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The serum homocysteine level in patients with
acute ischemic stroke (AIS) after thrombolysis
and its relationship with clinical outcomes
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SUMMARY

OBJECTIVE: The present study aims to investigate whether hyperhomocysteinemia (HHcy) affects the outcomes of the thrombolytic
treatment for patients with AlS.

METHODS: A sample of 120 AlS patients were recruited and grouped according to their serum homocysteine (Hcy) levels. The National
Institute of Health Stroke Scale (NIHSS) was obtained before treatment and 7 days after it to evaluate neurological outcomes; modi-
fied Rankin Scale (mRS) was obtained 12 weeks later to assess functional outcomes. Receiver operating characteristic curve (ROC) was
used to demonstrate the relationship between serum Hcy level and the outcomes after tPA treatment.

RESULTS: The serum Hcy level of 120 patients was of 27.57+20.17umol/L. The NIHSS scores of the patients in the low Hcy level group
were remarkably lower compared to those in the high-level group (p<0.05), after 7 days of treatment. In addition, the mRS scores of
the patients in the low Hey level group, after 12 weeks, were remarkably lower compared to those in the high-level group (p<0.07). ROC
demonstrated that the serum Hcy level is related to the clinical outcomes of thrombolytic treatment with moderate specificity (80.3%)
and sensitivity (58.2%).

CONCLUSION: In conclusion, higher serum Hcy levels can indicate poorer clinical outcomes of thrombolytic treatment in patients with
AlS.
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Nowadays in China, AIS is one of the leading
causes of disability and death. It brings tremendous
financial burden to patients’ families . Intravenous
thrombolysis (IVT) and alteplase (t-PA) has been
widely used in AIS patients within 4.5 hours after
the onset*™. However, its possible complications
i.e. symptomatic intracerebral hemorrhage (sICH)
require appropriate precautions. To the best of our
knowledge, reliable methods and indexes to predict

sICH and evaluate treatment outcomes of IVT still
lack in clinical practice. Therefore, an accurate pre-
dictor with reasonable sensitivity and specificity is
needed.

Previous investigations have indicated that hyper-
homocysteinemia (HHcey) is related to a higher risk
of AIS and poor prognosis of patients with AIS, with
a possible underlying mechanism in which increased
serum homocysteine (Hey) may result in endothe-
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lial dysfunction, neurotoxicity, and upregulation of
prothrombotic factors 3~7. However, the possibility to
also use HHcy to predict clinical outcomes after tPA
treatment has not been comprehensively studied.
The present study aims to retrospectively research
the possible relationship between HHey and clinical
outcomes of tPA for patients with AIS.

MATERIAL AND METHODOLOGY

Ethical approvals were obtained from the Eth-
ics Review Committee of the West China Hospital
(Chengdu, Sichuan, China). We collected and ana-
lyzed data from consecutive AIS patients treated in
the Department of Neurology of the West China Hos-
pital between January of 2011 and December of 2014.
All patients provided written informed consent.

Criteria for inclusion: (1) Age>18 years; (2) Diag-
nosis of AIS validated by head CT scanning; (3) Be-
ginning of tPA treatment within 4.5 h after the onset.

Criteria for exclusion: (1) Prior stroke within 12
weeks; (2) History of intracranial hemorrhage; (3)
Recent intraspinal or intracranial surgery; (4) Ac-
tive internal bleeding; (5) Hypertension (systolic BP
>185mmHg or diastolic BP >110mmHg); (6) Blood
glucose concentration < 2.7mmol/l; (7) Multiple lobar
infarction demonstrated by head CT; (8) Unwilling-
ness to participate.

Upon admission, a head CT was performed on
all patients, and clinical characteristics including
sex, age, history of smoking and alcohol consump-
tion, systolic and diastolic BP, hypertension, diabe-
tes mellitus, coronary atherosclerotic cardiovascular
disease, previous stroke, atrial fibrillation, time of
thrombolysis, and stroke subtypes were gathered.
The NIHSS scores were evaluated upon admission
and 7 days after (PA treatment in order to assess the
severity of AIS and the outcomes of tPA treatment.
The mRS was performed after 12 weeks to evaluate
the long-term outcomes. In addition, laboratory tests
including platelet count, hemoglobin level, fasting
blood-glucose and uric acid level, fibrinogen level,
serum homocysteine level, and serum lipid profile
were conducted on admission.

TREATMENT

The patients were given intravenous alteplase
(0.9mg/kg, maximum 90mg, Boehringer-Ingelheim
Pharmaceuticals, Germany) within 4.5h of onset

(10% in pellet within 1min, remaining 90% was intra-

venously infused within 1h) -4

CLINICAL OUTCOMES

The NIHSS score was performed on admission
and 7 days after tPA treatment to assess the severity
and progression of AIS. All patients underwent head
CT or MRI scan within 1 day after the tPA treatment.
The secondary endpoint was Symptomatic Intracere-
bral Hemorrhage (sICH). The sICH was defined as a
detectable hemorrhage and parenchymal hematoma
on the head CT or MRI with a neurological deterio-
ration (NIHSS score>4) [8]. All patients were reevalu-
ated at 12 weeks after tPA treatment using the mRS
score.

STATISTICAL ANALYSIS

IBM SPSS version 17.0 was used to conduct statis-
tical analysis. A t-test was performed to compare the
continuous variables. The Pearson chi-square test
and Fisher exact test were performed to compare
the categorical variables. Possible predictors of poor
prognosis were evaluated by using multiple logistic
regression analysis. The ability of serum Hey level to
predict patient prognosis was investigated by calcu-
lating the area under the receiver operating charac-
teristic curve (AUC).

RESULTS AND ANALYSIS

A sample of 120 patients which included 87 males
and 33 females with mean age of 65.7+12.7 years
were recruited for this study. The serum Hcy level
was 27.57+20.17pmol/L. The serum Hcy levels were
divided into quartiles of 1, 2, 3, and 4 with ranges of
2.26 to 11.50pmol/L, 11.50 to 17.70pmol/L, 17.70 to
23.85umol/L, and 23.85 to 138.90pmol/L, respec-
tively. The serum Hey median level was 17.70pmol/L.
Patients with Hcy<17.70pmol/L were assigned to the
low concentration group and the other patients were
assigned to the high concentration group.

Different clinical characters of patients in the
two groups are presented in Table 1. There were
more male patients in the high concentration group
(P<0.01). Additionally, the univariate analysis demon-
strated that smoking, alcohol consumption, uric acid
level, hemoglobin level, and diabetes mellitus were
related to a higher concentration of Hey (P<0.05).
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TABLE 1. CLINICAL CHARACTERS AND OUTCOMES OF
PATIENTS IN LOW AND HIGH HCY CONCENTRATION

GROUPS.
Hcy level P-value
Low concen- High concen-
tration (n=63) | tration (n=57)
Age,y 65.67£11.50 62.55+15.02 0.556
Male [n (%)] 44(69.84) 43(75.44) <0.001
Alcohol consumption | 17 (26.98) 14 (24.56) 0.017
[n(%)]
Current smoking 44 (69.84) 31(54.40) <0.001
status [n (%)]
Hypertension 33(52.38) 37 (64.91) 0.577
[n(%)]
Diabetes mellitus 23 (36.50) 9 (15.79) 0.015
[n(%)]
Coronary atheroscle- | 27 (42.86) 20 (35.09) 0.75
rotic cardiovascular
disease [n (%)]
Atrial fibrillation 6(9.52) 9 (15.79) 0.157
[n (%)]
Previous stroke 13 (20.63) 11(19.30) 0.205
[n (%)]
Hemoglobin (g/L) 135.45415.25 141.55+19.41 0.05
Platelet count 212.27+61.75 22595+7355 | 0.25
(x10°/L)
Fibrinogen level (g/L) | 3.000.75 3.01x0.95 0.997
Uric acid (umol/L) 259.22+82.57 302.67+97.77 | <0.001
Blood glucose level 6.35+2.27 6.07x2.77 0.487
(mmol/L)
Triglyceride (mmol/L) | 1.551.05 1.77+110 0.577
Low-density lipopro- | 2.77+0.05 2.87+17 0.557
tein (mmol/L)
High-density lipopro- | 2.77+0.87 2.87+1.07 0.557
tein (mmol/L)
Total cholesterol 2.750.87 2.80+1.17 0.507
(mmol/L)
SICH (%) 13 (2063) 44 (7719) 0.017
NIHSS on admission | 7.97+2.77 8.09+3.02 0.55
NIHSS 7-day after 4.57+557 6.87+7.70 0.007
treatment
mRS 12-week after 1.77+1.50 2.37+1.70 0.007
treatment

No significant difference was observed between
the 2 groups regarding NIHSS scores obtained on ad-
mission. However, the scores of the low concentra-
tion group were significantly lower than those of the
high concentration group, 7 days after tPA treatment
(P<0.05). The sICH was found in 57 (47.50%) patients
within 24 h after initiation of tPA. There were signifi-
cantly more patients with sICH in the high concen-
tration group (P<0.05). In addition, mRS scores indi-
cated poor prognosis after 12 weeks (P<0.01).

Univariate analysis demonstrated that Hey level,
NIHSS score on admission, uric acid level, and dia-

TABLE 2. MODIFIED RANKIN SCALE AND ODDS RATIO
WITH RESPECT TO HCY QUARTILES.

OR 95% Cl P-value
Q1 nr nr nr
Q2 1.83 0.49-6.81 0.370
Q3 2.29 0.62-8.43 0.241
Q4 13.75 3.57-51.77 <0.001
Male 0.71 0.181-2.80 0.626
Age 1.00 0.966-1.04 0.965
Alcohol consump- | 1.65 0.495-5.48 0.415
tion
Current smoking 0.468 0.138-1.59 0.223
status
Diabetes mellitus 0.981 0.324-2.97 0.974
Hemoglobin 1.00 0.978-1.03 0.771
Uric acid 0.999 0.994-1.00 0.598
NIHSS on admis- 161 1.38-1.86 <0.001
sion
nr: not relevant
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FIG.1. The ability of serum Hcy level to predict prognosis of
AlS was assessed by conducting ROC analysis.

betes mellitus were related to the prognosis. That
NIHSS score on admission and Hcy level were inde-
pendent predictors of poor prognosis (P<0.001) was
demonstrated by multiple logistic regression analysis
(Table 2). The fourth quartile (23.85 to 138.90pmol/L)
of the Hcy level was considered to be an indepen-
dent predictor of poor prognosis (OR 13.75, 95% CI
3.57-51.77, P<0.001). The risk of poor prognosis gets
higher as Hey level increases, as illustrated in Fig.1.
ROC analysis showed an AUC value of 0.685 (95% CI
0.603-0.768) and a cut-off value of 17.75pmol/L with
a sensitivity of 58.2% and specificity of 80.3%.
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DISCUSSION

The IVT with t-PA has been widely used in AIS pa-
tients within 4.5 hours after the onset ™. However,
sICH is a fatal complication of tPA and limits its clin-
ical application. Therefore, it is useful to discover an
index that can predict the risk of sICH after tPA treat-
ment. Previous studies have reported that serum
Hcy level might be able to predict the occurrence of
AIS *7. Zhou et al.? have discovered that higher se-
rum Hey level was related to a larger volume of he-
matoma of AIS patients, with the possible underly-
ing mechanism of disruption of the cerebral vessel
wall integrity caused by elevated Hey . Our study
aimed to research the potential relationship between
serum Hcy level and sICH.

This study has demonstrated that 17.7pmol/L is
the cut-off value to determine whether the serum
Hey level of a patient is higher than average. Patients
with high Hey concentrations tended to have worse
clinical outcomes after tPA treatment, compared to
patients with low concentrations. This was demon-
strated by NIHSS and mRS scores after 7 days and
12 weeks. The results suggested that high Hey levels
predicted poor prognosis after tPA treatment.

Although some recent studies have demonstrat-
ed the relationship between high Hcy level and
elevated risk of AIS, the predicative value of pa-
tients’ Hey level following tPA treatment has not
been studied comprehensively. Several studies have
shown that high Hey level is an independent risk
factor for both long and short-term poor prognosis,

which is consistent with our results >, Toole et
al. ™ have shown that the stroke risk decreases by
10% as the serum Hcy level decreases by 3pmol/L.
The cut-off value was determined to be 17.75pmol/L
based on the ROC model. It was close to the cut-
off value (17.64pmol/L) reported from Yan et al. [16].
Therefore, we have shown that the cut-off value of
17.75pmol/L is a reliable predictor of poor prognosis
in patients with AIS following tPA treatment. As far
as we know, this was the first retrospective study to
report the relationship between high Hey level and
poor prognosis after tPA treatment.

Several limitations exist in the present study.
First of all, this is a retrospective analysis with rel-
atively small sample size which did not include AIS
patients without thrombolytic treatment as a control
group. Therefore, a multicenter randomized con-
trolled study should be conducted in the future to
validate and confirm the results of the present study.
Secondly, multiple factors affect the serum Hey lev-
el, including genetic background, general nutrition,
health, and various comorbidities such as nephropa-
thy, diabetes mellitus, etc.”. Therefore, it was impos-
sible to eliminate all the confounding factors during
the follow-up, which inevitably affected the results.

In conclusion, the present study suggested that
increased serum Hey level was an independent risk
predictor of sSICH and poor prognosis in AIS patients
who underwent tPA treatment. The cut-off value of
17.75pmol/L provided a valuable reference point for
Chinese patients.

OBJETIVO: O presente estudo tem por objetivo investigar se a hiperhomocisteinemia (HHcy) afeta os resultados do tratamento trom-
bolitico em pacientes com AVCI agudo.

METODOLOGIA: Uma amostra de 120 pacientes AVCl agudo foi recrutada e agrupada de acordo com os niveis séricos de homocisteina
(Hey). Uma avaliagdo nos padrées do National Institute of Health Stroke Scale (NIHSS) foi obtida antes do tratamento e 7 dias apés
ele para avaliar desfechos neuroldgicos e a escala de Rankin modificada foi utilizada 12 semanas depois para avaliar os desfechos
funcionais. A curva ROC (Receiver Operating Caracteristic) foi utilizada para demonstrar a relagdo entre os niveis séricos de Hcy e os
desfechos apds tratamento com t-PA.

RESULTADOS: Os niveis séricos de Hcy de 120 pacientes foi de 27,57+20,17umol/L. Os escores NIHSS dos pacientes no grupo de baixo
nivel de Hey foram notavelmente mais baixos em comparagdo dqueles do grupo de nivel mais alto (p<0,05), apés 7 dias de tratamento.
Além disso, os escores mRS dos pacientes no grupo de baixo nivel de Hey, apds 12 semanas, foram consideravelmente mais baixos em
comparagdo com os do grupo de alto nivel (p<0,01). A curva ROC demonstrou que o nivel sérico de Hey tem relacdo com os desfechos
clinicos do tratamento trombolitico com especificidade moderada (80,3%) e sensibilidade (58,2%).

CONCLUSAO: Podemos concluir entdo que niveis séricos mais altos de Hcy podem prever desfechos clinicos piores para o tratamento
trombolitico em pacientes com AVCl agudo.

PALAVRAS-CHAVE: Homocisteina. Derrame. Terapia trombolitica.
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