Original Research Article

Clinical and Applied
Thrombosis/Hemostasis

Volume 31: 1-8

© The Author(s) 2025

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/10760296241310438
journals.sagepub.com/home/cat

S Sage

The D-Dimer/Albumin Ratio as a Novel
Biomarker for Predicting the Efficacy of Oral
Tirofiban in Patients with Cerebral Infarction
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Abstract

Objective: The efficacy of oral tirofiban in patients with cerebral infarction varies. This study aims to identify novel biomarkers that
can predict the efficacy of oral tirofiban in these patients. Materials and methods: A total of 300 patients diagnosed with cerebral
infarction via neurosurgery at our hospital from January 2021 to January 2023 were enrolled in this study. Detailed information on
their medical history and clinical characteristics was collected, and all the patients were followed up for 90 days. The modified
Rankin scale (mRS) and the National Institutes of Health Stroke Scale (NIHSS) were used to evaluate the efficacy of tirofiban.
The modified Heidelberg bleeding classification was applied to classify symptomatic intracranial hemorrhage within 48 h after treat-
ment. Results: At 90-days of follow-up, patients with higher mRS scores (Group 1) compared to those in lower mRS scores (Group
1) exhibited significantly higher levels of platelet count (Group I: 118.55+8.89 10%9/L, Group II: 253.11 + 13.87 10*9/L, P<.001),
neutrophil counts (Group I: 3.38 + 1.21 10*9/L, Group II: 3.36 + 1.55 10*9/L, P=.001), D-dimer (Group I: 0.26 +0.17 mg/L, Group
lI: 0.31 £ 0.15 mg/L, P=.007), systemic immune-inflammation index (SIl) (Group I: 199.87 + 103.73, Group II: 258.82 + 116.67, P<
.001), and D-dimer/albumin ratio (DAR) (Group I: 118.55+8.89 10%9 /L, Group II: 253.11 + 13.87 10*9/L, P<.001). The levels of
DAR (OR: 1.047, 95% Cls: 1.032-1.061, P<.001), SIl (OR: 1.004, 95% Cls: 1.002-1.007, P<.001), and D-dimer (OR: 8.827, 95% Cls:
1.695-45.984, P=.010) were identified as independent factors affecting the efficacy of tirofiban, showing predictive and diagnostic
value in assessing treatment response. Conclusion: Laboratory markers, including DAR, Sll and D-dimer, are effective diagnostic
indicators for predicting the efficacy of tirofiban in patients with cerebral infarction. These markers provide valuable insight for cli-
nicians in selecting treatment plans, thereby reducing the economic burden for patients with cerebral infarction.
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within 4.5 h of symptom onset, while mechanical thrombectomy
can be performed within 24 h.® In addition to reperfusion therapy,
antiplatelet drugs and anticoagulants prevent recurrent ischemic

Introduction

Stroke is the leading cause of death and disability among

Chinese residents, with the highest incidence globally.! Acute
ischemic stroke (AIS) is the most common stroke type in
China, accounting for more than 70% of cases.”® According
to the widely used TOAST classification of AIS, atherosclerotic
cerebral infarction is the predominant ischemic stroke cases.”
Approximately 20%—-40% of AIS patients experience early neu-
rological deterioration, which significantly increases the risk of
death and disability.’

Restoring blood flow promptly through thrombolytic therapy
is the most effective way to salvage ischemic but not infarcted
brain tissue.” Intravenous thrombolysis (IVT) can be administered

stroke.” Glycoprotein IIb/Illa inhibitors, which have been suc-
cessful in treating acute coronary syndrome, may also inhibit

" Department of Neurology, Heji Hospital Affiliated to Changzhi Medical
College, Changzhi, China
2Department of Neurology, Xinzhou People’s Hospital, Xinzhou, China

Corresponding Author:

Jianbin Zhang, Department of Neurology, Heji Hospital Affiliated to Changzhi
Medical College, Changzhi 046000, China.

Email: zhangjb0122@sina.com

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access

page (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0009-0007-9869-3755
mailto:zhangjb0122@sina.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10760296241310438
https://journals.sagepub.com/home/cat

Clinical and Applied Thrombosis/Hemostasis

activated platelet-mediated thrombosis in acute stroke.® Tirofiban,
a rapid-acting, selective glycoprotein IIb/Illa inhibitor, with a
short half-life, has shown varying benefits in AIS patients.”'°
As a platelet receptor antagonist, Tirofiban blocks platelet aggre-
gation. However, prior studies on its use in cerebral infarction
have been inconclusive. This study aims to provide a clearer
understanding of Tirofiban’s efficacy by analyzing its effect and
exploring potential new biomarkers.

Recent studies have used complex inflammatory markers,
such as neutrophil-to-lymphocyte ratio(NLR), platelet-to-
lymphocyte ratio(PLR), systemic immune-inflammation index
(SII), platelet-to-albumin ratio(PAR), neutrophil-to-albumin
ratio(NAR), fibrinogen (FIB)-to-albumin ratio (FAR), derived
NLR (dNLR), and C-reactive protein (CRP)-to-albumin ratio
(CAR), to predict the cerebral infarction prognosis.'"'?
However, it remains unclear whether the D-dimer/albumin
ratio can predict the efficacy of tirofiban in cerebral infarction.
This study aims to investigate this relationship to better guide
the selection of anticoagulation therapy.

Materials and Methods

Study Subjects

This study retrospectively selected patients diagnosed with cerebral
infarction through neurosurgery at our hospital between January
2021 and January 2023. The patients were divided into 4 groups:
Group A: unsuitable for reperfusion therapy and within 24 h after
stroke onset; Group B: unsuitable for reperfusion therapy and pro-
gressing 24-96 h after stroke onset; Group C: experienced early
neurological deterioration following IVT; Group D: no neurologi-
cal improvement after IVT. The decision that a patient is unsuitable
for further reperfusion therapy is based on factors such as the
patient’s condition, physical status, time of onset and progression
of symptoms. All patients received tirofiban hydrochloride
sodium chloride injection, administered intravenously at a rate of
0.4 pg-kg™"-min~" for 30 min, followed by a continuous infusion
of 0.1 pg-kg™"-min™" for 2 days. This was then sequentially com-
bined with enteric-coated aspirin tablets and clopidogrel hydrochlo-
ride tablets (overlapping for 4 h). Detailed medical history and
clinical characteristics were collected, and all patients were fol-
lowed up for 90 days (a relatively short but feasible follow-up
period due to the preliminary nature of the study and resource con-
straints). The modified Rankin scale (mRS) and the National
Institutes of Health Stroke Scale (NIHSS) were used to evaluate
the efficacy of tirofiban, while the modified Heidelberg bleeding
classification was applied to assess the safety of symptomatic intra-
cranial hemorrhage within 4 to 8 h after treatment.

Research Methods

Collection of Clinical Data and Laboratory Test
Indicators

General information about the patients was collected, including
gender, age, BMI, smoking history, drinking history, past

medical history, and current medication use. Laboratory test
results, including blood routine and biochemistry indicators,
were obtained from our hospital’s laboratory. These tests
were performed using commercial ELISA Kkits or other testing
methods routinely used by the hospital.

Collection of Efficacy and Safety Indicators

Modified Rankin Scale. The mRS is one of the most commonly
used tools for evaluating stroke outcomes. It is derived from
the original Rankin scale,'® which was designed by Rankin in
1957 to evaluate stroke outcomes based on the patient’s ability
to live independently. The scale was initially divided into five
levels. In 1988, Warlow modified the scale to enhance its com-
prehensiveness, resulting in the creation of the modified Rankin
scale. The version evaluates a patient’s ability to live indepen-
dently across three categories: physical function, mobility, and
daily participation. The modified scale consists of seven
levels, with 0 indicating no symptoms, 5 indicating severe dis-
ability, and 6 indicating death. A change of 1 point on the
scale tipically represents a significant clinical change.

NIH Stroke Scale (NIHSS). The NIHSS is a neurological assess-
ment tool developed by Thomos et al in 1989 for evaluating
acute stroke. It consists of 15 items'* and combines meaningful
elements selected from three scales: the Toronto Stroke Scale, the
Oxbury Initial Severity Scale, and the Cincinnati Stroke Scale.
The NIHSS covers neurological functions associated with
lesions in the major cerebral arteries. Additionally, it includes
two mental status assessments, sensory function and pupillary
response, and plantar reflex. The NIHSS scale provides a sensi-
tive tool for monitoring changes in patients’ neurological func-
tion. The scale is easy to use and can be quickly mastered by
medical staff after simple training. There is no significant differ-
ence in the test-retest reliability between assessors with different
cultural working backgrounds. Healthcare staff can quickly and
accurately assess patients’ stroke-related neurological deficits
and facilitate communication between doctors about the condi-
tion. The NIHSS is the most commonly used scale for assessing
stroke severity in both routine clinical practice and clinical trials.

Heidelberg Classification (HBC). In 2015, researchers developed a
formal classification standard for intracranial hemorrhage after
reperfusion therapy for acute ischemic stroke based on previous
classifications, known as the Heidelberg Classification (HBC).'?
This classification is based solely on imaging features, and
includes three primary types: Types 1 represents hemorrhagic
transformation, Type 2 indicates intracerebral hemorrhage
limited to the infarct area, Type 3 encompasses parenchymal
hemorrhage outside the infarcted area or intracranial-extracranial
hemorrhage. Type 1 is further divided into three subtypes, 1a, 1b,
and lc, corresponding to the previous classifications of hemor-
rhagic infarction-1, hemorrhagic infarction-2, and parenchymal
hematoma-1, respectively. Type 3 is further divided into four
subtypes: 3a, defined as a parenchymal hematoma distant from
the infarct area; 3b, as intraventricular hemorrhage; 3c, as
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subarachnoid hemorrhage; and 3d, as subdural hemorrhage. The
HBC suggests that an increase in NIHSS score by >4 points, or a
single item increase of >2 points on the NIHSS, indicates a
change in neurological status that may be associated with poor
long-term prognosis. Therefore, it is recommended that patients
undergo daily NIHSS assessments for at least 5 days after reper-
fusion therapy. If the NIHSS score increases by >4 points or if a
single item increases by >2 points, a head CT or MRI should be
performed.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 26.0.
For continuous variables that follow normal distribution, the
results are reported as mean + standard deviation, and comparisons
between groups were made using independent sample t test or
analysis of variance (ANOVA). For variables that do not meet
the normality or homogeneity of variance, results are reported as
medians, and non-parametric tests were used to compare differ-
ences between groups. Categorical variables are reported as fre-
quency (percentage), and chi-square test was used to analyze
statistical significance between groups. The impact of biomarkers
on the efficacy of tirofiban in patients with cerebral infarction was
analyzed using logistic regression models. Receiver operating
characteristic (ROC) curve was used to evaluate the diagnostic
value of relevant biomarkers in predicting the efficacy of tirofiban.
A P value less than 0.05 was considered statistically significant.

Result
Study Population

A total of 359 patients diagnosed with cerebral infarction in the
neurosurgery department of our hospital were screened for this
study. Among them, 59 cases did not meet the inclusion criteria,

leaving 300 patients included in the study. These patients were
divided into four groups: 68 patients in Group A, 73 patients in
Group B, 65 patients in Group C, and 94 patients in Group
D. Six patients were lost to follow-up at 90 days. Among the
remaining 294 patients, efficacy evaluation at 90 days were
completed either by telephone or through on-site assessment.
A detailed flow chart is shown in Figure 1.

Comparison of Baseline Clinical Characteristics among
the Four Groups

The demographic information, medical history, concurrent
medications, NIHSS score, ASPECTS score, and laboratory
test results of each group were statistically analyzed. The
results showed that there was no statistically significant differ-
ence in clinical data and laboratory test outcomes among the
four groups (P>.05), Table 1.

Comparison of mRS and NIHSS Scores and Adverse
Events among the Four Groups at 90 Days Follow-up

Patients were followed up for 90 days, with evaluations con-
ducted at admission, 30 days post-discharge, and 90 days post-
discharge through telephone interviews or on-site visits.
Follow-up assessments included the evaluation of all four
groups using the mRS and NIHSS. In addition, adverse events,
such as symptomatic intracranial hemorrhage and death, were col-
lected within the 90-day period. The results are shown in Table 2,
revealed no significant differences among the four groups.

Differences in Laboratory Test Indicators

Based on the mRS scores at 90 days of follow-up, all patients
were divided into two groups: Group I (scores of 0-2) and
Group II (score of 3-6). Laboratory test indicators were

| Candidates (N=359) |

Had severe renal insufficiency (N=6)
Had tumor (N=4)
Had uncontrollable hypertension (N=2)
Had transientischemic attacks (N=9)
Had intracranial hemorrhage (N=1)

Had history of major systemic hemorrhage (N=2)
Had history of intracranial hemorrhage (N=4)
Did not provide informed consent (N=27)
Had other reasons (N=4)

| N=300 |

!

[ Group A (N=68) | | Group B (N=73)| | Group C (N=65) | [Group D (N=94)| — [ Lost to follow-up (N=4) |

| Lost to follow-up (N=2) I

Figure I. Patient enrollment flow chart.
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Table 2. Comparison of mRS and NIHSS Scores and Adverse Events among the Four Groups.
All patients Group A Group B Group C Group D

Characteristic (n=300) (n=68) (n=73) (n=265) (n=94) P value
Modified Rankin Scale

0 days 2 (0-3) 2 (0-3) 2 (0-3) I (0-3) 2 (0-3) 933

30 days 2 (0-3) 2 (0-3) 1 (0-3) I (0-3) 2 (0-3) .840

90 days 2 (0-6) 2 (0-6) 1 (0-6) I (0-3) | (0-6) .835
NIHSS score

Baseline 8 (5-16) 8 (5-13) 8 (5-16) 8 (5-14) 8 (5-14) .534

0 days 8 (0-16) 8 (2-14) 8 (3-13) 8 (0-16) 7 (2-13) 758

30 days 8 (3-13) 8 (4-12) 8 (3-12) 8 (3-13) 8 (4-12) .900

90 days 8 (3-12) 8 (4-12) 8 (4-12) 8 (4-12) 8 (3-12) .894

Death (%) 5 (1.66) I (1.47) 2 (2.73) 0 2 (2.12) 781
Symptomatic intracranial hemorrhage

As defined in HBC criteria (%) 14 (4.66) 2 (2.94) 4 (5.47) 2 (3.07) 6 (6.38) .809

Hemorrhage infarction type | 2 | 0 0 |

Hemorrhage infarction type 2 3 0 | | |

Parenchymal hematoma type | 2 0 | 0 |

Parenchymal hematoma type 2 7 | 2 | 3
Table 3. Differences in Laboratory Test Indicators between the Two Groups.
Characteristic Group | (n=197) Group Il (n=97) P value
White blood cell count (10%7/L) 729+2.19 731 £1.95 407
Red blood cell count (10%'2/L) 4.60+0.38 457 +0.40 455
Hemoglobin (g/dL) 136.59+10.73 134.42 +12.62 71
Platelet count (10*°/L) 118.55+8.89 253.11+13.87 <.001
Neutrophil count (10*°/L) 3.38+1.21 3.36+1.55 .001
Lymphocyte count (10%°/L) 2.15+0.46 2.14+0.46 578
International Normalized Ratio 2.01 +0.54 2.03 +0.60 .809
Prothrombin time (s) 11.75+0.78 11.67+0.98 692
D-dimer (mg/L) 026 +0.17 041+0.18 .007
Fibrinogen (g/L) 3.14+091 3.15+0.74 427
Troponin (ug /L) 0.16 +0.07 0.16 +-0.08 526
C-reactive protein (mg/L) 6.65+3.29 7.46 +3.77 .108
N 199.87 +103.73 258.82 + 116.67 <.001
DAR 56.82 +20.48 79.75+25.50 <.001

Table 4. Logistic Analysis of Laboratory Indicators and Patient
Efficacy Scores at 90-Day Follow-up.

Characteristic OR 95% ClI P-value
D-dimer 8.827 1.695-45.984 010
Sli 1.004 1.002-1.007 <.001
DAR 1.047 1.032-1.061 <.001

compared between the two groups. As shown in the table
below, there were significant differences in platelet count, neu-
trophil count, D-dimer, D-dimer/albumin ratio (DAR), and SII
between the two groups. Specifically: Platelet count: Group I
118.55+8.89 10* ° /L, Group II 253.11 + 13.87 10* ° /L, P<
.001; Neutrophil count: Group I 3.38 +1.21 10* ° /L, Group
I 3.36+1.55 10* ° /L, P=.001; D-dimer: Group I 0.26 +
0.17 mg/L, Group II 0.31+0.15mg/L, P=.007; DAR :
Group 1 56.82 +20.48, Group II 79.75 +£25.50, P<.001; SII:
Group I 199.87 +103.73, Group II 258.82 +116.67, P<.001.
Detailed results are shown in Table 3.

Univariate and Multivariate Logistic Regression Analysis
of Laboratory Indicators and Patient Efficacy

Logistic regression was used to analyze the relationship
between laboratory indicators and patient efficacy scores at
the 90-day follow-up. The results showed that DAR (OR:
1.047, 95% Cls: 1.032-1.061, P<.001), SII (OR: 1.004, 95%
Cls: 1.002-1.007, P<.001), and D-dimer (OR: 8.827, 95%
Cls: 1.695-45.984, P=.010) levels were independent factors
affecting the efficacy of tirofiban in patients with cerebral
infarction (Table 4).

Laboratory Indicators Alone or in Combination Predict
Good Outcomes in Patients with Cerebral Infarction
After Oral Tirofiban

The ROC curve was used to evaluate the ability of laboratory
indicators to predict favorable outcomes in patients with
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Figure 2. ROC curve analysis of laboratory indicators for predicting
the efficacy of oral tirofiban in patients with cerebral infarction.

cerebral infarction receiving oral tirofiban, either alone or in
combination. The results showed that DAR, SII and D-dimer
each have predictive value and diagnostic efficacy in assessing
the efficacy of oral tirofiban in patients with cerebral infarction.
Among them, the combination of DAR, SII and D-dimer exhib-
ited the highest diagnostic efficacy. The areas under the curve
(AUC) were 0.760, 0.681, 0.608, and 0.797, respectively,
with all the P values<.001, indicating statistically significant
differences, as shown in Figure 2.

Discussion

Stroke is a leading cause of disability and cognitive impair-
ment worldwide. In 2015, ischemic stroke accounted for
5.2% of all global deaths.'® The high incidence, recurrence,
and mortality of cerebral infarction place a significant
burden on patients and their families. Early prediction of tir-
ofiban’s efficacy is clinically important. This study found
that D-dimer, DAR, and SII may be associated with treatment
outcomes, providing valuable insights for future treatment
strategies in infarction patients.

Tirofiban has been demonstrated efficacy in the treatment of
acute ischemic stroke and is increasingly used in the clinical
practice.'”'® However, its effectiveness in treating cerebral
infarction remains a topic of controversy. With the growing
body of research and new clinical trials, it has become
evident that not all patients benefit from tirofiban. In a random-
ized study of cerebral vascular occlusion, 90-day outcomes
were similar for patients given tirofiban before thrombectomy
and those given a placebo.'® Additionally, Kleinschnitz et al
compared the pathogenic effects of GPIb, VI, and IIb/IIla recep-
tors in a mouse model of transient middle cerebral artery occlu-
sion. The results suggested that selectively inhibition of the
GPIIb /Il1a receptor, the final common pathway of platelet aggre-
gation, did not significantly reduce infarct volume or improve
prognosis. Instead, it was associated with an increased risk of
cerebral hemorrhage and higher mortality rates.* Therefore, it
is of great clinical significance to identify a simple, convenient,

specific, and cost-effective laboratory marker to predict the effi-
cacy of tirofiban in patients with cerebral infarction.

D-dimer is a substance produced by the degradation of fibrin
by plasmin during the coagulation process.?' Increased D-dimer
levels may reflect thrombosis formation/dissolution and serve as
a key noninvasive marker for predicting thrombosis.?*
Currently, D-dimer has been widely used to predict diseases
such as deep vein thrombosis, cerebral hemorrhage, and acute
aortic dissection.”*?* Previous studies have shown that patients
with cerebral infarction who have high D-dimer levels tend to
have poor outcomes. This is similar to the results of this study.
Patients with higher D-dimer levels had a relatively high modi-
fied Rankin score at 90 days. However, although D-dimer has a
high sensitivity, its specificity is relatively low, and its level in
the body increases with age. Given that patients with cerebral
infarction are often older, D-dimer remains a useful marker for
predicting clinical efficacy in this patients population.

Inflammation increases capillary permeability, causing
dilation of the interstitial space and expansion of albumin dis-
tribution, which can lead to hypoalbuminemia.>® Since
albumin is exclusively produced in the liver, low albumin
levels in the body may also indicate insufficient liver function
and a deficiency of anticoagulant factors.?® Therefore, SIT and
albumin levels may play a significant role in thrombosis.?’
DAR is a novel combination selected in this study and
applied for the first time to predict the efficacy of tirofiban
in patients with cerebral infarction. D-dimer, SII, and
albumin are the most common laboratory test indicators in
clinical practice, providing a simple and convenient way for
predicting treatment efficacy. This study found that patients
with poor efficacy from tirofiban after cerebral infarction gen-
erally had higher DAR, SII, and D-dimer levels. Further anal-
ysis revealed that these markers are independent predictors of
treatment efficacy, demonstrating significant predictive value
and diagnostic performance. Additionally, this study is the
first to compare the effects of different stages and types of
cerebral infarction on the efficacy of tirofiban by using the
mRS and NIHSS and adverse events among patients in differ-
ent groups. The results showed that there was no significant
difference among the four groups, which further verified the
universality of DAR, SII, and D-dimer as biomarkers for pre-
dicting the efficacy of tirofiban.

However, this study has certain limitations. First, it is
based on a small sample size, and small samples are more sus-
ceptible to random error, which can reduce the reliability of
the findings. Secondly, the study was conducted at a single-
center hospital, which may limit the generalizability of the
results to other geographic regions or hospital settings.
Finally, we chose both the mRS and the NIHSS as scales
based primarily on subjective criteria. Despite some contro-
versies and inconsistent results in the literature regarding
the effectiveness of tirofiban in the treatment of cerebral
infarcts, these inconsistencies highlight the need for further
in-depth study to clarify its efficacy and the specific condi-
tions for which it is indicated. Therefore, future research
should involve prospective, multicenter, and large-sample
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studies to better evaluate the role of D-dimer, DAR, and SII as
predictors of tirofiban efficacy.

Conclusions

Laboratory markers DAR, SII and D-dimer are effective diag-
nostic indicators for predicting the efficacy of tirofiban in
patients with cerebral infarction. These markers can assist clini-
cians in selecting appropriate treatment strategies for patients
with cerebral infarction, ultimately helping to improve patients
outcomes and reduce the economic burden on patients.
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