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Abstract 

Background  D-dimer is a well-known marker for abnormal hemostasis in acute ischemic stroke (AIS), indicating 
the presence of fibrin degradation due to thrombus formation and lysis. The diagnostic performance of D-dimer 
for different AIS types in the Indonesian population has not been established. The aim of this study is to compare 
the plasma D-dimer levels in three of the most common AIS subtypes in Indonesia; the cardioembolic, large artery 
atherosclerosis (LAA), and small-vessel occlusion (SVO), and to determine its most optimal diagnostic performance.

Results  In this cross-sectional study, 64 subjects with confirmed AIS diagnosis at the Wahidin Sudirohusodo Gen-
eral Hospital Makassar between June and October 2019 were recruited. Plasma D-dimer levels were measured 
and grouped according to the subtype of acute ischemic stroke based on the TOAST classification. A significant differ-
ence was observed between the D-dimer levels across the three AIS subtypes, with an average D-dimer of 2.93 ± 1.7, 
1.27 ± 0.81, and 0.56 ± 0.46 µg/ml in the cardioembolic, LAA, and SVO subtypes, respectively. As a marker of cardioem-
bolic stroke, an optimal cut-off was determined to be 1.52 µg/ml, yielding a sensitivity of 84.44% (CI 71.22–92.25% 
and specificity of 84.21% (CI 62.43–94.48%).

Conclusion  Plasma D-dimer levels varied significantly between the cardioembolic, LAA, and SVO subtypes of AIS, 
with the highest D-dimer level in the cardioembolic subtypes. As a marker of cardioembolic stroke, an optimal cut-off 
was determined to be 1.52 µg/mL, yielding a sensitivity and specificity of 84.44% and 84.21%, respectively.
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Introduction
Stroke continues to place a major burden on healthcare 
systems worldwide. Indonesia currently has the second 
highest mortality rate (193.3/100.000 person-years), and 
number of DALYs lost in Asia (3382.2/100.000 people) 
[1]. Acute ischemic stroke constitutes 87% of all strokes 

[2], and based on The Trial Of Org 10172 in Acute Stroke 
Treatment (TOAST), AIS can be classified into 5 sub-
types [3–5]. In Indonesia, subtypes with the highest 
incidence include the cardioembolic, large artery athero-
sclerosis (LAA), and small-vessel occlusion (SVO) [6].

The speed and accuracy of decision-making in deter-
mining both the diagnosis and therapy of acute ischemic 
stroke (AIS) is essential, and helps forecast prognosis. 
The non-contrast computed tomography scan (CT scan) 
and magnetic resonance imaging (MRI) modalities have 
been used widely to assess AIS patients, with good sensi-
tivity and specificity. However, examination is not always 
possible at the golden time of treatment, rendering 
many cases too late to receive intravenous thrombolytic 
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therapy [7]. Additionally, for many low resource settings 
without adequate imaging facilities, alternative modali-
ties may be needed to support the diagnosis.

One crucial aspect in the pathophysiology of ischemic 
stroke is hemostatic abnormality and thrombosis [8, 9]. 
As thrombosis and fibrin degradation occurs, the level of 
certain soluble markers may increase. An ideal biomarker 
of AIS should have sufficient sensitivity and specificity, 
can be detected at the point-of-care cost-effectively and 
quantitatively, and allow for prognostic assessment [10]. 
One marker is D-dimer, a soluble protein formed by the 
cross-linked fibrin network as it is degraded by plasmin 
[11, 12]. The D-dimer assay typically utilize monoclonal 
antibodies that recognize specific epitopes of D-dimer 
fragments using methods such as enzyme linked immu-
nosorbent assay (ELISA), immunometric flow-through, 
whole blood agglutination (WBA), and latex agglutina-
tion (LA) [13]. Results below the reference value (500 ng/
mL or 0.5 µg/mL) is often used to rule out suspicion of a 
thrombus [14–16], while higher levels indicate the pres-
ence of thrombus breakdown. The D-dimer test has a 
100% sensitivity within 15 days after the onset of symp-
toms, meaning that it is more appropriate to utilize the 
test within acute settings [14].

The use of D-dimer in AIS has been evaluated exten-
sively. Levels were significantly increased in patients with 
ischemic stroke compared to controls and relates with 
severity and the extent of infarct volume [2]. Some stud-
ies have also demonstrated the capacity of the D-dimer 
as a biomarker of the cardioembolic stroke subtype [17]. 
In Indonesia, studies on D-dimer as a marker of ischemic 
stroke has shown it to be correlated with infarct volume, 
NIHSS, mRS, and CNS scores [18, 19], although obser-
vations on the significance of the relationship have been 
inconsistent. The studies have also focused on its asso-
ciations with clinical outcome, but has not extensively 
explored its patterns in relation to stroke classifica-
tion, which may benefit the diagnostic process, clinical 
research, diagnosis, and can serve as a foundation for 
exploration of population specific genetic markers and 
risk factors [20]. In this study, we aimed to compare 
the levels of D-dimer among the three most common 
TOAST classes of AIS in the Indonesian population; the 
cardioembolic, LAA, and SVO subtypes. This study also 
aimed to determine the diagnostic performance of the 
assay for the detection of cardioembolic stroke.

Methods
Study design, participants, and clinical assessment
This was a cross-sectional study conducted at the Dr. 
Wahidin Sudirohusodo Hospital, in Makassar, Indone-
sia, between June and October 2019. The study has been 
approved by the Human Research Ethics Committee of 

the Medical Faculty of Hasanuddin University, South 
Sulawesi, Indonesia (Ethics number 513/UN4.6.4.5.31/
PP36/2019).

The inclusion criteria in this study were: (1) patients 
with acute first-time ischemic stroke with an onset 
of ≤ 72  h based on history, physical examination, and 
CT-scan of the head; (2) age ≥ 18 years and ≤ 70 years; (3) 
has agreed to participate in the study with a signed con-
sent letter by the patient or patient’s guardian. Clinical 
evaluation to obtain the acute ischemic stroke diagnosis 
includes history of neurological symptoms, confirmed 
with comprehensive neurological examination to detect 
neurological deficits by board-certified neurologists. The 
National Institute of Health Stroke Scale (NIHSS) was 
used to quantify the clinical evaluation. The radiological 
findings used to support the diagnosis were any signs of 
ischemia on CT-scan examination of the brain assessed 
by board-certified radiologists in our hospital.

Criteria for exclusion include: (1) patients diagnosed 
with sepsis upon hospital admission; (2) heart failure; (3) 
malignant disease; (4) severe malnutrition; (5) hemosta-
sis disorders; (6) pregnant female patients; (7) patients 
diagnosed with deep vein thrombosis; (8) patients on 
anti-coagulants, or patients with heavy bleeding or severe 
anemia. Subjects were categorized based on previously 
described three TOAST categories of large artery athero-
sclerosis, cardioembolism, and small-vessel occlusion [5].

Laboratory analysis
Sample collection was performed on eligible subjects by 
first collecting 3  mL of venous blood into a vacutainer 
(BD vacutainer). Samples were then sent to the Clinical 
Pathology Laboratory at the Wahidin Sudirohusodo Gen-
eral Hospital in Makassar, Indonesia. The samples were 
centrifuged at 3500  rpm for 15  min and supernatants 
were used to measure D-dimer levels using latex aggluti-
nation (Sysmex 2500).

Statistical analysis
All data were analyzed using Graphpad Prism Version 9. 
Comparison of plasma D-dimer levels in ischemic stroke 
subtypes based on TOAST classification was assessed 
using the Kruskal–Wallis test, followed by post hoc 
Dunn’s multiple comparisons test. The Chi-square anal-
ysis was used to assess associations between normal or 
elevated D-dimer status with stroke subtypes, using pre-
viously  established D-dimer cut-off levels for thrombo-
embolism at 500 ng/mL or 0.5 µg/mL [14–16].

Upon establishing the differences across the three 
subtypes, we assessed the diagnostic value of D-dimer 
specifically for cardioembolic stroke using the receiver 
operating curve (ROC) analysis. A cut-off was deter-
mined based on the Youden’s index [21], and the 
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sensitivity and specificity of D-dimers for cardioem-
bolic stroke was measured based on said cut-off. A 
p-value < 0.05 was considered to indicate statistical sig-
nificance for all tests.

Results
A total of 64 subjects were recruited for the study 
(Table  1) consisting of 34 (53.1%) males and 30 (46.9%) 
females. The mean age of the sample population was 
58.5 ± 9.1  years of age, with 27 (42.2%) of subjects aged 
under 60 and 37 (57.8%) aged 60  years or above. The 
subjects were grouped based on the TOAST classifica-
tion, with 19 (29.7%) samples classified as cardioembolic 
stroke, 24 (37.5%) as large artery atherosclerosis, and 21 
(32.8%) as small-vessel occlusion. A majority (69%) of the 
patients in this population were smokers. When assessed 
based on the NIHSS stroke scale level of severity, we 
found that patients had either minor (25%), moderate 
(55%), or severe stroke (20%). The worst severity was 
found in the cardioembolic subtype, with a mean NIHSS 
score of 15.42 ± 3.42, followed by the LAA (7.7 ± 3.07) and 
SVO (4.57 ± 1.93) subtypes.

Table  2 shows that the mean plasma D-dimer level 
for AIS in general within the study population was 
1.509 ± 1.44  µg/mL. The highest average D-dimer level 
was observed in the cardioembolic subtype (2.93 ± 1.7 µg/
mL), followed by the atherosclerosis (1.27 ± 0.81 µg/mL) 
and lacunar (0.56 ± 0.46 µg/mL) types.

A significant difference was observed between the 
D-dimer levels across the three AIS subtypes (p < 0.0001, 
Kruskal–Wallis ANOVA). On post hoc Dunn’s multiple 
comparisons test, the most significant difference was 
observed between the cardioembolic versus lacunar 
subtypes (p < 0.0001), followed by the thrombosis versus 

lacunar (p = 0.0096) and the cardioembolic versus throm-
bosis (p = 0.0125) subtypes.

D-dimer levels within each ischemic stroke subtype 
were then further classified as normal (< 0.5  µg/mL) 
or elevated (≥ 0.5  µg/mL) based on the conventional 
normal values [14–16]. Results can be seen in Table  3, 
wherein the cardioembolic subtype had the least num-
ber (2 patients, 8.7%) of normal D-dimer levels, while the 
small-vessel occlusion had the highest number of normal 
D-dimer levels (Fig. 1).

Since results indicated that D-dimer levels were highest 
in the cardioembolic subtype, we performed a receiver 
operating curve (ROC) analysis regarding the diagnos-
tic performance of D-dimer levels specifically for cardi-
oembolic AIS detection. As shown in Fig. 2, the D-dimer 
marker showed an area under the curve (AUC) value of 
0.87 (p < 0.0001). The optimal cut-off specifically for car-
dioembolic AIS was determined to be two times higher 
than the general cut-off at 1.52 µg/mL, yielding a sensitiv-
ity of 84.44% (CI 71.22–92.25% and specificity of 84.21% 
(CI 62.43–94.48%).

Discussion
Stroke is a major global health burden, with high 
incidence of mortality and morbidity. The outcome 
of stroke is highly influenced by the health system’s 
capacity to perform prompt diagnosis and manage-
ment. Plasma D-dimer levels have been previously 
stipulated as a potential biomarker for the differentia-
tion between patients with ischemic stroke and healthy 
controls. One of the first reports were by Osman et al. 
which showed that the mean D-dimer of AIS patients 
was more than twice the level of healthy controls 
(377.867 ± 113.289 ng/mL versus 142.000 ± 17.808) [22]. 
In Indonesia, research conducted by Mayke et  al. was 
limited to whether the level of D-dimer can be used as 
a diagnostic parameter for acute ischemic stroke [23], 
but has not examined the relationship with stroke sub-
types. Subsequent reports have demonstrated differ-
ences between D-dimer levels among AIS subtypes, 
although variations have been observed across different 

Table 1  Baseline characteristics of study subjects

N %

Gender

 Male 34 53.1

 Female 30 46.9

Age

 < 60 years 27 42.2

 ≥ 60 years 37 57.8

TOAST classification of acute ischemic stroke

 Cardioembolic 19 29.7

 Large artery atherosclerosis (LAA) 24 37.5

 Small-vessel occlusion (SVO) 21 32.8

Smoking

 Non-smoker 44 69

 Smoker 20 31

Table 2  Level of D-dimer across the three different stroke 
subtypes

Acute ischemic stroke subtypes N % D-dimer 
(mean ± SD) 
µg/mL

Cardioembolic 19 (29.7%) 2.93 ± 1.7

Large-artery atherosclerosis (LAA) 24 (37.5%) 1.27 ± 0.81

Small-vessel occlusion (SVO) 21 (32.8%) 0.56 ± 0.46

Total 64 (100%) 1.509 ± 1.44



Page 4 of 6Akbar et al. Egypt J Neurol Psychiatry Neurosurg          (2023) 59:115 

geographical and clinical subpopulations. In this study, 
we aimed to characterize the plasma D-dimer levels in 
three of the most common ischemic stroke subtypes in 
our Indonesian population.

The population in this study consisted of individuals 
with a mean age of 58.4 years old, with a slightly higher 

proportion of subjects in the age group of > 60 years old. 
This is consistent with studies such as Goldstein et  al., 
which states that ischemic stroke risk increase with age, 
while the risk of intracerebral hemorrhage doubles every 
decade after the age of 55 years [24]. A slightly larger pro-
portion of the subjects in this study were men. While this 
is consistent with previous studies [6] which associated 
the male gender with higher stroke occurrence due to 
the higher rates of other stroke risk factors in men suh 
as such as hypertension, smoking habits, coronary heart 
disease, dyslipidemia, and atrial fibrillation. However, 
the relationship between gender and AIS subtypes still 
requires further elucidation using epidemiological data 
with a larger dataset.

Out of the three AIS subtypes sampled in this study, the 
highest incidence was found for LAA (37.5%), followed 
by SVO (32.8%), and cardioembolic (29.7%)  subtypes. 
This is consistent with previous local reports in Indone-
sia, reporting higher incidence for LAA relative to other 
subtypes [6]. Several other population-based studies 
have also confirmed increasing trends of LAA and SVO, 
associated with with increased smoking and high blood 
pressure [25]. However, studies in other populations have 
reported differently, showing that the cardioembolic sub-
type was most common [26].

In this study, we observed that plasma D-dimer levels 
were highest in the cardioembolic AIS subtype. In fact 
only two out of the 19 cardioembolic stroke subjects had 
a normal D-dimer level, while the rest were classified as 
high. This confirms the finding of previous studies, such 
as the study by Osman et  al. who reported increased 
D-dimer in cardioembolic AIS and atrial fibrillation rela-
tive to other etiologies. In said study, the mean D-dimer 
of cardioembolic stroke subjects were 475 ± 82.88 ng/mL 
[22]. We have established the optimal D-dimer cut-off 
for cardioembolic stroke in the Indonesian population to 
be 1.52 µg/ml, which is similar albeit slightly lower than 
a previously established cut-off for predicting cardioem-
bolic stroke in an Italian population which was found to 
be 2.00 µg/mL [27],

The cardioembolic subtypes differ from the LAA and 
SVO subtypes wherein in the last two subtypes, a higher 

Table 3  Association between plasma D-dimer categories with the acute ischemic stroke subtypes

*Pearson Chi-square test

D-dimer category TOAST classification, N (%) Total P

Cardioembolic Large artery 
atherosclerosis

Small-vessel 
occlusion

 < 0.5 µg/mL (Normal) 2 (8.7%) 6 (26.1%) 15 (65.2%) 23 (100%) < 0.001*

 ≥ 0.5 µg/mL (Elevated) 17 (41.5%) 18 (43.9%) 6 (14.6%) 41 (100%)

Total 19 (29.7%) 24 (37.5%) 21 (32.8%) 64 (100%)

Fig. 1  Comparison between the D-dimer values of three 
different stroke subtypes of the TOAST classification. Figure shows 
median ± min–max. p values shown were tested with Kruskal–Wallis 
ANOVA followed with Dunn’s multiple comparisons test

Fig. 2  Receiver operating curve (ROC) analysis for the diagnostic 
performance of D-dimer levels for the specific detection 
of cardioembolic stroke. AUC = area under the curve
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percentage of subjects had a normal D-dimer level. The 
lowest D-dimer levels were found in the small-vessel 
occlusion subtypes. This is consistent with the theory 
stating that in lacunar subtypes of AIS ischemic stroke 
lacunar subtypes, a thrombus is too small to produce 
elevated D-dimers rendering levels that are within nor-
mal limits, and due to other causal possibilities for non-
thrombotic mechanisms such as vascular degeneration, 
arterial hypertension, or diabetes [27, 28].

The findings confirm that higher D-dimer levels can be 
used as a marker for cardioembolic stroke. While this has 
been expressed by previously [26], this study confirms 
it in an Asian population. Until now, race-based differ-
ences in D-dimer levels still require further exploration, 
as some studies have emphasized the need for ethnicity-
based approaches in the use of thrombogenicity markers 
[29]. Hence, this study contributes to the current discus-
sion with particular focus on D-dimer levels in ischemic 
stroke within the South-East Asian population.

D-dimer is the final product of plasmin hydrolysis, fol-
lowing the cross-linking between fibrin monomers and 
thrombin activator XIII [15]. Under normal physiologic 
conditions, D-dimer levels are low in the peripheral cir-
culation, but will rise in the event of thrombosis and sec-
ondary fibrinolysis, normalizing within 15–20  days of 
the thrombotic event and decrease gradually [30]. When 
an ischemic stroke occurs, the coagulation system’s 
increased activity reflects thrombus formation. In the 
atrial or ventricular thrombus, locally stagnant circula-
tion may lead to thrombus due to formation of fibrin-rich 
clots by clotting factors, which differs from the platelet-
rich states of arterial thrombus formation wherein the 
formation of fibrin occurs secondary to the platelet acti-
vation [26, 31]. This may explain why more D-dimers are 
produced by fibrin degradation in the cardioembolic sub-
type [26].

Traditionally, small-vessel occlusion stroke subtypes 
are mainly caused by hyaline lipid changes in arterial 
damage due to hypertension or diabetes, with several 
studies suggesting that small-vessel occlusion subtype 
strokes are caused by atherosclerotic thrombotic occlu-
sion in damaged arteries [6, 32]. However, the mechanism 
of secondary fibrinolysis is considered to be inferior to 
atherosclerotic thrombotic occlusion of the main arter-
ies. Therefore, the highest D-dimer level is found in cases 
of ischemic stroke of cardioembolic type, and the lowest 
is in the case of ischemic stroke of the small-vessel occlu-
sion subtype [27, 33].

This is the first study to determine the diagnostic per-
formance of D-dimer specifically for cardioembolic 
stroke in Indonesia after first characterizing the D-dimer 
levels across the three most common AIS types in the 
region. There are several limitations to this study. Firstly, 

the sample size is relatively small and requires further 
confirmation in future studies with a larger set of  sub-
jects. Secondly, we only used 3 out of the 5 TOAST sub-
types, and future studies may need to compare with the 
rest of the subtypes. Finally, no serial measurements were 
performed, and we only measured the D-dimer levels 
within 72  h of onset. Future studies will need to assess 
how the diagnostic performance stands after further pro-
gression of the AIS.

Conclusions
Plasma D-dimer levels varied significantly between the 
cardioembolic, LAA, and SVO subtypes of acute ischemic 
stroke. The highest D-dimer levels were observed in the 
cardioembolic subtype. As a marker of cardioembolic 
stroke, an optimal cut-off was determined to be 1.52 µg/
ml, yielding a sensitivity of 84.44% (CI 71.22–92.25% and 
specificity of 84.21% (CI 62.43–94.48%).
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