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Introduction - Motivation for topic 

 

 

 Stroke is an important socio-economic problem in terms of mortality and 

morbidity.  Every year 795,000 people in the world are affected by a new or repeated 

stroke. About 610,000 of these are first or new strokes. Strokes are classified as 

ischemic (87%), hemorrhagic (10%) and subarachnoid (3%) (Virani, 2020). 

 Ischemic stroke occurs due to obstruction of a cerebral artery, causing the 

lack of oxygen and nutrient supply to the brain tissue, which ultimately leads to 

ischemic brain lesion. The ischemic lesion consists of “core” - the central area where damage 

is irreversible, and the adjacent area – penumbra – brain tissue that can recover (Radak, 

2017). 

 According to the World Health Organization, stroke is the third leading cause 

of death in Europe, after cancer and cardiovascular diseases. Stroke incidence is 

variable depending on the country, region, and quality of healthcare. The incidence rate 

of ischemic stroke among young people has increased in recent years. Moreover, stroke 

is the first cause for disability and the second cause of dementia (Donkor, 2018). 

 In people under 55 years old, the incidence is lower in women than in men, 

but in the 55-75 years old group the incidence is either equal, or even higher in women 

(Virani, 2020). 

 Currently, stroke is an important public health issue in Romania, as our 

country ranks 10th in the world in terms of stroke incidence. The highest stroke 

incidence is in people aged over 65 (75% of the cases). Stroke prevalence is 0.1% in 

people under 40, 4.3% in people aged 55-70, and 13.9% in people aged over 70 

(Neagoe, 2013).  

 It is estimated that by 2030 stroke will become the main cause of death 

worldwide, with a total of about 7.8 million deaths/year (Strong, 2007). 

 Many strokes can be avoided through an efficient prevention system that 

includes strategies to control risk factors, adequate treatment and changes in lifestyle.  

 According to the National Guidelines for Neurologists, the recommended 



treatment for acute ischemic stroke (AIS) includes intravenous thrombolysis with 

Alteplase during the first 4.5 hours from the onset of symptoms, mechanical 

thrombectomy during the first 6 hours (with an extended window, according to criteria 

in Dawn and Defusse trials) or Aspirin administration to those who do not meet the 

eligibility criteria for brain reperfusion treatment (priority for interventional treatment 

of acute stroke patients).  

 Globally, only 2-10% of stroke patients receive brain reperfusion treatment. 

Therefore, it is essential to find other neuroprotective methods to improve the clinical 

evolution of patients. Many neuroprotective methods have proven efficient in animal 

studies, but failed in clinical trials with human subjects. 

 Ischemic conditioning is the procedure of inducing repeated brief episodes 

of ischemia that can trigger neuroprotective processes in the tissue or organ damaged 

by other ischemic lesions. Ischemic conditioning targets the mechanisms that impact 

the ischemia-reperfusion phenomenon. The ischemic stimulus can be applied before 

ischemia and vessel occlusion (preconditioning), during ischemia and before 

reperfusion (periconditioning) or after ischemia and during reperfusion 

(postconditioning) (Hess, 2013). 

 

 

Overview of chapters 

 

  The first part of the thesis contains general aspects regarding ischemic stroke and 

remote ischemic periconditioning.  

 

Chapter 1 presents general aspects regarding ischemic stroke. 

 

Chapter 2 reviews the risk factors associated with ischemic stroke. 

 

Chapter 3 presents the physiopathology of ischemic stroke. 

 

Chapter 4 summarises the physiopathology of remote ischemic periconditioning. 

 



Chapter 5 presents the research on the effects of remote ischemic periconditioning in 

ischemic stroke and expands on the experimental data obtained from clinical trials. 

 

The second part of the thesis contains personal research, a clinical trial that aimed 

to explore the efficiency of remote ischemic periconditioning in patients with acute 

ischemic stroke. 

 

Hypothesis and aim of the study 

 

 The aim of this thesis is to explore the efficiency and safety of remote ischemic 

periconditioning administered to the upper limb contralateral to the lesion, in patients 

with acute ischemic stroke, and its effects on nervous function and collateral blood flow 

recovery after the onset of ischemic events. 

The working hypothesis is based on the idea that administering remote ischemic 

periconditioning as soon as possible during an acute ischemic stroke will result in 

salvaging a greater volume of brain tissue (neuroprotection during reperfusion phase). 

Because the infarct volume is proportional with the severity of the neurological deficit, 

remote ischemic periconditioning could be a new therapeutic strategy to minimize the 

post-stroke disability. It is worth mentioning that this procedure is inexpensive, non-

invasive and does not involve medication.  

 

Trial endpoints (outcome measures) 

 

 The primary endpoint of the trial is imagistic: monitoring the 

neuroprotection during reperfusion, by measuring the volume of ischemic stroke at trial 

enrolment and after 6 months, by comparing 2 groups of patients, the interventional 

group and the sham group.  The infarct volume was assessed by brain CT without 

contrast dye (Siemens CT, GE).  The size of the ischemic stroke was determined 

manually by the radiologist, by examining the serial slices. 

 The volume of the initial infarct is defined as the hypodense area on the brain 

CT measured on days 3-4 after admission, corresponding to the ischemic stroke. It is 



manually outlined by the radiologist on the axial images. The final infarct volume after 

6 months was established using the same method. The difference in volume was defined 

as the difference between the infarct volume at 6 months and at baseline. 

The radiologist was blinded to how the patients were assigned. 

 The secondary endpoint of the trial is clinical - proving the clinical 

efficiency of the method. Changes were recorded in Rankin, Barthel, ADL and IADL 

disability scores upon admission, at 3 months and at 6 months.  

 As secondary endpoints, the effects on cognition (MOCA test) and 

depression (PHQ-9 test) were also monitored.  

 The trial also followed demographic data and vascular risk factors (defined 

according to the World Health Organization), possible complications (systemic, local, 

cerebral) during the clinical evolution, and adverse events reported during 

periconditioning. 

 

Materials and method 

 

 

      The personal scientific research is part of a multicenter, (Clinical Emergency 

Hospital of Bucharest and Colentina Hospital), double-blind (the patient and the 

doctor are not aware of how the included patients are assigned), prospective, 

randomized trial. 

 

 My personal scientific research presents the data from patients at Clinical 

Emergency Hospital of Bucharest - unicentric, double-blind, prospective, randomized 

trial. 

 40 patients have been included in the trial since July 2018, with 18 patients 

receiving periconditioning (the interventional group) and 22 patients in the control 

group. The trial was temporary halted due to the current epidemiological context, the 

SARS-CoV-2 pandemic. 



Patients included were aged 50-80 years old, with a diagnostic of ischemic stroke based 

on clinical-imaging criteria.  

 

Table 1. Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

Age 50-80 years old Hemorrhagic stroke confirmed by imaging 

Ischemic stroke confirmed by 

imaging 
Mechanical thrombolysis or thrombectomy 

NIHSS score between 5-25 points NIHSS score < 5 or > 25 points 

Onset less than 24 hours before, 

but NOT MEETING 

revascularization criteria 

(mechanical thrombolysis / 

thrombectomy) 

Fluctuating neurological deficit 

 

Signed consent of the patient Transient ischemic stroke 

 
Difference in BP values between upper 

limbs ≥ 10 mmHg 

 

Other concomitant brain lesions: 

Intracranial space-occupying lesions, brain 

damage 

 

Severe conditions that lower the survival 

rate: heart, liver, kidney conditions, 

multiple organ failure, severe sepsis, 

extracerebral tumours  

 
BP < 90/60 mmHg and BP > 200/100 

mmHg 

 Severe cognitive impairment 



Inclusion criteria Exclusion criteria 

 

Major surgery in the last 4-6 weeks that 

could pose a risk on patient survival 

 

 

Ischemic events with major sequelae in the 

last 6 months (stroke, acute myocardial 

infarction) 

 

 
Previous disability (modified Rankin scale 

> 3) 

 History of stroke in the last 6 months 

 Refusal to sign consent. 

Table 1 (continued) 

 

Randomization technique: 

 We used the 1:1 blinded randomization technique, with the on-call doctor drawing from 

sealed envelopes that contained the instructions for the periconditioning procedure. Following 

randomization, the patients were assigned to two groups: the interventional group and 

the control group. 

An authorized blood pressure measuring device was used. The cuff of the blood 

pressure monitor was applied to the upper limb contralateral to the motor deficit, to 

reduce the risk of phlebitis and preserve the sensitive stimuli.  

The procedure was performed during the first 24 hours from symptom onset. The 

initial BP was measured. 

Patients in the interventional group underwent 5 cycles of cuff inflation-deflation (3 

minutes, up to a cuff pressure 50-80 mmHg higher than the initial systolic BP or up to 

the maximum value tolerated by the patient, but not higher than 180 mmHg; alternating 

with 5 minutes of reperfusion - deflating the cuff to 0 mmHg). The method was applied 



2 times/day (in the morning and afternoon), for 5 days. The patients in the control group 

had the cuff put on the arm and underwent a “sham conditioning”, by inflating up to 30 

mmHg (5 inflation-deflation cycles). The patients were able to stop the procedure at 

any time. 

The patients and medical staff were not aware of how the patients were assigned in groups. 

All patients underwent native brain CT on day 3-4 and after 180 days. The scans 

were performed at the Clinical Emergency Hospital of Bucharest, using two devices - 

GE 128 slices and Siemens Somaton 128 slices. 

Brain CT scans were also performed upon admission of patients, but they were not 

used as a variable in the statistical analysis. Brain CT was chosen as it is accessible, fast 

and cheap compared to brain MRI. 

All trial subjects received the standard treatment for secondary prevention of stroke, 

according to the recommendations in the National Guidelines for Neurologists, which 

was adapted depending on each patient’s status. 

 

Standard patient evaluation included: 

- Neurological examination and neurological scales: NIHSS, Barthel, IADL, ADL, 

Rankin, MOCA, PHQ-9 

- Native brain CT 

- ECG 

- Transcranial Doppler Ultrasound 

- Cardiac Ultrasound 

- Holter monitor / 24 hours. 

 

Patient follow-up methods: 

- 3 months post-stroke, clinical: neurological deficit was ranked based on neurological 

scores and scales described above (NIHSS, Barthel, IADL, ADL, Rankin, MOCA, 

PHQ-9); 



- 6 months post-stroke, clinical and imagistic: neurological deficit was ranked based on 

neurological scores and scales described above (NIHSS, Barthel, IADL, ADL, Rankin, 

MOCA, PHQ-9 CT and brain volume CT. 

 

Statistical analysis was performed using SPSS 20.0 Software, targeting 

descriptive epidemiological data, correlations between risk factors and final endpoints, 

comparisons between the two groups from the clinical and imagistic points of view. 

 

Results 

1. General epidemiological data 

 

The trial comprised 40 patients enrolled during a 24-month interval. Out of these, 18 

were randomized in the periconditioning group and 22 were included in the control group.  

The mean age of patients in the non-periconditioning group was 64.41 ± 1.9 years old (min. 

50 years and max. 79 years old), with a mean variation between 60.41 and 68.41 years. In 

the periconditioning group the mean age was 66.78±1.5 years old (min. 53 years and max. 

79 years old), with a mean variation between 63 and 69 years. The difference between means 

was not significant (p=0.356 for CI: -7.49-2.7) (Figure 1.1) 

 

Figure 1.1. Mean age of patients in the two groups 

 

59.1% of the subjects in the non-periconditioning group were male (40.9% female). In the 



periconditioning group there was a larger proportion of male subjects as compared to 

female subjects (61.1% vs. 38.9%), the difference being non-significant p=0.89 (Figure 

1.2). 

 

Figure 1.2. Gender distribution in the two groups 

 

The abdominal circumference in the non-periconditioning group was between 90-130 

with a mean value of 108.6+/-2.4 cm, while in the periconditioning group the values were 

between 83-130 with a mean value of 100.5+/-2.9 cm. There was a median difference of 

7.89 cm between the mean values. Based on statistical analysis, t-test value was 2.1 for CI: 

0.35-15 and df’38. The difference was statistically significant (p=0.041) (Figure 1.3). 

 

Figure 1.3. Mean abdominal circumference in the two groups 

2. Prevalence of vascular risk factors 

Arterial hypertension had a higher share in the non-periconditioning group (19 vs 

12), with a prevalence of 77.5%, the difference being non- significant, p=0.138 (Figure 

2.1). 



 

Figure 2.1. Distribution based on arterial hypertension  

Diabetes mellitus was present in ¼ of the cases, more frequently in patients without 

periconditioning, 36.4% vs 11.1%, in the preconditioning group, the frequency of diabetes 

being 3.5 times higher in the control group (χ²=3.36 df=1, p=0.067), with 25% prevalence. 

This characteristic may represent a confounder in our trial (Figure 2.2.). 

 

Figure 2.2. Distribution based on diabetes mellitus. 

 

3. Clinical lab values at inclusion 

Glycemia had higher mean values in the non-periconditioning group (145.9 ±11.6 mg/dl, with 

mean variations between 122-169 mg/dl) vs the periconditioning group (125.7 ±13 mg/dl, with mean 

variations between 97-152 mg/dl), with a difference of 1.218 for df = 38, but not statistically 

significant p=0.231 (Figure 3.1). The non-significant difference in terms of glycemia between 

groups can decrease a potential confounding brought on by the group difference in terms of 

diabetes’ frequency, which is statistically significant. 



 

Figure 3.1. Glycemia distribution in the two patient groups 

The mean values of systolic blood pressure in the two groups were about 153±5.4 

mmHg vs. 154±8.2 mmHg, corresponding to stage I arterial hypertension, with no 

significant difference p=0.858 (Figure 8.7). The values for diastolic blood pressure were 

within normal range for both groups (Figure 3.2).  

 

Figure 3.2. Distribution of systolic blood pressure values in the two groups  

No significant differences were found between means of other biological 

parameters: temperature, heart rate, Sat O₂ or lipid profile. 

 

4. Ischemic stroke localisation and etiology 

 

Stroke was localized in areas supplied by the middle cerebral artery (MCA) in similar 

proportions (68.2% vs 83.3%), with no significant differences between the two groups 

(Figure 4.1). 



 

Figure 4.1 Localization of ischemic stroke on brain CT 

 

Regarding the etiology of ischemic stroke, atheromatosis was the main cause in 

both groups. For the non-periconditioning group there was a higher percentage of damage 

to the small vessels (22.7%) vs 5.7 % in the periconditioning group (Figure 4.2). 

 

 

Figure 4.2. Stroke etiology (TOAST classification) 

 

5. Other parameters 

Upon admission 60% of the patients were taking antihypertensive medication, 35% 

were taking antiplatelet medication, 10% were taking anticoagulant medication (7.5% 

vitamin K antagonist and 2.5% NOAC), and 22.5% were taking a statine.  

The proportion of patients that required kinesiotherapy were similar in the two 

groups (90.9% vs 83.3%), the difference not being statistically significant (p=0.471). 

 

6. Primary endpoint 

The mean volume of ischemic stroke upon enrolment in the trial was 11.19 ±3.8 mm3 in 

patients in the periconditioning group, with variation between 2.64 and 19.75 mm3.  



The mean volume of ischemic stroke upon enrolment in the trial was 8.56 ± 3.53 mm3 

in patients belonging to the non-periconditioning group, with variation of individual values 

between 1.59 and 15.72 mm3.  

The mean volume of ischemic stroke at 6 months was 9.38 ± 2.75 mm3 in patients 

belonging to the periconditioning group, with variation of values between 3.34 and 15.4 

mm3.  

The mean volume of ischemic stroke at 6 months was 6.73 ± 2.52 mm3 in patients 

belonging to the non-periconditioning group, with variation between 1.59 and 11.8 mm3. 

The mean value of the difference between infarct volumes at baseline and at 6 months 

is higher in absolute value for the treated (periconditioning) group as compared to the control 

(non-periconditioning) group, but with no statistical significance (p=0.318). A possible 

explanation for the lack of statistical significance is the higher mean volume upon admission 

in the treated group (Figure 6.1). 

 

Figure 6.1. Infarct volume measured on the CT scan at 0 and 6 months. 

 

 

 

The difference in infarct volume calculated in the two groups had a tendency to 

increase in the periconditioning group as compared to the non-periconditioning group, but 

there was no statistical significance (p=0.318), a probable explanation being the higher 

mean volume upon admission in the treated group (Figure 6.2). 



 

Figure 6.2. The difference in volume calculated in the two groups upon enrolment and at 6 

months. 

 

7. Secondary endpoint 

 

As a secondary endpoint, we analysed the changes in clinical evolution and 

disability using neurological scales: NIHSS, mRS, Barthel, IADL, ADL, cognitive 

function (MoCA), depresssion (PHQ-9), as well as complications, at trial enrolment, at 3 

months and at 6 months. The variation of variables in neurological tests depending on 

ischemic periconditioning did not show different means. Considering the normal 

distribution in the subgroups at different moments, the General Linear Model was used 

for repeated measurements. 

 

7. 1. Evolution of neurological deficit severity according to NIHSS Scale 

The analysis showed that periconditioning had no influence on NIHSS score (Figure 

7.1.1). 

 

Figure 7.1. Evolution of NIHSS score in time depending on periconditioning factor. 

 



 

7.2. Evolution of the degree of disability according to modified Rankin 

Scale  

Rankin score showed slight improvement in the periconditioning group, but no 

statistical significance (p=0.646) (Figure 7.2.1). 

 

 

Figure 7.2.1. Evolution of Rankin score in time depending on periconditioning factor. 

 

 

 

7.3. Evolution of the degree of disability according to Barthel Index  

There was slight improvement in the periconditioning group, but no statistical significance 

(p=0.394) (Figure 7.3.1). 

 

 

Figure 7.3.1. Evolution of Barthel Index in time depending on periconditioning factor 

 

 

 



 

7.4. Evolution of cognitive performance – MoCA test 

 

There was a slight influence of periconditioning factor on the evolution of MoCA score in 

time, in the periconditioning group, but no statistical significance (p=0.565) (Figure 7.4.1). 

 

Figure 7.4.1. Evolution of MoCA test score in time depending on periconditioning factor. 

 

7.5. Evolution of post-stroke depression - PHQ-9 test 

There was no influence of periconditioning factor on the evolution of PHQ score in 

time (p=0.61) (Figure 7.5.1). 

 

Figure 7.5.1. Evolution of PHQ-9 score in time depending on periconditioning factor 

 

7.6. Assessment of cerebral and local complications 

Mortality rate was 4.5% (1 patient) in the control group and 1.1% (2 patients) in the 

periconditioning group. Stroke recurrence was 5.6%, with a recurrent stroke occurring on 

day 14 in the periconditioning group. There was no cerebral hemorrhage.  



Ischemic periconditioning was well tolerated, and did not correlate with local 

complications (pain or bruising at the cuff application site), cerebral complications (cerebral 

edema, stroke recurrence), or systemic complications (bedsores, urinary tract infections, 

bronchopneumonia, death). 

 

8. Influence of risk factors and other variables on the primary endpoint 

(reduction of infarct volume) in each of the two groups. 

 

8.1. History of arterial hypertension 

In the periconditioning group there was a decrease in infarct volume in patients 

with arterial hypertension as compared to those without arterial hypertension (U (2,19) 

=10, p=0,3) but the difference was not statistically significant. In the control group (no 

prericonditioning) high arterial tension patients showed an increase in infarct volume 

compared with those having normal arterial tension.  The difference was statistically 

significant (U=6, p=0.009), showing the negative role of this morbidity in the evolution 

of stroke patients that did not undergo ischemic periconditioning (Figure 8.1.1.). 

 

Figure 8.1.1. Influence of arterial hypertension on infarct volume decrease in 

ischemic stroke patients  

 



 

 

 

8.2. Influence of age on infarct volume decrease  

From the graphs below we note a negative linear relationship between volume difference 

and age. Infarct volume decrease is lower with increased age, becoming negative in 

patients over 75 years old (coefficient of determination r²=0.242). The model is statistically 

relevant when applying ANOVA, with a test value F=5.1, p=0.038. 

For the periconditioning group, the linear relationship is not relevant, r²=0.04, the 

chosen model not being supported from a statistical point of view p=0.242 (Figure 8.2.1). 

 

Figure 8.2.1. Influence of age on infarct volume decrease in both groups 

 

 

8.3. Influence of systolic blood pressure on infarct volume decrease 

Linear regression analysis was applied to the relationship between systolic blood pressure and 

infarct volume variations. In the non-periconditioning group the relationship between the two 

variables has an average value r=0.4, but the coefficient of determination r²=0.16 is low due to 

the low number of values.  

In the periconditioning group, the coefficient of determination r²=0.048, the linear regression 

model not being supported from a statistical point of view p=0.471 (Figure 8.3.1). 



 

Figure 8.3.1. Influence of systolic blood pressure on infarct volume decrease in 

both groups 

 

9. Variation of assessments using neurological scales, depending on 

ischemic periconditioning and other factors 

9.1. Assessment by Rankin score 

Male patients in the periconditioning group had a 2.5-fold decrease in the means of 

this score, the difference being statistically significant (p=0.042). 

The evolution in the non-periconditioning group showed no significant variations 

depending on patient gender (p=0.102) (Figure 9.1.1). 

 

Figure 9.1.1. Evolution of Rankin score depending on gender, periconditioning and time 

since the stroke 



9.2. Assessment by MoCA test 

Evolution of cognitive impairment was not significantly influenced by ischemic 

periconditioning, regardless of gender (Figure 9.2.1.). 

 

Figure 9.2.1. Evolution of MoCA test score depending on gender, ischemic 

periconditioning and time since the stroke. 

 

9.3. Assessment by PHQ-9 test 

A decrease curve was noticed for mean values of PHQ score (depressive syndrome) 

in female as compared to male, when using ischemic periconditioning (Figure 9.3.1.). 

 

Figure 9.3.1. Evolution of PHQ-9 score depending on gender, periconditioning and 

time since the stroke. 

 

 

 



Discussions 

A series of clinical studies showed that periconditioning is well tolerated and represents 

a favourable strategy to protect the brain from ischemia. Among these, only a few were 

randomized controlled studies and they showed that periconditioning offered 

neuroprotection from cerebral ischemia in stroke. 

Periconditioning is safe, feasible, well tolerated, low-cost, easy to implement and can 

be performed by any operator (patient, caretaker, medical staff), anywhere (at home, in the 

ambulance, at the hospital) 

Periconditioning developed as a neuroprotective strategy in ischemic stroke, for 

prevention as well as treatment, and its implementation is growing yearly in medical centers 

around the world. 

By reviewing literature to date, we consider that this study is the first one to assess the 

effects of ischemic periconditioning in patients with ischemic stroke ineligible for cerebral 

reperfusion, and to follow-up the effects of periconditioning through evolution of final 

infarct volume on CT and through changes on neurological functional scales. 

Brain CT was chosen as investigating method because it is cheap, accessible, and the 

examination takes less time as compared to brain MRI. 

Up to the date of writing this thesis, four studies with complete data were published, 

focusing on ischemic periconditioning in ischemic stroke, performed in prehospital care or 

at the hospital, and designed following adequate criteria, with randomized control. 

The strengths of the trial covered by this thesis lie in the double-blind design with 

randomized control. All patients had a diagnosis of ischemic stroke, confirmed clinically and 

with brain CT, the primary endpoint being the measurement of the final infarct volume at 6 

months. Previous studies measured the final volume of ischemic stroke on MRI (Hougaard, 

2014); (England, 2017); (Che, 2019); (Pico, 2020). All our patients received all 5 cycles of 

inflation-deflation of the blood pressure monitor cuff. We followed STAIR (Jovin, 2016) and 

STIR (Warach, 2016) recommendations, and assessed the long-term effects of 

periconditioning (at 6 months), through imaging (final volume of cerebral infarction) as well 

as clinically (NIHSS score, mRS scale).  

 



Conclusions and personal input 

 

Reperfusion therapies significantly improved the prognosis of patients with acute 

stroke, but even complete reperfusion is sometimes associated with severe neurological 

sequelae or exitus.  

Remote ischemic conditioning had clearly favourable results in the treatment of 

myocardial infarction, which suggested applying this strategy to patients with ischemic 

stroke.  

Published studies that deal with clinical effects of ischemic periconditioning are 

relatively scarce and heterogeneous, lacking a unified approach, and with important 

differences in terms of number of subjects, patient inclusion criteria, investigation protocols 

(applying the cuff to the lower/upper limb, the moment to initiate the procedure and the 

period of application, the number and duration of inflation-deflation cycles). In addition, 

studies also differ in terms of the endpoints chosen to assess the effects of remote ischemic 

iconditioning. Hence the inconclusive results obtained by some researchers and the 

significantly favourable results that others obtained.  Despite the already mentioned 

heterogeneity, clinical trials show with no exception that ischemic conditioning techniques 

are well tolerated, with no adverse side effects.  

Naturally, before using remote ischemic periconditioning as therapy for stroke it is 

imperative to perform clinical trials to establish its potential to improve the consequences of 

ischemic stroke, and the current thesis is part of this approach. 

 

The main endpoints of this trial were: 

1. Primary endpoint: measuring the ischemic infarct volume upon enrolment in 

the trial and at 6 months, and comparing the values between the two groups of patients; 

2. Secondary endpoints: proving the clinical efficiency of the method by 

recording differences between Rankin, Barthel, ADL, IADL scores upon enrolment, at 

3 months and at 6 months.  

3. As further secondary endpoints, the effects on cognition (MOCA test) and 

depression (PHQ-9 test) were also studied. Complications in the clinical evolution, and 

adverse events reported during periconditioning were also recorded. 



 

Regarding the proposed endpoints, we can conclude the following: 

1. The present trial was prospective, double-blind, with randomized control, and 

took place at the Clinical Emergency Hospital of Bucharest, Neurology ward, as part of 

a research performed alongside Colentina Clinical Hospital. Subsequently, due to 

Colentina Clinical Hospital becoming a COVID unit, the patients enrolled there were 

excluded.  

During the first stage of the trial the subjects were selected based on predefined 

criteria, to form the two groups, i.e., the control and the treated group. I mention that the 

following subjects were excluded from the trial: patients that underwent thrombolysis 

or thrombectomy, those with hemorrhagic stroke and those with transient ischemic 

stroke. The other inclusion and exclusion criteria are detailed in the thesis. 

General epidemiological data of the patients included in the two study groups 

underwent statistical analysis, and there were no statistically significant differences in 

terms of important parameters, which is essential considering that clear discrepancies 

between groups can lead to errors when interpreting the results. 

We chose to perform remote ischemic iconditioning by applying the blood pressure 

monitor cuff to the upper limb contralateral to the neurological deficit, as we thought it 

to be more comfortable for the patient, and the procedure was repeated according to 

protocol, for 5 days after hospital admission. 

2. The primary endpoint of the trial was imaging through brain CT examination upon 

enrolment in the trial and at 6 months from the ischemic stroke. Comparison of 

differences in infarct volume between these timepoints showed a sharper increase in 

negative volume variation for the periconditioning group, as compared to the non-

periconditioning group (no statistical significance was reached). Not reaching 

significance may be explained by the fact that mean infarct volume upon admission was 

higher in the interventional group.  

Extensive research of published papers investigating remote ischemic conditioning 

in stroke showed that this trial is the first one to apply ischemic periconditioning 

exclusively to patients ineligible for reperfusion treatment, and to assess infarct volume 

through CT imaging (Poalelungi, 2021). 



3. Within the secondary endpoint, which aimed to reveal the favourable effects of 

ischemic periconditioning by improving neurological, psychological and cognitive 

deficits, we obtained the results below: 

- NIHSS score: periconditioning has no influence on the evolution of this score; 

- modified Rankin scale: in the periconditioning group a slight improvement was 

observed, but statistical significance was not reached; 

- Barthel score: subjects in the periconditioning group showed a slight 

improvement, but no statistical significance was reached; 

- ADL scale: the evolution of this score showed a slight improvement in the 

periconditioning group, but no statistical significance was reached; 

- IADL scale: the evolution of this score showed a slight improvement in the 

periconditioning group, but no statistical significance was reached; 

- MoCA test: there was a slight influence of periconditioning factor on the 

evolution of MoCA score in time, in the periconditioning group, but statistical 

significance was not reached; 

- PHQ-9 test: there was no influence of periconditioning on the evolution of 

PHQ score in time; 

- Recurrence of ischemic stroke occurred in only one patient in the 

periconditioning group; 

- Cerebral edema in only one patient in the non-periconditioning group; 

- There was no cerebral hemorrhage; 

- Death occurred in one subject in the non-periconditioning group, and in two 

subjects in the periconditioning group. 

 

Final notes: 

Future randomized controlled studies are needed to investigate the effect of 

ischemic periconditioning in ischemic stroke, in large groups of patients and with 

protocol optimization. In addition, the data obtained can drive the research regarding 



ischemic periconditioning application to other subtypes of cerebrovascular disease, 

such as hemorrhagic stroke.  

Making this procedure a part of standard practice will allow developing efficient 

interventions in terms of public health and health policies, in order to reduce post-stroke 

disability. 

If the above data on ischemic periconditioning and its positive effects on patient 

evolution are confirmed in extensive studies with large groups of patients, this 

procedure could be implemented as a relatively easy routine procedure, in both 

prehospital care and in the hospital, in the emergency room, in clinical wards and even 

in neuro-ICU. 

Performing periconditioning in prehospital care, in the ambulance, could save 

brain tissue in the penumbra, thus having further implications on cerebral reperfusion 

therapies.  

Ischemic periconditioning is a treatment method that has neuroprotective 

effects, is efficient and easy to administer, promising, cheap and well tolerated. 
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