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A B S T R A C T

Nicotine dependence is a progressive, chronic, relapsing disorder. Nicotine is the
principal and most potent psychopharmacologically active component of tobacco smoke.
Through activation of nicotine receptors in the central nervous system, nicotine can lead
to tolerance and dependence. Cessation of smoking is followed by severe pathophysio-
logic withdrawal and by long-term craving. TCD measurement of cerebral blood flow
velocity (BFV) and nicotine dependence degree measured by Fragestrom questionnaire
was analyzed in relation to smoking relapse. This study includes 47 participants (25 fe-
males and 22 males) included in Breathe Free Plan To Stop Smoking in Non Smoking
School in Zagreb.12 month following the end of treatment participants were divided in
three groups: continued abstinence, interrupted abstinence and non abstinence. High
nicotine dependence combined with TCD pathological finding significantly discrimi-
nated successes and failures, suggesting that smokers with pathological TCD need spe-
cific therapeutic approach with more social support, individualized coping skills and
cognitive restructuring. Measuring cerebral flow velocity by transcranial Doppler in
smokers showed the practical validity in prediction of smoking relapse.

Introduction

Nicotine dependence is a progressive,
chronic, relapsing disorder. The absorp-
tion of nicotine by the blood is very rapid.
Nicotine is quickly distributed to the
brain and its effects on the central ner-
vous system are manifested almost in-
stantaneously1. Through activation of ni-
cotine receptors in the central nervous
system, nicotine can lead to tolerance and
physiological dependence. Nicotine mod-

ulates neural and neuroendocrine acti-
vity in a variety of loci, including the
sympathetic nervous system, the hypo-
thalamic-pituitary-adrenocortical axis,
and endogenous opioid systems. It is also
known to stimulate vasopresin release.

Cigarette smoking is directly related
to the extent of atherosclerotic disease in-
volving large and small arteries in the
brain and makes a significant independ-
ent contribution to the risk of stroke,
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which increases with the number of ciga-
rettes smoked2–5.

Most smokers find it difficult to stop
smoking, even after they have made a
conscious decision to do so. A number of
studies have shown that the majority can
achieve only short-term abstinence. The
length of abstinence for 66% of individu-
als is less than 3 months7.

Two main factors determine whether
or not an individual smoker stop smok-
ing: motivation (level of motivation) and
addiction (degree of addiction). There are
many successful methods how to help
people quit smoking. They usually in-
clude basic health education, discussion
of withdrawal symptoms, strategies to
prevent relapse, group support, stress
management, nutrition, exercise and so-
metimes pharmacological aids8. Mainte-
nance of abstinence is influenced by num-
ber of interrelated factors and smoking
relapse remains serious problem that
merits research attention.

High risk situations most commonly
associated with relapse as negative emo-
tional stress (loneliness, sadness, grief,
anger, frustration), interpersonal confli-
cts and social pressure are well known9.
The absence or inadequacy of coping in
relapse crises has been identified as a
contributor to relapse10. Understanding
the relationship between stress and smo-
king would help to clarify the role of
stress in relapse11,12. Mermelstein et al.
in their study of stress and social support
founded that high perceived stress post-
treatment was associated with relapse
but that pretreatment stress had no pre-
dictive value.

In multiple risk factor intervention
trial (MRFIT) social support and number
of cigarettes smoked at baseline signifi-
cantly discriminated between successes
and recidivists.

The prevalence of relapse increases
with the high score on Fragestrom Ques-

tionnaire13,14. The degree of nicotine de-
pendence is an important predictor of
both short term and long term treatment
outcome. Determining the degree of nico-
tine dependence may help select the opti-
mal mode of therapy. Repeated relapse is
expected in smokers who are heavily de-
pendent on nicotine. They need special
programs with specific characteristics:
accessibility, comprehensiveness, skill-
building and support. People who are mo-
re dependent on nicotine benefit most
from nicotine replacement therapy. Ces-
sation programs must address all stages
of the cessation process1.

The aim of our investigation was to de-
termine the predisposition or vulnerabil-
ity to relapse in ex smokers, using TCD
measurement of blood flow velocity and
nicotine dependence degree by Frages-
trom questionnaire.

Patients and Methods

We examined 47 participants who we-
re included in Breathe Free Plan to Stop
Smoking in Non-smoking school in Zag-
reb. There were 25 female (53%) and 22
males (47%), aged 26 to 61. The mean age
was 39.2.

The smoking cessation program lasted
five days and consisted of five consecutive
2 hours sessions with fallow up support
during one year.

The Fragestrom questionnaire was
used to identify the degree of nicotine de-
pendency. A score 1–6 indicates a low de-
pendency. A score 7–11 indicates high de-
pendency.

Transcranial color Doppler was per-
formed by use of a pulsed wave Doppler
ultrasound device 3D TCD scanner, with
a 2 MHz probe. Data were analyzed ac-
cording to blood flow velocity (BFV) chan-
ges. Results were categorized as increa-
sed circulatory resistance (CR), decrea-
sed CR and normal CR depending on side
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changes and symmetry. Smoking status
of participants was evaluated 12 month
following the end of treatment in Non
smoking school.

According to self-reported smoking
status participants were divided in three
groups: continued abstinence, interrup-
ted abstinence and non-abstinence (re-
turn to baseline smoking).

Date have been analyzed by � 2 - test
and variance analysis (ANOVA), and p <
0.005 was considered as level of statisti-
cal significance.

Results

Most smokers need more than one
quit attempt to succeed in quitting. In our
study 19 (40%) participants who attended
smoking cessation program (Breathe Free
Plan to Stop Smoking) obtained absti-
nence after one or more relapses, 12
(26%) participants returned on baseline
smoking and only 16 (34%) participants
reported continuous abstinence one year
after treatment.

Analysis of intracranial artery circula-
tory changes has shown that only 18 (38
%) had normal TCD finding. Correlation
between TCD finding and analyzed vari-
ables (age, sex, cigarette smoked per day,
years of smoking, degree of nicotine de-
pendency, smoking status one year after
treatment) is shown in the Table 1.

The most participants who relapsed
and returned on baseline smoking, smo-
ked over 20 years (Figure 1). There was
no significant difference between daily
smoked cigarettes in all three groups of
participants (divided according to self-re-
ported smoking status) (Figure 2).

Among participants high dependent
on nicotine 26% returned on baseline
smoking and (30%) had one or more re-
lapses (Figure 3). High dependent ex
smokers had also higher percent of patho-
logical TCD findings, than those low de-
pendent on nicotine (Figure 4). Most of
participants with normal TCD finding
were successful and obtained continuous
abstinence one year after treatment in
Non smoking school in Zagreb (Figure 5).
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TABLE 1
CORRELATION BETWEEN TCD FINDING AND

ANALYZED VARIABLES

� 2 p

Age > 50 years 3.9 < 0.048

Sex 1.36 < 0.23

Cigarettes / day 5.76 < 0.017

Years of smoking 4.0 < 0.26

Nicotine dependency 24.6 < 0.001

Smoking status 18.0 < 0.001

Fig. 1. Smoking status one year after treat-
ment in relation to smoking time duration.

� 2 = 5.3; p < 0.5.

Fig. 2. Daily smoked cigarettes in relation to
smoking status of participants one year after

treatment in Non-smoking school.
� 2 = 2.0; p < 0.3.



Discussion

TCD findings and degree of nicotine
dependency were examined in relation to
smoking relapse. It is found that TCD
measurement of cerebral flow velocity
(BFV) and measurement of nicotine de-
pendency degree by Fragestrom ques-
tionnaire are useful methods to deter-
mine ex smoker with predisposition or
vulnerability to relapse. High nicotine de-
pendency combined with TCD pathologi-
cal findings significantly discriminated
between successes and failures15. Relapse
is not a failure. Smokers need to know
this. Most smokers need more than one
quit attempt to succeed. Most relapses oc-
cur in the first 3 months after quitting. In
process of smoking cessation and mainte-
nance of abstinence biological and psy-
chological factors are inseparable and op-
erate concurrently.

Many situations (parties, finishing a
meal, stressful experiences) negative
emotions and social pressure may accen-
tuate craving for a cigarette. Ex smokers
with pathological TCD findings need spe-
cific therapeutic approach with more so-
cial support, individualized coping skills
and cognitive reconstructing (changing

attitudes and self perceptions related to
smoking behavior).

The results of our investigation sug-
gest that it is possible to predict which
participants in a smoking cessation pro-
gram will have problems with cessation
and maintenance of cessation and that
program can target intervention toward
specific individual needs.

Measuring cerebral blood flow velocity
by TCD showed the practical validity in
prediction of smoking relapse16,17,22–25.

Cessation of smoking is followed by se-
vere pathophysiologic withdrawal and by
long-term craving. The classic nicotine
withdrawal symptoms (dysphoric or de-
pressed mood, insomnia, irritability, frus-
tration or anger, anxiety, concentration
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Fig. 3. Nicotine dependency in relation to
smoking status of participants one year
after treatment in Non-smoking school.

� 2 = 18; p < 0.001.

Fig. 5. TCD finding and smoking status of
participants one year after treatment in
Non-smoking school. � 2 = 38; p < 0.001.

Fig. 4. TCD findings and nicotine
dependency. �

2 = 24,6; p < 0.001.



difficulties, restlessness and decreased
heart rate usually last some days or per-
haps weeks18 and generally are consis-
tent with the pharmaco-kinetics of the
metabolism and elimination of nicotine
and its metabolites.

Craving for nicotine may persist for
months or even years, stimulated by cues
associated with smoking – persons, pla-
ces, situations and sensations including
the sight of cigarettes and the smell and
taste of tobacco. Recent data indicate that
the majority of individuals can achieve
only short-term cessation. Up to 80 smok-
ers who initially succeed stop smoking
will relapse over a 12-month follow up pe-
riod7. The commonest reasons to give up
smoking are health (87%), expense (51%)
and family pressure (43%).

There are many successful methods
how to help people quit smoking. They
usually include basic health education,
discussion of withdrawal symptoms, stra-
tegies to prevent relapse, group support,
stress management, nutrition, exercise
and sometimes pharmacological aids (nic-
otine replacement therapy, Bupropion).
Maintenance of abstinence is influenced
by number of interrelated factors and
smoking relapse remains serious problem
that merits research attention.

Although many biological effects of to-
bacco use and cessation are well known,
the role of these factors in smoking re-
lapse has to be clarifyed18.

Benfart and Eaker founded that ligh-
ter smokers had a much higher quit rate
and were able to translate the wish to
quit into a decision to quit.

Persons who were more physiological-
ly reactive to stress were more likely to
relapse than were their less reactive
counterparts. Smokers high in negative
affect were more likely to relapse19.

The younger age at which individuals
take up smoking, the more likely it is that
they will continue to smoke throughout

their lives20. About 90% of adult smokers
take up smoking as children and adoles-
cents.

The technology of abstinence verifica-
tion has developed rapidly in the past ten
years. Expired air carbon monoxide is
useful only for detecting smoking in the
24 hr preceding the test. Blood cotinine is
most useful for detecting nicotine use in
the 48 hr before the test. Current solu-
tions for assessment of continuous absti-
nence for longer duration are not entirely
satisfactory. Thiocyanate detects smok-
ing from 10 days to 14 days after smoking
cessation but measurement of thiocyanat
from body fluids can be contaminated by
diet (broccoli, cabbage) and light smoking
may not be detected. Improved measures
for verifying long-term abstinence need
to be developed.

Because of the limitations of biological
assessment we accepted a self-report of
abstinence.

Approximately 60 percent of adult
smokers have made at least one serious
attempt to give up cigarette, but have re-
lapsed21,22. There are varieties of reasons
why smokers relapse. TCD as noninva-
sive diagnostic procedure as well as mea-
surement of nicotine dependence degree
by Fragestrom questionnaire is recogni-
zed to play an important role in planning
of maintenance treatment. Also, it is im-
portant that CBF measurement by TCD
has high reproducibility, because the val-
ues are standardized. The high-risk smo-
kers need specific cessation and mainte-
nance strategies. Our investigation
should encourage physicians to integrate
in daily practice many kinds of specific
cessation and maintenance strategies.

In our investigation was shown also,
that throughout life style changes, the
participants with hypertension were very
successful in controlling their high blood
pressure.
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Conclusions

TCD findings and degree of nicotine
dependency were examined in relation to
smoking relapse. It is found that TCD
measurement of cerebral blood flow ve-
locity (BFV) and measurement of nicotine
dependence degree by Fragestrom ques-
tionnaire are useful methods to deter-
mine ex smoker s predisposition or vul-
nerability to relapse. High nicotine de-
pendency combined with TCD pathologi-
cal findings significantly discriminated
between successes and failures. Biologi-
cal and psychological factors are unse-
parable and operate concurrently. Many
situations (parties, finishing a meal,
stressful experiences) negative emotions
and social pressure may accentuate crav-

ing for a cigarette. Ex smokers with pa-
thological TCD findings need specific
therapeutic approach with more social
support, individualized coping skills and
cognitive restructuring (changing attitu-
des and self perceptions related to smok-
ing behavior).

The results of our investigation sug-
gest that it is possible to predict which
participants in a smoking cessation pro-
gram will have problems with cessation
and maintenance of abstinence and that
program can target intervention toward
specific individual needs.

Measuring cerebral blood flow velocity
by transcranial doppler showed the prac-
tical validity in prediction of smoking re-
lapse.
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TRANSKRANIJSKI DOPLER U STRATEGIJI PREVENCIJE
RECIDIVA PU[ENJA

S A @ E T A K

Ovisnost o nikotinu je kroni~ni, progresivni poreme}aj. Nikotin je glavni, s farma-
kolo{kog aspekta najva`niji aktivni sastojak duhanskog dima. Aktivacijom brojnih
nikotinskih receptora u sredi{njem `iv~anom sustavu postupno se razvija tolerancija
prema nikotinu i ovisnost. Prilikom prestanka pu{enja javljaju se apstinencijske te{-
ko}e uz dugotrajnu `udnju za nikotinom. Analizirali smo povezanost recidiva pu{enja s
rezultatima mjerenja brzine strujanja krvi (BFV) transkranijskim doplerom te stup-
njem ovisnosti o nikotinu mjerene pomo}u Fragestromovog upitnika. U ispitivanje je
bilo uklju~eno 47 ispitanika (25 `ena i 22 mu{karca) koji su participirali u programu
odvikavanja od pu{enja (Breathe Free Plan to Stop Smoking) u Zagreba~koj {koli ne-
pu{enja. Nakon 12 mjeseci pra}enja ispitanike smo podijelili ovisno o pu{a~kom sta-
tusu u tri grupe: pu{a~i koji su kontinuirano apstinirali, pu{a~i koji su tijekom apsti-
nencije jedan ili vi{e puta recidivirali, pu{a~i koji nisu apstinirali. Ustanovili smo da su
pu{a~i s visokim stupnjem ovisnosti o nikotinu i patolo{kim TCD nalazom ~e{}e bili
neuspje{ni u apstinenciji, {to ukazuje na potrebu specifi~nih terapijskih postupaka s
vi{e podr{ke i individualno prilago|enih vje{tina kao i promjena na kognitivnom pla-
nu, za ovu kategoriju pu{a~a. Mjerenje brzine strujanja krvi transkranijskim doplerom
kod pu{a~a pokazalo se prakti~ki vrijednim za predikciju recidiva pu{enja.
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