging. To clarify our

opinions regarding the points raised by the editorial, rigid loyalty to

the image, no matter what the consequences for the subject, is appro-

priate for technicians; a practice focused on medical legal concerns is

bad medicine; a defense of irrelevant interpretive services can be per-

ceived as corporatism and collaboration with “needy doctors” as

quackery. There is no question in our minds that we must offer first

and foremost our loyalty to our patients. Then we should practice a

scientific medicine. If we stick to these simple principles, we believe

our financial compensation will be appropriate and in accordance to

our dedication. Our “professional status” would be better supported,

and retribution perhaps better assured, by promoting the search for

scientific evidence that our services are valuable.

The “inescapable responsibility” of physicians is to ensure that their

actions entail more good than harm. Advocates of imaging as screening

tests for thyroid malignancy should (1) design the trial that would show

the clinical benefit of flagging nodules, aiming at early diagnosis and

treatment of asymptomatic cancers present in a very small proportion of

these; (2) apply for ethical approval of their institution; (3) obtain in-

formed consent from each subject; and (4) deliver positive clinical results

that outweigh complications of this practice before recommending with

any authority screening or follow-up imaging plans. For now, at the time

of diagnostic studies performed for other indications, unless they present

malignant characteristics in a clinical context that is relevant, we feel it is

safe for radiologists and clinicians morally concerned about the conse-

quences of their actions, and best for patients, to ignore these misleading

thyroid nodules.
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