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Abstract

Introduction and Objective: cute cerebral strokes
lead to complex chronic disabilities worldwide,
bearing high morbidity and mortality. Around 7 in 10
strokes occur in low- and middle-income countries
(LMIC). D-dimer is a commonly performed labora-
tory test that is easily accessible in LMIC. This
systematic review aims to evaluate the effectiveness
of D-dimer as a diagnostic predictor of stroke within

the 6- and 24-hour time period.

Methods: This systematic review adhered to
PRISMA guidelines. Keywords including stroke, D-
dimer, laboratory testing, and indicators were used.
PubMed, Scopus, and CINAHL Plus were searched.
Quality appraisal was conducted using the Newcastle
Ottawa Scale.

Results: A total of nine studies were included in the
review. Studies were conducted in Spain (n=3),
Germany (n=1), China (n=1), Turkey (n=1), USA
(n=1), Korea (n=1), and Italy (n=1). Statistical
significance of D-dimer values was found in 6 of the
nine studies (66.6%). The overall quality of evidence

is considered to be at the upper-moderate level.

Conclusion: D-dimer is a promising biomarker that
may be utilized and fully scaled as a rapid bio-
chemical test to diagnose stroke. As the lab test is
already conducted across many healthcare settings,
the extension to testing in patients with acute cere-
brovascular ischemic events will help predict the
exact stroke type and quicken treatment formalities.
This systematic review identifies statistically signi-
ficant (P<0.05) differences of plasma D-dimer values
within 6 and 24 hours among stroke and stroke-

mimicking patients. No optimal cut-off value was
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determined due to the dearth of data. An optimal cut-
off value of plasma D-dimer levels must be determ-
ined in future clinical studies to estimate the sensiti-

vity and specificity of D-dimer in diagnosing stroke.

Keywords: Cerebrovascular; Diagnostic; D-dimer;

Stroke; Neurological Burden

1. Background

Acute cerebral strokes are one of the leading causes
of mortality and morbidity, leading to complex
chronic disabilities across the world [1]. Stroke
survivors often suffer from long-term neurological
disabilities leading to reduced ability to integrate into
society effectively, leading to health and economic
burden for the family and society [2]. The narrow
time index required for successful treatment is the
central reason for the need to integrate out-of-hospital
and in-hospital systems of care beyond traditional
imaging modalities used in the current standard of
care [2]. From establishing the penumbra concept,
ischemic strokes are known to be dynamic processes
[3]. When the healthcare provider re-establishes the
patency of the occluded artery, preventing ischemia
quickly, the contribution of CT/MRI imaging
evidence of the cerebral infarction leads to good
outcomes [4]. The most commonly used treatment
that is effective is thrombolysis with intravenous
administration of recombinant tissue plasminogen
activator, which is limited due to the narrow window
of use, usually less than 4.5 hours post-onset of
symptoms [4]. The earlier the thrombolysis procedure
is performed, the better the clinical outcomes for the
patient, leading to a higher quality of life. This
prompts clinicians and best practice evidence
researchers to correctly and quickly diagnose ische-

mic stroke in the super-acute stage before clear
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imaging evidence manifests, and this is the key step
in successfully treating patients with thrombolysis in
the acquired < 4.5 hours' time window [5].

Age-standardized stroke incidence and mortality are
reducing largely in high-income countries (HIC) [6].
However, around 70% of all strokes and 87% of
stroke-related morbidity and mortality occur in low-
and middle-income countries (LMIC) [6]. A common
laboratory test available across LMIC is D-dimer, the
specific degradation product of cross-linked fibrin
hydrolyzed by fibrinolysin. In general, the hyper-
coagulable state and secondary fibrinolysis exist in-
vivo in acute cerebral ischemic stroke, with high D-
dimer levels. In this systematic review, we seek to
develop and evaluate the effectiveness of the plasma
biomarker (i.e., D-dimer) because it may be a useful

adjuvant in diagnosing stroke in the super-acute
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stage, thus increasing the proportion of patients
eligible for thrombolysis.

2. Methods

This systematic review was conducted in accordance
with  PRISMA qguidelines [7, 8]. The following
keywords were combined across databases, including
PubMed (MEDLINE), Scopus, and CINAHL Plus:
Stroke, D-dimer, Neurological Burden, Cerebrova-
scular, Diagnostic. Only peer-reviewed publications,
including clinical trials, cohorts, and case series with
ten or more patients, were included. Letter to editors,
systematic reviews, and single patient reports were
omitted. The articles were required to report D-dimer
values of patients with stroke, stroke mimics, or
controls to be considered eligible. Studies were
screened in accordance with the inclusion criteria.
The PRISMA flowchart is depicted in (Figure 1).

Identification of studies via databases

Studies identified from:
Databases (n = 3872)

Studies removed before
screening:

> Duplicate records
removed
(n = 591)

}

Studies screened:
(n =3281)

Studies excluded:

(n = 2889)

|

Studies sought for
retrieval: (n = 392)

Studies not retrieved:

A A

(n=0)

}

Studies assessed for
eligibility: (n = 391)

Studies excluded:

h 4

Studies included in
synthesis:
(n=9)

» (n=382)

Figure 1: PRISMA flowchart.
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The titles and abstracts were screened before the full-
text review phase was initiated. The articles were
appraised for quality using the Newcastle Ottawa
Scale (NOS). The quality rating is done under three
major sections viz: (1) Selection, (2) Comparability,
and (3) Outcome. A score with a range of 0-9 was
allocated to each study, and those with a score of 6 or
more were considered to be high-quality studies. The
data acquired from the studies was tabulated onto a
shared spreadsheet under the following headings: 1)
Author, year, 2) Country, 3) Different conditions
demarcated, 4) time of sample collection, 5) method-
logy used, 6) D-dimer values, 7) P-value, 8) Quality
appraisal scores. No funding was obtained for this
study. An ethical review committee was not required

as only secondary clinical data were analyzed.

3. Results

Of the 3872 studies identified from the databases,
591 duplicates were removed before the screening.
During this screening phase, 2889 studies did not
meet the inclusion criteria and were omitted. During
the full-text reviewal phase, 392 studies were
assessed, of which nine studies were included in the
final synthesis. The characteristics of included studies
are listed in (Table 1). Three studies (33.3%) were
conducted in Spain [9-11]. One each (11.1%) was
conducted in Germany [12], China [13], Turkey [14],
USA [15], Korea [16], and Italy [17] (Table 2).
Different conditions were demarcated, including
ischemic stroke, intracerebral hemorrhage, transient
ischemic attacks, and stroke mimics. The time of
sample collection was conducted at the 6-hour mark
for three studies [9, 12, 16], within the 4.5-hour
period for one study by Meng et al., [13], and within
the 24 hours for five studies [10, 11, 14, 15, 17]. The
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different kinds of methodologies used to collect/
analyze the D-dimer values included Immunoassays
technology, ELISA techniques, triage stroke panels,

immune-turbidometry.

The statistically significant relevance of D-dimer
values was presented by firstly, Bustamante et al.,
2017, where patients with stroke had a higher mean
value of 6.75 pg/mL compared to 6.24 pg/mL in
stroke mimics (P<0.0001). Secondly, Montaner et al.
presented a value of 0.81 pg/mL in patients with
stroke compared to 0.56 pg/mL in the stroke
mimicking group (P=0.002). Kavalci et al., 2011
found that patients with HS and IS had a respective
value of 1780 and 5741 ng/ml compared to 150 ng/ml
in patients who were mimicking stroke (P=0.0002),
suggesting a large, quantitative difference. Glickman
et al.,, 2011 found that patients with stroke had a
value of 2.4 ng/ml, whereas patients that mimicked
stroke had a lab value of 1 ng/ml (P=0.0002). Kim et
al., 2012 measured an estimated four times higher
value of D-dimer with 888.1 ng/ml in those with
stroke and 188.6 ng/ml in mimics (P<0.001). Lastly,
Ageno et al. 2002 find that stroke mimics had a D-
dimer lab value of 0.53 pg/ml, whereas patients with
stroke had a value of 1.74 pg/ml (P<0.05). Data were
unavailable to determine the cutoff value of D-dimer
in predicting stroke. Furthermore, not enough studies
provided data for different stroke subtypes such as IS
or HS. Of all 9 studies, two were high quality (score
7-9) as per the NOS scoring system employed in this
study. Six out of 9 were of moderate quality (score 4-
6), and one was of low quality (score 0-3) (Table 1).
The overall quality of evidence is considered to be at

the upper-moderate level.
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Different Time  of Quality
Author, | Coun o ) P- )
Conditions Sample Methodology | D-Dimer values Appraisal
Year try ) Value
Demarcated | Collection | Used (NOS)
Patients with stroke = ]
Bustama o High
. Within 6 6.75 pg/mL + 1.04 P < )
nte et al. | Spain | IS, ICH, SM Immunoassays ) L Quality;
hours Patients mimicking stroke | 0.0001
[9] Score=9
=6.24 pg/mL £ 1.03
Sandwich Patients with stroke = 675
Knauer . Moderate
Germ Within 6 | Fluorescence | ng/ml P = .
et al. IS, SM, TIA ) ] ) Quality;
any hours Immunoassay | Patients mimcking stroke | 0.09
[12] Score=5
Technology =322 ng/ml
Patients with stroke (i) IS
Montan . Moderate
. Within 24 = 090 pg/mL (0.34-|P = .
er et al. | Spain | IS, ICH ELISA . Quality;
hours 1.94), (ii)) HS = 0.76 | 0.867
[10] Score = 4
pg/mL (0.33-2.15)
Patients with stroke =
Montan o ) Moderate
. Within 24 | Sandwich 0.81 pg/ml (0.35-1.95) | P = .
er et | Spain | IS, ICH, SM ) o Quality;
hours ELISA Patients mimicking stroke | 0.002
al.11) Score =5
=0.56 pg/ml (0.19- 1.39)
Patients with stroke =
Meng et o Immuno- Moderate
. Within 4.5 o 32257 g/L £+ 6034 |P = .
al., 2011 | China | IS, SM turbidimetry ) o Quality;
hours Patients mimicking stroke | 0.667
(13) assay Score=5
=305.76 g/L + 49.52
Patients with stroke (i) HS
. = 1780 ng/ml (IQR=4453)
Kavalci o . . Low
Turke Within 24 | Triage Stroke | (ii)) IS = 5741 ng/ml | P < .
et al. IS, ICH, HC Quality
y hours Panel (IQR=262) 0.001
[14] . S Score =3
Patients mimicking stroke
=150 ng/ml, (IQR=43)
Patients with stroke = 2.4
] o ng/mL+15 ]
Glickma o Specific ) o High
Within 24 Patients mimicking stroke | P = )
n et al. | USA | IS, SM Immunoassay Quality;
hours =1ng/mL+1.3 0.0002
[15] S ) ) Score =8
Patients with stroke =
888.1 ng/ml + 1289
. . ) ) o Moderate
Kim et Within 6 | Triage Stroke | Patients mimicking stroke | P < .
Korea | IS, ICH Quality;
al. [16] hours Panel =188.6 ng/ml +113.8 0.001
Score=5
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Ageno o STA
Within 24 )

et al. | ltaly IS, TIA, HC D-dimer
hours

[17] assay

Patients with stroke =

Latest Moderate
1.74 pg/ml =+ 0.13 | P < .
o Quality;
Mimicking stroke = 0.53 | 0.05
Score = 4

pg/ml £ 0.14 patients

***|S= Ischemic Stroke; ICH= Intracerebral Hemorrhage; SM= Stroke Mimics; TIA= Transient Ischemic Attack.

*D-Dimer values were reported within a 6-hour period; values were not reported for patients mimicking stroke/controls.

Table 1: Characteristics of included studies in the systematic review.

Country

Income Classification

Spain (n=3, 33.3%)

High Income Country

Germany (n=1, 11.1%)

High Income Country

China (n=1, 11.1%)

Upper-Middle-Income Country

Turkey (n=1, 11.1%)

Upper-Middle-Income Country

USA (n=1, 11.1%)

High Income Country

Korea (n=1, 11.1%)

High Income Country

Italy (n=1, 11.1%)

High Income Country

Table 2: Countries included in this synthesis and classification as per New World Bank country classifications by
income level: 2021-2022.

4. Discussion

This systematic review assessed the potential of D-
dimer in nine studies for the diagnosis of ischemic
stroke in the 4.5-, 6-, and 24-hour periods. We collate
pertinent evidence applicable to LMIC where
biomarker testing may be a useful adjuvant in
differentiating total strokes such as ischemic and
hemorrhage from healthy controls and patients
mimicking stroke. Current evidence guidelines
suggest that biomarkers ought to be analyzed within
the 6-hour period to timely diagnose and differentiate
ischemic stroke from other subtypes. In developing
countries where neuroimaging facilities are scarce or
blood biomarkers are routinely obtained at the point
of care, D-dimer testing can offer a rapid diagnosis of

ischemic stroke.
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Using a sample size of 240 individuals, Zi and Shai
(2014) found that D-dimer levels are correlated to the
stroke subtypes and may be used as indicators in
diagnosing cardioembolic stroke [18]. Furthermore,
the authors estimated that the D-dimer levels increase
with the severity of the stroke, and it is defined by the
NIHSS score and infarct volume [18]. The study is in
accordance with results from other studies where D-
dimer was associated with brain infarct [19] and
infarct volume [20]. Yuan et al. [21] conducted a
meta-analysis to determine the relationship between
D-dimer levels and the risk of stroke in addition to
adverse clinical outcomes post-acute IS or TIA [21].
In total, the authors included 22 cohort studies [21].

The results suggested that high D-dimer levels were

23




Arch Intern Med Res 2022; 5 (1): 018-026

linked to an increased risk of total stroke (RR=1.4,
95% Cl= 1.2-1.63) [21]. In addition to higher D-
dimer levels on admission for stroke patients, there
was also an increased risk of mortality (RR=1.77,
95% CI=1.26-2.49) and poor functional outcomes
(RR=2.01, 95% CI=1.71-2.36) [21]. Overall, it may
be inferred that high D-dimer levels are associated
with a high risk of ischemic stroke and total stroke,
but the evidence does not posit a higher risk for
hemorrhagic stroke [21]. If the patient presents with
high D-dimer levels on admission, it helps predict
adverse events, death, and functional outcomes at the
3-month period [21].

D-dimer is derived from the cross-linked fibrin
network, the final degradation product undergoing
plasmin-mediated degradation [22]. Plasma D-dimer
may be elevated in people with pulmonary embolism
and venous thromboembolism; however, many of
these central mechanisms remain unclear [22]. There
are various explanations as to why plasma D-dimer
levels may lead to poor outcomes in patients with
stroke [22]. For example, the level increases in blood
coagulation and fibrin degradation may be a marker
of thrombosis [22]. Moreover, the high level of D-
dimer may influence the formation of
thromboembolism [22]. D-dimer also stimulates the
immune system and leads to changes in IL-1, TNF-
alpha, IL-6, and IL-8 [22]. While we have established
the D-dimer may be a useful diagnostic tool, it is
essential to understand that it may also be correlated
with infarct volume, stroke severity at the start, and
progression of stroke [22]. Therefore, patients with
stroke may benefit from interventions that target the
mechanism of D-dimer elevation in correlation to
stroke subtypes and recognize the severity of stroke

as per the NIHSS score and infarct volume [22]. This
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ought to be explored in future studies.

5. Conclusion

The employment of D-dimer as an additional
biomarker appears to be promising to achieve a rapid
biochemical diagnosis of stroke. If this method is
replicated across HIC and LMIC, it may be used as
an urgent referral tool for stroke patients to hospitals
where they may acquire thrombectomy treatment
depending on the origin of the attack. While acute
ischemic stroke remains a diagnosis of clinical
nature, the additional discovery of biomarkers in
addition to improvements of laboratory techniques
must be made to achieve a rapid, molecular diagnosis
of stroke. In current practice, the increased use of D-
dimer assay may be extended to patients presenting
with acute cerebrovascular ischemic events to help
predict the stroke subtype (i.e., HS, IS) and hasten
treatment. Our systematic review identifies that a
statistically significant difference was present among
patients with stroke compared to stroke mimics, but
an optimal cut-off value could not be determined. An
optimal cut-off value of plasma D-dimer levels must
be determined in future clinical studies to estimate
the sensitivity and specificity of  D-dimer in

diagnosing stroke.
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