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Abstract  The authors carried out a comparative analysis of surgical treatment results of 80 patients with hypertensive 

intracerebral hemorrhage (ICH). There were 22 females and 58 males. The mean age was 58.8±14.0 years. The results of the 

study showed that a comprehensive analysis of MSCT morphometric parameters were necessary in order to achieve high 

rates of 30- and 90-day survival in patients with intracerebral hemorrhage. This, in turn, allows the surgeon to choose the 

optimal and adequate method of surgical intervention in each specific case. 
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1. Introduction 

There has been an increase in the prevalence of 

intracerebral hemorrhages (ICH) in recent years which  

rank second according to the World Health Organization. 

The frequency of ICH is on average 20 cases per 100,000 

population, the fatal outcome exceeds 40% [27]. There are 

discussions about the surgical treatment of ICH to this day. 

Most specialists in this field offer a lot of different types   

of techniques of surgical treatment. Despite the existing 

various methods of surgical interventions on improving the 

treatment results and survival of patients with ICH, the 

mortality and disability rates with this formidable pathology 

still remain high [1-6,28]. There are still no clear standards 

or algorithms for surgical interventions in relation to 

hemorrhagic stroke. Postoperative mortality in the world's 

leading ICH surgery clinics reaches 48 – 50% [2,11,15,26]. 

The high mortality rate is justified by the fact that 

hemorrhagic stroke is a consequence not only of an isolated 

cerebral lesion, but also a complication of medically 

uncontrolled hypertension [16,21,32]. High mortality and 

disability of patients determine the relevance and detailed 

study of this issue in the field of ICH surgery. 

The aim of this research is to study the 30- and 90-day 

survival in patients with ICH after surgery depending on 

MSCT morphometric parameters. 

2. Material and Methods 

We conducted a retrospective analysis of 80 patients with  
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brain ICH. There were 22 females and 58 (72,5%) males 

aged 15 to 88 years The mean age was 58.8±14.0 years.   

All patients were performed neurological examination and 

assessment of the condition severity according to the 

National Institutes of Health Stroke Scale (NIHSS) and   

the modified Rankin scale (mRs). Evaluation of the 

consciousness level violation was carried out using the 

Glasgow Coma Scale (GCS).  

After studying the anamnesis and physical examination, 

all patients were performed a multi-slice computed 

tomography (MSCT). MSCT-morphometry included the 

assessment of the following indicators: localization and 

volume of the hematoma, the presence of a breakthrough of 

blood into the ventricular system, the condition of the bypass 

cistern, deformation or expansion of the ventricular system 

and its sizes, displacement of the median structures of the 

brain, perifocal edema around the hematoma at its presence 

and secondary brain changes.  

We used a modified Graeb scale (mGS) when assessing 

the spread of intraventricular hemorrhage. The 30- and 

90-day survival of patients using the Kaplan-Mayer method 

was estimated based on the analysis of MSCT-morphometric 

parameters. 

3. Results 

An analysis of the results of 80 patients showed the 

following: in 22.5% (n=18) cases, lobar localization of ICH 

took place, in 13.8% (n=11) cases - medial localization, 15% 

(n=12) cases - lateral localization, in 10% (n=8) cases - 

localization in the thalamic area, in 27.5% (n=22) cases - 

mixed localization and in 11.2% (n=9) cases hemorrhage 

was diagnosed in the posterior cranial fossa. The analysis of 

30- and 90-day survival of patients with ICH showed the 
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following results: in 10% (n=8) cases the ICH volume was 

up to 10 cm3 (breakthrough into the ventricular system with a 

high gradation on the mGS scale), in 30% (n=24) cases, the 

volume of ICH ranged from 11 to 20 cm3: in 9 of them 

hemorrhage was localized in the posterior cranial fossa, and 

in the remaining 11 cases there was a medial localization 

with a breakthrough of blood into the ventricular system with 

occlusion of the liquor pathways. Endoscopic removal of the 

ICH was performed in 4 cases with lateral hemorrhage with 

an ICH volume of 20 cm3. In 21.2% (n=17) cases the volume 

of ICH ranged from 21 to 30 cm3 and in 51.7% (n=31) cases 

it varied from 31 to 40 cm3 (Table 1).  

Table 1.  Characteristics of 30- and 90-day survival of patients with ICH, 
depending on clinical, CT-morphometric and ultrasound parameters after 
surgery 

Characteristics 
Number of 

patients 

30-day 

survival 

after 

surgery 

90-day 

survival 

after 

surgery 

р 

ICH volume 

Up to 10 cm3 8 0.5 0.25 

0.002 
11-20 cm3 24 0.71 0.66 

21-30 cm3 17 0.82 0.63 

31-40 cm3 31 0.4 0.12 

The presence of IVH on the mGS scale 

0 points 18 0.94 0.77 

0.33 1 points 2 1.0 1.0 

2 points 10 0.9 0.56 

3 points 7 0.57 0.57 

0.37 

4 points 8 0.37 0.37 

5 points 4 0.5 0.25 

6 points 9 0.44 0.16 

7 points 10 0.3 0.15 

8 points 12 0.29 0.29 

Displacement of median structures 

<5 mm 21 0.8 0.39 
0.55 

>5mm 20 0.16 0.11 

Degree of the bypass tank compression from the ICH side 

0-3 mm 19 0.73 0.61 

0.37 3.1-6.0 mm 45 0.54 0.39 

6.1 mm and more 16 0.56 0.42 

Degree of the bypass tank compression from                         

the opposite side of the ICH 

0-3 mm 5 0.8 0.26 

0.73 3.1-6.0 mm 22 0.57 0.51 

6.1 mm and more 53 0.58 0.44 

The results of the large-scale study "STICH II" showed 

strong evidence in support of the hypothesis of improved 

outcomes after early surgical intervention, the advantage of 

which was justified by the fact that after the removal of ICH, 

the perfusion of the medulla around the bed was allegedly 

improved due to the elimination of mass effect and local 

vascular compression [12,14,17,18,22,23,29]. But other 

numerous randomized studies contradict the above 

mentioned theory, as the surgical intervention itself is an 

additional factor of aggression, causes an aggravation of 

vascular spasm, an increase in edema around the hematoma 

bed, which in turn leads to a persistent unsatisfactory 

functional outcome [8,10,30]. However, there was a 

statistically significant positive result towards early surgery 

in compare with conservative therapy in patients with a level 

of consciousness according to GCS >13 points without signs 

of IVH and lobar localization [19].  

We conducted a comparative analysis of the 30- and 

90-day survival rates of patients with ICH, depending on the 

volume of hemorrhage. The analysis showed a tendency 

towards an increase of these indicators as the volume of  

ICH increased, which specified the efficiency of surgical 

intervention. Thus, the 30-day survival rate with an ICH 

volume up to 10 cm3 was 0.5, with a volume from 11 to 20 

cm3 – 0.71 and with a volume from 21 to 30 cm3, this 

indicator was 0.81, respectively. There was also a dynamic 

increase of 90-day survival rates by rising of ICH volume – 

0.15, 0.66 and 0.63, respectively. Particular attention was 

drawn to the category of patients with an ICH volume from 

31 to 40 cm3: there was a contradictory picture of survival 

rates in this group of patients, i.e. a decrease in 30-day 

survival rates to 0.4 and 90-day to 0.12, respectively (Figure 

1 A and B). 

Consequently, there is a question and contradictory data in 

favor of surgical intervention. Possible reasons for this 

phenomenon may be other MSCT morphometric parameters, 

such as the presence of a pronounced compression of the 

bypass cistern, a pronounced displacement of the median 

structures, and a high gradation of intraventricular 

hemorrhage (IVH) according to the mGS scale. Thus, the 

analysis of the bypass cistern compression degree showed 

that at the most pronounced compression of the bypass 

cistern, this indicator ranged from 0 to 3 mm (the most 

pronounced cerebral edema), which was observed in 23.7% 

(n=19) cases, in 56.3% (n=45) cases – from 3.1 to 6.0 mm 

and in 20% (n=16) cases – 6.1 mm or more. The 30- and 

90-day survival rates were highest in patients with severe 

cerebral edema – 0.73 and 0.61, respectively. This was the 

result of adequate and optimal surgical tactics aimed not  

only to the evacuation of the ICH, but also decompressive 

trepanation for the elimination of the bypass cistern 

compression from the hemorrhage, since the evacuation of 

the hematoma itself did not eliminate the compression factor 

of the brain bypass cistern of the due to the formation of 

cerebral edema around the ICH because of hemorrhage and 

surgical manipulation. Thus, it can be summarized that 

hematoma evacuation itself does not eliminate the problem 

of cerebral compression and thus requires an individual 

approach in each specific case. With sizes from 3.1 to 6.0 

mm and from 6.1 mm or more, the 30-day survival rate was 

0.54 and 0.56, respectively. The 90-day survival rate was 

0.39 and 0.42, respectively, which also testifies in favor of 

the results we obtained (Figure 2 A and B). 
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Fig. 1 (А) 30-day survival in patients with surgical treatment 

depending on ICH volume 
Fig. 1 (В) 90- day survival in patients with surgical treatment depending 

on ICH volume 

 ICH volume up to 10 cm3 

 ICH volume up to 11-20 cm3 

 ICH volume up to 21-30 cm3 

 ICH volume up to 31-40cm3 

Figure 1 

 

  

Fig. 2 (А) 30-day survival in patients with surgical treatment 

depending on compression of the bypass cistern from the 

hemorrhage 

Fig. 2 (В) 90-day survival in patients with surgical treatment 

depending on compression of the bypass cistern from the 

hemorrhage 

 Compression degree from 0 to 3 mm 

 Compression degree from 3.1 to 6.0 mm 

 Compression degree from 6.1 mm and more  

Figure 2 
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Fig. 3 (А) 30-day survival in patients with surgical treatment, 

depending  on the mGS scale grade 
Fig. 3 (В) 90- day survival in patients with surgical treatment, 

depending  on the mGS scale grade 

 0 point on the mGS scale 

 1 point on the mGS scale 

 2 points on the mGS scale 

 3 points on the mGS scale 

 4 points on the mGS scale 

 5 points on the mGS scale 

 6 points on the mGS scale 

 7 points on the mGS scale 

 8 points on the mGS scale 

Figure 3 

4. Discussion 

When analyzing the world literature on the basis of 

multiple large-scale studies conducted by leading experts  

in this field, it was noted that one of the main predictors    

of  an unfavorable outcome was IVH as a result of the 

breakthrough of ICH into the ventricular system of the  

brain [7,13,20]. It was proved in the STICH study, that 

intraventricular hemorrhage due to an ICH breakthrough 

reduced the frequency of favorable outcomes from 31% to 

15% [9]. Trifan G et al. in his researches proved that the 

indicators of the mGS scale were the most important 

predictors of the treatment outcome in patients with ICH 

complicated by a breakthrough of blood into the ventricular 

system. Thus, it was noted in this study that in patients with 

mGS >5 points, the probability of an unfavorable outcome 

was high. In patients with mGS <5 points, the probability  

of a favorable outcome was high [24]. Tuhrim et al. showed 

in his studies that IVH volume was associated with lower 

30-day survival rates [25]. Also Young et al. determined in 

their studies that an IVH volume >20 ml was a poor 

prognostic factor [31]. Analysis of the results of 30-     

and 90-day survival of patients with surgical treatment, 

depending on the degree of grade according to the mGS scale, 

showed the following: with zero grade by the mGS scale, 

12.8% (n=18) cases were observed (the 30-day survival rate 

was 0.94); with the first grade by the mGS scale, there was 

1.4% (n=2) - the 30-day survival rate was 1.0; with the 

second grade - (7.1% (n=10)) – 0.9; at the third grade - (5% 

(n=7)) – 0.57; with the fourth one - (5.7% (n=8)) – 0.37; with 

the fifth grade - (2.8% (n=4)) – 0.5; with the sixth one -   

(6.4% (n=9)) – 0.44; with the seventh grade - (7.1% (n=10)) 

– 0.3; 8.6% (n=12) cases were observed with the eighth 

grade (30-day survival was 0.29) (Figure 3 A and B).  

5. Conclusions 

Thus, we can conclude based on our study that 30- and 

90-day survival rates in patients with ICH who were 

performed surgery depend on MSCT morphometric 

parameters: localization of ICH, volume of hemorrhage, 

degree of intraventricular hemorrhage grade on the mGS 

scale and the degree of compression of the bypass cistern of 

the brain.  

A comprehensive analysis of MSCT morphometric 

parameters in patients with ICH allows the surgeon to choose 

the optimal and adequate method of surgical intervention in 

each case, which in turn increases the survival rates of ICH 

patients and thereby reduces the degree of mortality.  
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