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Contributes to Early AlIS Diagnosis

and Differential Diagnosis of Cardiogenic
and Non-Cardiogenic AIS
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Abstract

A growing researchers have suggested that fibrin monomer (FM) plays an important role in early diagnosis of thrombotic diseases.
We explored the application of FM in the diagnosis and classification of acute ischemic stroke (AlS). The differences in FM,
D-dimer, and NIHSS scores between different TOAST (Trial of ORG 10172 in Acute Stroke Treatment) types were analyzed
with one-way ANOVA; the correlation between FM, D-dimer and NIHSS score in patients with different TOAST classification
was analyzed by Pearson linear correlation. The ROC curve was utilized to analyze the diagnostic performance. |. FM was more
effective in diagnosing patients with AIS than D-dimer. 2. The FM level in cardiogenic AlS was significantly different from that in
non-cardiogenic patients (P < 0.05); the NIHSS score in cardiogenic stroke was significantly higher than in atherosclerotic and
unexplained stroke group. Whereas, no statistical difference was observed in the D-dimer level between these groups (P > 0.05).
3. The correlation between FM and NIHSS scores in the cardiogenic (r = 0.3832) and atherosclerotic (r = 0.3144) groups was
statistically significant. 4. FM exhibited the highest diagnostic efficacy for cardiogenic AlS; furthermore, FM combined with the
NIHSS score was more conducive to the differential diagnosis of cardiogenic and non-cardiogenic AlS. FM detection contributes
to the early diagnosis of AlS, and is important for the differential diagnosis of different TOAST types of AIS. Moreover, FM
combined with the NIHSS score is valuable in the differential diagnosis of cardiogenic and non-cardiogenic AlS.
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underlying disease and the stage of AIS at the time of visit
varies from patient to patient, and the patients with different
etiology are treated differently (mechanical thrombectomy or
intravenous thrombolysis, etc.).>” Therefore, how to quickly
identify the type of disease, assess the state of hypercoagul-
ability, and personalize the intervention as soon as possible
through better laboratory inspection is a challenge needs to
be addressed.

Introduction

Acute ischemic stroke (AIS) is a type of brain tissue damage
disease caused by insufficient cerebral blood supply due to
cerebral arterial stenosis or blockage by thrombus. It is the
most common type of stroke in clinical practice, with the char-
acteristics of high incidence, rapid onset, high mortality and
disability. Timely diagnosis and treatment of AIS is very
important for patients with good prognosis and quality of later
life. Therefore, both early diagnosis and individualized treat-
ment are emphasized in worldwide treatment guidelines. Cur-

rently, the diagnosis of AIS mainly depends on the clinical
manifestations of patients, neurological function tests, stroke
scores, and imaging tests such as CT/MIR. In addition, platelet
count, detection of coagulation routine, and D-dimer are of
great significance for determining patients’ coagulation func-
tion status and guiding reperfusion therapy.! However, the
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Hemostatic unbalance is known to play a key role in patho-
physiology of ischemic stroke.* A growing body of research
have suggested that fibrin monomer (FM) plays an important
role in early diagnosis of thrombotic diseases ™ and its perfor-
mance is better than traditional D-dimer.'*'? It has also been
revealed the value of FM in etiological classification and prog-
nosis of AIS."? In the present study, we investigated the level of
FM in AIS patients with different TOAST classification and its
correlation with National Institutes of Health Stroke Scale
(NIHSS) score, and compared the diagnostic efficacy of FM
with D-dimer. This study aims to provide more valuable means
for the diagnosis and differential diagnosis of AIS.

Methods
Study Design and Population

A retrospective cohort approach was conducted on 162 AIS
patients who were admitted to the Second Affiliated Hospital
of Dalian Medical University from January 2018 to November
2019, aged between 40 and 92 years old, including 94 males
and 68 females.

Inclusion criteria (refer to “China Guidelines for the Diag-
nosis and Treatment of Acute Ischemic Stroke 2018”'):
(1) aged over 18-year-old; (2) clinical symptoms and signs
lasting more than several hours; (3) acute onset (admitted to
hospital within 6 hours); (4) a clinical diagnosis of AIS;
(5) clear new infarct lesions shown by MRI.

Exclusion criteria: (1) hemorrhagic cerebral infarction, cer-
ebral parenchymal hemorrhage, or subarachnoid hemorrhage
confirmed by CT; (2) severe heart, lung, liver and kidney dys-
function, tumor, and other serious underlying diseases; (3) focal
symptoms caused by hypoglycemia, migraine with aura, epi-
leptic seizure, multiple sclerosis and other diseases.

Information on NIHSS score and TOAST classification of
the cases was available by reviewing the medical records.
Among 162 AIS patients, 61 were atherosclerotic stroke,
55 were cardiogenic stroke, 30 were lacunar stroke, and 16 were
unexplained stroke. In addition, blood samples and clinical data
from 162 healthy subjects derived from the physical examina-
tion center were served as negative controls.

Sample Collection and Testing

The sodium citrate anticoagulant specimens from the first
venous extraction of patients (before thrombolytic or mechan-
ical thrombectomy) upon admission to the hospital were col-
lected and centrifuged at 4,000 rpm for 10 min. Two to three
milliliters of plasma were transferred to EP tubes and stored at
—80°C for further testing.

Before detection, the plasma samples were placed in a water
bath at 37°C for 15 min, and STA-R evolution automatic coa-
gulation analyzer (Stago, France) was used for FM and
D-dimer detection. All operations were performed in accor-
dance with the manufacturer’s instructions of STA-Liatest
FM (Stago, France) and D-dimer Kit (Shanghai SUNBIO,
China). The detection limit of FM is 5 pg/ml and the assay

working range is 5-150 pg/ml. The linearity range of D-dimer
is 0.25-30 pg/ml and the clinical reportable range is 0-30 pg/
ml. For samples whose test results were beyond the range
reported by the instrument (FM > 150 pg/ml), the test was
repeated after manual dilution with normal saline.

Statistical Analysis

The data normality test was performed using the K-S normal
test. Data conforming to the normal distribution were expressed
as mean + standard deviation (x + SD). The independent
sample t-test was used for the comparison between two groups,
one-way ANOVA followed by LSD post hoc was used for the
comparison between multiple groups of measurement data, chi-
square (y?) test was used for comparison between multiple
groups of counting data. Pearson linear correlation was used
for correlation analysis. The Receiver Operating Characteristic
(ROC) curve was applied to evaluate the diagnostic efficacy of
FM and D-dimer for AIS, the diagnostic efficacy of FM for
different TOAST types of AIS, and the diagnostic efficacy of
different indicators for differential diagnosis of cardiogenic
and non-cardiogenic AIS. The data were analyzed by SPSS
24.0 software, and P < 0.05 was considered statistically signif-
icant. GraphPad Prism 5.0 software was used to draw the graph.

Results
The Clinical Characteristics of AlS Patients

The clinical characteristics of different groups based on
TOAST classification are shown in Table 1. Except that the
proportion of stroke history in unexplained group was signifi-
cantly lower than that in other groups (P < 0.05), there was no
significant difference in baseline characteristics (age, gender)
and underlying diseases (hypertension, diabetes, hyperlipide-
mia) between groups (P > 0.05).

Level of FM and D-Dimer in AlS Patients and Healthy
Group

As shown in Figure 1, compared with the healthy group, the
FM level of AIS patients (23.90 + 35.16) was significantly
higher than the healthy group (4.45 + 1.10, P<0.0001), as was
the D-dimer level (1.05 + 1.67; 0.45 + 0.20, P < 0.0001).

Diagnostic Efficacy of FM and D-Dimer for AlS

The sensitivity and specificity of FM and D-dimer in the diag-
nosis of 162 AIS patients are analyzed with ROC curve
(Figure 2). The respective Area Under Curve (AUC), cut-off
value, sensitivity and specificity are shown in Table 2. Accord-
ing to these results, the diagnostic efficacy of FM for AIS is
higher than that of D-dimer.
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Table 1. Comparison of Clinical Characteristics in AIS Patients With Different TOAST Classification.

Clinical characteristics Cardiogenic stroke

Atherosclerotic stroke

Lacunar stroke Unexplained stroke

(n=162) (n=159) (n =67) (n =20) (n=16)
Age 75.79 + 9.57 7124 + 1041 73.63 + 879 69.62 + 8.6
Gender (male) 36 (61) 44 (65.7) 12 (60) 10 (62.5)
Hypertension 23 (39) 27 (40.3) 8 (40) 6 (37.5)
Diabetes 27 (45.8) 31 (46.3) 9 (45) 7 (43.8)
Hyperlipidemia 12 (20.3) 16 (23.9) 6 (30) 4 (25)
History of stroke 14 (24.7) 17 (25.3) 6 (30) 2 (12.5)*

The Values present numbers (percentages). Statistical analyses were conducted using ? test.

*P < 0.05 compared with cardiogenic, atherosclerotic, and lacunar AlS groups.
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Figure |. Comparison of the level of FM and D-dimer between AlS
patients and healthy group.
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Figure 2. ROC curves of FM and D-dimer for diagnosis of AlS.
Comparison of sensitivity and specificity of FM and D-Dimer for AIS
diagnosis. Red curve is FM, green curve is D-Dimer.

Table 2. The AUC Value, Cut-Off Value, Sensitivity, and Specificity of
FM and D-Dimer in the Diagnosis of AlS Patients.

AUC  Cut-off value  Sensitivity (%) Specificity (%)

FM
D-dimer

0.882
0.739

6.17
0.49

96.3
59.9

67.9
80.3

FM, D-dimer Levels and NIHSS Scores in AlS Patients
With Different TOAST Classification

As shown in Table 3, the level of FM in cardiogenic stroke
patients was significantly higher than that in the other groups.
The NIHSS score in cardiogenic stroke patients was signifi-
cantly higher than that in atherosclerotic and unexplained

Table 3. Comparison of FM, D-Dimer Levels and NIHSS Scores in
AIS Patients With Different TOAST Classification.

TOAST

classification FM(ug/ml) D-dimer(pg/ml) NIHSS score

Cardiogenic 41.84 + 46.41% 134 + 1.54 7.68 + 8.04™
stroke

Atherosclerotic 1552 + 22.04 093 + 198 478 + 4.03
stroke

Lacunar stroke 13.34 + 20.35 1.05 + 1.40 437 + 2.89

Unexplained 736 + 2.70 0.62 + 022 3.06 + 2.26

stroke

The results are expressed as the mean + SD. Statistical analyses were con-
ducted using one-way ANOVA analysis followed by LSD post hoc.

*P < 0.05 vs. atherosclerotic stroke, lacunar stroke, and unexplained stroke
group.

TP < 0.05 vs. atherosclerotic stroke group; P < 0.05 vs. unexplained stroke
group.

stroke group. However, there was no significant difference in
D-dimer levels between four groups.

Correlation Between Level of FM, D-Dimer and NIHSS
Score in AlS Patients With Different TOAST Classification

For cardiogenic stroke and atherosclerotic stroke patients, the
level of FM was significantly correlated with NIHSS score
(r = 0.3832, r = 0.3144). However, D-dimer was not statisti-
cally correlated with NIHSS score in either groups (Table 4).

The Diagnostic Efficacy of FM for AIS With Different
TOAST Classification

As shown in Table 5 and Figure 3, the diagnostic efficacy of
FM for patients with cardiogenic AIS is higher than that for
non-cardiogenic AIS.

Efficacy of Different Indicators to Distinguish Cardiogenic
and Non-Cardiogenic AlS
The results in Table 6 and Figure 4 suggested that FM com-

bined with NIHSS score was most valuable in differential diag-
nosis of cardiogenic and non-cardiogenic AIS.



Clinical and Applied Thrombosis/Hemostasis

Table 4. Correlation Between Level of FM, D-Dimer and NIHSS
Score in AlS Patients With Different TOAST Classification.

Correlation coefficient

Groups with NIHSS score P value
FM r = —0.0634 0.4228
Cardiogenic stroke r = 0.3832 0.0027 (p < 0.05)
Atherosclerotic r=0.3144 0.0096 (p < 0.05)
stroke
Lacunar stroke r = —0.0823 0.7301
Unexplained stroke r = 0.0091 0.9734
D-dimer r=-0.0107 0.8927
Cardiogenic stroke r=0.1106 0.4034
Atherosclerotic r = 0.0859 0.4931
stroke
Lacunar stroke r=—0.158I 0.5055
Unexplained stroke r = —0.0901 0.7400

Statistical analyses were conducted using Pearson linear correlation. FM, fibrin
monomer.

Table 5. The AUC Value, Cut-Off Value, Sensitivity, and Specificity of
FM in the Diagnosis of AIS Patients With Different TOAST
Classification.

Cut-off
TOAST classification AUC value Sensitivity (%) Specificity (%)
Cardiogenic stroke 0945 6.18 81.4 96.3
Atherosclerotic 0.887 6.05 67.2 94.4
stroke
Lacunar stroke 0.784 6.22 55.0 96.3
Unexplained stroke  0.829  6.65 68.6 97.5

Discussion

The incidence of stroke has been increasing year by year, with
an annual increase of 8.7 percent. It has become the leading
cause of death for Chinese population.'*'® AIS accounts for
about 70% of all strokes,' among which atherosclerosis and
cardioembolic strokes are two common pathological types in
clinical practice, according to the international TOAST classi-
fication widely used. Different physiological and pathological
changes may have different responses to their individualized
treatment (mechanical thrombectomy and intravenous throm-
bolysis), hence early diagnosis and individualized treatment are
very important for the treatment effect and long-term prognosis
of patients.

FM is the product of fibrinogen being cut off peptide chains
A and B under the action of thrombin. The plasma concentra-
tion of FM reflects the activity of thrombin, and its generation
is earlier than D-dimer and fibrinogen degradation product
(FDP). Researchers have found that FM level rises earlier than
other indicators in predicting thrombotic events.'’! In this
study, FM and D-dimer of 162 AIS patients who were admitted
within 6 hours of onset without arteriovenous thrombolysis or
mechanical thrombectomy were detected. We found that FM
and D-dimers were significantly higher in AIS patients than in

— Cardiogenic stroke
— Atherosclerotic stroke
— Lacunar stroke

— Unexplained stroke

100 —
el H_JJ
60+

40

Sensitivity%

20

S P

. : - -
& P @
100% - Specificity%

Figure 3. ROC curves of FM for diagnosis of AlS patients with dif-
ferent TOAST classification. Comparison of sensitivity and specificity
of FM for diagnosis of AlS with different TOAST classification. The red
curve is cardiogenic stroke, the green curve is atherosclerotic stroke,
the blue curve is lacunar stroke, and the purple curve is unexplained
stroke.

Table 6. The Efficacy of FM and D-Dimer Combined With NIHSS
Scores in the Differential Diagnosis of Cardiogenic and Non-
cardiogenic AlS.

Groups AUC Cut-off value Sensitivity (%) Specificity (%)
FM 0.717 239 86.4 50.9
D-dimer 0.644 0.59 50.5 74.6
NIHSS score 0.570 12.5 94.0 24.1
FM + NIHSS 0.723 NA 75.7 79.3
D-dimer + NISS 0.606 NA 88.4 373
Abbreviations: NA, not applicable.
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Figure 4. ROC curves of different indicators for differentiating car-
diogenic and non-cardiogenic AlS. Comparison of sensitivity and
specificity of FM, D-Dimer, NIHSS score or FM combined with NIHSS
score for the differential diagnosis of cardiogenic stroke and non-
cardiogenic stroke. The gray curve is FM combine with NIHSS score,
the yellow curve is NIHSS score, the green curve is D-Dimer, and the
red curve is FM.

normal subjects. Moreover, ROC curve analysis showed that
the area under the FM curve was 0.882, the area under the
D-dimer curve was 0.739, thus FM is more sensitive and spe-
cific than D-dimer in the diagnosis of AIS.

The NIHSS score was widely quoted to assess the degree of
neurological impairment in AIS patients. Fischer et al con-
ducted digital subtraction angiography and NIHSS scores in
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patients with superearly ischemic stroke as early as 2005, and
found that the NIHSS score was associated with intracranial
arterial stenosis.”**> In the present study, no significant corre-
lation between FM, D-dimer level and NIHSS scores in 162
AIS patients was found, which is consistent with the results
obtained by Koji et al and Hirano et al.'> However, when the
correlation analysis was conducted in AIS patients with differ-
ent TOAST classifications, we found that FM was correlated
with NIHSS scores in cardiogenic and atherosclerotic stroke,
suggesting that the NIHSS score can reflect the intracranial
arterial stenosis in patients with these two pathological types.

Among cardiovascular events, cardiogenic stroke is the
most serious complication in patients with atrial fibrillation.*
Some scholars have suggested that the FM test is helpful for
the differential diagnosis of cardiogenic stroke and non-
cardiogenic stroke,> 2’ and the NIHSS score in patients
with cardioembolic stroke is higher than that of athero-
sclerotic type.”® It has been suggested that the collateral
circulation of atherosclerotic AIS is more abundant. The
reason may be that in the process of the atherosclerotic AIS,
the relatively slow progression of vascular stenosis and
occlusion allow sufficient time for formation of collateral
circulation. The incidence of intracranial arterial occlusion
in patients with cardioembolic stroke is higher, which may
also be related to the progression rate of vascular stenosis
and occlusion. Cardioembolic AIS has a faster vascular ste-
nosis and occlusion rate, resulting in a higher incidence of
arterial occlusion.?=! Furthermore, it has been reported that
the NIHSS score of cardiogenic AIS is different from those
of atherosclerotic, lacunar, and unexplained types.'’ Here,
we compared the FM, D-dimer, and NIHSS scores in
patients with different TOAST classifications, and the
results showed that the FM level of the cardiogenic group
was significantly different from that in other groups, while
there was no significant difference in the level of D-dimers
between groups. ROC curve analysis further revealed that
FM can effectively differentiate patients with cardiogenic
AIS and non-cardiogenic AIS. Based on the role of NIHSS
score in distinguishing cardiogenic and non-cardiogenic
stroke, we performed ROC curve analysis on both the single
index and the combined index, and verified that FM com-
bined with NIHSS score has higher suggestive significance
for the diagnosis of cardiogenic AIS.

In summary, FM detection combined with NIHSS score is of
great significance for the diagnosis and classification of AIS
patients. However, there are some shortcomings in this experi-
ment, such as the limitation of sample size, lack of information
on the physical condition and medication status of the patients,
and so on. Therefore, more large-scale prospective studies are
still needed in the future.
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