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Summary

Introduction: The necessity of timely administration of intravenous
thrombolysis (IVT) in the treatment of acute ischemic stroke may re-
sult in its administration in conditions that mimic stroke with their
clinical presentation (“stroke mimics”).

Aim: To assess the safety of IVT administration in stroke mimics.

Material and methods: A retrospective study of 764 patients treated
with IVT was conducted at the Department of Emergency Neurology
of the University Clinical Centre of Serbia in the period between 2006
and 2021.

Results: Out of 764 stroke patients treated with IVT, the diagnosis of
stroke mimics was established in 22 patients (2.9%). The average age
of patients with stroke mimics was 49.1 £ 16.3 (min 26, max 86), and
55% of patients were female. The most frequent vascular risk factor
in this group of patients was arterial hypertension (41%), followed by
smoking (14%) and hypercholesterolemia (14%). In comparison with
the control group of thrombolysed patients with stroke (matched ac-
cording to sex and age), a trend towards a milder initial clinical deficit
measured by NIHSS score was determined (5 vs. 9; p=0.058) in the
stroke mimics group. Furthermore, a higher probability of favorable
functional outcome (mRS 0-2) was registered (91 % vs. 55%, p=0.007).
There were no statistically significant differences between the two
groups regarding the death outcome (p=1.000). Symptomatic intra-
cerebral hemorrhage was not registered in any patient in the stroke
mimics group.

Conclusion: The use of intravenous thrombolysis in acute conditions
presenting with the clinical picture of acute ischemic stroke is safe for
the patients.

Key-words: acute ischemic stroke, stroke mimics, intravenous throm-
bolytic therapy (IVT)
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INTRODUCTION

Acute ischemic stroke (AIS) is a sudden, focal, non-con-
vulsive neurological deficit resulting from vascular dam-
age and it represents a significant medical challenge with
a noticeable increase in incidence within the general
population, especially in low-income countries (1). The
decision regarding the type of treatment during its hyper-
acute phase is determined by clinical presentation, neu-
roimaging diagnostic findings and the time that passed
from symptom onset to patient’s arrival at the hospital
(2). The only therapeutic approach proven to be efficient
in AIS treatment consists of timely recanalization of oc-
cluded blood vessels by intravenous thrombolysis and/
or mechanical thrombectomy. Intravenous thrombolytic
therapy (IVT) refers to the intravenous administration of
recombinant tissue plasminogen activator (rt-PA) within
a time limit of 4.5 hours from symptom onset (3,4). Fur-
thermore, additional absolute contraindications such as
already established ischemia on computed tomography
(CT) scan, previous intracranial hemorrhage, current se-
vere uncontrolled hypertension, recent intracranial/spi-
nal surgery or head trauma restrict the use of IVT (4, S).
Nevertheless, the most important factor limiting IVT ad-
ministration is time, since patients have to reach the hos-
pital within a narrow time frame. Moreover, the benefit
of IVT declines as time passes from symptom onset (4,5).

Rapid clinical assessment and brain imaging are es-
sential when a patient presents with symptoms of an acute
stroke. In many countries and hospitals only non-contrast
CT scan is available in the emergency setting and is typi-
cally conducted as the initial neuroimaging procedure in
patients suspected of having AIS (6). More sophisticated
neuroimaging procedures such as CT perfusion scan and
diffusion-weighted MRI (DWI-MRI) sequences, which
are more useful imaging modalities for providing valu-
able support in addition to clinical suspicion in differenti-
ating stroke from stroke mimics, are not widely available
in emergency settings. Various conditions and diseases,
which lack the pathoanatomical substrate of AIS can
mimic its clinical presentation, potentially complicating
treatment decisions (7). Considering the urgency of de-
cision making, neurologists who must make fast yet pa-
tient-safe decisions, can find themselves in this challeng-
ing situation.

The aim of this study was to evaluate the safety of
IVT administration in patients presenting with acute
conditions with the same or similar clinical presentation
to AIS, i.e. those diagnosed with stroke mimics.

MATERIAL AND METHODS

A retrospective analysis was conducted on data from a
total of 764 patients treated with IVT at the Emergen-
cy Neurology Department of the Neurology Clinic,

University Clinical Center of Serbia, between 2006 and
2021. Retrospective and completely anonymous data
were used, therefore signed informed consent was not
requested.

Patients’ demographic characteristics were analyzed,
as well as vascular risk factors: hypertension, diabetes
mellitus (DM), atrial fibrillation (AF), hypercholester-
olemia, smoking, previous coronary disease (myocardial
infarction, peripheral arterial disease, etc.), and previous
stroke. The use of prestroke medication was also evalu-
ated, including previous antiplatelet/anticoagulant, an-
tihypertensive and statin therapy. Data were obtained
through patient history, heteroanamnesis, and review of
medical records.

In all patients, evaluation of clinical deficit’s severity
was assessed by using the National Institutes of Health
Stroke Scale score (NIHSS), which was performed upon
admission (8). Afterwards, all patients had their blood
pressure measured, an electrocardiogram performed, un-
derwent a non-contrast CT scan, and had a comprehen-
sive laboratory tests analysis. Based on clinical and neuro-
logical findings, patients with suspected AIS that met all
the necessary criteria, according to the recommendations
from current European and North American guidelines
for the management of acute stroke, were then treated
with recanalization therapy (4,9,10). The initial clinical
diagnosis of AIS was then confirmed by a follow-up CT/
MR neuroimaging performed 12-72 hours upon admis-
sion, depending on the administered therapy, and in case
of exacerbation even earlier. Symptomatic intracerebral
hemorrhage (sSICH) was defined according to the ECASS
2 criteria (4). The diagnosis of stroke mimics was made
according to the criteria established by Hand et al. (11).
Stroke mimics were identified within the patients whose
clinical presentations were not confirmed with a vascu-
lar etiology, but rather, additional examinations revealed
the presence of an alternative diagnosis (12). Patients’
follow-up assessment was conducted 3 months after hos-
pitalization, by using the modified Rankin Scale (mRS).
Favorable outcome was defined as amRS score 0-2, while
a fatal outcome was defined as amRS 6 (4).

Furthermore, patients identified as stroke mimics were
matched with a control group of patients diagnosed with
AIS (gender and age matching) for additional analysis.

The data were analyzed by using descriptive statisti-
cal methods which included measures of central tenden-
cy (mean, median, percentiles), measures of variability
(standard deviation), and structural indicators expressed
as percentages. To compare the groups, Pearson’s chi-
square test or Fisher’s exact test was used for categorical
data, while Student’s t-test or Mann-Whitney U test was
used for numerical data. The data were analyzed using
the SPSS 22.0 statistical software (IBM Corp. IBM SPSS
Statistics for Windows, Armonk, NY: IBM Corp; 2017).
Statistical hypothesis testing was performed at a signifi-
cance level (alpha level) of 0.0S.
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RESULTS

Out of 764 patients treated with IVT, the diagnosis of
stroke mimics was made in 22 patients (2.9%). The aver-
age age of patients diagnosed with stroke mimics was 49.1
+16.3 (min 26, max 86) years, 55% being female. The most
common vascular risk factor in this group was hyperten-
sion (41% of cases), followed by smoking (14%) and hyper-
cholesterolemia (14%). The most frequently used chronic
therapy in this subgroup of patients was antihypertensive
therapy (36.4%). Details are presented in Table 1.

Table 1. Vascular risk factors and therapy for primary prevention in
patients diagnosed with stroke mimics

Feature Stroke mimics (n=22)
Hypertension, n (%) 9 (40.9%)
Diabetes mellitus, n (%) 0 (0%)
Atrial fibrillation, n (%) 1 (4.5%)
Hypercholesterolemia, n (%) 3 (13.6%)
Prior coronary disease, n (%) 0 (0%)
Prior stroke, n (%) 1 (4.5%)
Current smoking, n (%) 3 (13.6%)
Prior antihypertensive therapy, n (%) 8 (36.4%)
Prior antithrombotic therapy, n (%) 2 (9.1%)
Prior statin therapy, n (%) 2(9.1%)

Abbreviations: n= number;

There was a trend towards less severe clinical presen-
tation measured by NIHSS score in the stroke mimics
group compared to the group of patients with AIS, but
without reaching a statistical significance (5 [IQR 5-10]
vs. 9 [IQR 6-19], p=0.058). There was no difference
between two groups regarding systolic blood pressure
(p=0.07), diastolic blood pressure (p=0.104), or glucose
levels (6.0 vs. 6.7; p=0.131). On the other hand, patients
with stroke mimics were more likely to have excellent
functional outcome (91% vs. 41%; p<0.001), as well as
favorable outcome (91% vs. 55%; p=0.007) after three
months. Furthermore, it was shown that none of the pa-
tients diagnosed with stroke mimics experienced symp-
tomatic intracerebral hemorrhage whereas its prevalence
in the AIS group was 0.1% (p<0.001). Additionally, there
were no fatal outcomes among the thrombolysed patients
in the stroke mimics group, compared to one fatality in
the AIS group, which did not constitute a statistically
significant difference (p=1.000). Details are presented in
Table 2 and Figure 1.

Table 2. Baseline findings and outcome of IVT use in patients with stroke mimics vs. acute ischemic stroke patients

Feature

Systolic blood pressure, nmHg, mean # sd
Diastolic blood pressure, nmHg mean + sd
NIHSS, median [IQR]

Baseline glucose, mmol/l, mean # sd

sICH, n (%)

Death outcome, n (%)

Excellent functional outcome (mRS 0-1), n (%)
Good functional outcome (mRS 0-2), n (%)

Stroke mimics AIS p -value
(n=22) (n=22)

133.2+19.7 144.2 £ 19.5 0.070
82.0+£12.7 87.7+10.2 0.104
5.0 (5-10.0) 9.0 (6-19) 0.058
6.0+1.4 6.7+1.8 0.131

0 (0%) 1 (4.5%) 1.000

0 (0%) 1 (4.5%) 1.000
20 (90.9%) 9 (40.9%) <0.001
20 (90.9%) 12 (54.5%) 0.007

Abbreviations: AIS = Acute ischemic stroke; SD= Standard deviation; NIHSS = National Institutes of Health Stroke Scale; IQR= Interquar-
tile range; sSICH = Symptomatic intracranial hemorrhage; n= number; mRS = Modified Rankin Scale

Stroke mimic
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Figure 1. Three-month functional outcome of IVT treated patients with stroke mimics vs. patients with acute ischemic stroke (presented by

mRS score)

Abbreviations: AIS = acute ischemic stroke; mRS= modified Rankin Scale
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DISCUSSION

Although significant progress has been made in the treat-
ment of AIS, it remains one of the leading causes of dis-
ability and death worldwide (13). Furthermore, due to the
rising average age of the population and the prevalence
of various comorbidities among elderly, it is anticipated
that the general population will face an increased burden
from AIS in the years ahead, with the assumption that one
in four individuals will experience AIS (14). It has been
demonstrated that the benefit of IVT rapidly declines
over time from symptom onset (15). It has been estimated
that every minute without appropriate treatment results
in the loss of approximately 1.8 million neurons, empha-
sizing the importance of minimizing the time period from
the onset of symptoms to IVT administration (16).

The proportion of stroke mimics in the group of pa-
tients treated with intravenous thrombolytic therapy in
our study was 2.9%. Previously published studies report-
ed the frequency of IVT treated stroke mimics ranging
from 1.4% to 15.5% (17-26). One potential explanation
for such a low proportion in our study is the fact that it
was conducted in one of the largest health care centers in
the country, where doctors have extensive experience in
IVT administration decision-making process. Their clin-
ical experience in treating patients with AIS is valuable
for the outcome of the treatment itself. It has been report-
ed that the proportion of patients with stroke mimics is
higher in hospitals where the decision to administer IVT
is made based on telephone consultations between emer-
gency medicine doctors, who are the first one to examine
the patient, and on-call neurologists (24). Although it is
known that MRI is more sensitive in detecting potential
stroke mimics (24), it is still not routinely performed in
most health care centers, and the diagnosis of AIS re-
mains, above all, a clinical diagnosis combined with a
non-contrast CT scan (12), as was the case in this study.

Our study showed that none of the patients with
stroke mimics developed symptomatic intracerebral
hemorrhage while its incidence in the group of AIS pa-
tients was 4.5% (p=1.000). Regarding mortality out-
comes, there were no deaths in the stroke mimics group,
as opposed to one death in the AIS group, which was not
a statistically significant difference (p=1.000). These
results are consistent with those of a large multicenter
international study, which also demonstrated the safe-
ty of IVT use in stroke mimics, with a low incidence of
complications (12). That study reported the incidence
of sICH in the stroke mimics group of 1% (95% CI 1.5-
2.2) vs. 7.9% (95% CI 7.2-8.7) in AIS group, while the
mortality rate in the stroke mimics group was 2.1% (95%
C10.3-7.3) vs. 14.4% (95% CI 13.4-15.3) in the group of
patients with acute ischemic stroke (12). The cited study
also showed a statistically significant difference between
the two groups in terms of excellent functional outcome
(mRS 0-1) and good functional outcome (mRS 0-2), in

both cases, p<0.0001 (12), which is consistent with our
results (mRS 0-1 p=0.001, mRS 0-2 p=0.007). Although,
ideally, IVT should not be administered to patients with-
out a pathological substrate for acute ischemic stroke,
the aforementioned results highlight that the safety of
patients with stroke mimics is not compromised by the
use of IVT. Moreover, numerous studies have shown that
the benefit of early IVT administration is correlated with
better outcomes in the treatment of patients with AIS (27,
28, 29). Therefore, in uncertain situations, it is entirely
reasonable to administer IVT until an additional/more
sophisticated diagnostic method can exclude the diagno-
sis of AIS (12).

The main limitation of this study lies in the fact that it
was conducted at a single health care center, specifically a
tertiary healthcare facility with extensive experience, re-
sulting in a relatively small number of patients diagnosed
with stroke mimics through retrospective evaluation.
Taking this into account, it is assumed that the results
could potentially be less favorable in smaller centers.
Certainly, one of the plans for future analysis would be
to include a larger number of national centers in order to
obtain a more comprehensive picture of the frequency of
stroke mimics among IVT treated patients.

CONCLUSION

Although the use of intravenous thrombolysis is often
still accompanied by some apprehension, our study has
demonstrated that IVT administration in acute condi-
tions presenting with a clinical picture of acute ischemic
stroke is safe for the patient. While it remains crucial to
adhere to clinical guidelines when administering IVT,
as well as to continually improve diagnostic approaches
for patients with AIS, the results are encouraging. These
findings may potentially serve as a rationale for neurol-
ogists to confidently initiate IVT in a timely manner, as
the risk of complications from administered therapy is
minimal, even in cases of stroke mimics.
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BEZBEDNOST PRIMENE INTRAVENSKE TROMBOLITICKE TERAPIJE KOD STANJA
KOJA IMITIRAJU MOZDANI UDAR (“STROKE MIMICS”) - PETNAESTOGODISNJE

ISKUSTVO

Uro$ Miladinovic *, Rea Mikulan !, Dejana R. Jovanovic %2, Visnja Paden *?

Sazetak

Uvod: Neophodnost donosenja brze odluke o primeni
intravenske trombolize (IVT) u le¢enju akutnog ishemij-
skog mozdanog udara (AIMU) moze imati za posledicu
njeno ordiniranje i kod stanja koja svojom klinickom sli-
kom mogu da imitiraju AIMU.

Cilj: Ispitivanje bezbednosti primene IVT kod drugih
akutnih stanja koji se prezentuju istom ili slicnom klini¢-
kom slikom kao AIMU, tj. “stroke mimics”.

Materijal i metode: Sprovedena je retrospektivna ana-
liza podataka ukupno 764 pacijenta lecenih trombolitic-
kom terapijom na Odeljenju urgentne neurologije, Klini-
ke za neurologiju Univerzitetskog klinickog Centra Srbije
u periodu od 2006. do 2021. godine.

Rezultati: Od ukupno 764 pacijenta sa AIMU lecenih
primenom IVT, dijagnoza “stroke mimics” je postavlje-
na kod 22 pacijenta (2.9%). Prose¢na starost grupe pa-
cijenata sa dijagnozom “stroke mimics” je iznosila 49,1

+ 16,3 (min 26, max 86), od ¢ega je 55% pacijenata bilo
Zenskog pola. Najucestaliji vaskularni faktor rizika prisu-
tan u ovoj grupi pacijenata bila je arterijska hipertenzija
(41%), potom pusenje (14%) i hiperholesterolemija (14%).
Poredenjem ovih pacijenata sa kontrolnom grupom
tromboliziranih pacijenata sa AIMU (uparenih prema
polu i starosti) utvrdeno je postojanje trenda ka blazem
inicijalnom klini¢ckom deficitu merenom NIHSS skorom (5
vs. 9; p=0.058), uz vecu verovatnocu nastanka povoljnog
funkcionalnog ishoda (mRS 0-2) (91% vs. 55%; p=0.007) u
“stroke mimics” grupi. Ni kod jednog pacijenta sa “stro-
ke mimcs” nije utvrdena pojava simptomatske intrace-
rebralne hemoragije. lzmedu dve grupe nije utvrdeno
postojanje statisticki znacajne razlike kada je u pitanju
pojava smrtnog ishoda (p=1.000).

Zakljucak: Upotreba IVT kod akutnih stanja koja se pre-
zentuju klinickom slikom AIMU je bezbedna po pacijenta.

Kljucne reci: akutni ishemijski mozdani udar (AIMU), “stroke mimics”, intravenska tromboliti¢ka terapija (IVT)
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