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 Summary
 Background: Both brain atrophy and decrease of perfusion are observed in dementive diseases.

  The aim of the study was to correlate the results of brain perfusion CT (pCT) and CT volumetry in 
patients with Alzheimer’s disease (AD).

 Material/Methods: Forty-eight patients with AD (mean age of 71.3 years) underwent brain pCT and CT volumetry. The 
pCT was performed at the level of basal ganglia after the injection of contrast medium (50 ml, 4 ml/
sec.) with serial scanning (delay 7 sec, 50 scans, 1 scan/sec). Volumetric measurements were carried 
out on the basis of source images, with the use of a dedicated CT software combined with manual 
outlining of the regions of interest in extracerebral and intraventricular CSF spaces.

  Perfusion parameters of the cerebral blood flow (CBF) and cerebral blood volume (CBV) from the 
grey matter of frontal and temporal as well as basal ganglia were compared statistically with the 
volumetric measurements of frontal and temporal cortical atrophy as well as subcortical atrophy.

 Results: A statistically significant positive correlation was found between the values of CBF and CBV in the 
basal ganglia and the volumes of the lateral and third ventricles. The comparison of CBF and CBV 
results with the volumetric measurements in the areas of the frontal and temporal lobes showed 
mostly negative correlations, but none of them was of statistical significance.

 Conclusions: In patients with AD, the degree of cortical atrophy is not correlated with the decrease of perfusion 
in the grey matter and subcortical atrophy is not correlated with the decrease of perfusion in the 
basal ganglia region. It suggests that functional and structural changes in AD are not related to 
each other.
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Background

The global tendency of increasing life expectancy and pop-
ulation aging in the developed countries result in a grow-
ing prevalence of dementive diseases, which becomes 
an increasing social, medical and economic problem. 
Dementive diseases constitute a very difficult challenge for 
physicians of different specialties and for many research-
ers who aim to develop new diagnostic method enebling 
to differentiate those diseases in their preclinical phase, as 
well as to invent effective medicines which would inhibit 

or delay the symptoms of dementia. In the recent years, 
much attention and time have been devoted to establish the 
moment of conversion from a mild cognitive impairment 
(MCI) to a fully symptomatic Alzheimer’s disease (AD) and 
to stop this conversion.

With a dynamic development of imaging diagnostics, its role 
in revealing the dementive diseases and monitoring their 
course and reaction to the applied treatment is of increas-
ing importance. For many years now, basic structural CT 
and MRI examinations of the head have been a constant 
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element of the diagnostic scheme in patients with dementia. 
Their main aim is to exclude the organic causes of dementia 
and to assess the degree and location of brain atrophy [1,2].

In recent years there have been an enormous progress not 
only in morphological examinations, but also in meth-
ods of functional imaging, which allow for evaluation of 
metabolism, biochemical composition and function of the 
cerebral cortex, as well as perfusion and diffusion rates in 
different brain regions, providing many important data on 
pathomechanisms of different dementive diseases. These 
methods include MR spectroscopy (MRS), functional MR 
(fMR), diffusion-weighted MR imaging (DWI) and diffusion 
tensor imaging (DTI), as well as perfusion techniques, such 
as perfusion MR (pMR) and CT (pCT).

In the course of dementive diseases both brain atrophy 
(cortical and subcortical) and decreased cortical perfusion 
can be found [3,4].

The aim of this study was to compare the volumetric mea-
surements of brain atrophy and values of CT perfusion 
parameters in patients with Alzheimer’s disease and to 

examine whether there is any correlation of time and loca-
tion between these parameters.

Material and Methods

The study group included 48 patients (30 women and 18 
men) in the age ranging from 45 to 88 years (mean age of 
71.3 years) who, on the basis of the valid clinical classifica-
tions, were diagnosed with AD.

To diagnose AD, ICD-10 and DSM-IV classifications were 
used, supplemented by NINCDS-ADRDA criteria. Most 
of the patients from the study group had primary or sec-
ondary education. In the Mini-Mental State Examination 
(MMSE) test, they received from 0 to 23 points (mean of 
16.6 points), while the clock drawing test resulted in I–IV 
points, or II points on average.

All the patients underwent a CT, together with pCT and CT 
volumetry.

The examination were performed with the use of a two-row, 
spiral CT unit, Dual HiSpeed (GE Medical Systems). First, a 

Figure 1.  Evaluation of cortical atrophy – CSF spaces found automatically by computer (yellow); after manual outlining (green).
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standard, unenhanced CT of the head was carried out in the 
sequential technique (slice thickness of 7 mm in the supraten-
torial space and of 4 mm within the posterior cranial fossa).

The basic head CT was used to perform volumetric 
measurements and to establish the level of perfusion 
measurements.

Methods of volumetric measurements

Source CT images were sent to the viewing station, Magic 
View 1000. The measurements were performed on the 
basis of own method, combining automatic calculations of 
the CSF (cerebrospinal fluid) volumes with a visual assess-
ment of conformity between the regions marked by the 
program and outlines of the anatomical structures, togeth-
er with manual correction of these outlines.

To perform volumetric measurements, we used axial CT 
scans, after excluding the highest and the lowest scans, to 
eliminate bias from artifacts produced by bone structures 
(pyramids of the temporal bones and bones of the skull vault).

The following parameters were calculated in the volumet-
ric examination:

•	 	CSF	 volume	 in	 subarachnoid	 spaces	 of	 the	 temporal,	
frontal and parietal-occipital regions (for each hemi-
sphere independently) and for the whole supratentorial 
region – to assess the cortical atrophy (Figure 1, Table 1),

•	 	CSF	volume	in	the	ventricular	system	(in	the	ventricular	
supratentorial system and in the IV ventricle, separately) 
– for subcortical atrophy,

•	 	Cranial	 volume	 (without	 the	posterior	 fossa)	 –	 for	 stan-
dardisation of the obtained results,

•	 Supratentorial	volume

Methods of the perfusion measurements

CT perfusion measurements were carried out at the level 
of the basal ganglia. After identifying the proper slice, con-
trast agent was administered with the use of an automated 
syringe (50 ml, rate of 4 ml/sec). After approx. 7 seconds of 
delay, a serial scanning was introduced at a rate of 1 scan 
per second and lasted for about 1 minute. As a result, we 
obtained 50 CT scans during the firts pass of the contrast 
agent through brain parenchyma. The thickness of the 
examined slice was 1 cm.

Row data obtained from the perfusion examination were 
then processed on AW workstations with the use of 

CBF gm
F+T

gm
Fr

gm
Fl

gm
Tr

gm
Tl

gm
F r+l

gm
T r+l B.G. wm

F+T

CA/SV –0.04 0.01 0.02 0.03 –0.18 0.02 –0.09 0.43 0.24

Fr/SV –0.11 –0.09 –0.04 –0.05 –0.21 –0.07 –0.14 0.33 0.20

Fl/SV –0.04 0.06 0.02 0.06 –0.23 0.04 –0.10 0.46 0.24

Tr/SV –0.14 –0.14 –0.10 –0.15 –0.12 –0.12 –0.15 0.29 0.02

Tl/SV –0.14 –0.07 –0.11 –0.09 –0.20 –0.09 –0.16 0.47 0.05

F/SV –0.08 –0.01 –0.01 0.01 –0.22 –0.01 –0.12 0.40 0.23

T/SV –0.14 –0.11 –0.11 –0.13 –0.16 –0.11 –0.16 0.39 0.03

v.sys./SV –0.13 –0.05 –0.11 –0.12 –0.16 –0.09 –0.15 0.41 0.02

CBV gm
F+T

gm
Fr

gm
Fl

gm
Tr

gm
Tl

gm
F r+l

gm
T r+l  B.G. wm

F+T

CA/SV –0.01 0.05 0.01 0.06 –0.12 0.03 –0.04 0.42 0.13

Fr/SV –0.09 –0.05 –0.05 –0.04 –0.19 –0.05 –0.13 0.32 0.07

Fl/SV 0.02 0.08 0.04 0.09 –0.13 0.06 –0.02 0.42 0.15

Tr/SV –0.13 –0.09 –0.13 –0.11 –0.13 –0.12 –0.13 0.28 –0.06

Tl/SV –0.08 –0.04 –0.10 –0.03 –0.12 –0.07 –0.08 0.41 –0.01

F/SV –0.04 0.02 –0.01 0.03 –0.16 0.01 –0.08 0.38 0.11

T/SV –0.11 –0.07 –0.12 –0.07 –0.13 –0.10 –0.11 0.35 –0.04

v.sys./SV –0.03 0.01 –0.09 0.02 –0.03 –0.05 –0.01 0.42 0.05

Table 1.  The results of correlation of perfusion parameters (CBF and CBV) with volumetric measurements of cortical and subcortical atrophy.

* Statistically significant values (in bold) – p<0.05. CBF – cerebral blood flow; CBV – cerebral blood volume; gm – grey matter; F – frontal area; 
T – temporal area; R – right; L – left; B.G. – basal ganglia; wm – white matter; ca – cortical atrophy; v.sys. – ventricular system; SV – skull volume.
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Perfusion 2 software dedicated for the diagnostics of isch-
aemic lesions (brain stroke). Further stages of postprocess-
ing included the elimination of movement artifacts, estab-
lishment of an optimal density range (0–120 HU, normally) 
and identification of the reference vessels. Due to the anal-
ysis of perfusion data with the use of the deconvolution 
method, it was necessary to identify two reference ves-
sels: arterial (pericallosal artery) and venous (superior or 
transverse sagittal sinus). After generating colour perfusion 
maps for CBF (cerebral blood flow) and CBV (cerebral blood 
volume) parameters, we marked 12 regions of interest (ROI) 
on them: within the grey and white matter of the frontal 
and temporal lobes and within the lentiform nuclei and 
internal capsules (Figure 2). Regions of interests were man-
ually outlined (freehand drawing option) by a precise con-
touring of different anatomical structures, excluding the 
cerebral grooves or large vessels. For each of the identified 
ROIs, values of CBF and CBV parameters were obtained. 
Moreover, by adding the results from a few ROIs and by 

calculating a mean value, values of perfusion parameters 
were obtained for larger brain areas (Table 1).

Values of CBF and CBV parameters from 9 selected ROIs 
were mathematically correlated with the results of volu-
metric measurements. Perfusion parameters of the grey 
matter were compared with cortical atrophy of a given 
region, while the perfusion in the area of basal ganglia, 
with subcortical atrophy. The Pearson’s correlation coeffi-
cient with p<0.05 was used for the statistical analysis.

Results

We found a statistically significant positive correla-
tion between CBF and CBV values within the basal gan-
glia and the CSF volume in the supratentorial ventricular 

Figure 2.  CT perfusion of the brain. (A) – twelve regions of 
interest (ROIs) in the grey and white matter of frontal 
and temporal lobes, both caudate nuclei and internal 
capsules. (B) – normal perfusion curves in the reference 
vessels (violet – artery, green – vein). CBF (C) and CBV (D) 
perfusion maps with ROIs.

A C

DB
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system (subcortical atrophy). i.e. increasing perfusion with 
increasing ventricular volume.

No correlation was found between the perfusion measure-
ments within the whole white matter, and the subcortical 
atrophy.

The degree of cortical atrophy in the frontal and temporal 
areas did not correlate significantly with CBF and CBV val-
ues obtained for those areas (Table 1).

Discussion

Brain atrophy which goes beyond the physiological aging 
process is one of the basic pathological processes in 
patients with dementia. The characteristic feature of atro-
phy found in imaging examinations is the decreasing vol-
ume of brain structures, which results in a secondary dila-
tion of the extracerebral fluid spaces (cortical atrophy) and 
of the intraventricular system (subcortical atrophy) [5].

On the basis of neuropathological examinations, 3 main stages 
of the development of brain atrophy in AD were identified. In 
the first stage, mostly asymptomatic, morphological lesions 
are found selectively within the parahippocampal areas (hip-
pocampal gyrus and entorhinal cortex). In the next stage, the 
degenerative process involves additional structures of the 
medial part of the temporal lobe and limbic system, and espe-
cially the hippocampal system. In the last stage, the pathologi-
cal lesions spread to the remaining parts of the cortex, includ-
ing most of the temporal, parietal and frontal lobes [6–9].

The results of the previously reported volumetric CT and 
MRI examinations correlate with the presented neuropatho-
logical lesions. The examinations performed in patients in 
a preclinical stage of AD with MCI showed a decreased vol-
ume of the parahippocampal gyrus, which speaks for early 
morphological lesions of ‘dementive atrophy’ type [10].

Results of the volumetric MRI examinations in patients 
with AD confirmed the loss of volume of the medial struc-
tures of the temporal lobe – ERC cortex (enthorhinal cor-
tex) and hippocampus mainly. The loss of the volume 
increases with the development of the disease [11–17].

Also the previous volumetric CT measurements conducted by 
the authors of this article among patients with AD showed 
a significantly higher volume of the cerebrospinal fluid in 
the occipital-parietal regions and in the supratentorial ven-
tricular system, than in the control group, which remains in 
accordance with the results of the studies by other authors 
[18–23]. However, no differences were shown in the mea-
surements of the CSF volume in the temporal regions 
between the patients with AD and the control group, which 
resulted most probably from the type of measuring method 
accepted by the authors. The evaluation of the volumes of 
extracerebral CSF spaces in the temporal region included sec-
tions from above the apexes of the pyramids of the temporal 
bones, which was supposed to avoid bias induced by artifacts 
from bone structures within the skull base.

The authors did not show any significant cortical atro-
phy in the frontal regions in patients with AD, which is in 

accordance with the reports by other authors. The presence 
of atrophy in the frontal regions is typical for patients with 
frontotemporal dementia (FTD), and due to a high simi-
larity and overlapping of clinical symptoms in the course 
of FTD and AD, it is used in the differential diagnostics 
between these forms of dementia [24,25].

In AD, apart from brain atrophy also major injury of the 
cerebral vessels can be seen, which according to the tradi-
tional view of AD pathomechanism, is caused by toxicity 
of the accumulating beta-amyloid [26]. The significant role 
of vascular lesions in the pathomechanism of AD is becom-
ing more frequently mentioned. According to the vascu-
lar hypothesis of AD these lesions are believed to be not 
only the result of the neuronal damage but also its primary 
cause [27,28].

In the light of the recent histological and molecular studies, 
lesions found in AD within the vascular system are varied 
and concern both the large and the small vessels. Patients 
with AD are diagnosed with disturbed angiogenesis, degen-
eration of small vessels, improper functioning of the brain-
blood barrier (disturbed transfer of beta-amyloid and its 
decreased elimination from the brain tissues) as well as 
atheromatous lesions within large vessels [29–32]. All these 
pathologies of the vascular system lead to a chronic brain 
hypoperfusion.

Nuclear medicine imaging examinations (PET, SPECT), 
and, with increasing frequency, also the perfusion exami-
nations, such as PWI and pCT, allow for an in vivo, non-
invasive evaluation of the cerebral microcirculation. The 
results of PET, SPECT, and PWI examinations confirm the 
significant hypoperfusion of the temporo-parietal regions, 
and medial aspects of the temporal lobes, frontal regions 
and the posterior cingulate cortex in AD, as well as in MCI 
– a prestage of AD [33–37]. Previous pCT examinations, car-
ried out by the authors of this article, also showed a statis-
tically significant decrease in CBF and CBV values in the 
grey and white matter of the frontal and temporal lobes, as 
well as in both internal capsules in patients with AD [38]. 
Additionally, it was found that in those patients, the values 
of CBF and CBV within the cortex and the white matter of 
the frontal and the temporal lobes correlate positively with 
the results of the MMSE test, i.e. the more severe the hypo-
perfusion of these regions, the more pronounced the distur-
bances of the cognitive function [39].

Until present, there have not been many articles compar-
ing the results of volumetric and perfusion examinations in 
patients with AD. Most of the studies based on the evalua-
tion of MRI, SPECT or PET examinations, and none of them 
concerned the CT methods.

Our assessment of the correlation between volumetric 
measurements of brain atrophy and perfusion param-
eters did not show any statistically significant rela-
tions between the degree of the cortical atrophy and the 
decrease in perfusion rate in the selected regions of the 
frontal and temporal areas, neither in the white matter, 
nor in the grey matter. Similar results were obtained by 
Bozzao et al., who compared the PWI results with the 
degree of cortical atrophy in patients with AD, and showed 
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that CBV values do not depend on brain atrophy. According 
to the authors, the decreased values of CBV in patients 
with AD do not follow directly from brain atrophy, but, 
most probably, from a limited brain perfusion in patients 
with a disturbed cognitive function resulting from a lower 
brain demand [36].

The obtained results may be also caused by a different 
course and rate of changes in both processes, which was 
suggested by Kitayama et al. They concluded that in the 
development of the AD from an early to an advanced stage, 
the dynamics of perfusion disturbances and of hippocampal 
volume decrease are not the same. In the early AD stag-
es, the hippocampal atrophy (22.2%) exceeds the perfusion 
decrease (12.4%), while in the advanced stages of AD, the 
authors of the study found a very similar degree of both 
those processes (perfusion decreased by 25.9%, hyppocam-
pal volume decreased by 29.3%) [40].

Also other SPECT and PET studies perfomed in the patients 
with early AD changes showed significant disturbances of 
metabolism and brain perfusion in the posterior cingulate 
cortex as well as, the typical for AD, degeneration of the 
neurons in the enthorinal cortex. Lesions in the posterior 
cingulate cortex were considered to be a late function-
al result of the structural injury of the enthorinal cortex 
[33]. Such a finding points to the fact that changes in brain 

perfusion, secondary to the structural damage, do not have 
to concern the same region in the brain, but may be found 
in distant regions.

On the other hand, it is difficult to explain the results of 
positive correlations between the increased subcortical 
atrophy and the increased value of perfusion parameters in 
the region of basal ganglia, which were found in our study. 
Such a result can confirm a thesis different dynamics of 
both degenerative and perfusion changes and may suggest 
an hyperperfusion of the deep cortical structures to be a 
protective mechanism in the condition of the increased 
subcortical atrophy. However, in the situation of no similar 
results obtained by other authors, it is necessary to carry 
out further studies, which would aim to define the exact 
nature of the changes.

Conclusions

1.  In patients with AD, the degree of cortical atrophy does not 
correlate with decreased pCT parameters within the grey 
matter, and the degree of subcortical atrophy does not cor-
relate with the decrease in perfusion of the basal ganglia.

2.  The obtained results suggest that structural and func-
tional lesions in the course of AD do not follow concur-
rently and are not strictly dependent from one another.
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