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Abstract
This study aimed to assess the Pulsatility index value as possible significant predictor of functional outcome among acute ischemic 

stroke patients who received intravenous thrombolytic therapy. 

Patient and Methods: this is a case series report involved three cases from three different centers in Egypt and UAE, those patients 
had acute ischemic stroke and received intravenous thrombolytic therapy as per guidelines and they were followed up over a period 
of three months.

Results: in those patients the Pulsatility index value of same side of the lesion were assessed and correlated with their functional 
outcome using modified rankin scale and showed that the functional outcome was poor when PI value was increased.

Conclusion: PI value in the cerebral vessels at same side of stroke lesion is a promising significant predictor of functional outcome 
in patients with acute ischemic stroke who received thrombolytic therapy. Thus, we recommend further large studies involving large 
number of patients and explore it as a possible significant independent predictor of functional outcome.
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Introduction

Stroke is the second most leading cause of death, and accounts 
for 11% of total world deaths in 2015 and the fifth leading cause 
of death in the United States, also more than 80% of strokes are 
ischemic strokes [1,2].

Pulsatility Index (PI) is increased in patients with vascular risk 
factors or pre-existing microangiopathy including hypertension, 

DM, retinopathy, nephropathy, and white matter disease [3,4]. 
These, insults lead to narrowing of cerebral small vessels and 
increase distal vascular resistance. This in turn causes the pattern 
of blood flow to be more pulsatile (increased systolic flow and 
decreased diastolic flow) in cerebral vessels, leading to a higher PI 
value on transcranial Doppler (TCD) assessment. Therefore, PI is 
regarded as a surrogate marker for cerebral small vessel disease 
[3].
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PI has been also recognized as a marker of cerebral small vessel 
disease. PI is increased in those with other features of cerebral 
small vessel disease such as white matter disease and microbleed, 
which are established as poor prognostic markers in acute stroke 
by themselves. Higher PI may not only indicate a higher severity of 
small vessel disease but also, contribute to further vascular injury 
and progression of atherosclerosis in cerebral vasculature [5,6].

Instruments used

•	 National Institute of Health Stroke Scale (NIHSS): It is a tool 
used by healthcare providers to objectively quantify the 
impairment caused by a stroke. The NIHSS is composed of 11 
items, each of which scores a specific ability between a 0 and 
4. The maximum possible score is 42, with the minimum score 
being a 0 

•	 Modified Rankin Scale (mRS): This is a tool used to assess the 
functional status of the stroke survivors and range from 0 (no 
disability) to 5 (severe disability), while dead is scored 6. 

•	 The Trial of Org 10172 in Acute Stroke Treatment (TOAST) 
classification: It is a widely used classification of ischemic 
stroke according to the presumed etiological mechanism. 
Ischemic stroke is divided into five groups: cardio embolism 
(CE), large artery atherosclerosis (LAA), small artery 
occlusion, stroke of other determined etiology, and stroke of 
undetermined etiology. 

•	 Transcranial colour carotid duplex (TCCD) using phased 
array (2-4 MHZ) probe. 

•	 Carotid and Vertebrobasilar Duplex using 5-10MHZ linear 
probe. 

•	 Magnetic resonance image (MRI) brain with diffusion. 

•	 MRA brain. 

•	 CT brain and CTA.

Study definitions

•	 Stroke severity using (national institute of national stroke 
scale (NIHSS): Patients were categorized according to the 
stroke severity into mild stroke, when the NIHSS score was ≤8; 
moderate stroke when the NIHSS score was from 9 to 15; and 
severe stroke when the NIHSS score was ≥16 [7].

•	 Functional outcome: Patients with a modified ranking 
scale(mRS) score of 2 or less were considered to have a good 

functional outcome and Patients with score 3 or more were 
considered to have poor functional outcome [8].

•	 Pulsatility Index: It is derived from the difference in the peak 
systolic velocity (PSV) and end systolic velocity (EDV) divided 
by the mean flow velocity (MFV); PI = (PSV – EDV)/MFV 
(Kidwell., et al., 2001), and its normal value range from 0.5 to 
1.2 [9].

Case (1) 

Male patient, 62-year-old, coronary artery disease (CAD), 
hypertensive, smoker, presented to emergency department 
(ED) complaining of right sided weakness, difficult articulation 
with intact repetition and comprehension, mouth deviation 
and numbness in the right side of the body 2 hours ago before 
presentation to ER, the condition started with sudden onset and 
stationary course. On examination: Fully conscious Glasgow 
come scale(GCS) 15/15, vitally stable (Blood pressure 140/90, 
temperature 37, pulse 80 beat/minute, respiratory Rate 20 breath/ 
minute), mild dysarthria, mild right upper motor neuron facial 
paralysis, right hemiparesis (lower limb more than upper limb, 
distal more than proximal, power in lower limb grade 3 and in upper 
limb grade 4), right hemi-hypoesthesia including face, right sided 
hyper-reflexes, right extensor plantar response, other neurological 
tests were intact, and the NIHSS score at time of admission was 
8. Laboratory investigations were done, and no abnormalities 
detected, also CT brain was unremarkable study. The patient 
was eligible for intravenous(I)V thrombolysis according to AHA/
ASA (American heart association/American stroke association) 
guidelines, benefits and hazards of treatment were discussed 
with the patient and relatives, and written consent was obtained. 
The patient received IV thrombolysis at dose 0.9 mg/Kg, his body 
weight was 80 kg and received 72 mg (10% infused intravenously in 
1 minute, the remaining 90% infused intravenously in 60 minutes) 
with door to needle time 50 minutes and onset to treatment time 
170 minutes (less than 3 hours). Patient was carefully monitored 
(vitally, neurologically and generally) according to guidelines 
protocols during and after receiving the IV thrombolysis. After 
finishing IV thrombolysis the patient was reassessed and the NIHSS 
1 hour after IV thrombolysis was 2, the patient was admitted to 
stroke unit to complete monitoring and stroke investigations work 
up, NIHSS 24 hours after IV thrombolysis was 0, CT brain follow 
up after 24 hours revealed acute left lacunar hypodense lesion in 
the posterior limb of internal capsule (as seen in figure 1), TCCD 
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was done and PI in the left middle cerebral artery(MCA) was 0.86 
(as seen in figure 2). According to TOAST classification, it was a 
stroke of undetermined etiology, and the patient was discharged to 
home after 72 hours, and NIHSS score was 0 and modified ranking 
score(mRs) was 0. The patient was followed up after 3 months 
of receiving IV thrombolysis and mRS was 0 (Good functional 
outcome).

Figure 1: CT brain axial view follow up 24 hours after receiving 
IV thrombolysis showing acute left lacunar hypodense lesion in 

the posterior limb of internal capsule.

Figure 2: TCCD Transtemporal approach, Mesencephalic plane 
of left M1 middle cerebral artery (MCA), 24 hours after  

receiving IV thrombolysis showing normal PI (0.86) at the same 
side of the lesion.

Case (2) 

Female patient, 70-year-old, atrial fibrillation (AF), type 2 
diabetes mellitus (DM), presented to ED complaining of disturbed 
level of consciousness, left sided weakness, mouth deviation and 
numbness in the left side of the body and difficult speech, 90 

minutes ago before presentation to ED, the condition started with 
sudden onset and stationary course. On examination: Disturbed 
conscious GCS 12/15, vitally stable (Blood pressure 130/80, 
Temperature 36.8, Pulse 90 beat/minute, Respiratory Rate 19 
breath/minute), global aphasia, moderate left upper motor neuron 
facial paralysis, left hemiparesis (lower limb more than upper 
limb, distal more than proximal, power in lower limb grade 1 and 
in upper limb grade 2), left hemi-hypoesthesia including face, 
left sided hyperreflexia, left extensor plantar response, other 
neurological tests were intact, and the NIHSS score at time of 
admission was 16. Laboratory investigations were done, and no 
abnormalities detected, also CT brain was unremarkable study. 
The patient was eligible for IV thrombolysis according to AHA/
ASA guidelines, benefits and hazards of treatment were discussed 
with the patient and relatives, and written consent was obtained. 
The patient received IV thrombolysis at dose 0.9 mg/Kg, his body 
weight was 90 kg and received 81 mg (10% infused intravenously in 
1 minute, the remaining 90% infused intravenously in 60 minutes) 
with door to needle time 45 minutes and onset to treatment time 
135 minutes (less than 3 hours). Patient was carefully monitored 
(vitally, neurologically and generally) according to guidelines 
protocols during and after receiving the IV thrombolysis. After 
finishing IV thrombolysis the patient was reassessed and the NIHSS 
1 hour after IV thrombolysis was 13, the patient was admitted to 
stroke unit to complete monitoring and stroke investigations work 
up, NIHSS 24 hours after IV thrombolysis was 10, CT brain follow 
up after 24 hours revealed acute right tempro-parietal Ischemic 
infraction (M2 MCA) (as seen in figure 3), TCCD was done and PI 
in the right MCA was 2.13(as seen in figure 4). According to TOAST 
classification, it was CE stroke, and the patient was discharged to 
home after 7 days, and NIHSS score was 10 and mRS was 4. The 
patient was followed up after 3 months of receiving IV thrombolysis 
and mRS was 3 (Poor functional outcome).

Figure 3: CT brain axial view follow up 24 hours after receiving 
IV thrombolysis revealing acute right tempro-parietal Ischemic 

infraction (M2 MCA).
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Figure 4: TCCD, Transtemporal approach, Mesencephalic plane 
of right MCA, 24 hours after receiving IV thrombolysis showing 

increased PI (2.13) at the same side of the lesion.

Case (3)

Female patient, 66-year-old, type 2 DM, presented to ED 
complaining of decreased level of consciousness, left sided 
weakness, 45 minutes ago before presentation to ED, the condition 
started with sudden onset and stationary course. On examination: 
Disturbed conscious GCS 12/15, vitally stable (Blood pressure 
140/85, Temperature 36.8, Pulse 90 beat/minute, Respiratory Rate 
19 breath/ minute), mild left upper motor neuron facial paralysis, 
left hemiparesis (lower limb more than upper limb, distal more 
than proximal, power in lower limb grade 2 and in upper limb 
grade 3),left homonymous hemianopia, left hemi-hypoesthesia 
including face, left sided hyperreflexia, left extensor plantar 
response, other neurological tests were intact, and the NIHSS score 
at time of admission was 13. Laboratory investigations were done, 
and no abnormalities detected, also CT brain was unremarkable 
study. The patient was eligible for IV thrombolysis according to 
AHA/ASA guidelines, benefits and hazards of treatment were 
discussed with the patient and relatives, and written consent was 
obtained. The patient received IV thrombolysis (Actilyse) total 
at dose 0.9 mg/Kg, his body weight was 100 kg, total dose 90 
mg (10% infused intravenously in 1 minute, the remaining 90% 
infused intravenously in 60 minutes) with door to needle time 
45 minutes and onset to treatment time 110 minutes (less than 
2 hours). Patient was carefully monitored (vitally, neurologically 
and generally) according to guidelines protocols during and after 
receiving the IV thrombolysis. After finishing IV thrombolysis the 
patient was reassessed and the NIHSS 1 hour after IV thrombolysis 
was 10, the patient was admitted to stroke unit to complete 
monitoring and stroke investigations work up, NIHSS 24 hours 

after IV thrombolysis was 8, CT brain follow up after 24 hours 
revealed acute right temporooccipital infraction involving PCA 
territory (as seen in figure 5), TCCD was done and PI in the right 
PCA 2.13 (as seen in figure 6). According to TOAST classification, it 
was CE stroke, and the patient was discharged to home after 7 days, 
and NIHSS score was 8 and mRS was 3. The patient was followed 
up after 3 months of receiving IV thrombolysis and mRS was 3 
(Poor functional outcome).

Figure 5: CT Brain without contrast axial view showing right 
tempro-occipital acute ischemic infarction involving right PCA 

territory.

Figure 6: TCCD, Transtemporal approach, Mesencephalic plane 
of right PCA, 24 hours after receiving IV thrombolysis showing 

increased PI (2.13) at the same side of the lesion.

Discussion

PI values are easily calculated from the waveform of blood flow 
in the cerebral artery examined and increases in accordance with 
distal vascular resistance and is considered a marker of small 
vessel disease and microangiopathic changes in brain10. These, 
insults lead to decrease size of cerebral small vessels and increase 
distal vascular resistance. This in turn causes the pattern of blood 
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flow to be more pulsatile (increased systolic flow and decreased 
diastolic flow) in cerebral vessels, leading to a higher PI value on 
TCD assessment. Therefore, PI is regarded as a surrogate marker 
for cerebral small vessel disease [3]. 

In lacunar stroke, early hemodynamic factors are crucial in 
determining whether the hypo-perfused area will be turned into 
a permanent infarct [11]. PI is positively associated with elevation 
of intracranial pressure, which results in decreased cerebral 
perfusion pressure [12,13]. Also, the excessive pulsatile flow 
of cerebral circulation is accompanied by the decrease of total 
cerebral blood flow [11]. Under normal conditions, increased 
pulsatile flow could be compensated for by autoregulation of the 
cerebrovascular system. 

However, as vascular reactivity is impaired in acute stroke, 
transmission of the increase in pulsatile flow may overcome 
the autoregulatory reserve, causing further brain damage [12]. 
Related to these, it was shown that segmental contraction occurs 
after the ischemia [13]. In addition, even though there is ischemia 
reperfusion in the early period, the capillary bed narrows 
segmentally by contraction of pericytes, and the passage of blood 
cells is prevented [14,15].

From these cases, it showed significant correlations between 
the increased value of PI and the poor functional outcome 3 months 
after IV thrombolysis and between the normal range value of PI 
and the good functional outcome 3 months after IV thrombolysis.

This agreed with previous studies like Nevzat., et al., 2013 [16] 
who explored the relationship between PI and clinical course of 
acute ischemic stroke after thrombolytic treatment and found 
a significant positive relationship between the NIHSS scores 
of patients at 24 hours and the PI that was measured on the 
recanalized MCA after IV thrombolysis and a significant positive 
relationship between mRS at 3 months and PI [17]. Also, Kim., et 
al., 2016 explored the effect of PI on infarct volume in acute lacunar 
stroke and demonstrated that PI was an independent determinant 
of infarct volume in acute lacunar stroke and consequently the 
functional outcome, and its measured value in acute stroke may be 
a surrogate marker of the extent of ischemic injury [17]. 

Conclusion

PI value in the cerebral vessels at same side of stroke lesion is 
a promising significant predictor of functional outcome in patients 

with acute ischemic stroke who received thrombolytic therapy. 
Thus, we recommend further large studies involving large number 
of patients and explore it as a possible significant independent 
predictor of functional outcome.
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