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Abstract. - OBJECTIVE: To evaluate the safe-
ty and efficacy of rt-PA intravenous thrombolytic
treatment for patients with diabetic foot (DF) and
acute ischemic stroke.

PATIENTS AND METHODS: A retrospective
analysis was performed on 76 patients admit-
ted between June 2012 to December 2015 pre-
senting with acute ischemic stroke and Grade
0-1 DF a (Wagner classification). The treatment
group consisted of 44 patients who received rt-
PA intravenous thrombolytic treatment, while 32
cases in the control group did not. Both groups
received monitored dietary therapy and hypo-
glycemic drugs to control their blood glucose
levels. In the treatment group, patients received
rt-PA intravenous thrombolytic treatment 4.5h
after the onset of ischemic stroke. Physical pa-
rameters like color change of sick-foot skin, con-
ditions of ulcer concrescence, changes of skin
temperature, and promotion of pain scores were
observed in both the groups.

RESULTS: The improvement in the rt-PA intra-
venous thrombolytic treatment group was high-
er than that in general treatment group, and the
difference between them had statistical signifi-
cance (p<0.01). Though the improvement of foot
symptoms of patients who received rt-PA intra-
venous thrombolytic was better than that of the
control group; there was no obvious statistical
difference in the incidence of adverse events
between the treatment group and the control
group.

CONCLUSIONS: rt-PA can reduce the level se-
rum fibrinogen, promotes local microcirculation
and nutrition metabolism of diabetic foot, and
improve the clinical prognosis of patients with
diabetic foot, but will not increase the incidence
of adverse events at the same time.
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Introduction

In recent years, the incidence of cerebral stroke
in China increases at a rate of 8.70% annually'.
It is reported that patients with cerebral stroke
combined with type-2 diabetes account for 25.4%
of the total stroke case, diabetic microangiopathy
being the main reason of stroke. There are studies
stating a relative risk of 2-3 times of acute stroke
in diabetic patients when compared to non-diabe-
tics>. The peripheral arterial damage associated
with diabetes causes diabetic foot (DF)®. Early
rt-PA intravenous thrombolytic treatment can si-
gnificantly improve clinical prognosis in patients
with acute ischemic stroke?, but at the same time
rt-PA activates fibrinolytic activity, which reduces
procoagulant activity, increasing the risk of active
bleeding®. Thus rt-TPA treatment for acute stroke
in patients with the diabetic foot is still controver-
sial. This study evaluates the safety and efficacy
of rt-PA intravenous thrombolytic treatment in
Grade 0-1 diabetic foot patients (Wagner classifi-
cation®) presenting with acute stroke episode.

Patients and Methods

Patients

A retrospective analysis was performed on 76
patients with acute ischemic stroke and Grade 0-1
diabetic foot (DF) as classified by Wagner clas-
sification admitted to Neurological Department,
Huanhu Hospital, Tianjin. The patients presenting
within 4.5h after onset from June 2012 to Decem-
ber 2015 were a part of the study. The age range
was between 62-80 years (average 71.2 years).
There were 46 males and 30 females. The diabe-
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tic history ranged between 5 to 27 years (average
14.6 years), and the duration of the diabetic foot
was from 6 months to 4 years. Fasting plasma glu-
cose of patients was (12.2 £3.96) mmol/L when
they were admitted to the hospital. For patients in
two groups, there was no statistical significance
in gender, age, past medical history, severity of
stroke, severity of diabetes, and grades of diabetic
foot (»>0.05), as shown in Table I.

Diabetic foot is divided into 6 grades by Wa-
gner classification of Diabetic Foot:

Grade 0: foot with risk factors of ulcer; no ulcer
at present.

Grade 1: foot with superficial ulcer; no in-
fection clinically.

Grade 2: foot with deep ulcer, often combined
with cellulitis; no abscess or bone infection.

Grade 3: foot with deeper ulcer, accompanied by
lesions of bone tissues, abscess or osteomyelitis.

Grade 4: foot with ischemic ulcer and circum-
scribed gangrene (toe, heel or dorsal forefoot).

Grade 5: gangrene of the whole foot.

Inclusion Criteria and Exclusion Criteria
for Patients Undergoing Intravenous
Thrombolysis

Criteria in reference of this study for patien-
ts undergoing intravenous thrombolysis refers
to early treatment guidelines for acute ischemic
stroke in 2013 American Heart Association/Ame-
rican Stroke Association (AHA/AHS)’, and 2010
Diagnosis Guidelines for Acute Ischemic Stroke®.
The details are as follows:

Inclusion criteria and exclusion criteria for pa-
tients undergoing rt-PA intravenous thrombolysis
within 3h after onset:

Inclusion criteria: (1) age >18 years old; (2)
the onset time <3h; (3) with definite neurological
function impairment, and clinically diagnosed as
acute ischemic stroke; (4) family members sign
the informed consents.

Exclusion criteria: (1) previous medical hi-
story of intracranial hemorrhage; (2) medical hi-
story of head trauma or acute ischemic stroke in
the last 3 months; (3) subarachnoid hemorrhage
suggested by symptoms; (4) with artery puncture
of non-compression parts in the last 7 days; (5)
history of spinal cord operation, intracranial ope-
ration, etc.; (6) intracranial tumor, arteriovenous
malformations, intracranial aneurysm; (7) with
active internal bleeding in body, acute hemorrha-
gic diathesis, including but not limited to: 1) pla-
telet count <100,000/mm? [100x109/L]; 2) treated
with weight heparin within the last 48h, aPTT was

higher than the upper limit of normal range; 3)
taking oral anticoagulation currently; INR >1.5 or
PT >15 seconds; 4) using direct thrombin inhibi-
tors or direct factor Xa inhibitor, with increases of
sensitive laboratory indexes [such as setting time
of aPTT, INR, platelet counts and Ecarin clotting
time (ECT); thrombin time (TT); or measurement
of appropriate factor Xa]; 5) blood glucose con-
centration <50 mg/dL (2.7 mmol/L).

Inclusion criteria and exclusion criteria for pa-
tients undergoing rt-PA intravenous thrombolysis
within 3-4.5h after onset:

Inclusion criteria: (1) with definite neurological
function impairment, and clinically diagnosed as
acute ischemic stroke; (2) before treatment, symp-
toms happened within 3-4.5h.

Exclusion criteria: (1) over 80 years old; (2) se-
rious stroke (NIHSS scores >25); (3) taking oral
anticoagulants, regardless of INR values; (4) with
medical history of diabetes and ischemic stroke.

Methods of Intravenous Thrombolytic
Treatment

According to clinical and laboratory confirmation
of acute stroke and patients conforming to intrave-
nous thrombolysis, convention oxygen inhalation
was given, an intravenous pathway was established.
Blood glucose levels, blood pressure, heart rate and
other vital signs were monitored. For patients whose
blood glucose >11.1 mmol/l, insulin was pumped to
reduce blood glucose which was controlled betwe-
en range of 7.8 to 10.3 mmol/l before thrombolysis.
For patients whose systolic pressure >185 mmHg or
diastolic pressure >110 mmHg, urapidil was slowly
injected to reduce blood pressure which was control-
led among 140-150/80-90 mmHg; oxygen saturation
was maintained above 94%. rt-PA (specification: 20
mg and 50 mg) produced by Boehringer Ingelheim
Co. (Berlin, Germany) was chosen. The medicine
was given in compliance with the standard dose,
0.9 mg/kg (the maximum dose was 90 mg); 10% of
total dose was used for intravenous bolus injection
for 1 minute, and the rest 90% was diluted in 0.9%
sodium chloride solution and used for intravenous
pump dripping which was completed within 1 hour.

After thrombolysis, oxygen free radical was sca-
venged, cerebral circulation and metabolism were
improved, and anti-arteriosclerosis treatment was
carried out. Cerebral MRI, MRA and MR perfusion
was re-exanimated conventionally 24 hours after
thrombolysis. For patients who could not receive
cerebral nuclear magnetism examination, cerebral
CT, CTA and CT perfusion was performed. Accor-
ding to results of imaging examination, if patients
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Table I. The comparisons of baseline data of the intravenous
thrombolysis group and the non-intravenous thrombolysis
group for diabetic foot.

The treatment The untreated

Group group (44) group (32)
Recovery (%) 13 (29.5) 5(15.6)
Effective (%) 21 47.7) 14 (43.8)
Ineffective (%) 10 (22.7) 7 (21.9)
Aggravated (%) 0 (0) 6 (18.8)
Overall Response

Rate (%) 34 (77.3) 19 (59.3)

in the intravenous thrombolysis group did not have
hemorrhage or blood oozing 24 hours after throm-
bolysis, they were given 100 mg/day aspirin and 75
mg Gd clopidogrel and oral anti-platelet therapy.
For patients in the control group, besides oxygen
free radical was scavenged, cerebral circulation
and metabolism was promoted, and anti-arterio-
sclerosis treatment was carried out, they were gi-
ven oral anti-platelet therapy.

Efficacy Evaluation

Evaluation of clinical symptoms of stroke:
NIHSS rating scales were used to assess condi-
tions of neurologic functions in patients at time
of admission and 7 days after treatment. Clinical
prognosis at 3 months was evaluated by modified
Rankin score. All evaluation and examinations
were conducted by senior neurologists.

Evaluation of symptoms of diabetic foot: VAS
rating scales, were used to assess pain rating in
patients’ feet at time of admission and 7 days after
treatment. Front and back toe temperature and skin
temperature, before and after treatment, were recor-
ded to evaluate changes in skin temperature of pa-
tients. Changes in the diameters of eczema and ulcer
of feet, and changes of skin color were measured to
evaluate prognosis of patients’ feet. The ratio of total
scores after treatment to those before treatment was
used to evaluate treatment efficacy.

Scoring Methods

1) Neurological function impairment Scoring
criteria of National Health Institute Stroke Scale
(NHISS) was taken.

ii) Neurological function prognosis Patients
were followed up 90 days after onset, and mo-
dified Rankin score (mRS) was adopted to eva-
luate neurological function prognosis of patients.
0-2 points meant good neurologic prognosis, 3-5
points meant poor neurologic prognosis, and 6
points meant death.
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iii) Pain of Diabetic feet (VAS rating scale was
used to evaluate conditions of pain of sick feet):
0 points meant no pain, 2 points meant bearable
mild pain, 4 points meant moderate pain for whi-
ch painkiller is needed and 6 points meant severe
pain needed to be treated with anesthetics.

iv) Changes of skin color: 0 points meant nor-
mal, 1 point meant that sick foot was dark red or
pale occasionally, 2 points meant that sick foot
was dark red or pale continuously or improvement
did not happen, and 3 points meant that sick foot
was deep purple.

v) Ulcer diameter: 0 points meant no ulcer, 1
point meant smaller ulcer area or scab, 2 points
meant no improvement of ulcer area and 3 points
meant larger ulcer area.

vi) Prognosis of diabetic foot: the ratio <0.3
was considered as recovery, 0.3-0.9 as effective,
ratio of 0.9-1 as ineffective and the ratio >1 as ag-
gravated.

Statistic Analysis

SPSS 19.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. Enumeration data
were expressed by the mean + standard deviation
(x-ts), and X2 test was adopted. The comparison
of mean in different groups was tested by two in-
dependent sample #-test. p <0.05 indicated that
the difference was statistically significant.

Results

In this research, 76 patients with acute ische-
mic stroke and diabetic foot were treated in Neu-
rological Department, Huanhu Hospital, Tianjin.
Among these 76 patients, 44 (57.9%) received
intravenous thrombolytic treatment, while 32
(42.1%) did not. For patients in two groups, the
difference in the comparison of NHISS scores be-
fore and after thrombolysis had statistical signifi-
cance (p<0.05), as shown in Table II.

Table II. NHISS scores.

The The
thrombolysis non-thrombolysis
Group group group
Before treatment 10£3 9+3
After treatment 7+4 10+3
t value 3.207 2.367
p value 0.002 0.023
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Table Ill. Evaluation on prognosis of diabetic foot.

The treatment The untreated
Item group n=44 group n=32 p value
Demographic characteristics
Gender, male (%) 24 (54.5) 22 (68.8) 0.617
Agex*s 64.2+12.7 63.4£12.5 0.589
NHISS 10+3 9+3 0.914
Risk factors
Coronary heart disease n (%) 15 (34.1) 9 (28.1) 0.559
Hypertension n (%) 28 (63.6) 20 (62.5) 0.552
Hyperlipemia n (%) 17 (38.6) 9(28.1) 0.315
Drinking n (%) 18 (40.9) 12 (37.5) 0.412
Smoking n (%) 22 (50.0) 17 (53.1) 0.120
Previous ischemic stroke or TIA n (%) 10 (22.7) 7 (21.9) 0.817
Admission blood pressure
SBP(mmHg)x + s 163.9421.2 162.6+27.1 0.285
DBP(mmHg)x + s 91.2+12.1 89.7+14.5 0.151
Laboratory examination
White blood count (x109/L) x £ s 8.9+3.4 8.6+3.0 0.522
Total cholesterol (mmol/L) x + s 5.1+0.9 5.4+1.3 0.560
Triglycerides (mmol/L) x + s 1.5+0.8 1.7+0.9 0.308
High-sensitivity C-reactive protein (mg/L) x £ s 5.6+1.8 57417 0.814
Blood sugar level when admitted to hospital (mmol/L) x + s 8.1+3.9 7.8+£3.2 0.224

Clinical Prognosis of Symptoms
of Diabetic Foot

For patients with acute ischemic stroke and dia-
betic foot, the comparison of clinical prognosis
of diabetic foot in the intravenous thrombolysis
group and the non-thrombolysis group was listed
in Table III and Table IV. In these two groups,
symptoms of diabetic foot in the intravenous
thrombolysis group before and after treatment
had a statistical significant improvement at 7 days
(»<0.01). As for VAS scores and improvement of
skin temperature, prognosis of the intravenous
thrombolysis group was better than that of the
control group (p<0.05).

Improvement of Symptoms of Patients
with Stroke after the Intravenous
Thrombolytic Treatment

The differences in NHISS scores of the throm-
bolysis group and the control group has statisti-
cal significance (p<0.05). According to statistical
data analysis, the prognosis for 3 months of pa-
tients undergoing intravenous thrombolytic treat-
ment was better than that of patients who did not.
The mortality of patients undergoing intravenous
thrombolytic treatment was lower than that of pa-
tients who did not. At the 3™ month, prognosis of
patients with acute ischemic stroke and diabetic
foot who underwent intravenous thrombolytic

Table IV. Changes in self-conscious symptoms of patients before and after intravenous thrombolytic treatment.

Increase of skin

VAS scores Color of skin Ulcer temperature
Before After Before After Before After Before After

Group treatment treatment | treatment treatment [treatment treatment | treatment treatment
The 2.76+0.40 1.42+0.29 1.50+£0.88  0.54+0.62 1.08+1.11 0.24+0.41 1.79+£1.25  0.35+0.49
thrombolysis

group

The control

group 2.31+0.32 2.19+0.21 1.54+0.92  1.06+0.14 1.27+1.06 1.01£0.62 1.81£1.06  0.92+0.88




C.-H. Li, Y. Chen, C.-H. Zhang, Z. Dong, Z. Wang, S.-N. Zhao, Y.-X. Wang, Z.-Y. Lv, P.-L. Zhang

Table V. The comparison of mRS scores 90d after patients treated with thrombolytic treatment.

Group The thrombolysis group The non-thrombolysis group
Good prognosis 29 (65.9) 10 (31.3)

Poor prognosis 15 (34.1) 20 (62.5)

Death 0(0) 2(6.3)

Total 44 32

treatment was better than those of patients who
did not. Meanwhile, the mortality of patients with
stroke and diabetic foot who underwent intrave-
nous thrombolytic treatment was lower than that
of patients who did not. mRS scores at 3 months
were listed in Table V.

Discussion

Since Alteplase (rt-PA) intravenous throm-
bolytic treatment was allowed by FDA to treat
acute ischemic stroke (AIS) in 1996, life quality of
patients with acute ischemic stroke has improved
a lot, and fatality rate and disability rate also re-
duced”'®. However, there are few relevant studies
on patients with Grade 0-1 diabetic foot by Wagner
classification and acute ischemic stroke who were
treated with intravenous thrombolytic treatment.
In this research, a retrospective analysis was per-
formed on patients with acute ischemic stroke and
Grade 0-1 diabetic foot by Wagner classification to
evaluate safety and efficacy of rt-PA intravenous
thrombolytic treatment. It was found that the im-
provement rate of diabetic foot for patients with
Grade 0-1 diabetic foot after intravenous throm-
bolytic treatment was higher than that in the control
group, and no adverse events happened.

There are 2%-37% patients with diabetes ha-
ving ulcers on lower legs''. Diabetic foot is cau-
sed by lesion of diabetic peripheral vessels. High
blood glucose will lead to endocrine and metabo-
lic disorders, reduces vascular elasticity, and pro-
motes the progress of atherosclerosis; continuous
hemodynamic abnormality will lead to damages
of vascular structures, vascular sclerosis and thi-
ckened basement membrane, causing vascular
endothelial injury'>'*. In blood vessels, venous
thrombosis form gradually, leading to blocked cir-
culation of blood pressure, microcirculation oc-
clusion, and ischemia in local tissues. As micro-
circulatory disturbance progresses, hypoxia and
ischemia in local tissues become more serious,
leading to ischemic necrosis of local tissues, and
diabetic foot further'*. Most of the previous stu-
dies’ regarded diabetic foot as clinical manife-
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station of severe diabetes and analyzed clinical
prognosis of intravenous thrombolysis by using
it as an independent risk factor of vascular risks.
Only two studies explored prognosis and safety
of intravenous thrombolytic treatment for patients
with diabetic foot and acute ischemic stroke. But
in these two studies the sample size was small and
the criteria to define the study group was different.

Some studies suggest that during the course
development of diabetes, microcirculatory distur-
bance occurs early. The hemodynamic abnormality
is an important manifestation of microcirculatory
disturbance. Arenillas et al'® found that severe dia-
betes was related to poor prognosis after intrave-
nous thrombolytic treatment. This study believed
that in patients with uncontrolled diabetes failure
of anti-thrombolytic agent occurs as the artery oc-
clusion in the brain obstructed thrombolytic drugs
to dissolve thrombus. After veins had been given
rt-PA intravenous thrombolytic treatment, if the
detection by transcranial Doppler found that arte-
rial occlusion still existed, it can be assumed that
resistance to thrombolytic agents happened. Me-
anwhile, the author of this study suggested that the
incidence of resistance to thrombolytic agents for
females was higher than that for males'”.

This research found that the ratios of short-term
and long-term prognosis for the rt-PA intravenous
thrombolytic treatment were higher than those of
the normal treatment group, and the difference
between two groups had statistical significance
(»<0.01). For patients with diabetic foot who had
undergone rt-PA intravenous thrombolytic treat-
ment, there was increased arterial pulse of dorsal
feet, good ulcer healing, and pain relief. This may
be because rt-PA can selectively combine with
plasminogen and fibrin on the surface of thrombus
to form compounds; during this period, plasmi-
nogen is transformed to plasmin; therefore, it can
dissolve thrombus, which effectively improves
blood flow of microcirculation, promotes blood
return, reduces intravenous extravasation of blood
and relieve limb swelling; so healing conditions
of ulcer and self-conscious symptoms of patients
were improved. Studies manifest that the half-life
of rt-PA is 4-8 minutes, and it has little pharmaco-



rt-PA for diabetic foot with acute ischemic stroke

logical effects on free plasmin in plasma, so it will
not cause systemic fibrinolysis.

This research also found that there was no
statistical difference in the incidence of adverse
events for patients in the treatment group and the
control group. In the treatment group, overall re-
sponse rate was 77.3%, and clinical symptoms did
not worsen. We assumed that diabetic foot should
not be the contraindication of intravenous throm-
bolytic treatment; what’s more, after patients re-
ceived intravenous thrombolytic treatment, their
foot symptoms improved obviously, and no ad-
verse events happened.

Conclusions

Taken above, intravenous thrombolytic treat-
ment should be used more widely as it can benefit
more patients. However, because of different rese-
arch methods and different sample size, this rese-
arch could not be compared with others. We also
realized the limitations. More related information
should be collected for analysis. Meanwhile, this
research did not deeply analyze insulin resistance,
so it is lack of related persuasive theories.
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