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Abstract: Intracerebral Haemorrhage (ICH) is an important public health problem leading to high rates of death and 

disability in adults. Early and reliable identification of the stage of ICH is vital when choosing the proper treatment and 

estimating patient’s diagnosis and outcome. Diffusion Weighted - Magnetic Resonance Imaging (DW-MRI) presents a 

variation in the image signal intensity characteristics relative to the different stages of ICH and thus an increased 

understanding of the progression of the signal intensity variations on Diffusion Weighted (DW) images, subsequent to the 

onset of ICH, is valuable. In the present paper an effort was made to quantify the variations in the signal intensity 

characteristics on DW images, at evolving stages of ICH, for 32 subjects, by means of Signal Intensity Gradient (SIG) 

imaging metric. The relative increase in the SIG values (RSIG) for the subjects with ICH was in the range of (3.83 – 35.67) 

times compared to their corresponding SIG values on the contralateral normal side. The observed RSIG values were elevated 

in Stage 1 (Hyperacute: <1 day) and further progressively decreased in Stage 2 (Acute: 1 - 7 days) and Stage 3 (Late subacute: 

7 - 14 days), and eventually reached their minimum in Stage 4 (Chronic: >14 days) of ICH. Also a negative correlation (r = − 

0.97) was observed between the RSIG values and the evolving stages of ICH. Therefore, the progression of the RSIG values 

could be supportive in understanding the developmental stages of ICH, and further be helpful in predicting the ICH stage and 

providing treatment at the appropriate time. 
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1. Introduction 

Intracerebral Haemorrhage (ICH) accounts for 8-13% of 

all strokes and results from a wide spectrum of disorders 

[1]. Typically greater than one third of the patients with 

ICH do not survive and only twenty percent of the patients 

regain functional independence [1]. This high rate of 

morbidity and mortality has prompted investigations for 

new medical therapies for ICH [1, 2]. However despite its 

relatively high incidence and poor associated outcomes, 

therapeutic advances for ICH remain limited. The limited 

success in establishing effective therapies is mainly due to 

the inadequate quantity and quality of clinical studies [3]. 

The radiological assessment of the subjects with 

suspected ICH is an extremely important part of their 

management. Traditionally Computed Tomography (CT) 

has been considered the gold standard to image ICH due to 

its high sensitivity and specificity. Nevertheless, studies 

carried out in the past indicate that Magnetic Resonance 

Imaging (MRI) has the capacity to show haemorrhages in 

different stages, enabling the assessment of bleeding onset, 

whereas CT is positive only for acute and subacute 

haemorrhages [4, 5]. This information suggests that MRI 

should be the imaging modality of choice for subjects with 

ICH who may receive antithrombotic treatment [6]. 

The usual pattern of MRI appearances corresponding to 

the different stages of ICH is well known. The generalized 
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model for the appearance of ICH on Magnetic Resonance 

(MR) images attributes the various signal intensity patterns 

of evolving ICH to the oxygenation state of hemoglobin, 

and the integrity of the red blood cells [7-9]. Even though 

conventional MRI has been frequently used to evaluate the 

appearance and underlying biophysical basis of evolving 

ICH over the past few years, Diffusion Weighted - 

Magnetic Resonance Imaging (DW-MRI) has only recently 

been recognized as a valuable investigative resource 

[10-15]. DW-MRI makes use of additional strong 

diffusion-sensitizing gradients, and is extremely sensitive 

tool to monitor brain water diffusion changes with high 

temporal and spatial resolution, and therefore allows for 

more detailed insight into the pathophysiology of ICH [16].  

Studies carried out in the past suggest that diffusion is 

restricted in the area of ICH before and after cell lysis, 

resulting in bright signal intensity on Diffusion Weighted 

(DW) images [7, 10]. Further, studies have been carried out 

to characterize haemorrhage on the basis of DW-MRI 

findings, and they qualitatively indicate that hematomas are 

initially hyper-intense on DW images and later 

hypo-intense during the first few days after onset [10, 11, 

17, 18]. Other investigators have recognized that hematoma 

signal intensity on DW images varies with time [7], but 

have not thoroughly quantified these signal intensity 

changes. Furthermore there are reports that describe the 

temporal evolution of Apparent Diffusion Coefficient 

(ADC) values within lesions following ICH, to identify 

their usefulness in clinical diagnosis of ICH and treatment 

[7, 10, 16, 19, 20]. 

Early and reliable detection of the stage of ICH is 

important for choosing the correct treatment and estimating 

patient's prognosis and outcome. Assessment of the stage of 

haemorrhage is important since it shows the exact state of 

the brain injury and thereby affects the rest of the therapy. 

In most of the clinical settings it is observed that 

radiologists access the ICH subjects only by observation of 

DW images, wherein, the hematoma signal intensity is 

visually graded as hyper-, iso, or hypo-intense, relative to 

the contralateral normal side of the subject [7, 10, 18, 21]. 

This procedure requires high level of expertise in the field 

considering the complex parameters that affect the 

appearance of ICH on MRI. Therefore estimation by 

observation method is sensitive to experience and may be 

subjected to misinterpretation of the actual stage of 

haemorrhage. The objective of the present work was to 

examine the signal intensity characteristics of the various 

stages of ICH on DW images and realize a computer based 

method to automatically quantify the signal intensity 

variations at the evolving stages of ICH. This information 

would definitely support the radiologists in the early and 

precise identification of the ICH stage and help out the 

further management and therapeutic decisions. 

In the present work we have made an effort to grade the 

evolution of the signal intensity variations on DW images 

for the subjects with ICH using Signal Intensity Gradient 

(SIG) imaging parameter. Analysis was performed on a set 

of DW images of the human brain in the axial plane to find 

the relationship between the SIG values and the progression 

of ICH, and present evidence in defining the stages of ICH. 

The ADC methods reported in literature to study the signal 

characteristics of ICH on DW images generally use a 

dedicated workstation to record the ADC measurements by 

drawing Regions of Interests (ROIs) on the ADC map. For 

research purposes, using a separate workstation for 

measuring ADC values may not seem to be a laborious 

process, but it is an arduous and time-consuming task if 

measurements need to be obtained routinely. Further, 

calculation of the ADC values is done considering an ROI 

within the area of haemorrhage using a single axial section 

(showing ICH). For accurate analysis such methods 

demand for a thorough understanding of the entire 

haemorrhagic area as the ADC values may differ spatially 

within the area of haemorrhage [18]. 

The new method proposed in our work takes care of the 

drawbacks of the ADC methods that have been employed 

for the diagnosis of ICH. Our method most likely speeds up 

the investigation procedure as it can be carried out 

routinely without relying on a dedicated workstation and to 

some extent could also minimize the chances of 

inter-observer bias, as the entire area of haemorrhage is 

considered for image analysis. Further, all the axial sections 

showing ICH are taken into account to evaluate the SIG 

values, and for each axial section selected, the entire 

affected area (showing haemorrhage) is taken into 

consideration. Therefore, the method assures no loss of 

information as it covers larger area of the brain (multiple 

axial sections) and also rules out the demand on the need 

for expertise as the entire affected area is considered for 

carrying out the investigation. Overall, the main advantage 

of the proposed method is that the quantitative changes in 

the SIG values obtained from DW images might be 

assessed, and further they may possibly aid in the speedy 

and precise radiological identification of the ICH stage, as 

correct identification of the ICH stage is a critical step in 

planning the appropriate therapy. 

2. Materials and Methods 

2.1. Subjects 

In our retrospective study, we investigated 32 

intracerebral haemorrhagic lesions (22 male, 10 female, 

ages ranging from 28 years to 85 years with an average age 

of 57 years) of different stages using echo-planar DW-MRI. 

The appearance of ICH for all the 32 subjects was 

confirmed by ruling out the possibility of bright signal on 

DW images that is not due to restricted diffusion, but rather 

due to high T2 signal which “shines through” to the DW 

image, referred to as T2 shine through. This was done by 

verifying the appearance of hyper-intensities on DW 

images and concomitant reduced ADCs relative to the 

contralateral normal brain in their initial MR studies. 

Further all the subjects showed magnetic susceptibility 
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artifact on gradient echo sequence, confirming it is 

haemorrhage. The ethics approval was obtained from the 

committee of clinical research at the RAGAVS Diagnostic 

and Research center, Bangalore, India, and Vikram Hospital, 

Bangalore, India. 

The evolution of ICH can be described by five distinct 

stages, namely Stage 1: Hyperacute (<1 day), Stage 2: 

Acute (1 - 3 days), Stage 3: Early subacute (3 - 7 days), 

Stage 4: Late subacute (7 - 14 days) and Stage 5: Chronic 

(>14 days) [9, 22]. However acute and early subacute 

stages of ICH display similar appearance on DW images [7, 

13]. As a result, in the present work we have grouped the 

acute and early subacute stages of ICH collectively to form 

Stage 2, that is, the Acute stage (1 - 7 days). Accordingly in 

our work depending on the time interval between symptom 

onset and initial MRI, four stages were categorized. The 

four stages were: Stage 1: Hyperacute (ten subjects within 

24 hours of symptom onset); Stage 2: Acute (five subjects 

between days 1 and 7); Stage 3: Late subacute (nine 

subjects between days 7 and 14) and Stage 4: Chronic 

(eight subjects after 14 days). 

2.2. Imaging Parameters 

All the subjects underwent clinical MR imaging with 1.5 

T symphony maestro class MR scanning system from 

Siemens. DW-MRI was performed by using a multisection, 

single-shot, spin-echo, echo-planar pulse sequence with 

following parameters: Repetition Time [TR] = 3200 ms, 

Echo Time [TE] = 94 ms, acquisition matrix = 128 x 128, 

Field of View [FOV] = 230 mm x 230 mm, and diffusion 

gradient value of b = 1000 s/m
2
 along 19 axial sections, 5 

mm thick section and intersection gap of 1.5 mm. 

2.3. Signal Intensity Gradient 

DW-MRI is highly sensitive to changes in water motion 

[23], because signal loss occurs with more water diffusion 

when using a diffusion-sensitized pulse sequence. The 

presence of intact cell membranes restricts molecular 

diffusion [24] and the lysis of RBC membranes in the 

evolution of hematomas might, therefore, change the 

environment regarding water mobility [10]. DW images 

thereby differ among the stages of evolving hematomas in 

that the appearance of signal intensities on DW images 

transforms from being hyper-intense to hypo-intense as the 

haemorrhage evolves with time, from one stage to another 

[7, 10, 18]. Accordingly the spatial intensity variation 

distribution of the subjects with ICH on DW images reveals 

that the image signal intensity is not uniformly distributed 

over the entire DW image (high signal intensity in the area 

of haemorrhage). There are abrupt jumps in the image 

signal intensity in the areas of haemorrhage in contrast to 

the other healthy areas of the brain, where the signal 

intensity distribution is almost uniform [25, 26]. We have 

made an attempt to investigate and quantify the water 

molecule diffusion patterns producing signal intensity 

variations in the different stages of ICH using the SIG 

parameter. The strength of the signal intensity variations 

quantified by the SIG values would thereby provide 

information about the brain tissue architecture, either 

normal or in a diseased state. To obtain the relative SIG 

values (RSIG), the SIG values evaluated in the area of 

haemorrhage were compared to the corresponding SIG 

values from the contralateral side of the same subject using 

(1). 

SIG on ICH side SIG on contralateralside
RSIG

SIG on contralateral side

−
=   (1) 

The RSIG values so obtained were employed in 

differentiating the haemorrahgic tissues from the healthy 

tissues, and further employed in the categorization of the 

different stages of ICH. Consequently, detection and 

quantification of the observed signal intensity variations on 

DW images, in the areas of brain showing ICH, may allow 

for the characterization of the ICH stages and by this means 

aid in the proper planning of the clinical treatment. 

2.4. Data Analysis 

DW images obtained in DICOM format were converted 

to bmp format with intensities scaled to fit the conventional 

range of (0 - 255). This was done to reduce the complexity 

in the image manipulation algorithms and to achieve speed 

up in processing the images. DW image obtained from each 

ICH subject in the axial plane was divided into six 

anatomically significant areas as shown in Fig.1.  

 

Figure 1. Axial DW image showing areas of brain 

For each subject with ICH, we obtain a set of DW 

images in the axial plane taken at different axial sections 

(from 1 to 19). The subject with ICH presents abrupt 

changes in the image signal intensities in one (or more) of 

the six areas, in the affected axial sections. The axial 

sections that indicate such changes in the signal intensities 

were selected for image analysis. For each axial section 

selected from the ICH subject, the following procedure was 

employed to obtain the decisive SIG value for that subject. 

Firstly an ROI, I(x, y), was manually placed in the 

particular area of the DW image, covering the high 

intensity region showing ICH for that axial section. An 

equivalent (mirror) ROI of the same size was manually 
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selected on the contralateral normal side of the same 

subject for comparison. The ROIs on each side were further 

divided automatically (using Adobe Photo-shop CS3) into 

smaller sub-regions, f(x, y), corresponding to an image size 

represented by (M x N) pixels. The typical values for M 

and N selected for image analysis range in between 16 to 

18 pixels. Additional care was taken while choosing the 

sub-regions to avoid any errors that may be caused due to 

edge effects (change in intensity along the periphery of 

ICH). The ROI and the corresponding sub-regions on the 

ICH side and on the contralateral normal side for a subject 

with ICH (area 1, axial section 16) are shown in Fig.2. 

 

Figure 2. DW image showing ROI (I(x, y)) and sub-regions (f(x, y)) on ICH 

side (area 1, axial section 16) and contralateral side 

Given that water diffusion has directionality, in order to 

take care of the orientation dependent contrast (diffusion 

anisotropy), the SIG value for each sub-region, f(x, y), was 

evaluated using the Robinson compass operator comprising 

of eight kernels as shown in Fig.3. The Robinson method is 

easier to implement because it relies only on coefficients of 

0, 1 and 2, and the masks are symmetrical about their 

directional axis (axis with the zeros). The set of 8 kernels 

applied in Robinson’s operator are produced by taking one 

kernel and rotating its coefficients circularly [27]. These 

kernels were convolved with the input image, f(x, y), to 

obtain the SIGs along the corresponding directions. GS, 

GSE, GE, GNE, GN, GNW, GW, and GSW, represents 

gradients along South, South-East, East, North-East, North, 

North-West, West and South-West directions respectively. 

The magnitude of the maximum change in the SIG is the 

maximum value gained from applying all the eight kernels 

to the pixel neighborhood. The maximum SIG value, 

represented as SIGmax, is given by (2) [25, 27]. 

 

Figure 3. Robinson kernels and their orientation 

GSW} GW, GNW, GN, GNE, GE, GSE, max{GS,SIGmax =   (2) 

For each sub-region on the ICH side, the magnitude and 

the location of SIGmax was evaluated. Subsequently, SIGmax 

values obtained from all the sub-regions of the ROI on the 

ICH side were scanned to obtain the value of the overall 

maximum SIG value for that axial section. The 

corresponding SIG value from the contralateral normal side 

was noted for comparison. The magnitude of the maximum 

SIG value so obtained for the axial section indicates 

whether there is any sudden change in the signal intensity 

level, in any of the sub-regions of the ROI for that axial 

section. Further, if there is any such change observed, we 

can readily establish the sub-region, and also the exact 

location ((x, y) coordinates) within that sub-region. 

The process was repeated for all the axial sections 

selected for image analysis from the ICH subject. After 

obtaining the respective maximum SIG values for all the 

axial sections, the decisive SIG value was chosen as the 

highest value of the maximum SIG values obtained across 

all the selected axial sections. The equivalent SIG value on 

the contralateral normal side was noted for comparison. 

The procedure was repeated for all the ICH subjects 

considered under study and finally, the RSIG values were 

evaluated. 

2.5. Statistical Analysis 

Statistical analysis was carried out using excel program 

and SPSS 17.0 software package. The results were tested 

for statistical significant difference between the SIG values 

obtained for the subjects with ICH and their contralateral 

normal side. Similarly the statistical significant difference 

between the RSIG values obtained for the subjects with 

ICH across the different stages was tested. The analysis was 

carried out at 99% confidence level (p < 0.01) with z test, 

using the significant difference of means method [28]. The 

correlation between the RSIG values and the different 

stages of ICH was evaluated.  

3. Results and Discussion 

The DW image of a subject showing ICH in area 3, axial 

section 11 is shown in Fig.4.  

 

Figure 4. Axial DW image showing ICH in area 3, axial section 11 
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The plot of the spatial variation of intensity distribution for 

a sub-region of the ROI in area 3, axial section 11, resulting 

in maximum SIG value for the ICH subject is shown in 

Fig.5. The corresponding plot of the spatial variation of 

intensity distribution for the sub-region on the contralateral 

side is shown in Fig.6. 

 

Figure 5. Spatial variation of image intensity distribution of ICH subject in 

area 3, axial section 11 

 

Figure 6. Spatial variation of image intensity distribution on the 

contralateral side 

It is observed from Fig.5 that the spatial intensity 

variation distribution for the subject with ICH has abrupt 

jumps (non-uniform) and this leads to higher value for the 

maximum SIG as compared to that on the contralateral side, 

where in, the spatial intensity variation distribution is 

almost uniform. Consequently maximum SIG value on the 

haemorrhage side (252) is much elevated compared to the 

corresponding SIG value on the contralateral side (26). The 

maximum SIG value evaluated indicates the greatest 

change in the image signal intensity variation across the 

selected ROI in area 3, axial section 11, and also indicates 

its exact location, (11, 1), in the (x, y) co-ordinates (Fig.5). 

The semilog plot of the variation in the decisive SIG 

value in the area of haemorrhage and the corresponding 

SIG value on the contralateral side, for all the 32 subjects 

considered in our study is shown in Fig.7. The difference in 

the decisive SIG values for the subjects with ICH compared 

to their contralateral side were highly significant (p < 0.01) 

in the areas of the brain where there was an occurrence of 

haemorrhage. The results suggest that the decisive SIG 

values obtained from DW images for the subjects with ICH 

can be used to clearly differentiate them from the normal 

subjects. 

The range of the decisive SIG values in the area of 

haemorrhage and on the contralateral side, as well as the 

 

Figure 7. Variation in the decisive SIG values (semilog plot) on 

haemorrhage side and the corresponding SIG values on the contralateral 

side 

mean RSIG values for the subjects in each time stage of 

haemorrhage is shown in Table 1. The variation in the mean 

RSIG values for each set of subjects within the different 

time stages of ICH (last column of Table 1) is plotted in 

Fig.8. It is observed that the RSIG values are notably 

higher for Stage 1: Hyperacute (< 1 day) of ICH as 

compared to all the other three stages. There is a 

subsequent decline in the RSIG values as the haemorrhage 

lesions evolve from Stage 2: Acute (1 - 7 days) to Stage 3: 

Late subacute (7 - 14 days). The Stage 4: Chronic (>14 

days) presents the lowest values for the RSIG parameter. 

Further there was no overlap observed between the RSIG 

values obtained across the four stages of ICH. Therefore we 

quantitatively confirm that the appearance of ICH is mainly 

hyper-intense on DW images in Stage 1: Hyperacute (< 1 

day) resulting in high values of RSIG and the progression 

into Stage 2: Acute (1 - 7 days) and Stage 3: Late subacute 

(7 - 14 days) is identified by a fall in the signal intensity 

and corresponding lowering of the RSIG values. The Stage 

4: Chronic (>14 days) shows marked hypo-intensity and 

thereby results in the lowest values of RSIG. There was a 

significant difference (p < 0.01) observed between the 

RSIG values across the different stages of ICH. 

Table 1. Decisive SIG and mean RSIG values in different time stage of ICH 

ICH stage 

(days) 

Number  

of Subjects 

Decisive SIG values 
Mean RSIG 

ICH Contralateral 

Hyperacute 

(< 1) 
10 220 ~ 649 6 ~ 20 31.98 ± 2.63 

 

Acute 

(1 – 7) 

5 
 

297 ~ 411 

 

12 ~ 15 

 

25.09 ± 1.10 

 

Late subacute 

(7 – 14) 

9 
 

163 ~ 378 

 

10 ~ 19 

 

20.58 ± 2.81 

 

Chronic 

(> 14) 

8 
 

80 ~ 202 

 

19 ~ 32 

 

6.29 ± 1.92 
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Figure 8. Variation in the mean RSIG values with the stage of ICH 

The plot of the variation in the RSIG values with the 

different stages of ICH for all the 32 subjects considered in 

our study is shown in Fig.9. The line given by the equation            

y = – 0.04 * x + 31.99, represents the linear regression that 

fit the data. A negative correlation of the order of r = – 0.97 

was found between the RSIG values and the different 

stages of ICH, which is an indicator that early stages of 

ICH gives rise to higher values of RSIG. The evolution of 

the RSIG values observed subsequent to ICH is suggestive 

that they can be supportive in understanding the 

developmental stages of ICH and can positively assist in 

classifying the stages of ICH. 

 

Figure 9. Variation in the RSIG values with the stage of ICH 

Our study supports the findings of the previously 

published work [7, 9, 18] which propose that the signal 

intensity characteristics on DW images of the brain undergo 

a series of variations after the onset of ICH. Further it 

provides evidence that the quantification of the signal 

intensity variations on DW images using RSIG values 

could be effectively employed in the characterization of the 

stages of ICH. However unlike the methods using ADC 

values [10, 17], where, only a small ROI on a particular 

axial section from the ICH subject was considered for 

investigation, we have included the entire area of 

haemorrhage on all the axial sections that show 

hyperintensity in order to arrive at the final RSIG value.  

4. Conclusion 

The present study showed that the SIG and RSIG values 

change temporally in the haemorrhagic lesions of the brain 

demonstrating the evolution of ICH. The SIG values 

obtained from DW images can be used to noticeably 

differentiate the haemorrhagic tissues from the normal 

tissues. The range of the RSIG values for the ICH subjects 

was found to be from (3.83 – 35.67). The progression of the 

RSIG values after the onset of haemorrhage shows that they 

can be assessed and probably used to identify the different 

stages of ICH, so that early changes taking place in the brain 

can be detected. Therefore, the results in our study signify 

that the adoption of the RSIG values in the clinical diagnosis 

of ICH could be supportive and instructive in the 

progression and treatment of ICH. This could positively 

assist the medical personnel in determining the severity of 

the brain haemorrhage, to consider early remedial methods. 
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