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Brain hypoperfusion in adolescents 
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ABSTRACT
Brain SPECT imaging (BSI) with statistical parametric mapping (SPM) offers a clear and 
accurate vision of perfusion changes. Objective: To study brain perfusion abnormalities in 
adolescents’ dependent of multiple drugs. Method: Sixteen male patients (15.1±2.1 years) 
were submitted to 99mTc-HMPAO BSI with SPM. Results: Cortical hypoperfusion occurred 
in 7/16 patients (44%). There was a significant inverse correlation between the number of 
hypoperfused regions and the patient’s age (p= –0.6737; p=0.004) and with the age when 
the drug dependence began (p= –0.5616; p=0.023). There was also a tendency towards 
an inverse correlation between regions of hypoperfusion and the duration of the drug 
dependence. Conclusion: BSI with SPM can help detect hypoperfusion in adolescents 
dependent on multiple drugs. The younger the patients, the more regions of hypoperfusion 
are noted. Probably, the neuronal plasticity has an important role in this phenomenon 
because the highest neural activity occurs in childhood.
Key words: computed tomography, emission-computed, single-photon, substance-related 
disorders, drug abuse, drug addiction, substance abuse, substance dependence drug 
abuse.

Hipoperfusão cerebral em adolescentes dependentes de múltiplas drogas

RESUMO
SPECT cerebral (SC) com statistical parametric mapping (SPM) oferece uma visão clara e 
acurada de alterações perfusionais. Objetivo: Avaliar anormalidades perfusionais cerebrais 
em adolescentes usuários de múltiplas drogas. Método: Dezesseis pacientes masculinos 
(15,1±2,1 anos) foram submetidos a SC com SPM utilizando-se HMPAO-99mTc. Resultados: 
Hipoperfusão cortical ocorreu em 7/16 pacientes (44%). Houve uma significativa correlação 
inversa entre o número de áreas hipoperfundidas e a idade dos pacientes (p= –0,6737; 
p=0,004) e com a idade quando iniciaram o abuso das drogas (p= –0,5616; p=0,023). 
Também houve uma tendência para uma correlação inversa entre as áreas de hipoperfusão 
e a duração do abuso de drogas. Conclusão: SC com SPM pode auxiliar na detecção de 
hipoperfusão cortical em adolescentes dependentes de múltiplas drogas. Quanto menor a 
idade, mais áreas de hipoperfusão são identificadas. Provavelmente a plasticidade neuronal 
tem importante papel neste fenômeno, pois a maior atividade neuronal ocorre na infância. 
Palavras-chave: tomografia computadorizada de emissão de fóton único, transtornos 
relacionados ao uso de substâncias, abuso de drogas, abuso de substâncias, drogadicção, 
dependência por abuso de drogas.
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Drugs such as tobacco, alcohol, mar-
ijuana, solvents, cocaine and crack are a 
matter of concern by the World Health 
Organization due to the great number of 

deaths. Some students and homeless ado-
lescents in Brazil are frequent dependent 
of multiple drugs. Illegal drug dependence 
has required currently more attention of 
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the health care professionals since it has become a matter 
of public health. Consistent health policies are necessary 
in order to reduce the chronic drug dependence levels. In 
this process, the use of tests to detect cerebral changes in 
drug dependents are, therefore, priceless tools for dealing 
with this public health issue. The investigation of these 
changes in the central nervous system has been facilitated 
by the use of neuroimaging. PET, SPECT and MRI pro-
vide different information of the human brain. 

Tobacco affects mainly the respiratory and cardiovas-
cular systems1, however, while chronic alcohol abuse af-
fects the digestive and neurologic systems. Neuroimag-
ing studies in alcohol abusers have shown that structur-
al and functional damages mainly in the frontal lobes2-4, 
hippocampus and even in the cerebellar cortex with acute 
alcohol intoxication5.

Cannabis sativa (marijuana) abusers display cognitive 
impairment and respiratory diseases and neuroimaging 
studies have demonstrated hypoperfusion in the tempo-
ral lobes and severe abnormalities among those that be-
gin abusing the drug earlier6-7.

Chronic dependence of solvents in the central ner-
vous system causes peripheral neuropathy, cerebellar dys-
function and dementia. MRI and CT studies have shown 
diffuse cerebral and cerebellar atrophy, including the hip-
pocampus and corpus callosum8-10.

Crack is the volatile product of cocaine that has shown 
to be more powerful than cocaine. Crack has a strong, 
however short, effect thus causing an increase in the fre-
quency of inhalation of the drug11. Crack affects the car-
diovascular, respiratory and neurologic systems. The neu-
rovascular effects of cocaine and crack abuse can lead to 
carotid, vertebral and basillar artery infarcts and, there-
fore, with great potential to induce many cerebral cortical 
damages. Hypoperfusion and glucose hypometabolism 
have been demonstrated in the frontal, temporal and pari-
etal cortices12,13. The price of crack being low increases the 
number of abusers mainly among the poor population14.

Brain SPECT imaging (BSI) has the ability to detect 
changes early on in the course of disease, before structur-
al changes are noted in anatomical imaging modalities as 
MRI. There are few studies which describe brain SPECT 
perfusion changes in adolescent drug dependents15,16. 
Statistical parametric mapping (SPM) is a statistical tool 
which is operator-independent and has been used in BSI, 
mainly in epilepsy17. The SPM offers a clear vision of per-
fusion changes. 

The objective of this investigation is to study brain 
perfusion abnormalities in adolescents dependent of mul-
tiple drugs using statistical parametric mapping.

METHOD
The patient group was composed of 16 male adoles-

cents (11 to 18 years, mean 15.1±2.1 years). All patients 
were dependent of multiple drugs enrolled in a recovery 
program at the Brazilian Federation of Therapeutic Com-
munity (FEAC). Mean age at the beginning of drug de-
pendence was 11.1±2.12 years (from 4 to 16 years). The 
duration of the drug dependence was 2.8±1.91 years. 
They had used the following drugs: crack, cocaine, alco-
hol, marijuana and solvents. For the purpose of this study, 
all patients enrolled had to have been in a drug-free con-
dition for at least 6 months. Information regarding the se-
verity of drug dependence and relation of the respective 
drugs used by each individual was not possible because 
these were homeless, illiterate street adolescents.

Since these patients were considered orphans, the 
guardian for these patients was FEAC, determined by the 
County Court Jurisdiction of Children and Adolescents of 
Campinas. Informed consent for performing these studies 
was obtained by FEAC and by the court of law as well. 

The inclusion criteria consisted of patients depen-
dent of multiple drugs enrolled in a recovery program in 
a drug-free condition for at least 6 months. 

The exclusion criteria consisted of patients with any 
neurological disorder that might alter brain perfusion and 
cause false positive results in BSI, such as neuropsychiat-
ric disorders, mental retardation, epilepsy, tumors, mal-
formations etc. 

The control group was composed of 35 normal volun-
teers, 30 males and 5 females, mean age 14 years±6.6 years 
(6 to 23 years). The Ethical Committee had approved the 
use of brain SPECT in those normal volunteers.

Brain SPECT imaging (BSI)
All the patients were in a free of drug dependence con-

dition for at least 6 months when the BSIs were acquired.
BSI was performed using hexamethylpropilene-amine 

oxime (HMPAO), labeled with technetium-99m. 
Patients and control subjects were required to remain 

resting in a dark quiet room for 10 minutes. While at 
rest, they received an intravenous injection of 7.9 MBq/
kg (0.43 mCi/kg) of 99mTc-HMPAO and were required to 
rest for 10 additional minutes. Studies were acquired at 
least 30 minutes after injection.

Sixty images were acquired at 6o intervals for a total of 
360o on a GE HR-APEX SP6 1 HEAD scintillation cam-
era equipped with a fan beam collimator. Images were ac-
quired on a 64 × 64 matrix and normalized using a Metz 
filter. After reconstruction with attenuation correction, 
the images were displayed in the transaxial, coronal and 
sagittal planes. 

Statistical parametric napping (SPM) analysis
Reconstructed transaxial datasets were transformed 

into ANALYZE format (Fig) and corrected for the orthog-
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onal plane of acquisition using MRIcro software (Chris 
Rorden, http://www.mricro.com). Voxel based analysis 
was performed using SPM2 (Wellcome Department of 
Cognitive Neurology, http://www.fil.ion.ucl.ac.uk). To 
compare between groups, individual brain size variabili-
ty was previously corrected by spatially normalizing each 
image to a template defined in the atlas of Talairach and 
Tournoux. This process involves the estimation of the op-
timum 12 parameter affine transformation (linear nor-
malization). The normalized images were smoothed by 
convolution with an Isotropic Gaussian Kernel (FWHM) 
of 6 mm. The 99mTc-HMPAO uptake was standardized to 
the mean global uptake using a proportional scale. 

Comparison between groups was performed by using 
the two sample t-test. The SPM results were divided in 
7 brain regions: frontal, temporal, parietal, occipital, cer-
ebellar, thalami and basal ganglia. The regions with sig-
nificant differences were determined at the cluster level 
(a group of variable number of voxels). The results of the 
analysis were displayed as a statistic parametric map of t-
statistic (SPM(t)), and the SPMt was corrected to the nor-
mal distribution (SPM(z)). We used the p (FDR – false dis-
covered rate) which minimizes false positive results. The 
results were displayed in three orthogonal planes. The re-
gions where a significant difference was seen were fused 
in a standardized MRI from SPM for better anatomical 
localization. 

Statistical analysis
BSI perfusion findings from each patient were com-

pared to the control group. It was not the scope of this 
study to assemble all patients together for a SPM group 
comparison versus healthy control adolescents. These re-
sults were not correlated with anatomical changes, such 
as presence of brain atrophy, since only a few of patients 
had been submitted to brain CT and none to MRI.

The Mann-Whitney test was applied in the visual 

analyses to compare the duration of the drug dependence 
with the number of hypoperfused regions. The Spear-
man’s correlation coefficient was applied to compare the 
duration of the drug dependence with each region of cor-
tical hypoperfusion. Differences were considered signifi-
cant at a level of 5%. 

In the SPM analysis, areas of cortical hipoperfusion 
were correlated with patient’s age when BSI was per-
formed, at the beginning of drug dependence and with 
the duration of the drug dependence. The Spearman’s 
correlation coefficient was applied for these tests and 
differences were considered significant at a level of 5%. 
The non-parametric Wilcoxon’s test was applied to the 
SPM analysis. 

Ethical aspects
The presented research was approved by the Ethical 

Committee of the School of Medical Sciences, Campinas 
State University (UNICAMP) and has been performed in 
accordance with 1964 Declaration of Helsinki. The Eth-
ical Committee had approved the use of BSI in the nor-
mal volunteers.

RESULTS
SPM analysis
Cortical hypoperfusion occurred in 7/16 patients 

(44%). The other 9 patients (56%) did not have any area 
of hypoperfusion (Table 1). 

Hypoperfusion in only one cortical region occurred 
in 3/16 patients (19%), in 4 regions in 2/16 (13%), in 5 re-
gions only in one patient (6%) and one patient (6%) had 
hypoperfusion in all the seven regions analyzed (Table 2). 

There was a significant inverse correlation between 
the number of hypoperfused regions and the patient’s age 
when BSI was performed (Spearman’s correlation coeffi-
cient= –0.6737; p=0.004). Younger patients presented sig-
nificant hypoperfusion in the parietal lobes (p=0.05), oc-
cipital lobes (p=0.01) and cerebellum (p=0.02). 

There was also a significant inverse correlation be-
tween the number of hypoperfused regions and the pa-
tient’s age at the beginning of the drug abuse (Spear-
man’s correlation coefficient= –0.5616; p=0.023), thus 
the younger the patient, the more frequent the hypop-
erfused regions. Younger patients presented significant 
hypoperfusion in the temporal lobes (p=0.04) and occip-
ital lobes (p=0.03). 

There was a tendency towards an inverse correlation 
between regions of hypoperfusion and the duration of drug 
dependence; the longer the time of drug dependence the 
greater the tendency to find more hypoperfused regions. 
However, this finding was not statistically significant. 

Thalami and basal ganglia hypoperfusion were not an-
alyzed since these alterations occurred in only one patient.

Figure. ANALYZE format of a reconstructed transaxial dataset.
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In the present study a correlation between the num-
bers of hypoperfused regions with the abstinence peri-
od was also analyzed in order to evaluate if hypoperfu-
sion defects were reversible after a long abstinence peri-
od. There were more perfusion defects in patients that 
had been drug free for at least two years (4 patients), 
while those patients that were abstinent for 6 months to 
18 months (9 patients) had only one perfusion defect at 
the most. There was one patient with a 3-year abstinence 
period. This patient had only one perfusion defect.

It must be noted that in the present study differenc-
es related to the type of drug addiction was not observed 
since all patients used at one time or another all drugs 
cited. 

DISCUSSION
In the present study, brain hypoperfusion was noted in 

these patients, which confirms findings of several studies 
involving drug dependence and perfusion abnormalities. 
BSI perfusion findings from each patient were compared 
to the control group. It was not the scope of this study to 
assemble all patients together for a SPM group compari-
son versus healthy control adolescents, as is performed in 
the majority of the published data. We preferred a more 
practical approach, as our prior published data17. It must 
be noted that in the present study, the differences relat-
ed to the type of drug addiction was not observed since 
all patients used at one time or another all drugs cited.

Okada et al. studied solvent dependents and described 

Table 1. Hypoperfused regions detected on brain SPECT imaging by SPM.

Pt.
Pt. age when BSI 

was acquired (years)
Pt. age when drug 

dependence began (years)
Duration of drug 
depence (years)

SPM

Drugs usedF T P O C Th BG

1 12 9 1 + + + + A, CR, M, S

2 15 13 2 + A, C, CR, M, S

3 18 13 5 C, CR, M, S

4 16 10 5.5 A, CR, M, S

5 14 9 5 C, CR, M, S

6 15 12 0.5 + + + + + A, CR, M, S

7 13 8 2 + + + + A, CR, M

8 17 11 6 C, CR, M

9 17 12 5 + A, C, CR, M, S

10 16 13 1.5 CR

11 11 7 2 + + + + + + + A, CR, M, S

12 15 14 0.5 A, CR, S

13 14 9 3 CR, M, S

14 18 13 2 A, C, CR, M, S

15 14 12 1 C, CR, M, S

16 17 13 4 + CR, M, N

Pt.: patient ; F: frontal; T: temporal; P: parietal; O: occipital; C: cerebellum; Th: thalami; BG: basal ganglia; +: presence of hypoperfusion; A: alcohol; C: cocaine; CR: crack;  
M: marijuana; N: nicotine; S: solvents.

Table 2. Correlations between brain hypoperfusion regions from SPM analysis and the patient’s age when BSI was performed; at the 
beginning of drug dependence; with the duration of drug dependence.

Cerebral regions of  hypoperfusion 
Age when BSI was 

performed (p-value)
Age at beginning of drug 

dependence (p-value) 
Duration of drug 

dependence (p-value) 

Frontal 0.27* 0.27* 0.43*

Temporal 0.08* 0.04* 0.28*

Parietal 0.05* 0.11* 0.08*

Occipital 0.01* 0.03* 0.09*

Cerebellum 0.02* 0.12* 0.09*

Number of hypoperfusion regions –0.6737** 
(0.004)

–0.5616** 
(0.023)

–0.4123** 
(0.112)

*Wilcoxon’s test; **Spearman coefficient.
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BSI hypoperfusion in the pre-frontal cortex of these pa-
tients and suggested that the amotivational syndrome that 
occurs in these patients may be explained by these find-
ings. The exact mechanism by which brain hypoperfusion 
occurs in solvent dependents is not known; a possible ex-
planation is that solvents can directly affect the blood ves-
sels causing spasms and therefore obstruction. Another 
hypothesis could be a decrease in cellular activity or even 
death18. In long-term inhalant dependents of toluene, ac-
etone, benzene and derivatives Kücük et al. noted in BSI 
marked hypoperfusion in the temporal and parietooccip-
ital regions19. In contrast, Volkow et al., noted prefron-
tal cortex hypoperfusion in chronic dependents of inhal-
ants in BSI which correlated with the severity of the apa-
thy that these patients present20.

Cannabis young adult users have been submitted to 
FDG-18F PET imaging with SPM99 analysis and have 
shown lower glucose metabolism in the right orbitofron-
tal cortex, putamen bilaterally, and precuneus regions21. 

The effects of cocaine in brain perfusion are better 
known. Nicastri et al. showed hypoperfusion in the tem-
poral lobes of cocaine dependents. The authors used 
99mTc-ECD and also observed, in isolated patients, per-
fusion irregularities in the pre-frontal cortex22. Hypoper-
fusion defects in cocaine dependents are caused by vas-
cular occlusion secondary to platelet activation and for-
mation of microthrombi. Silverman et al. demonstrated 
that cocaine causes prolonged vasoconstriction in some 
vessels23. Ernst et al. studied BSI (coregistreted with MRI) 
in cocaine dependents and showed hyperperfusion in the 
globus pallidus and hypoperfusion in the putamem and 
temporal lobes24. 

Dependents of crack were studied by Weber et al. The 
authors noted on BSI with 123I-IMP that 16/21 asymp-
tomatic crack dependents presented foci of reduced ac-
tivity mainly in the frontal and parieto-occipital cortex or 
marked perfusion irregularities throughout the entire ce-
rebral cortex25. These findings are in agreement with ours 
because crack was the only drug used by all patients and 
we also found hypoperfusion in the same regions. How-
ever, in their study, no correlation was noted between 
the incidence and severity of SPECT perfusion abnor-
malities with the frequency, amount or length of time of 
crack use. In our study, a significant correlation was ob-
served between perfusion alterations (temporal, parietal, 
occipital and cerebellar hypoperfusion) and the patient’s 
age when BSI was performed and/or at the beginning of 
the drug dependents. 

Decreased perfusion in the anterior cingulate/fron-
tal regions among cocaine-dependent men have been 
shown by Tucker et al.26. The authors performed 99mTc-
HMPAO SPECT SPM and compared the findings with 
controls and cocaine-dependent women. The perfusion 

defects differed from in cocaine-dependent women (pos-
terior cingulated defect). Therefore, the authors suggest 
that different neural mechanisms underlie relapse in men 
and women. This may be the same for our study group, 
composed of only male patients. 

Cerebellar hypoperfusion, which was also detected in 
our study, had a significant inverse correlation with the 
age of the patient when BSI was performed. There are two 
possible explanations for this finding. This phenomenon 
may be secondary to a diaschisis caused by cortical hemi-
sphere hypoperfusion. Chugani et al. reported a crossed 
cerebellar diaschisis in hemispherectomized adolescents 
which is reversible27. Another explanation for this perfu-
sion defect could be a direct damage from the drug, such 
as in other brain regions. 

There is no consensus regarding the reversibility of 
perfusion alterations. Holman et al. described an im-
provement in BSI perfusion in cocaine dependents af-
ter abstinence and specific therapy28. They studied 10 
patients after 7 to 8 days and 17 to 29 days after absti-
nence and buprenorphine and noted improvement of the 
hypoperfusion by a mean of 11% and 24%, respective-
ly. Some lesions secondary to vasospasm and endothe-
lial dysfunction could explain persistent cerebral hypop-
erfusion even under abstinence, as showed by González 
et al.29 in a study involving 60 patients after 28 days with-
out drug dependence. Atrophic lesions detected by struc-
tural neuroimaging in cocaine dependents could be as-
sociated with irreversible loss of brain tissue while fun-
cional neuroimaging could detect potentially reversible 
brain alterations. 

All patients enrolled had to have been in a drug-free 
condition for at least 6 months. Information regarding the 
severity of drug dependence and relation of the respective 
drugs used by each individual was not possible because 
these were homeless, illiterate street adolescents. Perhaps 
the six month abstinence period may not be enough to 
reverse the perfusion alterations. 

In the present study a correlation between the num-
bers of hypoperfused regions with the abstinence period 
was also analyzed in order to evaluate if hypoperfusion 
defects were reversible after a long abstinence period. To 
our surprise there were more perfusion defects in patients 
that had been drug free for at least two years than those 
abstinent for 6 months to 18 months (9 patients) which 
would suggest that these defects may not be reversible. 
On the other hand, the one patient with a 3-year absti-
nence period had only one perfusion defect. Therefore, a 
long-term follow-up of these patients is needed to evalu-
ate actually when brain damage installs and at what age. 
The youngest patient evaluated in our study began drug 
abuse at the age of 7 and had an abstinence period of 2 
years. This patient had the greatest number of perfusion 
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defects on BSI. Possibly the age when drug abuse began is 
the most important aspect in determining perfusion de-
fects in the long run, more so than the abstinence period.

To our knowledge, there is only one study with BSI us-
ing SPM in cocaine and alcohol dependents30. The authors 
showed more areas of hypoperfusion in alcohol and co-
caine dependents than in cocaine dependents only. They 
found hypoperfusion mainly in the occipital, temporal 
and cerebellar regions.

Some studies suggest a higher brain functional reor-
ganization in adolescents that have had unilateral brain 
lesions at an early age when compared to those that have 
had brain lesion later in life27. This phenomenon may jus-
tify the inverse correlation found between hypoperfusion 
and the patient’s age when BSI was performed as well as 
with the age when the drug abuse began. Thus, perfusion 
alterations may be age-related, so that it is important to 
know the metabolic brain characteristics and neural plas-
ticity which determines reorganization at of the adoles-
cent’s brain.

Glucose brain metabolism displays a typical curve 
with an ascending portion from the birth up to 4 years of 
age and reaches a plateau by 10 years of age. Only after 
10 years of age does the glucose metabolism consump-
tion gradually decrease to levels similar to adults between 
16 and 18 years. Assuming that glucose metabolism is re-
lated to the synapses, the ascending portion of the curve 
represents a period of synaptic proliferation, while the 
plateau represents a great number of synapses and their 
connections31. Changes in brain metabolism observed 
with glucose reflect in perfusion changes as well32,33 thus 
both PET and SPECT may be used to evaluate altera-
tions due to drug dependence. Most patients from our 
study began drug dependence in the period of the plateau 
curve, when glucose metabolism was the highest. This 
could explain the association found between regions of 
hypoperfusion (temporal, occipital and number of hypop-
erfused regions) and the patient’s age at the beginning of 
the drug abuse. Adolescents who began their drug abuse 
earlier had more hypoperfusion in these regions. Proba-
bly, after 10 years, when the glucose metabolism starts to 
decrease, the probability of causing damage in the brain 
decreases. 

Parietal, occipital and cerebellar hypoperfusion had 
a significant correlation with the patient’s age when the 
BSI was performed. The younger the patient, the more ar-
eas of hypoperfusion appeared. There was a tendency to-
wards an inverse correlation between the number of re-
gions hypoperfused and the duration of drug dependence; 
thus the longer the time of drug dependence the greater 
the tendency to find more hypoperfused regions. How-
ever, this finding was not statistically significant. Since 
it was not possible to estimate the amount of drug used 

by each patient and the number of patients studied was 
small, more patients are needed to confirm this finding.

The correlation of the neuronal alterations and the 
history of drug dependence noted in our study is simi-
lar to that reported by Buchert et al.34 on 3,4-methylene-
dioxymethamphetamine, popularly known as ‘ecstasy’ de-
pendence. These authors performed FDG-18F PET imag-
es in 93 ecstasy users and 27 controls. The FDG uptake 
was reduced within the striatum and amygdala of ecsta-
sy users when compared to controls especially those pa-
tients that began consuming before 18 years of age. These 
findings are similar to our own with patients addicted to 
multiple drugs. 

The limitations of this study were the relatively small 
number of patients studied and the fact that all adoles-
cents were addicted to multiple drugs. Thus it was not 
possible to match the perfusion defects with a specific 
drug, reducing the specificity of the perfusion defects to 
a specific drug. 

This is the first study to apply SPM to BSI in adoles-
cents addicted to multiple drugs.

BSI can help to detect perfusion abnormalities in ad-
olescents addicted to multiple drugs. The younger the 
patients, the more regions of hypoperfusion are noted. 
Probably, neuronal plasticity has an important role in this 
phenomenon because the highest neural activation oc-
curs in childhood. However, the question of reversibility 
of the defects remains unanswered.
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