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RELEVANCE Telemedicine solves the problem of the availability of highly qualified personnel at the decision-making stage in the management of patients with 

intracerebral hemorrhage. 

AIM OF STUDY We set out to evaluate the effect of teleconsultation on outcomes in patients with intracerebral hemorrhage 30 days after the event. 

MATERIAL AND METHODS A prospective, open, nonrandomized clinical trial in two parallel groups. The first group included adult patients up to 80 years of age 

with a hemorrhagic stroke from 4 to 36 points according to NIHSS due to unilateral supratentorial intracerebral hematoma of non-aneurysmal genesis, who were 

examined by a neurosurgeon and resuscitator of the Regional Vascular Center in a ward. The second group included similar patients, but they received telemedicine 

consultation of the above specialists. The primary endpoint of the study was mortality 30 days after the onset of the stroke. The hypothesis of non-superiority was 

tested where the 95% confidence interval (CI) for the difference in mortality between the groups should not go over 15 percentage points. 

RESULTS A total of 140 patients (70 in each group) with intracerebral hematomas were studied. Mortality in the bedside group was 14.3% (CI 7.1%; 24.7%), and in 

the remote group it was 25.7% (16.0%; 37.6%), p=0.091. However, there was no evidence of superiority, since the difference between the groups in mortality was 

11.4 with CI from –0.07 to 24.5 percentage points, which was beyond the predefined limit. 

CONCLUSIONS At the current level of development of medicine and information technology, telemedicine cannot fully replace the traditional (bedside) 

consultation of an expert level of neurosurgeon and neuroresuscitator in patients with intracerebral hematomas. 
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CI – confidence interval 

ICHm – intracerebral hematoma 

ICHg – intracerebral hemorrhage 

LEC – Local Ethics Committee 

PEP – primary endpoint 

PVD – primary vascular department 

RVD – regional vascular department 

 
Telemedicine is recognized as one of the priority areas of healthcare development in the Russian Federation. The greatest 

benefit from the use of telemedicine technologies is expected for patients with a high risk of adverse outcome [1], which includes 
patients with intracerebral hemorrhage (ICHg). The successful management of these patients requires staged assistance and timely 

routing to medical institutions of a higher level with a department of neurosurgery and resuscitation. However, not all patients, due 

to a number of circumstances, should be re-hospitalized in medical organizations of the higher level. In such cases, telemedicine 

becomes a solution to the dilemma of routing and the availability of highly qualified personnel. With the help of telemedicine, 
medical organizations gain access to the knowledge and experience of rare specialists: neurosurgeons and neuroresuscitators, 

regardless of the remoteness of the patient. A narrow specialist helps the consulted party to determine the tactics of patient 

management: he solves the question of transferring the patient to the next stage of medical care (tele-routing) or gives 

recommendations for treatment on the spot with subsequent dynamic monitoring for timely review of tactics (telemonitoring). 
In a previous study, we did not prove the effect of telemedicine consultation on the outcome of the disease in patients with 

ICHg [2]. The study was retrospective, and we were not able to gather full information about the type of intracerebral hematoma 

(ICHm), the severity of multiple organ failure, video conferencing quality and other circumstance to eliminate their influence on 

the study endpoints. The need for a study with a prospective set of patients determined the relevance of this work. 
MATERIAL AND METHODS 

From June 2015 to August 2017, the Sverdlovsk Regional Clinical Hospital No. 1 (Yekaterinburg) and 6 resuscitation and 

intensive care units of medical organizations of the Sverdlovsk Region, which include Primary Vascular Department (PSD), in two 

parallel groups, a prospective, open, non-randomized clinical study of the effects of teleconsultation on outcome after 30 days was 
conducted in patients with intracerebral hemorrhage. The study was approved by the Local Ethics Committee (LEC) of the hospital. 



By decision of the LEC, additional informed consent was not required from patients to participate in the study, since the methods 

used did not contradict established local practice, and the study protocol did not contain additional risks for patients.  

The  Group 1 included patients hospitalized from the attached territory via ambulance and who received advice from a 
neurosurgeon and a neuroresuscitator at the patient's bedside. The Group 2 included patients admitted to the PSD who participated 

in the study, but had one or more telemedicine consultations of the above specialists. 

The study included patients who met the following criteria: age from 18 to 80 years; the first day of a hemorrhagic stroke with 

the formation of a hematoma in the parenchyma of the cerebral hemispheres; NIHSS score from 4 to 36. Additional inclusion 
criteria for patients of the Group 2 were teleconsultation on the 1st day of the disease and excellent quality of videoconferencing, 

which was evaluated on the original 5-point scale [3]. 

The study did not include patients: with clinical signs of brain death; from beneath the eye on the aneurysmal nature of 

hemorrhage; with bilateral brain damage; with the presence of subtentorial ICHm; with a combination of hemorrhagic and ischemic 
stroke; pregnant.  

The primary endpoint (PEP) of the study is the difference between the groups in the frequency of deaths on the 30 th day from 

the onset of the disease.  

Secondary endpoints of the study: the difference between the groups in the frequency of neurosurgical operations and the 
percentage of unfulfilled recommendations. 

Technical support and regulations for teleconsultation were published by us earlier [4] and were similar in this study. The 

telecommunication system consisted of 3 components: the post of the consulting party, telematic channels for transmitting 

information and the terminal of the consulted party. A telecommunication session was preceded by an e-mail request in which the 
consultant could familiarize himself with the questionnaire containing the patient’s demographic data and a preliminary diagnosis. 

In order to carry out this study, we used the Cisco TelePresence SX 20 mobile installations (Cisco Systems, USA) and the Edge 75 

MXP fixed installation (Tandberg, Norway) with the ability to remotely control a camera. During the video conferencing, the 

consultant physician controlled the remote camera, which made it possible to conduct a more detailed search and assessment of 
symptoms during a neurological examination. Communication was provided through a virtual private network on the channels of 

Rostelecom JSC. The communication channel of an automatic telephone station of Sverdlovsk RVC consulted prior to resuscitation 

departments and intensive care was organized using digital subscriber line technology. Upon completion of the teleconsultation, 

the written opinion of the medical consultant was sent by e-mail. 
Diagnostic and treatment advice was given according to the clinical guidelines for the management of patients with acute ICHg 

[5]. According to the indications, some patients received repeated teleconsultations on day 3, 7, 14 and 30 of the disease. 

Upon completion of the recruitment of patients, an analysis of case histories was carried out to verify information by endpoints, 

as well as to count the number of recommendations made that were given as a result of teleconsultations. If the patient was 
discharged from the hospital earlier than 30 days from the onset of the disease, then information on the end points of the study was 

collected using a telephone interview with the patient or his relatives. 

For all patients, data on demographic indicators, hemorrhage characteristics, stroke severity on the NIHSS and ICH scales [6], 

the degree of disability on the Rankin scale, and the severity of multiple organ failure on the SOFA scale were collected. The 
hematoma volume was calculated by the ABC/2 method according to computed tomography of the brain [7]. 

All statistical procedures were performed using the Stata 15 program (Stata Corp, USA). 

The sample size was calculated according to the generally accepted method [8], based on the following assumptions: the 

hypothesis of non-excellence is tested; one-sided Chi-square test is used, mortality in the RVC is 14.9%; the frontier of excellence 
is 15%; the error of the first kind is taken equal to 5%; an error of the second kind is taken equal to 20%, which corresponds to a 

power of 80%; distribution of patients between groups 1: 1; retirement of patients was not planned due to their short-term 

participation in the study. The estimated sample size was 140 patients (70 in each group). All 140 study participants were monitored 

30 days before the outcome. Patients did not drop out of the study. 
The chosen boundary of excellence reflects a clinically acceptable difference between the groups, taking into account the 

different levels of medical care in the RVC compared with the PVD in the studied nosology. 

To assess the normality of the distribution of quantitative characteristics, a visual assessment of the frequency distribution 

(according to the histogram and the normality graph) was used, followed by the use of the Shapiro-Wilk and D 'Agostino criteria. 
The normal distribution of signs was not observed, therefore, non-parametric statistics methods were used. Quantitative 

characteristics are given in the form of the median and the boundaries of the interquartile range (in brackets). Binary quality data 

is presented as a percentage share and the boundaries of the 95% confidence interval (CI) for the share (in brackets). Quantitative 

traits were compared using the Mann-Whitney test or the exact Fisher-Pitman test. Qualitative traits were compared with the Chi-
square test or Fisher’s exact test. Multivariate analysis was performed using binary logistic regression. An error of the first kind 

was set equal to 0.05. The null hypothesis (absence of differences) was rejected if the probability (p) did not exceed an error of the 

first kind. 
RESULTS 

The main characteristics of patients are presented in Table 1. In the Group 1, patients were younger, among them there were 

fewer women and patients with subcortical localization of the hematoma. The groups did not statistically significantly differ in the 

severity of hemorrhage and the volume of hematoma. 

  



  
T a b l e  1  

The main characteristics of the patients and the results 

 

Parameter Bedside Remotely p 

Age, years 58 (50; 65) 61.5 (54; 70) 0.033 

Male, % 67.1 (54.9; 77.9) 48.6 (36.4; 60.8) 0.026 

Subcortical location,% 31.4 (20.9; 43.6) 52.9 (40.6; 64.9) 0.010 

Ventricular component,% 41.4 (29.8; 53.8) 31.4 (20.9; 43.6) 0.219 

Volume of hematoma, ml 10.3 (3.6; 25.0) 7.2 (3.0; 15.2) 0.329 

NIHSS score 12.5 (8; 16) 13 (8; 19) 0.647 

ICH score 2 (1; 3) 2 (1; 2) 0.550 

SOFA score 2 (1; 3) 2 (2; 2) 0.399 

Surgical treatment,% 21.4 (12.5; 32.9) 2.9 (0.3; 9.9) 0.001 

Duration of hospitalization, days 14 (11; 18) 14 (9; 19) 0.938 

Rankin 30 days later, score 4 (3; 4) 4 (3; 6) 0.153 

Mortality 30 days later, % 14.3 (7.1; 24.7) 25.7 (16.0; 37.6) 0.091 

 

Quantitative characteristics are given in the form of the median and the boundaries of the interquartile range (in brackets). 

Binary quality data is presented as the fraction and boundaries of 95% CI for the fraction (in brackets). 
Based on the results of telemedicine consultations, 89 recommendations were given, of which 7 (7.9% CI 3.2%; 15.5%) were 

not implemented for objective reasons due to changes in the clinical situation shortly after the consultation.  

The mortality rate in the Group 1 was 14.3% (CI 7.1%; 24.7%), and in the Group 2 it was 25.7% (16.0%; 37.6%), p = 0.091. 

However, no superiority was proved, since the difference between the mortality groups was 11.4 with CI from –0.07 to 24.5 
percentage points, and, therefore, the CI crosses a predetermined border. 

An imbalance of groups by gender, age, and hematoma localization was revealed (Table 1). In order to control biasing factors, 

a multivariate analysis of the effect of group imbalance on the primary endpoint was carried out. Significant effect of the imbalance 

of the groups according to the initial signs on mortality between the groups was not detected (table. 2). 

  
T a b l e  2  

Multifactor analysis 

 

Parameter OR 95% CI for OR p 

Group 0.46 0.18; 1.14 0.095 

Male 0.94 0.38; 2.26 0.886 

Age 1.01 0.97; 1.04 0.611 

Subcortical location 0.97 0.40; 2.34 0.951 

Note: OR – odds ratio 

  

A total of 17 patients were operated on (12.1%). The operational activity in the Group 1 was significantly higher than in the 

Group 2: 21.4% (12.5%; 32.9%) versus 2.9% (0.3%; 9.9%), p = 0.001 (statistically significant). The mortality rate among operated 

patients in the Group 1 was lower than in the Group 2 46.7% (CI 21.3%; 73.4) versus 100% (CI 15.8%; 100%), but statistically 
not significant, p = 0.471. 
DISCUSSION 

At the time of submitting the article to the publishing house (March 2019), we are not aware of the results of any other published 

prospective studies in the field of clinical telemedicine in patients with ICHg. 
According to the results of the study, 30-day mortality in patients with ICHm in groups did not reach clinically significant 

comparability. Given that the recommendations of the consultants were implemented, the lack of comparability can be explained 

by the different level of medical care in the RVC compared to the PVD in general. At the RVC interdisciplinary team of specialists 

with a neurosurgeon and neuroresuscitator assist the patient with hemorrhagic stroke. According to the data obtained, the difference 
in mortality between groups can be more than 15 percentage points, which can no longer be explained only by the level of medical 

care. Therefore, the management of the patient by specialists of expert level is better than their only remote participation. 



The low operational activity in the Group 2 is explained by the need to transport patients from PVD to the neurosurgical 

department of the RVC, which was not always possible due to the risk of worsening the patient's condition and, accordingly, 

reflected on recommendations for patient management tactics. The second reason for the lower frequency of surgical treatment 
could be a more frequent location of the hematoma in the subcortical region in patients of the Group 2. Due to the small number 

of patients operated on, the analysis of this subgroup was not informative. 

The lack of randomization is a significant limitation of our study, which led to an imbalance of the groups according to the 

initial characteristics, so the results of the study may be biased. However, multivariate analysis did not reveal a significant effect 
of the imbalance of the groups according to the initial signs on the primary endpoint of the study. Nevertheless, such a large 

difference in mortality between the RVC and PVD raises the question of clarifying the indications for transferring patients with 

ICHg to a higher level medical institution. To date, there is insufficient evidence that could establish the criteria for transferring 

patients with ICHg to the next stage of medical care. Current recommendations include extremely broad and inaccurate parameters 
[9]. Further randomized clinical trials using telemedicine technologies are needed to clarify the indications for transferring patients 

with ICHg to the higher level of medical organizations. 
CONCLUSION 

At the current level of development of medicine and information technology, telemedicine cannot fully replace the traditional 

(at the patient’s bedside) consultation of an expert level neurosurgeon and neuroresuscitator in patients with intracerebral 
hematomas. 
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