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Abstract

Background: The legalization of cannabis use and
false claims about the plant Cannabis sativa to be consid-
ered a pharmaceutical product have been found to increase
consumption, lower risk perception, and lead to more health
problems, without reducing criminal activity. Brain func-
tion, typically assessed by neuropsychological tests, shows
abnormalities with acute marijuana use, but inconsistent re-
sults have been published after abstinence, with a maxi-
mum follow-up of 28 days. Our previous research, using
neuropsychological tests and brain perfusion single photon
emission computed tomography (neuroSPECT), demon-
strated consistent abnormalities in brain function among
schoolchildren who consume marijuana compared to their
non-consuming peers. The aim of this study is to investi-
gate whether brain function changes in 20 adult marijuana
users after 6 months of abstinence.

Methodology: Comparison of neuropsychological
tests (Rey Complex Figure; Porteus Maze; Four subtests
of WAIS-IV Intellectual Tests; STROOP; D2) and perfu-
sion neuroSPECT (functional images), obtained in relation
to recent consumption and after 6 months of serial drug-
screening test confirmed abstinence.

Results: In a one-year period (2020-2021) only five
compliant participants were recruited. The COVID-19 pan-
demic was a limiting factor. Preliminary results of neu-
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ropsychological tests, functional brain perfusion images
and limited statistical analysis are presented. The results
of the neuropsychological tests of the three subjects who
completed the abstinence period so far show some improve-
ment in working memory and attention after abstinence.
NeuroSPECT shows disorganized hypoperfusion of vari-
able severity in relation to recent consumption, involving
areas associated with cognitive function such as the poste-
rior cingulate and temporal lobes, in our five initially en-
rolled patients, when compared to a normal database. Of
these, only two participants have already been re-evaluated
with neuroSPECT after 6 months of abstinence, one of
whom showed some improvement on the post-abstinence
images.

Conclusion: We analyze the methodological chal-
lenges of this research, including the pandemic, to incor-
porate the appropriate corrections in the next phase of our
investigation. Our final findings may provide clinicians and
users with information about the long-term effects of mari-
juana use on brain function.
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Introduction

The International Narcotics Control Board (INCB),
an agency subordinate to the World Health Organization,
warns in its 2022 report that the legalization of cannabis
use for non-medical purposes leads to increased consump-
tion, more health problems, with no reduction in criminal
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activity. The report confirms that, in the United States, for
the period 2019-2020 among those over 12 years of age,
the average consumption in the last year reaches 24.5% in
those states that have legalized its use compared to 16.5%
for the states that have not legalized it [1]. The high preva-
lence of consumption among adolescents, both in Chile and
throughout the region in the Americas and Europe, is par-
ticularly alarming. The United States and Canada have the
highest prevalence of juvenile consumption. In the 18-25
age group, the United States has an average prevalence of
35% for marijuana use in the last year while Canada has a
prevalence of 52% for the 20—24 age group [1]. In addition,
an increase has been observed in the percentage of people
who are dependent on this substance, from 9% to 11%, with
a significant increase in the number of subjects who develop
psychosis as a result of its consumption [2—4].

In addition, starting consumption before the age of 18
increases the likelihood of developing a drug abuse disor-
der by four to seven times compared to starting in adulthood
[5]. This may be related to the fact that marijuana used in
the 1980s had an average Tetrahydrocannabinol (THC) con-
centration of 3%, whereas nowadays it has a concentration
in the order of 16% [1,6]. Thus, among the factors that ex-
plain the increase in marijuana consumption, especially in
adolescents, are: (1) the progressive decrease in risk per-
ception together with the idea of an possible therapeutic ef-
fect; (2) greater availability related to legalization; and (3)
that the marijuana currently available is more powerful than
that existing in previous decades due to a higher THC con-
centration, which is explained by the genetic manipulation
of the cannabis plant [1,7,8].

In our previous studies, we found that young mari-
juana users showed cognitive dysfunction associated with
decreased cerebral perfusion as determined by neuropsy-
chological tests and functional neuroimaging with brain
perfusion single photon emission computed tomography
(SPECT). These abnormalities varied in location, extent
and severity among users [9].

Perfusion brain SPECT is recognized as a highly sen-
sitive method for functional brain imaging. The tracer
Tc99m-HMPAO is fixed in the gray matter with an only
blood-flow-dependent distribution, which in turn is an in-
direct representation of function. On the other hand, the
effects of abstinence on cognitive functions and memory,
have been mostly investigated only with neuropsychologi-
cal tests and have shown that in the short term there can be
an improvement in memory, but not in attention [10]. How-
ever, the investigations we reviewed reported variable find-
ings and were limited to follow-up periods of a maximum
of 28 days of abstinence [11]. Given that there is individual

susceptibility, thus variability in distribution and severity
of the abnormalities associated with consumption of mari-
juana, and differences in post-abstinence outcomes, we de-
cided to determine whether there are individual changes in
brain function with a longer period of abstinence than the
one studied so far.

This observational prospective study aims to deter-
mine the effect of marijuana use discontinuation on cog-
nitive functions and cerebral perfusion in marijuana con-
sumers, evaluated before and after 6 months of serial drug-
screening test confirmed abstinence.

Materials and Methods
Sample Selection

The objective is a sample of 20 adults (18 to 50 years
old) who are regular marijuana users as the only drug, con-
sulting a specialist and with no other clinical history of en-
cephalic damage. A regular user is defined as someone who
reports at least four episodes of cannabis use per month, for
the last 18 months.

The treating physicians administer the usual structured
questionnaires to the patients before they are invited to par-
ticipate voluntarily in this study, which has been approved
by the Medical Ethics Committee of Clinica Las Condes
(D012019) and complies with the principles of the Decla-
ration of Helsinki. All of them sign an informed consent
form prior to participation. The therapeutic interventions
are decided by the treating physicians.

Instruments and Procedures

The neuropsychological tests applied are: (1) Rey
Complex Figure: Copy and Memory; (2) Porteus Maze
[12]; (3) Four subtests of the WAIS-IV Intellectual Test:
Digits, Letter-Number Sequencing, Symbol Search and
Clues [13]; (4) STROOP [14]; and (5) D2 [15]. From
these tests, scores are obtained for the following specific
functions: (a) cognitive development, defined as the abil-
ity to reason, form and execute a plan to solve problems
(Rey’s Complex Figure Copy and Porteus Maze); (b) work-
ing memory, defined as the ability to retain and combine in-
formation, reorganizing data from long-term memory (Dig-
its, Letter-Number Sequencing and Rey’s Complex Figure
Memory); (c) processing speed, defined as the ability to
process information quickly and perform mental tasks ef-
ficiently (Symbol Search, Cues, Stroop and D2); (d) at-
tention, defined as the ability to focus on relevant stimuli
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and filter out distractions (Stroop and D2); (e) inhibitory
control, defined as the ability to control impulses and resist
the temptation to perform inappropriate or irrelevant actions
(Stroop and D2).

Brain perfusion SPECT is performed on a Siemens
Symbia Intevo dual head SPECT/CT system with the ra-
diotracer Tc99m-HMPAO applying the usual protocol, pre-
viously described [9]. The results are displayed as: (1) im-
ages of the relative distribution of perfusion in the whole
cortex and basal ganglia, (2) three-dimensional images of
the comparison against a normal database (3D) and (3) the
automatic quantification of average, minimum and max-
imum values of perfusion by Brodmann areas using the
program Neurogam® from Segami Corporation, Columbia,
MD, USA.

The comparison against the normal database is ex-
pressed in standard deviations for each of 14,000 voxels of
the whole cerebral cortex in the 3D images. The colors of
the accompanying scale highlight values at two, three and
four standard deviations above and below the normal mean
of the corresponding age database, representing areas of hy-
perperfusion and hypoperfusion respectively.

Urine drug tests (strip test) are performed every two
weeks during the six months of abstinence in the labora-
tory of Clinica Las Condes with the usual protocol of nurse
supervised sample collection.

Data Analysis

The variation of scores in the neuropsychological tests
before versus after the cessation of consumption is analyzed
only as positive or negative change considering the small
sample included in this preliminary report. No other statis-
tical analyses are applied at this stage of our investigation.
We consider the use of classical statistical analysis models
and non-parametric statistical contrast tests at the comple-
tion of the sample for neuropsychological tests and quan-
titative neuropsychological tests and brain perfusion single
photon emission computed tomography (neuroSPECT) of
Brodmann areas. A paired #-test will be applied to anal-
yse neuropsychological tests conducted at baseline and six
months following cessation of marijuana use when the en-
tire group of 20 subjects is completed.

The comparison of the initial condition with respect
to post-abstinence changes is qualitative for the 3D im-
ages and quantitative for the values per Brodmann’s area.
The emphasis will be on the evaluation of Brodmann’s ar-
eas related to cognitive functions, applying paired Student’s

t-test. We also consider analyzing the perfusion values
per Brodmann area in our sample compared to the normal
database with the purpose of quantifying the eventual dam-
age in the consumers.

Preliminarily, we perform a comparative analysis be-
tween neuropsychological tests and neuroSPECT results,
which will be completed when the whole sample is eval-
uated.

Results

The actual sample consists of five eligible adults, aged
21 to 49 years, recruited in a 12 months period. The avail-
able results of these first five patients are: (a) neuropsycho-
logical tests and neuroSPECT with a recent consumption
episode for all; (b) neuropsychological tests in 3 patients
after 6 months without consumption and (c) neuroSPECT
after six months of abstinence in two patients. One patient
resumed consumption before completing the 6-month pe-
riod but agreed to have neuropsychological tests repeated.
One patient was excluded from the analysis due to lack of
medical follow-up and urine tests.

(4) Neuropsychological Tests

We observed an improvement in Working Memory
in all three compliant participants. The patient who re-
sumed consumption, although showing improvement in
some tests, is the only one who decreased his score in the
WAIS-IV Sequence sub-test (Fig. 1, case 4). This test,
which measures working memory, involves a more com-
plex processing that requires prioritizing and reordering in-
formation.

Overall an increase in the scores of the memory tests
is seen. There was a notorious increase in the Rey Complex
Figure Memory score of examinee 2, and a decrease in the
sequencing score of examinee 4, who was the one who had
resumed consumption (Fig. 2).

Regarding cognitive development, a function that fun-
damentally aims at problem solving, no homogeneous vari-
ation was observed in the scores of the participants. Thus,
these results do not allow us to draw preliminary conclu-
sions.

Attention improved in all participants who did not re-
sume consumption.

In processing speed, all participants improved their
scores. However, the one who resumed consumption had
a more discrete improvement.
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Changes in Memory Test Score WAIS-IV

B Digit Span (WAIS-IV) [ Letter-Number Sequencing (WAIS-IV)

-2
Subject 1 Subject 2 Subject 3 Subject 4*

Fig. 1. Memory WAIS-IV Digits (in blue) and Sequencing (in red): each bar represents the absolute score value change after
abstention when compared to the score obtained with recent consumption. A positive value indicates an improvement in performance
after abstention. (*subject 4 resumed marijuana use before the final neuropsychological assessment).

Change in % of ROCF Immediate Recall

90%

75%

60%

45%

30%

15%

0%

Subject 1 Subject 2 Subject 3 Subject 4*

Fig. 2. Rey Memory test score changes are expressed as percentage of increase (improvement) in score after abstinence compared
to the score obtained with recent marijuana consumption. (*subject 4 resumed marijuana use before the final neuropsychological
assessment). ROCF, Rey Complex Figure.
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Fig. 3. NeuroSPECT brain images. The comparison of 3D images of a patient in a state of recent consumption (left) and after 6 months of
abstinence (right), expressed in standard deviations from the normal mean and representing hypoperfusion at two, three and four standard
deviations below the normal mean with the colors light blue, dark blue and green respectively. NeuroSPECT, neuropsychological tests

and brain perfusion single photon emission computed tomography.

Regarding inhibitory control, the results show a con-
siderable improvement in a participant who had abstained
from consuming marijuana. Although an improvement is
observed in the rest of the participants, it is discreet.

(B) NeuroSPECT

In Fig. 3 disorganized lateral temporal hypoperfusion
is demonstrated in both hemispheres, of greater extent and
severity on the left, deep hypoperfusion of the right occipi-
tal pole and of both posterior cingulated gyri. These abnor-
malities are clearly less severe post-abstinence, allowing a
qualitative analysis.

Quantitative neuroSPECT analysis. Given the lim-
ited preliminary sample, only a percentage comparison be-
tween baseline (with consumption) and control (in absti-
nence) values is performed, considering the baseline value
as 100%. A positive variation means that perfusion in-
creased in that Brodmann area post-abstinence (Fig. 4).
With this methodology, increases of more than 10% have
been observed in some areas, as well as notable decreases,
all of which points to the need to increase the study base in
order to explore these preliminary results in greater depth.

Discussion

The small preliminary sample precludes making an in-
ferential statistic to obtain general conclusions. However,
once we obtain a larger study base we will be able to test
if there is a consistent difference between pre- and post-
abstinence perfusion. For this, a paired mean difference
t-test will be used. This test is performed to measure the
effect of some action on a group of individuals. Our final
objective is to test whether there is a significant difference
in perfusion for each individual before and after abstinence.

It is of interest to correlate the results of neuropsycho-
logical tests with the information yielded by neuroSPECT,
considering that perfusion is indirectly related to brain func-
tions. Thus, it has already been established that the blood
supply observed in certain areas of the brain has a relation-
ship with some brain functions that are specifically mea-
sured with neuropsychological tests, allowing to investi-
gate a possible coincidence in the findings with both instru-
ments.

There is ample knowledge regarding brain dysfunc-
tion associated with marijuana use, but we lack sufficient
information regarding the harms that persist even after a
prolonged discontinuation of consumption. Given the cur-
rent scenario of legalization of marijuana use, which is as-
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Initial v/s final percentage variation of the perfusion by Brodmann area in the left hemisphere of
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Fig. 4. Percentage of change in post-abstinence perfusion compared to the value during consumption for selected Brodmann areas

of the left cerebral hemisphere of one patient. There is a marked increase of the minimum values (in red), suggestive of a recovery in

post-abstinence function, in Brodmann area 9 which is related to higher executive functions, in areas 21 and 22 associated with auditory

processing, and in the average perfusion values (in yellow) in area 25, fundamental in emotional integration and regulation.

sociated with decreased risk perception, an increase in users
and the availability of plants with increasingly higher THC
concentrations, it is essential to determine how brain func-
tional damage changes after cessation of use, which is the
objective of the present study [1-3,11].

Although the results of this research are preliminary,
they already show improvements in working memory and
attention after prolonged abstinence from marijuana. In
one case, neuroSPECT imaging and Brodmann area quan-
tification also confirm fewer post-abstinence abnormalities.
Upon completion of the target group we will evaluate the
coincidence between changes in neuropsychological test-
ing and cerebral perfusion. In this first sample, two of the
participants who managed to discontinue consumption had
noticeable vital changes, recognized by them and their en-
vironment. We remark that, in addition to the normal diffi-
culties in recruiting and following up patients for a research
project, the COVID-19 pandemic reduced psychiatric con-
sultations, made the application of neuropsychological tests
in person more problematic, and complicated the collection
ofurine samples under strict surveillance. The original two-
year time frame for a sample of 20 participants proved im-
possible to meet under these conditions being this the main
limitation of our study.

306

Generally, functional problems due to marijuana, as
assessed by neuropsychological tests, lack anatomical dam-
age demonstrable on magnetic resonance imaging (MRI) or
computed tomography (CT) scans, so that these methods
may discourage discontinuation of use due to a false sense
of “absence of damage”. It is essential to apply functional
methods such as brain perfusion SPECT, positron emission
tomography with fludeoxyglucose-18 (PET-FDG) or func-
tional MRI in the evaluation of brain damage caused by
marijuana and other drugs of abuse.

Our results obtained so far using neuropsychological
tests combined with neuroSPECT are in accordance with
the findings of Darley CF, et al. [16] (1973) and Hanson et
al. [17] (2010), which suggest improvement in brain func-
tions following abstinence of marijuana . Consequently,
it is imperative to continue this line of research, as the
prospect of restoring functions previously considered ir-
recoverable damaged, motivates consumers to cease mar-
ijuana use.

Conclusion

Our preliminary results confirm the feasibility of the
methodology to evaluate changes in brain function after the
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interruption of marijuana consumption but thus far the small
number of individuals already included preclude any gen-
eral conclusion based on statistical analysis. The major-
ity of studies on marijuana users and withdrawal are lim-
ited to neuropsychological tests, which demonstrate both
the damage caused by the drug and the recovery of func-
tions. Furthermore, existing studies lack functional imag-
ing and have a maximum withdrawal time limit of 28 days.
In contrast, the present study combines neuropsycholog-
ical and functional imaging assessment by neuroSPECT,
thereby enhancing the validity of the results.
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