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INTRODUCTION

ALTHOUGH AIRFLOW OBSTRUCTION is the most obvious
manifestation of chronic obstructive pulmonary disease
(COPD), it is associated with many extrapulmonary fea-
tures that contribute to the morbidity, reduced quality of
life, and, possibly, mortality of this disease.1–5 Cognitive
impairment have been documented as one of the im-
portant extrapulmonary manifestation in patients with

COPD.6–14 Arterial oxygen desaturation may develop in
patients with COPD as a result of their disease. This
decline in arterial oxygen content could subsequently
result in a decrease in oxygen transport to the brain.
Global ischemia leads to a variable degree of impairment
of cognitive abilities.15–17 Much research has typically
indicated that COPD individuals experience declines in a
number of cognitive functions, such as memory reaction
time, memory, abstract reasoning skills, and complex
visual-motor processes.18–21 Many studies evaluated the
correlation between neuropsychological dysfunction and
pulmonary function or arterial blood gases in COPD
patients.10,11,13,22,23 Recently, metabolic brain studies with
MR spectroscopy have been reported.24–26 However, to
date and to our knowledge only one study has evaluated
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the cerebral perfusion pattern using SPECT in COPD.27

Therefore, the purpose of the present study is to docu-
mented the cerebral perfusion pattern using SPECT and to
investigate the relationship between perfusion index and
cognitive performance in a sample of COPD patients.

PATIENTS AND METHODS

Patients
Eight patients with stable hypoxemic and hypercapnic
COPD (HC) (mean age 52.6 ± 5.4 years, range 47–64
years) and 10 patients with stable nonhypoxemic COPD
(NHC) (mean age 54.8 ± 6.9 years, range 45–65 years)
were included in the study. The patients’ age ranged from
45 to 65 years, with a mean age of 55.1 ± 6.1 years. There
were 8 women and 10 men. Ten volunteers (6 males and
4 females) comprised the control group. The control
subjects with comparable age, sex and educational status
were asymptomatic, nonsmokers, not having any meta-
bolic, psychiatric or neurologic disease and they were
taking no medications. All patients gave their informed
consent to the study. Ethical approval for the study was
obtained from the local ethics committees. The diagnosis
of COPD was made according to the criteria defined by
the American Thoracic Society.28 Spirometry and blood
gas analysis were done on the day of the scintigraphic
study for all patients. After 30 minutes rest, arterial blood
gas samples were drawn from radial artery and analyzed
immediately. The spirometry data were analyzed using
both absolute values and percent of normal predicted
values according to the guidelines of the American Tho-
racic Society.28 Standardized inhaled therapy to prevent
the confounding effect of different dosages was given to
all patients: inhaled salbutamol, 200 mg twice a day;
ipratropium bromide, 250 mg three times a day and;
beclomethasone, 250 mg three times a day. Cognitive test
and brain perfusion SPECT were made under the stable
conditions. Conditions that can affect the results of cog-
nitive tests and cause cerebral perfusion changes were
excluded: 1. a history of head trauma, alcohol or drug
abuse, 2. taking medicine which affects the cognitive
status and cerebral perfusion and other coexistent pulmo-
nary diseases, congestive heart failure, cirrhosis, demen-
tia, and recent or old stroke, carotid artery stenosis over
50%, renal disorders, thyroid dysfunction, anemia, vita-
min B12 and folate deficieny, diabetes mellitus or other
chronic disease or any visual and hearing impairment, 3.
psychiatric disorders. Because depression may influence
performance on a cognitive functioning test,29 depressed
subjects according to the criteria of the Diagnostic and
Statistical Manual of Mental Disorders III-revised were
excluded from the study,30 4. patients unable or unwilling
to perform the test were also excluded.

All the subjects underwent an extensive physical and
laboratory examination, including routine blood and
urine analysis, serum assays for vitamin B12, thyroid hor-

mones, NH4, VDRL, ECG, and chest radiograph. All
patients underwent structural imaging by MRI. A 1.5-T
unit (Siemens Medical Systems) was used to acquire a
standard set of images. Subjects with morphological
abnormality or cortical atrophy were not included in the
study.

Cognitive Tests
Cognitive functions were assessed by means of mental
deterioration battery (MDB) and the battery of neuropsy-
chological tests described below. MDB was proved very
effective in discriminating normal from abnormal cogni-
tive performance and characterizing disease-related pat-
terns of mental deterioration. It includes tasks of episodic
memory [Rey’s Auditory Verbal Learning Test (RAVLT)],
language (Word Fluency and Phrase Construction), im-
mediate visual memory, visual-spatial intelligence
(Raven’s Coloured Matrices) and constructional apraxia
(Copying Drawings with and without landmarks).30 Three
additional more comprehensive neuropsy chological tests
were used in the present study: Wechsler memory scale-
revised (WMS-R), the grooved pegboard test (GPT) and,
the color trail test (CTT). The WMS-R is used as a very
effective neuropsychological test for memory and learn-
ing ability. It yields age-adjusted and education-adjusted
standardized scores containing five subcategories: gen-
eral memory, verbal memory, visual memory, delayed
recall, and attention.31 The GPT test is used for evaluation
of visuomotor coordination and motor control of each
hand.32 The CTT is a neuropsychological test for attention
and visuospatial scanning ability and it is less affected by
cultural or educational levels.33 All subjects were given
psychometric tests by the same medical personnel.

Cerebral Perfusion (SPECT)
Seven hundred and forty MBq of technetium-99m-
hexamethylpropylene amine oxime (HMPAO) (Nycomed-
Amersham, S.A.) was injected intravenously in a semidark
room with reduced visual and auditory stimulus. SPECT
imaging was performed using a single head gamma cam-
era (Elscint SPX-6, Haifa, ISRAEL) equipped with a high
resolution collimator. Acquisition was started 15 minutes
after the injection. The head of the patients was fixed and
remained immobile throughout the study. The data were
acquired in a 64 × 64 matrix through 360° rotation at 6°
intervals for 30 second per projection with a 1.2 zoom and
total 60 projections were collected. Total acquisition time
was 30 minutes. Approximately 6 million counts were
collected for each study. Filtered back projection with a
Metz filter was used for reconstruction. Chang’s method
was applied for attenuation correction with a coefficient
factor of 0.075. No scatter correction was performed. The
full-width at maximum in the transaxial plane was 8.3
mm. Image slices were arranged parallel to the orbitomeatal
line and slices were obtained in the coronal, sagittal and
oblique planes. Quantitative analysis was performed by a
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ROI-based method according to the report of Tran Dinh et
al. 16 transverse slices reoriented parallel to the orbito-
meatal plane were obtained using anatomically defined
regions of interest.34 For this study, the following ROIs
were drawn semiautomatically over the orbitomeatal
plane at vertex cerebral, mid-cerebral and basal cerebral
slices: three bilateral ROIs over the superior frontal, cen-
tral and parietal regions on vertex cerebral slices; six
bilateral ROIs over the anterior frontal, middle frontal,
temporoparietooccipital, occipital, sylvian, and thalamic

Fig. 1   Representative template of ROIs. R: right, L: left, 1:
anterior temporal, 2: pons, 3: cerebellum, 4: anterior frontal, 5:
middle frontal, 6: sylvian, 7: temporo-parieto-occipital, 8: oc-
cipital, 9: thalamus, 10: superior frontal, 11: central, 12: parietal,
13: mesial temporal, 14: lateral temporal.

Table 1   Demographic features, blood gas and spirometry results of the groups

Mean age Sex Duration of PaO2 PaCO2
FEV1, l/min

FEV1, %
(years) M/F education (year) mmHg mmHg predicted

Control subjects n = 10 54.1 ± 8.7 6/4 10.28 ± 3.6 — — 2.9 ± 0.7 110 ± 10
HC n = 8 52.6 ± 5.4 5/3   9.00 ± 3.8 51.6 ± 4.1* 47.6 ± 7.9# 0.77 ± 0.32    34 ± 9.2
NHC n = 10 54.8 ± 6.9 5/5   10.4 ± 2.8 67.5 ± 4.9* 39.9 ± 5.1# 1.08 ± 0.55 33.9 ± 13

* p < 0.05 for HC versus NHC and # p < 0.01 HC versus NHC

Table 2   Mean scores (standard deviation) of COPD patients and of control subjects
on the tasks of the mental deterioration battery

Tasks NHC HC Control

Visual memory 14.3 (3.1) 14.1 (3.3) 14.6 (2.3)
Immediate recall 33.8 (3.7) 27.1 (5.9) 35.2 (8.3)
Delayed recall 7.8 (2.9) 4.1 (2.7)# 8.6 (3.1)#

Delayed recognition 77.3 (8.0) 76.9 (7.7) 79.5 (6.8)
Phonological verbal fluency 26.8 (8.8) 25.9 (7.8) 27.8 (9.1)
Word generation 13.7 (4.2) 14.1 (5.5) 15.3 (3.5)
Copying drawings 7.0 (3.6) 6.9 (3.0) 7.2 (2.8)
Copying drawings with landmarks 60.1 (8.9) 59.6 (7.5) 61.6 (5.2)
Digit span forward 6.9 (1.7) 7.0 (0.9) 7.1 (1.2)
Digit span backward 5.1 (1.1) 4.8 (1.3) 5.3 (0.8)
Raven’s colored progressive matrices 15.4 (5.4) 14.8 (4.5) 17.2 (3.7)
Temporal rule induction 15.3 (5.4) 17.6 (4.9) 17.7 (5.1)
# HC versus control p < 0.01

regions on mid-cerebral slices; two bilateral ROIs over
the anterior temporal, hemicerebellar regions and one
middle ROI over the pons on basal cerebral slices. For
detailed evaluation of the temporal structures, two trans-
verse slices were reconstructed along the major axis of the
temporal lobe and two additional ROIs over the mesial
and lateral temporal regions were drawn. The ROI tem-
plate used was shown in Figure 1. For each cerebral area,
mean counts per pixel of the corresponding ROIs in two
consecutive slices were averaged. The average number of
counts for each region was normalized to the mean cer-
ebellar uptake. ROI semiquantitative analysis was per-
formed by the same investigator, who was blinded to the
clinical data. Reference values were obtained from the
healthy control group (95% confidence interval of the
mean). Regions outside the reference limits were consid-
ered abnormal.

Statistical Analysis
Data were analyzed by statistical packages (SPSS for
Windows, version 11.5; SPSS, Inc., Chicago; and BMDP,
Berkeley, Calif.). Quantitative variables data are ex-
pressed as the mean ± SD. The data of the patients and
controls in terms of age, duration of education and pulmo-
nary function parameters were statistically analyzed us-
ing Mann-Whitney U test. The comparison of cognitive
tests between groups was made by Mann-Whitney U test.
The significance of the difference in each ROI between
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patients groups and controls was evaluated by Student’s
t test for independent groups. Bonferroni’s correction was
used to control the probability of type I errors when
performing multiple comparisons. We considered the
significance for differences between groups in neuropsy-
chological tests and counts on ROIs at p < 0.01. The
correlation between cognitive test scores and cerebral
perfusion index was performed by Pearson correlation
test.

RESULTS

The general characteristics of the patients and control
subjects were given in Table 1. Educational level, sex
disturbance and age were uniform across groups, accord-
ing to criteria of selection. No significant difference in
these parameters was found between the groups (p >
0.05). Table 2 shows the mean scores obtained by COPD
patients and control subjects on the various tasks forming
the MDB. The results of the other neuropsychological
function tests in the patients and controls are listed in
Table 3. Compared with the results of control subjects,
COPD patients scored less on selected tasks exploring
verbal memory, delayed recall, and attention. These three
domains were below the threshold of significance in HC
patients, while NHC patients had significantly lower
scores of verbal memory. No significant difference be-
tween the COPD groups and controls was found in any
other task of neuropsychological tests.

The mean counts in cerebral ROIs of patients and
control subjects are listed in Table 4. Comparison of
perfusion indexes between NHC patients and controls,
and HC patients and controls showed that one ROI had
significantly reduced perfusion in NHC patients than in
that of the controls: left anterior frontal; and five ROIs in
HC patients than that of the controls: left superior frontal,
left anterior frontal, left middle frontal, right superior

frontal, and left parietal. Comparison of perfusion indexes
between NHC and HC patients showed a significant
reduction in perfusion in the following ROIs in HC
patients: left middle frontal, left superior frontal, right
superior frontal, and left parietal. Perfusion index of left
anterior frontal in HC and NHC patients did not show any
differences. Examples of perfusion patterns in COPD
patients are shown in Figure 2.

Table 3   Other neuropsychological tests scores obtained by
groups

Neuropsychological
tests HC NHC Control

WMS-R
general memory 92 ± 12 95 ± 10 100 ± 15
verbal memory 77 ± 3* 96 ± 4 100 ± 15*
visual memory 93 ± 11 94 ± 13 100 ± 15
attention/concentration 79 ± 2* 91 ± 12 100 ± 15*
delayed recall 66 ± 3* 91 ± 17 100 ± 15*

CTT
CTT1 37 ± 13* 46 ± 9   50 ± 10*
CTT2 45 ± 16 47 ± 11   50 ± 10

GPT
dominant hand 47 ± 14 48 ± 9   50 ± 10
nondominant hand 46 ± 10 47 ± 12   50 ± 10

* HC versus control p < 0.01

Table 4   Mean counts (SD) in the 27 ROIs of controls, HC
patients and NHC patients

            ROIs CS (n = 10) HC (n = 8) NHC (n = 10)

R Anterior frontal 0.755 (0.06) 0.715 (0.09) 0.741 (0.06)
L Anterior frontal 0.723 (0.05)* 0.690 (0.06)*,# 0.719 (0.07)*,#

R Middle frontal 0.737 (0.03) 0.729 (0.05) 0.728 (0.08)
L Middle frontal 0.738 (0.08)* 0.694 (0.02)* 0.733 (0.08)
R Sylvian 0.752 (0.05) 0.749 (0.08) 0.750 (0.05)
L Sylvian 0.736 (0.04) 0.732 (0.09) 0.734 (0.09)
R Anterior temporal 0.737 (0.08) 0.747 (0.08) 0.739 (0.10)
L Anterior temporal 0.695 (0.10) 0.682 (0.09) 0.690 (0.10)
Pons 0.793 (0.09) 0.783 (0.09) 0.786 (0.07)
R Hemicerebellar 0.896 (0.07) 0.891 (0.09) 0.887 (0.1)
L Hemicerebellar 0.965 (0.03) 0.953 (0.02) 0.961 (0.03)
R Temporal-parietal 0.752 (0.04) 0.747 (0.08) 0.744 (0.1)
L Temporal-parietal 0.718 (0.05) 0.711 (0.03) 0.716 (0.08)
R Occipital 0.775 (0.05) 0.770 (0.06) 0.769 (0.11)
L Occipital 0.772 (0.05) 0.765 (0.06) 0.769 (0.10)
R Thalamus 0.726 (0.10) 0.715 (0.10) 0.721 (0.09)
L Thalamus 0.689 (0.12) 0.677 (0.08) 0.684 (0.10)
R Superior frontal 0.753 (0.06) 0.750 (0.06) 0.749 (0.11)
L Superior frontal 0.721 (0.04)* 0.650 (0.06)* 0.715 (0.11)
R Central 0.703 (0.05) 0.700 (0.04) 0.695 (0.12)
L Central 0.744 (0.03) 0.748 (0.04) 0.739 (0.12)
R Parietal 0.761 (0.05) 0.763 (0.08) 0.758 (0.13)
L Parietal 0.729 (0.05)* 0.590 (0.03)* 0.724 (0.12)
R Mesial temporal 0.832 (0.32) 0.828 (0.07) 0.830 (0.12)
L Mesial temporal 0.862 (0.39) 0.871 (0.08) 0.871 (0.11)
R Lateral temporal 0.815 (0.04) 0.820 (0.09) 0.824 (0.08)
L Lateral temporal 0.934 (0.05) 0.941 (0.06) 0.939 (0.06)

Significant differences: * HC versus CS p < 0.01, # NHC versus CS
p < 0.01

Table 5   Correlation of cognitive functions and cerebral
perfusion in HC and NHC patients

Cognitive function Perfusion p r

HC patients
Verbal memory Decreasing in 0.05 −0.700

left anterior frontal
Attention Decreasing in 0.05 −0.86

left middle frontal
Delay recall Decreasing in 0.01 −0.952

left middle frontal

NHC patients
Verbal memory Decreasing in 0.05 −0.902

left anterior frontal
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Fig. 2   Representative Tc-99m HMPAO SPECT images of brain
perfusion abnormalities in COPD patients. (A) SPECT shows
reduced cerebral perfusion in left frontal region (arrow) in a 55-
year-old man with nonhypoxemic COPD. (B) Images of Tc-
99m HMPAO shows bilateral hypoperfusion of frontal regions
(arrows) in a hypoxemic patient. (C) Coronal views of the
brain of a 36-year-old woman with hypoxemic COPD shows
hypoperfusion of left parietal region (arrow). (D) Selected
transaxial slices in a hypoxemic patients reveals decreased
perfusion in left temporo-parietal region.

C

Perfusion indexes on frontal ROI in NHC patients and
both frontal and parietal ROIs in HC patients were
significantly correlated with the results of neuropsycho-
logical tests. Remaining ROIs did not show any correla-
tion with the cognitive performance. Verbal memory
function was inversely correlated with left anterior frontal
perfusion in HC and NHC patients (r = −0.700, p = 0.05;
r = −0.902, p = 0.05, respectively). Attention function was
negatively correlated with left middle frontal lobe perfu-
sion (r = −0.86, p = 0.05) and a statistically significant
correlation was found between the delay recall and left
parietal perfusion (r = −0.952, p = 0.01) in HC patients
(Table 5).

DISCUSSION

Individuals with COPD may show both age-related de-
clines in blood flow and disease-related declines in arte-
rial oxygen content. Consequently, the combination of
these factors leads to impairment in cognitive function.
Although cognitive impairment in COPD patients was
reported in many studies,10,11,13,20,35 this impairment was
reported in different subtests. Recall has been frequently
reported to be the most affected cognitive function in
hypoxemic COPD.13,20,35,36 Significant impairment has
also been found in high cognitive domains, such as
abstraction and complex motor integration.37 Decline of
verbal memory has been reported as to parallel the decline
of the active recall and passive recognition of learned
material.38 Incalzi et al. showed that 48.5% of patients
with COPD had a specific pattern of cognitive deteriora-
tion characterized by a dramatic impairment in verbal and
verbal memory tasks, well-preserved visual attention, and
diffuse worsening of the other functions.12 Stuss et al.
reported that hypoxia in COPD results in a relatively
focused pattern of impairment in measures of memory
function and tasks requiring attention allocation.13 Re-
sults of the present study showed that verbal memory,
delay recall, and attention were impaired in COPD pa-
tients. While all these subtest scores were significantly
lower in HC patients, NHC patients scored significantly
lower than controls only on verbal memory ability. These
results are more consistent with the data previously re-
ported, in which, hypoxemic patients showed more de-
terioration in cognitive functions than nonhypoxemic
ones.11,13,40 The findings of cognitive deterioration in
patients having no hypoxemia in this study suggests that
the possibility of mental deterioration should be tested in
nonhypoxemic COPD patients who are at higher risk than
the normal population.

Because of the proposed link between cognitive dys-
function and decreased blood flow, we aimed to clarify
cerebral perfusion distribution in COPD and investigate if
there is a relationship between cognitive impairment and
cerebral perfusion index. Our analysis of cerebral perfu-
sion in NHC patients showed significantly decreased

D
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perfusion in left frontal regions. HC patients showed
perfusion decline in both frontal and parietal regions.
These results suggested that the hypoxia level of COPD is
reflected in different patterns of psychological and CBF
changes.

We found that decreasing perfusion indexes correlated
with the neuropsychological test results. Deficit in verbal
memory, delay recall and, attention may be explained by
the decreased perfusion in these task-related cerebral
regions. Huang et al. reported that attention was nega-
tively correlated with left prefrontal perfusion index in
their study population with mild cognitive impairment.39

When we considered the role of the frontal region in the
regulation of verbal memory and attention, this can em-
phatically help to explain the relevance between our
findings of frontal type cognitive problems and frontal
hypoperfusion. Besides frontal hypoperfusion we also
detected parietal hypoperfusion which may support the
results of Shim et al.26 They found that the levels of
cerebral metabolites of COPD patients were significantly
altered, and especially that the choline level in the parietal
regions correlated with memory function using 1H MRS.
This metobolic changes may be compatible with the
perfusion decline in parietal regions as shown in our
patients. 31P MR spectra obtained from patients with
stable COPD showed that phosphorus-containing me-
tabolites within cerebral cells provide evidence of exten-
sive use of anaerobic metabolism in hypoxemic COPD
patients.24 Blood flow can not be a marker of cerebral
metabolism, but reduction in cerebral perfusion in NHC
patients can be related to depressed cerebral metabolism.

Only one study has reported the perfusion changes in
COPD.27 The authors noted decreased perfusion in only
frontal regions and impairment in only verbal memory.
Hypoxemic patients showed perfusion changes in that
study, whereas NH patients had normal cerebral perfu-
sion. However, we showed the perfusion changes in both
frontal and parietal regions and demonstrated impairment
in more cognitive tasks than they did. Moreover, we
observed cerebral hypoperfusion in NHC patients besides
HC patients. In that study no structural imaging was
applied to exclude cerebral pathology which can result
in perfusion changes. But in our study all patients and
controls underwent MRI to prevent confusion related to
other structural changes affecting cerebral perfusion. The
discrepancies in the results of these two studies on im-
paired tasks and perfusion could be the consequence of
either patient features or conceptual problems.

Although our study did not establish causality, it is
likely that the changes we observed in cerebral blood flow
in COPD patients were a consequence of chronic changes
in arterial blood gases. After acute CO poisoning, a
diffuse, but frontal-dominant hypoperfusion pattern in-
volving both the gray and white matter was reported by
Maeda et al.41 Watanabe et al. reported significantly
decreased regional cerebral blood flow extensively in the

bilateral frontal lobes as well as the bilateral insula and
apart of the right temporal lobe in patients with delayed
neuropsychiatric sequelae after carbon monoxide intoxi-
cation as compared with normal volunteers.42 On the
bases of these studies we speculated that the frontal-
dominant perfusion decrease in our COPD patients may
be the result of the greater sensitivity of the frontal regions
to hypoxia than the other cerebral regions. But, the ob-
served relationship might be coincidental and has to be
proven by more detailed studies focusing on that topic.

CONCLUSION

The present study offers an insight into the relationship
between the cerebral perfusion changes and cognitive
functions in patients with COPD. Most of the hypoxemic
COPD patients and a number of nonhypoxemic patients
were found to have cognitive dysfunction and cerebral
perfusion abnormalities. More significant results can be
obtained if further study is conducted in a larger number
of COPD patients. So additional studies will be required
to document the clinical significance of cerebral perfusion
changes in COPD patients.
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