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Effects of fluoxetine on the restoration
of functional independence in patients after
acute cerebral infarction and prognostic factors

Vliv fluoxetinu na obnovu funkcni nezavislosti
u pacientt po akutni ischemické cévni
mozkové piihodé a prognosticke faktory

Abstract

Aim: The aim of this study was to explore the effects of fluoxetine on the restoration of functional
independence in patients after acute cerebral infarction (ACI) and the factors influencing the prognosis.
Patients and methods: This was a retrospective study including 196 ACI patients treated from May
2018 to September 2020. They were divided into control and experimental groups (N = 98 in each
group) using a random number table. The control group was treated with routine medication and the
experimental group was given also fluoxetine for 60 days. Meanwhile, both groups were subjected to
rehabilitation training. Their neurological function, depression, limb motor function and activities of
daily living (ADL) were assessed using the National Institutes of Health Stroke Scale (NIHSS), Hamilton
Rating Scale for Depression (HAMD), Fugl-Meyer Assessment (FMA) and Barthel index, respectively.
The independent risk factors for poor prognosis of ACI patients were analyzed. Results: After treatment,
the FMA and ADL scores rose significantly, while the NIHSS and HAMD scores declined in both groups
compared with those before treatment (P < 0.05). Compared with the control group, the experimental
group had significantly improved treatment outcomes as well as motor and neurological functions
(P <0.05). Infarction volume, baseline NIHSS score, diabetes mellitus, arterial hypertension, leukoaraiosis,
hyperuricemia and infection were independent risk factors for poor prognosis (P < 0.05). Conclusion:
Fluoxetine can significantly improve the treatment outcomes as well as the motor and neurological
functions of patients with ACl. Large infarction volume, high baseline NIHSS score, diabetes mellitus,
arterial hypertension, leukoaraiosis, hyperuricemia and infection increase the risk of poor prognosis.

Souhrn

Cil: Cilem této studie bylo prozkoumat vliv fluoxetinu na obnovu funkeni nezavislosti po akutnf
ischemické CMP (iCMP) a faktory ovliviujici prognézu. Pacienti a metody: Jedné se o retrospektivni studii
na 196 pacientech po iCMP, ktefi podstoupili Iécbu od kvétna 2018 do zaif 2020. Pacienti byli pomoci
tabulky ndhodnych cislem rozdéleni do kontrolni a experimentalni skupiny (n = 98 v kazdé skuping).
Kontrolnf skupiné byly podavany rutinni medikamenty a experimentélni skupiné také fluoxetin po
dobu 60 dni. Zaroven obé skupiny podstupovaly rehabilitacni trénink. Jejich neurologické funkce, mira
deprese, motorika koncetin a aktivity bézného Zivota (activities of daily living; ADL) byly hodnoceny
pomoci skaly National Institutes of Health Stroke Scale (NIHSS), Hamiltonovy Skdly pro hodnocenf
deprese (Hamilton Rating Scale for Depression; HAMD), Fugl-Meyerovy hodnotici stupnice (Fugl-Meyer
Assessment; FMA) a indexu Barthelové. Analyzovény byly nezavislé rizikové faktory Spatné progndzy
pacientt po ICMP. Vysledky: Po dokoncenf 1écby bylo v porovnani s vysledky skupin pfed lé¢bou zjisténo
vyznamné zvyseni skére FMA a ADL, NIHSS a HAMD skére se naopak u obou skupin sniZilo (p < 0,05).
U experimentalni skupiny doslo v porovnani s kontrolni skupinou k vyznamné lepsim vysledkim
[é¢by i zlepdeni motorickych a neurologickych funkci (p < 0,05). Nezavislymi rizikovymi faktory Spatné
progndzy (p < 0,05) byly objem infarktu, vychozi skére NIHSS, diabetes mellitus, arteridini hypertenze,
leukoaraidza, hyperurikémie a infekce. Zdver: Fluoxetin mdze vyznamné zlepsit vysledky lécby i motorické
a neurologické funkce pacientli po iCMP. Velky objem infarktu, vysoké vychozi skére NIHSS, diabetes

mellitus, arteridIni hypertenze, leukoaraiéza, hyperurikémie a infekce zvysuijf riziko Spatné prognézy.
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EFFECTS OF FLUOXETINE ON THE RESTORATION OF FUNCTIONAL INDEPENDENCE

Introduction

Acute cerebral infarction (ACI), which is
caused by the vessel stenosis or occlusion
due to local cerebrovascular atherosclero-
tic plaques or embolism [1,2], has high rates
of morbidity, disability and mortality [3]. Cu-
rrently, intravenous thrombolysis and me-
chanical recanalization are being generally
used in the clinical practice for the recana-
lization of the occluded vessels, restoration
of the blood flow and improvement of the
prognosis of ACI patients [4]. Early rehabilita-
tion training is of great importance for resto-
ration of neurological functions and reduc-
tion of complications.

As a selective serotonin reuptake inhibitor,
fluoxetine can increase brain-derived neuro-
trophic factors in ACl patients by blocking
serotonin reuptake, thereby exerting an an-
tidepressant effect [5,6]. Therefore, we he-
rein explored the effects of fluoxetine on
the motor and neurological functions of pa-
tients with ACl and the factors influencing
the prognosis, aiming to provide a theoreti-
cal basis for clinical treatment and prognos-
tic evaluation.

Patients and methods
Inclusion and exclusion criteria
Inclusion criteria were: (1) patients meeting
the diagnostic criteria for ACI [7] and dia-
gnosed as cerebral infarction using the brain
CT or MRI: (2) with first-onset ACl and time
of onset < 24 h; and (3) without undergoing
other treatments before the admission.
Exclusion criteria were: (1) patients with
cerebral hemorrhage or transient ischemic
attack; (2) with malignancies; (3) with severe
liver or kidney dysfunction; (4) with a pre-
vious history of myocardial infarction or st-
roke; or (5) with coagulation dysfunction.

Methods
The control group was routinely given as-
pirin (100 mg/day), clopidogrel (75mg/day)
and atorvastatin (10mg/day) for 60 days. Be-
side the standard treatment, the experimen-
tal group was orally administered also fluo-
xetine hydrochloride (Patheon, Champaret,
France) 20 mg/day after the meal every mor-
ning for 60 days.
Meanwhile, both groups were subjected
to rehabilitation training during 60 days.
1) Regular posture changes: patients were
turned over once every 2 h.
2) Correct posture was maintained to pre-
vent abnormal movements or contractu-
res and joint deformation of the affected

limbs. In the supine position, the shoul-
ders were abduced by 50° and interna-
lly rotated by 50° and the elbows were
flexed by 40-50° and externally rotated
using soft cushions. The hip bone was
moved forward, and the lower limbs were
internally rotated with soft pillows outside
the legs. The feet were placed at right an-
gles to the bed with footrests to prevent
them from sagging or inversion. The pre-
ssure and time of lying on the affected
limbs were reduced.

3) Joint range of movement and muscle
strength training: passive exercise was
gradually changed to the assisted passive
exercise and then to the active exercise.
Each joint was trained twice daily, 20 times
during each training.

4) Level lll balance training from a sitting
to a standing position was conducted
sequentially.

5) Gait training.

6) Stair-climbing training.

7) Training of activities of daily living (ADL).

Observation indices

Neurological function was the primary ob-

servation index [8]. The degree of neurolo-

gical impairment was assessed using the

National Institutes of Health Stroke Scale

(NIHSS). The higher score means more se-

vere neurological impairment.
Secondary observation indices were:

1) depressive symptoms [9] — the depression
was assessed using the Hamilton Rating
Scale for Depression (HAMD). A higher
score means more severe depressive
symptoms.

2) Limb motor function [10] was evalua-
ted using the Fugl-Meyer Assessment
(FMA) (66 points for the upper limbs and
34 points for the lower limbs). A higher
score means better motor function.

3) ADL [11] were assessed with the Barthel
index. The total score is 100 points, and
a higher score indicates better ADL.

Tertiary observation indices were: ad-
verse reactions during treatment, including
skin rash, mildly elevated transaminase level,
transient gastrointestinal discomfort, men-
tal disorders, partial epilepsy, hyponatremia
and insomnia.

Assessment criteria for treatment
outcomes [12]

Cured: The NIHSS score declined by more
than 90%, infarct lesions disappeared,

and disability reached grade 0. Markedly
effective: The NIHSS score declined by 46—
89%, infarct lesions decreased, and disabi-
lity reaching grades 1-3. Effective: The NIHSS
score declined by 18-45% and infarct lesions
decreased. Ineffective: The NIHSS score dec-
reased or increased by less than 18% and in-
farct lesions remained unchanged or be-
came larger. Total response rate = (effective
cases + markedly effective cases + cured
cases)/total cases x 100%.

Follow-up

The experimental group was followed up for
6 months by telephone calls, outpatient vi-
sits and medical history enquiries. The pa-
tients’ prognosis was assessed using the
Glasgow Outcome Scale (GOS) [13]. Accor-
ding to the GOS score, the patients were di-
vided into the good prognosis group (GOS
score of > 4 points) and the poor prognosis
group (GOS score of < 4 points).

Statistical analysis

The sample size was calculated according to
the two independent-sample test equations
N= 4[—LZW2 e P,

5

where N is the number of required cases,
Z., is the Z value corresponding to
o = 0.05 (which is 1.96), Z, is the Z value co-
rresponding to the type Il error probability
B (p=0.20s0 ZB =0.84), and & is the allowa-
ble error (which is generally 0.6). As a result,
N was calculated as 87, i.e, at least 87 cases
should be included in each group. Finally,
98 cases were included in each group.

SPSS 23.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. Measure-
ment data were expressed as mean + stan-
dard deviation (y+ s), and compared by
the t test between two groups. Numeri-
cal data were expressed as a percentage
(%), and compared by the %’ test between
two groups. The influencing factors for the
prognosis of ACI patients were explored
by multivariate logistic regression analysis.
P < 0.05 was considered to be statistically
significant.

Results

This was a retrospective study inclu-
ding 196 ACI patients treated in our hos-
pital from May 2018 to September 2020.
There were 114 males and 82 females aged
45-78 (average age 60.25 + 9.55) years. They
were divided into control and experimental
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Tab. 1. Baseline clinical data.
Control group (N =98) Experimental group (N =98) t/y? P
age (years) 62.52 + 746 61.16 £ 8.33 t=1.204 0.230
sex x> =0.057 0.811
male 59 55
female 39 39
infarct site ¥’ =0.273 0.734
frontal lobe 10 13
temporal lobe 18 16
thalamus 9 6
basal ganglia 28 32
parietal-occipital lobe 33 31
cerebral infarction volume ¥ =0.127 0939
<5cm? 21 19
5-10 cm? 46 47
>10cm? 31 32
onset time (h) 134+22 13.2+£25 t=0.595 0.553
N — number
Tab. 2. FMA and ADL scores.
FMA score ADL score
Group N before 60 days after t P before 60 daysafter 't P
treatment treatment treatment  treatment
upper limb score 1988 +9.29 2548 +823 4467 <0.001
control 98 lower limb score  1834+6.02  21.09+£878 2557 0.011 3856+3.23 5579+£516 29589 <0.001
total score 3821+£1416 4595+1518 2652  0.009
upper limb score  19.70 +9.19 2533+559 5181 <0.001
experimental 98 lower limb score 1734+£735  2428+991* 5568 <0.001 3814+294 71.55+758% 55692 <0.001
total score 38.83+15.62 5045+ 14.76* 5184 <0.001
*P < 0.05 vs. control group
ADL - activities of daily living; FMA — Fugl-Meyer Assessment; N — number

groups (N = 98 in each group) using a ran-
dom number table. Baseline data of the con-
trol group and the experimental group are
shown in Tab. 1. No significant differences
were found in the average age, sex ratio,
type of cerebral infarction, area of cerebral
infarction and time of onset between the
two groups (P > 0.05 in all cases).

Before treatment, there were no signifi-
cant differences in the FMA score (upper
limb, lower limb and total scores) and the
ADL score between the control and expe-
rimental groups (P > 0.05 in all cases). After
treatment, the FMA and ADL scores rose sig-

nificantly in both groups compared with
those before treatment (P < 0.05) (Tab. 2).

Before treatment, there were no signi-
ficant differences in the NIHSS and HAMD
scores between the control and experi-
mental groups (P > 0.05 in both cases). After
treatment, both the NIHSS and HAMD scores
declined significantly in the two groups and
the outcomes of the experimental group
were better than those of the control group
(P <0.05) (Tab. 3).

The total response rate of the experimen-
tal group was significantly higher than that
of the control group (P < 0.05) (Tab. 4).

After treatment, the incidence rates of ad-
verse reactions such as rash, mild transami-
nase elevation, transient gastrointestinal dis-
comfort, mental disorders, partial epilepsy,
hyponatremia and insomnia showed no sig-
nificant difference between the two groups
(P>0.05in all cases) (Tab. 5).

In the experimental group, 59 and
39 cases had a good and a poor prognosis,
respectively. Two patients died due to the
extensive cerebral embolism and intracra-
nial hemorrhage. Using the univariate analy-
sis, infarction volume, baseline NIHSS score,
arterial hypertension, hyperlipidemia, leu-
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Tab. 3. NIHSS and HAMD scores.

*P < 0.01 vs. control group

Index Group N Before treatment 60 days after treatment t P
control 98 18.54 £2.57 1346 +2.12 15.095 <0.001
NIHSS score
experimental 98 18.19 £ 2.76 11.19 £ 2.44% 18.811 <0.001
control 98 21.53 £4.56 1745 £2.57 7716 <0.001
HAMD score
experimental 98 21.67 £449 14.62 + 2.81* 13.176 <0.001

HAMD - Hamilton Rating Scale for Depression; N — number; NIHSS — National Institutes of Health Stroke Scale

Tab. 4. Clinical treatment outcomes.

N - number

Group N Cure (%) Markedly effective (%) Effective (%) Ineffective (%) Total response rate (%)
control 98 34 (34.69) 26 (26.53) 15 (15.31) 23(2347) 75 (76.53)
experimental 98 45 (45.92) 24 (24.49) 19 (19.39) 10 (10.20) 88 (89.80)
X 2.566 0.107 0.569 6.158 6.158
P 0.109 0.743 0451 0.013 0.013
N — number
Tab. 5. Incidence of adverse reactions.
Mild Transient .
. . . Mental Partial . .
Group N Rash transaminase gastrointestinal . - Hyponatremia  Insomnia
. . disorders epilepsy
elevation discomfort
control 98 2(0.02) 4(0.04) 3(0.03) 3(0.03) 0(0) 4(0.04) 7(0.07)
experimental 98 1 (0.01) 3(0.03) 5(0.05) 2 (0.02) 2 (0.02) 3(0.03) 10 (10.20)
X 0.339 0.148 0.521 0.205 2.021 0.148 0.580
P 0.561 0.700 0470 0.651 0.155 0.700 0446

koaraiosis, hyperuricemia, atrial fibrillation
and infection were identified as factors in-
fluencing the prognosis in the experimental
group (P < 0.05 in all cases) (Tab. 6).

Multivariate regression analysis was con-
ducted using the prognosis of the experi-
mental group as the dependent variable,
and factors with statistical significance in
univariate analysis as the independent varia-
bles. The results showed that infarction vo-
lume, baseline NIHSS score, diabetes mel-
litus, arterial hypertension, leukoaraiosis,
hyperuricemia and infection were indepen-
dent risk factors for the poor prognosis in
the ACI patients (P < 0.05) (Tab. 7).

Discussion
Acute cerebral infartion has high disability
and mortality rates. Patients with arterial hy-

pertension and atherosclerosis and those
over 65 years of age represent high-risk
groups for ACI [14,15]. Currently, ACl is treated
mainly using the intravenous thrombolysis
and mechanical recanalization in the clinical
practice. Due to different degrees of neurolo-
gical damage, however, patients suffer from
sequelae such as aphasia, memory loss, limb
paralysis and depression after treatment, so
rehabilitation training and drug therapy are
usually needed [16]. Fluoxetine is a highly se-
lective serotonin uptake inhibitor able to en-
hance the serotonin transmission function
by increasing the serotonin level in the brain
and those of brain-derived neurotrophic
factors, thereby exerting an antidepressant
effect [17]. It has been confirmed [18] that re-
habilitation training can effectively improve
the neurological and motor functions and

the prognosis of patients with ACl. Notably,
earlier rehabilitation training is more bene-
ficial. In the present study, therefore, fluo-
xetine was used for intervention starting in
early rehabilitation training, with routine me-
dication as the control. After treatment, the
FMA and ADL scores rose significantly, while
the NIHSS and HAMD scores declined in the
control and experimental groups compared
with those before treatment. The treatment
outcomes of the experimental group were
superior to those of the control group, and
the two groups had similar incidence rates
of adverse reactions such as rash, transient
gastrointestinal discomfort, mental disor-
ders and insomnia, indicating that early flu-
oxetine use is safe and effective is ACl. Ber-
tani et al [19] reported that rehabilitation
training promoted the formation of new sy-
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Tab. 6. Univariate analysis results of the factors influencing the prognosis in the experimental group.
Index Good prognosis (N=59)  Poor prognosis (N = 39) Statistical value P
male sex [N (%)] 31 (52.54) 24 (61.54) 0.772 0.380
age (years) 61.12 + 756 59.58 +8.39 1.350a 0.179
infarction site [n (%)] 0.011 0916
frontal lobe 8 (13.56) 5(12.82)
temporal lobe 10 (16.95) 6 (15.38)
thalamus 4(6.78) 2(5.13)
basal ganglia 18 (30.51) 14 (35.90)
parieto-occipital lobe 19 (32.20) 12 (30.77)
infarction volume (cm?) [N (%)] 8.553 0.014
<5 15 (25.42) 4(10.26)
5-10 31 (52.54) 16 (41.03)
>10 13 (22.04) 19 (48.72)
baseline NIHSS score [N (%)] 5338 0.021
<15 points 41 (69.49) 18 (46.15)
>15 points 18 (30.51) 21 (53.85)
diabetes [N (%)] 10 (25.64) 12 (30.77) 2576 0.109
arterial hypertension [N (%)] 24 (40.68) 25 (64.10) 5153 0.023
hyperlipidemia [N (%)] 22 (37.29) 25 (64.10) 6.764 0.009
leukoaraiosis [N (%)] 21 (35.59) 30 (76.92) 16.070 <0.001
hyperuricemia [N (%)] 19 (32.20) 21 (53.85) 4.553 0.033
carotid atherosclerosis [N (%)] 13 (22.03) 14 (35.90) 2.261 0.133
atrial fibrillation [N (%)] 23 (38.98) 28 (71.79) 10.128 0.001
infection [N (%)] 21 (35.59) 25 (64.10) 7662 0.006
°t value; others — x? value
N — number; NIHSS — National Institutes of Health Stroke Scale
Tab. 7. Multivariate analysis results of the factors influencing the prognosis in the napses and nerve pathways in the nervous
experimental group (logistic regression model). system, restored the neurological functions
and reduced the disability rate. Antidepre-
Factor Multivariate analysis ssant drugs can regulate neurotransmitters
OR (95% Cl) P and restore their balance, thereby relieving
infarction volume 0.322 (0.132-0.863) 0.019 the mental stress in ACl patients and impro-
baseline NIHSS score 1442 (1.066-1951) 0.018 ving their enthusiasm during rehabilitation
diabetes 0217 (0.080-0.591) 0.003 trall—?;rrgn, the results of multivariate analy-
arterial hypertension 1.120 (1.216-2.346) 0.032 sis revealed that infarction volume, base-
hyperlipidemia 0.698 (0.515-0.945) 0.080 line NIHSS score, diabetes mellitus, arterial
leukoaraiosis 3453 (1368-4.563) 0.010 hypertension, leukoaraiosis, hyperuricemia
hyperuricemia 1,265 (1.668-2.654 0.013 and infection were inde'pendeth risk fgc—
tors for the poor prognosis of patients with
carotid atherosclerosis 0.582 (0.340-0.998) 0.066 ACIl. Wang et al [20] showed that a larger in-
atrial fibrillation 2925 (1.352-6.330) 0.106 farction volume was more disadvantageous
infection 1264 (1.646-2.645) 0.001 to the rescue of patients with ischemic pe-
numbra as an independent risk factor for
Cl - confidence interval; NIHSS — National Institutes of Health Stroke Scale; OR - odds ratio the short-term prognosis of ACI patients.
The NIHSS score reflects the severity of ce-
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rebral infarction and a higher baseline NIHSS
score corresponds to more severe neurolo-
gical impairment, which is not conducive to
the prognosis of patients [21]. Diabetes mel-
litus leads to metabolic disorders and arterial
hypertension increases the risk of subcorti-
cal and periventricular white matter lesions,
both of which can cause brain damage [22].
The degree of leukoaraiosis in patients with
ACl has recently been positively correlated
with the risk of hemorrhagic transforma-
tion, probably because leukoaraiosis and
recombinant tissue plasminogen activator
cooperate to aggravate endothelial function
damage [23]. Lin et al [24] found that hype-
ruricemia easily induced the generation of
free radicals in vivo, leading to neurologi-
cal impairment and cognitive dysfunction in
patients. Infection easily elevates the body
temperature and accelerates the formation
of necrotic tissues in the ischemic penum-
bra, resulting in the poor prognosis of pa-
tients with ACI.

In conclusion, fluoxetine can significantly
improve the treatment outcomes as well
as the motor and neurological functions of
patients with ACI. Larger infarction volume,
higher baseline NIHSS score, diabetes mel-
litus, arterial hypertension, leukoaraiosis, hy-
peruricemia and infection indicate a higher
risk of poor prognosis of ACI patients. It is ne-
cessary to combine this therapy with reaso-
nable intervention measures for the reduc-
tion of the risk of poor prognosis.
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