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Abstract—Introduction: Systemic thrombolytic therapy (STLT) with recombinant tissue plasminogen activa-
tor (rtPA) is the “gold standard” of reperfusion therapy in certain patients with ischemic stroke during the
first 4.5 h after stroke onset. Objective: To assess the clinical (severity of neurological symptoms) and labora-
tory (complete blood cell count test) factors that affect the disease outcome after STLT. Materials and meth-
ods: Seventy patients (48 males and 22 females) aged 61 [54; 69] years with ischemic stroke who received rtPA
therapy at a dose of 0.9 mg/kg were prospectively studied. Blood for the complete blood count test including
neutrophil and lymphocyte counts was sampled before the thrombolytic therapy. The severity of neurological
impairment was assessed using the NIH Stroke Scale (NIHSS). The functional outcome was assessed
3 months after stroke with the modified Rankin scale (mRS). ROC analysis was used to reveal factors of unfa-
vorable outcome in acute phase of ischemic stroke (mRS score ≥ 3). Results: Severity of neurological deficit
was assessed according to the NIHSS at admission was 15 [11; 17] points. Time between the manifestation of
neurological symptoms and admission to the hospital was 138 [117; 170] min, and time between admission
and initiation of STLT (the door-to-needle time), was 40 [30; 55] min. An unfavourable functional outcome
of systemic thrombolytic therapy can be predicted according to the results of ROC analysis: the NIHSS score
upon admission 12 or higher (sensitivity, 94%; specificity, 57%); neutrophil count, >7.8 × 109/L (sensitivity,
45.5%; specificity, 90.6%); lymphocyte count < 1.8 × 109/L (sensitivity, 81.8%; specificity, 59.4%). Conclu-
sions: Personalized approach to systemic thrombolytic therapy may help to predict its effectiveness and con-
tribute the development of more reliable strategies of patient management. Patients with potentially unfavor-
able outcome after intravenous thrombolysis can be the target group for mechanical reperfusion techniques
such as thrombus extraction.
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Despite the diversity of approaches for the treat-
ment of patients with ischemic stroke (IS), only five
strategies have a high class (I) and a level of evidence
(A) with respect to the outcome: admission of patients
with suspected stroke to the hospitals with depart-
ments for patients with acute cerebrovascular disor-
ders (AVC); administration of acetylsalicylic acid in
the first 48 hours after the onset of the first symptoms;
STLT with recombinant tissue plasminogen activator
(rtPA) to appropriate patients in the first 4.5 h after the
IS; mechanical extraction of the thrombus with stent
retrievers in the first 6 post-stroke hours in patients
with confirmed occlusion of the internal carotid artery
(ICA) or proximal segments (segment M1) of the mid-
dle cerebral artery (MCA); decompressive hemi-
cranectomy for the treatment of cerebral edema man-

ifesting in occlusion of the main CMA lumen during
the first 48 h after the IS.

STLT remains the “gold standard” of reperfusion
therapy. Thus, when considering the possibility of per-
forming endovascular reperfusion therapies in patients
fitting the criteria for systemic thrombolysis, it is nec-
essary to perform rtPA treatment, according to the
North American guidelines on treatment of acute
stroke updated in 2015 [1].

For the first time in Russia STLT with the admin-
istration of rtPA was put into practice in the Institute
of cerebrovascular pathology and stroke of the
N.I. Pirogov Russian State Medical University on the
basis of the City Clinical Hospital no. 31 in 2005–
2006 [2], since 2008 it has been performed in the
Research Center of Neurology [3–5]. The method of
STLT was approved by the Federal Supervisory
Agency for Health Care and Social Development as an
advanced medical technology (authorization for the1 The article is published in the original.
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new medical technology: FS no. 2008/169 dated
01.08.2008). Since 2008 thrombolysis has been an
integral part of providing medical care to patients with
stroke in primary vascular units and regional vascular
centers established under the program on the vascular
diseases mortality reduction [6, 7].

The procedure of thrombolytic therapy is regulated
by the Order of the Russian Ministry of Health
“Approval of the medical care provision procedure to
patients with AVC” no. 389n dated July 6, 2009
(amended Orders of the Russian Ministry of Health
no. 44n dated February 2, 2010 and no. 357n dated
April 27, 2011), and by the Order of the Russian Min-
istry of Health no. 928n dated November 15, 2012
“Approval of the medical care provision procedure to
patients with AVC”. In 2014, the All-Russian Society
of Neurologists issued the Russian Guidelines on
Thrombolysis in Ischemic Stroke (www.neurolo-
gia.info).

The invention of the new generation devices for the
thrombectomy (Solitaire), as well as the improvement
of the protocols for endovascular interventions, led to
a revision of the strategy of patient management in IS
caused by occlusion of the proximal part of the intra-
cranial arteries. The results of 5 controlled studies that
proved the efficacy and safety of the combination of
rtPA therapy with subsequent endovascular interven-
tion (primarily mechanical thrombus extraction/
thrombectomy) were published in 2015.

Taking into account the positive results of the
above-mentioned studies, in 2015, AHA-ASA guide-
lines for the treatment of patients in the acute period
of stroke were updated. Thus, in an appropriate
patient with IS if the occlusion of the ICA or M1 seg-
ment of the MCA is confirmed after systemic throm-
bolytic therapy a performance of mechanical throm-
bus extraction with stent retrievers is recommended in
the first 4.5 h (Class I, Level of Evidence A). Indica-
tions for mechanical thrombectomy are as follows:
functional independence of the patient (0–1 point on
the modified Rankine scale (mRS)) before stroke; age
over 18 years; 6 or more points on the stroke scale of
the National Institutes of Health of the United States
(NIHSS), 6 or more points on the ASPECTS scale
(prevalence of cerebral ischemia according to CT); the
technical possibility of arterial puncture in the first
6 hours after stroke (Class I, level of evidence A).

When intravenous thrombolysis is contraindicated
(patients with past history of stroke, patients taking
oral anticoagulants, etc.) mechanical thrombectomy is
also possible within the first 6 hours (Class IIa, level of
evidence C). Endovascular interventions in appropri-
ate patients with IS in the first 6 hours beyond the
above indications (Class IIb) can be considered: if
occlusion of arteries of smaller diameter (segments
M2, M3 of the MCA, anterior or posterior cerebral
artery) (evidence level C) occurs, IS due to the occlu-
sion of the ICA or M1 of the MCA segment in patients
with a functional independence level before the stroke
of more than 1 point on the mRS scale, as well as with
score on NIH and ASPECTS stroke scales of less than
6 (level of evidence B).

It should be emphasized that in any clinical situa-
tion when patient meets the criteria for systemic
thrombolysis, it is necessary to perform this type of
therapy, even if subsequent endovascular treatment is
considered (Class I, level of evidence A) [1].

The careful adherence to the protocol is funda-
mental to the success and safety of reperfusion ther-
apy. However, as with any treatment, it is possible to
identify factors of favorable outcome or failure.

The goal of the current study is to reveal factors
both the clinical (severity of neurologic symptoms on
admission) and laboratory (blood count test) that
probably impact on the outcome of systemic thrombo-
lytic therapy.

MATERIALS AND METHODS
We prospectively observed 70 patients (48 men and

22 women) aged 32 to 76 years (mean age 61 [54, 69]
years) with IS who underwent therapy with rtPA at a
dose of 0.9 mg/kg performed according to the Russian
and international guidelines.

After thrombolysis all patients received conven-
tional therapy which included hemodilution, hypogly-
cemic therapy, hypotensive therapy; antiplatelet ther-
apy with acetylsalicylic acid administered 24 hours
after the symptoms development; anticoagulant ther-
apy with low molecular weight heparins (patients with
pronounced motor impairment 48 hours after the
onset of IS for prevention of venous thromboembolic
complications) and oral anticoagulants (patients with
cardiogenic embolic stroke after 7–14 days); neu-
rometabolic therapy; lipid-lowering therapy (statins),
early rehabilitation.

All patients enrolled in the study underwent mag-
netic resonance imaging (MRI) performed with a
Magnetom Symphony (Siemenes, Germany) MRI
scanner with a magnetic field density of 1.5 T. The
study was performed in the coronary, sagittal and axial
planes in standard modes (T1, T2-weighted images
(T1-VI, T2-VI), T2-FLAIR, T2*-weighted images
(T2*-VI)), diffusion-weighted MRI (DW-MRI) was
also included. The images were processed with eFilm
Workstation medical imaging program. Imaging was
performed before and 24 hours after the STLT. 

Severity of neurologic deficit was assessed with the
NIH stroke scale. The functional outcome was
assessed 3 months after a stroke with the mRS scale. A
favorable outcome of stroke was considered a result of
2 or less, an unfavorable outcome—3 or more points
on this scale.

A routine blood test including hemoglobin, eryth-
rocyte count, platelets, leukocyte count, differential
leukocyte count, erythrocyte sedimentation rate-ESR
HUMAN PHYSIOLOGY  Vol. 44  No. 8  2018
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Fig. 1. The ROC curve of the unfavorable outcome
according to the NIH Stroke Scale.

NIHSS Score

Se
ns

iti
vi

ty

0 20 40 60 80 100
0

20

40

60

80

100

Specificity
measurement was performed using hematologic ana-
lyzer MEK-7222, NIHON KOHDEN, Japan, and a
test tube with K3-ethylenediaminetetraacetic acid.

The odds ratio (for binary indicators) and the ROC
analysis (Receiver Operating Characteristic) were cal-
culated using the De Long method, 2014 (for quanti-
tative indices) to determine the factors of the unfavor-
able outcome of the acute period of the stroke (mRS
score 3 or more points). The area under the ROC
curve (AUC) ranges from 0.5 (test is not informative)
to 1 (high accuracy of the test). Sensitivity, specificity,
the prognostic value of the positive result and the
prognostic value of the negative result were measured.
When constructing the ROC curve, the optimal
threshold value of the indicator was calculated (a com-
bination of maximum values of sensitivity and speci-
ficity). The results were considered statistically signif-
icant at p < 0.05.

RESULTS
In the study group at herothrombotic stroke was

diagnosed in 29 cases (41%), cardiogenic embolic
stroke in 33 (47%), lacunar stroke in 3 (4%) patients
and stroke due to coagulopathy in 5 (7%) patients.

Severity of neurologic symptoms on the NIH scale
was 7 to 25 points upon admission, 15 [11, 17] points
on average. The stroke of mild severity (the NIH score
less than 7 points) was observed in 5 patients (7%);
moderate severity (NIHSS 7–13 points)—in 21 (30%)
patients; severe (NIHSS 14 or more) in 44 (63%)
patients.

The time since the development of the neurologi-
cal symptoms to the admission ranged from 40 to
245 min (mean 138 [117, 170] min), the time before the
administration of STLT (“the door-to-needle time”)
was from 15 to 90 minutes (mean 40 [30, 55] min). The
interval between the onset of the stroke and the admis-
sion of thrombolysis was 60–270 min (mean 180 [150,
210] min).

A favorable functional outcome (mRS 2 points and
less 3 months after the stroke) was observed in
42 patients (60%), lethal outcome—in 5 patients
(7.1%).

Based on the ROC analysis (Fig. 1), the area under
curve performed for the NIHSS score before the STLT
was 0.766 ± 0.058 (95% CI 0.65–0.86; p < 0.001). The
threshold of the total NIHSS score for the unfavorable
functional outcome (mRS scale score 3 and more
points in 90 days after the IS) was more than 12 points
(sensitivity: 94%, specificity: 57%) if systemic throm-
bolytic therapy was performed.

The results of the evaluation of the prognostic sig-
nificance of the full blood count-the number of neu-
trophils and lymphocytes-in patients with IS who
underwent STLT is given in Table 1. The ROC analysis
of the thrombolytic therapy results of 70 patients with
IS showed that the increased neutrophil count and/or
HUMAN PHYSIOLOGY  Vol. 44  No. 8  2018
the lower lymphocyte count in the peripheral blood
before STLT is a predictor of the unfavorable func-
tional outcome of IS (mRS score 3 and more points in
90 days after the stroke).

There was a significant difference in plasma glu-
cose level before intravenous thrombolysis among the
patients. So, the blood glucose at admission in the
group of patients with type 2 diabetes mellitus was
9.1 ± 2.4 mmol/L, in the group without diabetes mel-
litus—5.8 ± 0.6 mmol/L. Glycated hemoglobin was
increased up to 8.0 ± 1.29% in patients with duration
of diabetes from 1 to 7 years. The administration of
rtPA for patients with diabetes mellitus did not lead to
clinical improvement in 40% of cases, whereas in
patients without diabetes only in 17%.

DISCUSSION

Time is the key factor which determines the effec-
tiveness of STLT [8–10]. The earlier admission of
thrombolytic agent leads to its greater efficacy and
safety [8]. Time is crucial for achieving a favorable
functional outcome for endovascular reperfusion
interventions as well. Thus, according to the guidelines
of the AHA-ASA, the goal of endovascular treatment
is to reach the TICI 2b/3 reperfusion level as quickly as
possible (within 6 hours after IS) (Class I, level of evi-
dence A). Additional intra-arterial administration of
fibrinolytics (Class IIb, level of evidence B) is possible
if necessary. The efficacy of mechanical thrombec-
tomy performed later than 6 h after IS is uncertain
(Class II, level of evidence C).

The severity of neurologic symptoms is also an
undeniable factor of the efficacy and safety of STLT.
The probability of achieving a positive effect of sys-
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Table 1. ROC-analysis of unfavorable IS prognosis according to the parameters of the blood count test

Count Area under the curve CI 95% p Sensitivity, % Specificity, %

Neutrophils > 7.8 × 109/L 0.71 ± 0.07 0.57–0.83 0.003 45.5 90.6

Lymphocytes < 1.8 × 109/L 0.68 ± 0.08 0.53–0.79 0.02 81.8 59.4
temic thrombolysis is higher in patients with an
NIHSS score of up to 10 points and from 16 to
21 points. At the same time, the greater severity of
neurologic symptoms does not exclude thrombolytic
therapy administration [8], although it is associated
with greater risk of unfavorable outcome.

As mentioned above, the NIH stroke scale score
(more than 6 points) is one of the key criteria for deter-
mining indications for endovascular methods of reper-
fusion. At the same time it is possible to consider the
NIHSS score 12 points as the threshold for the selec-
tion of patients for endovascular treatment, because
the severity of neurologic symptoms of 11 points or less
on the NIH stroke scale is associated with a favorable
functional outcome after STLT.

The age of patients has been considered to be a pre-
dictor of the effectiveness and safety of thrombolysis.
STLT is more effective in patients younger than
75 years, but older age is not a limitation as well [8, 10,
11], but requires more careful assessment of potential
risks. For example, elderly age is one of the key risk
factors for the development of a symptomatic hemor-
rhage during or after thrombolytic therapy [12, 13].

Questions concerning the volume and composition
of the thrombus and the effectiveness of thrombolysis
remain relatively debatable. Extended thrombus with a
complex composition located in the intracranial arter-
ies are less susceptible to recanalization [14] with
intravenous rtPA. Indeed, the probability of successful
restoration of blood flow in the occluded M2 MCA
segment (according to the opinion of different authors
varies from 30.8% [15] to 77% [16]) is significantly
higher than the recanalization of ICA, where the given
index for STLT is from 4% [15] to 35% [16].

Thrombi in the intracranial part of the ICA or the
proximalM1 segment of the MCA more than 8 mm
reduce the likelihood of blood f low restoration under
systemic rtPA administration to zero, but with a
thrombus length of 2 mm or less, the chances of suc-
cessful recanalization exceed 90% [17]. Given this,
patients with IS caused by occlusion of the proximal
part of the intracranial arteries with large, poorly lysed
thrombi/embolus with intravenous fibrinolytic action
are the main group of patients in whom the combina-
tion of STLT and endovascular interventions is poten-
tially more effective than systemic fibrinolysis alone.

With regard to thrombus structure, it should be
noted that fresh “red” thrombi consisting of fibrin are
more sensitive to thrombolytics, as evidenced by the
rapid lysis of “venous” thrombi compared with “arte-
rial” thrombi, where morphologically “white”
thrombi predominate. At the same time, thrombi with
a high content of fibrinogen and lipids are more resis-
tant to lysis [18, 19]. However, there are no ultrasound
and neuroimaging methods that allow rapid antemor-
temanalysis of thrombus composition. At the same
time, studies that correlate clinical, imaging and labo-
ratory data with morphological findings of thrombi
obtained during endovascular thrombectomy or post-
mortem have been initiated around the world.

Blood glucose level is essential for the administra-
tion of systemic thrombolytic therapy. Hypoglycemia
less than 2.7 mmol/L and hyperglycemia greater than
22.0 mmol/L are contraindications for systemic
thrombolysis [20]. Hyperglycemia is associated with a
high incidence of hemorrhagic transformation, a lack
of recanalization, and a severe clinical outcome [13,
21, 22]. Hyperglycemia more than 7 mmol/L is a pre-
dictor of ineffectiveness of STLT [23]. The likelihood
of developing a symptomatic hemorrhage increases if
a blood glucose level is more than 16.7 mmol/L [24].
A meta-analysis of 55 clinical studies confirmed a lin-
ear dependency between high glucose levels and devel-
opment of symptomatic brain hematoma after STLT
[25].

In subsequent studies it was found that the level of
HbA1c is also a predictor of hemorrhagic transforma-
tion of cerebral infarction after rtPA therapy [26],
which may indicate that acute hyperglycaemia and
damage to the vascular wall are important in the
pathogenesis of hemorrhagic transformation [27, 28].
Many researchers agreed that the level of HbA1c is
more significant predictor in determining the proba-
bility of development of the hemorrhagic component
than a single blood glucose test or anamnestic indica-
tions for diabetes mellitus. An increase in glycemia
more than 7.7 mmol/L and HbA1c more than 6.5 is
associated with an unfavorable clinical outcome and a
high lethality after thrombolysis, especially with glyce-
mia values greater than 11.1 mmol/L and HbA1c
greater than 8 [26].

Thus, reperfusion therapy is effective in a specific
cohort of patients with IS. A personalized approach to
its implementation can help to predict the effective-
ness of STLT and develop appropriate strategies of
patient management.

CONCLUSIONS
(1) The factors of the unfavorable functional out-

come (the mRS scale score 3 or more points 90 days
after the IS) are a total score on the NIH stroke scale
HUMAN PHYSIOLOGY  Vol. 44  No. 8  2018
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more than 12 points and an increased neutrophil
count and/or a lower lymphocyte count in the periph-
eral blood of patients before initiation of STLT.

(2) History of diabetes mellitus, poorglycemic con-
trol lead to the absence of clinical improvement after
STLT.
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