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Abstract

Newer biochemical and molecular techniques are under research for wound dating purpose, but histology is 
still the mainstay of wound dating technique. Significance of knowing how old the wound is, can have major 
implication in the delivery of justice. Similarly, subarachnoid hemorrhage may need to be dated in cases where 
other data for wound dating are scarce. This study is designed to study the histomorphological changes in the 
subarachnoid hemorrhages of different time interval since injury and aim to use this information for dating of 
subarachnoid hemorrhage for medicolegal purpose. The histology samples of subarachnoid hemorrhage of the 
deceased with head injuries with known post injury interval were taken during the autopsies and divided into 
different groups. The gross color changes and histomorphological parameters were evaluated in each group and 
statistical inference was made. The result showed gross color, RBC lysis, macrophage infiltration, hemosiderin 
laden macrophage, fibrin deposition, collagen deposition and meningeal reactive changes significantly correlated 
with post injury interval. Whereas, Neutrophils, lymphocytes and phagocytosis did not correlate. RBC lysis also 
correlated with gross color change as well. In conclusion, histology of subarachnoid hemorrhage can be a useful 
tool in dating subarachnoid hemorrhage in cases where it is required.
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Introduction

Subarachnoid hemorrhage (SAH) can either 

be traumatic or spontaneous. Of all thetraumatic 
brain injury, 11 to 60% develops subarachnoid 
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hemorrhagewhich is more than spontaneous 
subarachnoid hemorrhage (incidence of 7.9 per 100000 
population)1,2. While the mechanism of bleeding 
in both types are different, the pathophysiology 
leading to brain injury and death, are similar. 
34 This study is about the histomorphology of 
traumatic subarachnoid hemorrhages and therefore, 
spontaneous subarachnoid hemorrhages are 
excluded. Subarachnoid hemorrhage is the second 
most-common type of intracranial bleed in blunt head 
trauma cases in Nepal. Meanwhile, common causes 
of head trauma are road traffic incidents followed 
by fall and assaults.56 Post-mortem examination of 
subarachnoid hemorrhage in these cases can present 
with a challenge especially when there is a need to 
know about the age of the subarachnoid hemorrhage.

During the investigation of death, knowing the 
time since injury can make a difference between 
delivery and miscarriage of justice, it is also one of 
the most researched topics in the field of forensic 
medicine. Even after decades of study on dating of 
the wound, wound dating has still not gained the 
reliability as its importance. The principle of dating 
of wound is based on the examination of the stages 
of wound healing. The studies on vitality and wound 
healing have led to the development of guidelines 
for establishing time since injury. The histological 
examination of the wound also helps to identify 
the wound as antemortem or postmortem nature 
by studying the vitality of the wound. The wound 
can also be dated by observation of the gross color 
change. Numerous techniques have evolved over 
time, yet, histological method is still the gold standard 
for dating of injury. 7 While abundant literatures 
regarding extradural and subdural hemorrhages 
can be found but the study regarding the dating of 
subarachnoid hemorrhage is scarce. Therefore, study 
of this kind broadens our knowledge in wound 
dating work as well as gives valuable information for 
the future research.

Material and Methods

This study was conducted at Tribhuvan 
University, Institute of Medicine, Maharajgunj 
Campus at the Department of Forensic Medicine 
from the year 2019 to 2021. Ethical clearance was 
obtained from the Institutional Review Board of the 
Tribhuvan University. (Dated 16th August, 2019, 
Ref No.55/(6-11)E2/077/078) Study was conducted 
on the autopsy cases of traumatic head injury. The 
inclusion criteria for this study included; all cases with 

traumatic subarachnoid hemorrhage, both isolated 
and associated with other intracranial injuries, with 
known post-injury interval well-preserved brain, 
and exclusion criteria included; liquefactive changes, 
spontaneous subarachnoid hemorrhage, unknown 
post-injury interval and those with signs or history 
of disease affecting circulatory system. Accordingly, 
120 deceased were studied. According to issues 
discussed in previous studies such as hospital 
presentation time, survival time anddelayed deaths 
and according to the availability of the cases in the 
department,the deceased were grouped according to 
following post trauma intervals; less than 4 hours, 4 
to 12 hours, 12 to 24 hours, 1 to 5 days, 5 to 14 days 
and 14 to 30 days.8–11

During autopsy, brain with subarachnoid 
hemorrhage were cut into 3 cm x 2 cm x 2 cm block 
and fixed in a 10% formalin. The sample containers 
werelabeled and stored until next day. 

The gross color (Red, Purplish, purplish black, Rusty 
brown, yellowish), of the samples was noted before fixing 
the samples. After the samples were fixed for a minimum 
of 12 hours, the samples were grossed and processed 
at the Department of Pathology, Institute of Medicine, 
where it was processed for slide preparation. After the 
slides were prepared, the slides were evaluated by two 
pathologists and scored for each parameters (RBC lysis, 
Neutrophils, Lymphocytes, Macrophages, Hemosiderin laden 
macrophage, Fibrin deposition, Phagocytosis, Meningeal 
reactive changes) according to the technique described 
by P. Tak et al. (1995).12 The data were analyzed in 
PASW using Chi Square test. The statistical significance 
between the groups were analyzed using post hoc test, 
wherever applicable.

Results

Figure 1: Correlations between the post injury 
interval and gross color change. (c) (* = p < 0.004)
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Figure 2: Illustration of SAH of less than 4 hours. 
(a) purple to purplish black colored subarachnoid 
hemorrhage of 12 to 24 hours’ time interval (b) and 
1 to 5 days (c) time interval. Illustration of brown to 
yellow colored SAH in 1 to 14 days interval group(d) 
and (e) and in 14 to 30 days interval group (f). 
Brownish to yellowish transition can be seen on the 
same case.

Gross color changes

The total of 121 cases were studied. Among 
them, purple to purplish black color (62, 51.2%) was 
the most commonly observed, followed by red (36, 
29.8%), yellow (13, 10.7%) and brown (10, 8.3%). 
Post injury interval and gross color changes showed 
significant correlation. Color red showed decreasing 
trend with increase in interval up until day 14.The 
presence of brown and yellow color was significantly 
associated with interval of 14 to 30 days. Absence 
of purple and purplish black color was significantly 
associated with interval of 14 to 30 days. Figure 1 and 
Figure 2.

Figure 3: Correlation between post injury interval 
and RBC lysis. (* = (p < 0.0042) (a). Correlation 
between the post injury interval and macrophage 
infiltration. (* = p < 0.0063) (b). Correlation between 
the post injury interval and amount of hemosiderin 
laden macrophage.  (* = p < 0.0042) (c). Correlation 
between the post injury interval and level of fibrin 
deposition. (* = p < 0.0042) (d). Correlation between 
post injury interval and collagen deposition (* 
= p < 0.0083) (e). Correlation between the post 
injury interval and meningeal reactive changes. 
No significant correlations were seen between the 
variables.(f)

Histomorphology

Each slide was analyzed for degree of RBC lysis, 
slides were semi quantified for lysis of less than 25%, 
25 to 50% and more than 50%. Post injury interval 
and RBC lysis showed significant correlation but the 
correlation was significant only between interval of 
4 to 24 hours and more than 50% lysis. Figure 3a, 
Figure 4

The slides were scored as slight infiltration 
if neutrophil or lymphocytes were seen as few 
scattered cells and as increased if aggregates of cells 
were seen. The analysis between post injury interval 
and neutrophil and between post injury interval and 
lymphocytes showed no significant correlation.

The cells were analyzed for both phagocytic and 
non-phagocytic macrophages and were designated 
as slight infiltration if less than 10 macrophages 
were seen in a high-power field and as increased 
infiltration if more than 10 macrophages were seen 
in a high-power field in an active field. There was a 
significant association between post injury interval 
and macrophage. On post hoc test, none to slight 
infiltration was significantly associated with post 
injury interval of less than 4 hours and Increased 
infiltration was significantly associated with post 
injury interval of less than 4 hours. Figure 3b
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Hemosiderin laden macrophage was evaluated 
as none if absent, slight if less than 10 per high 
power field and moderate to increase if more than 
10. There was a significant correlation between post 
injury interval and detection of hemosiderin laden 
macrophage. The post hoc test showed moderate to 
increase hemosiderin laden macrophages were less 
likely to be seen in post injury interval of less than 4 
hours. Figure 3c5a

There is a significant correlation between post 
injury interval and fibrin deposition. On post hoc test, 
the post injury interval of 14 to 30 days is more likely 
to have absent fibrin deposition. Figure 3d5b

Slides were evaluated for absence or presence 
(early to significant) of collagen deposit. There was 
a significant correlation between post injury interval 
and collagen deposition. On post hoc test, absence of 
collagen deposition was more likely to be seen in post 
injury interval of less than 24 hours and presence of 
collagen deposition were more likely to be seen in 
post injury interval of 14 to 30 days. Figure 3e5c

Slides were evaluated for presence or absence 
of meningeal reactive changes. Changes observed 
in arachnoid were mesothelial cell proliferation, 
leucocytes infiltrations, fibrosis and subarachnoid 
space obliteration. In the early groups the changes 
were predominantly cellular proliferations, swelling 
and leucocyte infiltrations where as in the later 
groups, the changes were collagen deposition and 
thickening of membranes. Detection of meningeal 
reactive changes showed increasing trend with 
increase in post injury interval. Figure 3f, Figure5c

Figure 4: The images show different levels of RBC 
lysis within the hemorrhage of the same time 
interval of 4 hours. Fresh RBC (a), more than 75 % 
lysis with hemosiderin pigments (b)

Figure 5: a:Hemosiderin-laden macrophages seen as 
a golden-brown pigment containing cells, in a 5 to 
14 days old SAH. b: Fibrin deposition seen in a 4 to 
12 hours old SAH. c:Meningeal reactive changes and 
collagen deposition seen in a 15 to 30 days old SAH.

Discussions

In this study, postinjury interval significantly 
correlated with color changes in the SAH, especially 
red and brown-yellow color, as the injury gets older 
the red color began disappearing while the brownish 
to yellow began appearing, the finding were 
consistent with previous studies. 131415However, 
the color interpretation was done with naked eyes, 
therefore it could not be free of interobserver bias, 
especially during interpretation of different shades of 
red color. According to P. Vanezis (2001), naked-eye 
interpretation of color is highly subjective and use of 
colorimetry or spectrophotometry is advised. 16 The 
effect of amount and duration of bleeding on color 
appearance was not studied. According to J. Ross et. 
al. (2012), the purplish black color can persist for days 
if the SAH is large. 

On histological evaluation, RBC lysis of 50% 
or more was significantly associated with SAH of 4 
to 24 hours, which is consistent with other studies. 
17Even though, RBC lysis correlated with post injury 
interval, but it did not correlate with gross color, 
which could be due to the size of hemorrhage, 
where RBC in small hemorrhagehemolyze late. It is 
also seen in a large bleeding where the RBCs in the 
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center of the hematoma undergo early deformation 
than the RBCson the periphery. 18The association in 
some of the cases was not seen may be because of re 
bleeding episode, such cases were mostly seenin the 
post injury interval of 14 to 30 days which featured 
mixed features of later stages of healing with fresh 
RBCs. According to the study, rebleed episodes are 
not uncommon in traumatic SAH. 19–21

Macrophage pattern seen in this study was 
consistent with the general principle of wound 
healing.22 Neutrophils and lymphocytes did not show 
correlation similar to study of J. Alpers (1945), where 
occasional phagocytosis was seen as early as after 12 
hours and increased after 3 days, but appearance of 
leucocytes did not correlate with any time interval. 
D. Munro (1936) also reported the appearance of 
phagocytosis in a SDH specimen collected 5days 
after bleeding. The detection of siderophages was 
consistent to the pattern described by J. Lee (2010), 
the author reported that the enzyme responsible for 
degrading hemoglobin was detected in the SAH as 
early as 6 hours and peaks at day 3. 23

Fibrin is an important biological compound that 
plays an important role in hemostasis, wound healing 
and other biological functions. 24 During the wound 
healing process, the fibrin begins to appear as fibrin 
strands from 12 hours onward and later serves as a 
framework for connective tissue organization. Slight 
connective tissue organization begins after 4 days 
and becomes marked at around day 28, and as the 
wound organization continues, the fibrin becomes 
less marked. 25Decrease in fibrin deposition in this 
study corresponds to the time of wound organization 
and might as well becomes useful for estimating the 
age of the wound, especially if it is nearing later stage 
of wound healing.

Absence of collagen was associated with 
early hours of hemorrhage, whereas presence was 
associated with later days of hemorrhage. According 
to literatures, collagen begins to appear from 4 to 
5 days and becomes marked at 13 to 14 days. 13,19,25 
However, in this study, collagen was present even in 
the SAH of less than 3 days, which was not reported 
previously. These collagens could betype 3 collagen 
that were deposited earlier, which later gets replaced 
by type 1 collagen or it could just be a disrupted 
subarachnoid trabecula, which are also a collagen 
structure.26.27 Therefore, presence of organized 
collagen supported by ancillary test may give us hint 
of significantly older hemorrhage.

In order not to over interpret or misinterpret, it 
is also worthwhile to note that collagen deposition is 
not only limited to the site of the SAH but can also be 
at sites remote to the SA Hand also its distribution can 
be patchy, both of which could lead to miss sampling. 
Also, some of the post SAH fibrosis could be senility 
changes which could be easily over interpreted.28,29 

Meningeal reactive changes were also significantly 
correlated with post injury interval; the pattern 
shows increasing trend with increase in duration. 
The studies show, meningeal reaction persists as long 
as there is blood or blood related product present in 
the subarachnoid space. Also, meningeal reactions 
can be present in the form of polymorphonuclear 
cell infiltration, mesothelial cell proliferation and 
fibrosis in varying degree according to the post injury 
interval. Therefore, caution should be applied against 
coming to conclusion by simply observing presence 
or absence of reaction.30 The overall findings are 
summarized in table 1.

Table 1: Summary of gross and histological findings 
across the post-injury intervals.
Post 
injury 
interval

Gross 
findings

Microscopic findings

Less 
than 4 
hours 
interval

Red color, 
occasional 
purple to 
purplish 
black color

More than 50 % RBC 
lysis in most of the cases.
Few macrophages. *
Few hemosiderin laden 
macrophages. *
Moderate to increased 
fibrin.
Absent collagen.
Meningeal reaction only 
in a few cases.

4 to 24 
hours

Purple to 
purplish 
black color

More than 50 % lysis in 
more than 80 % of the 
cases. *

Moderate macrophage.

Mild to moderate 
hemosiderin laden 
macrophages.

Moderate to increased 
fibrin.

Absent to few collagens. 
*

Meningeal reaction in 
only 6 % of the cases.
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1 to 14 
days

Purplish 
black color

Brownish 
color in the 
later phase

More than 50 % lysis in 
55 % of the cases.

Moderate macrophages.

Mild to moderate 
hemosiderin laden 
macrophages.

Moderate to increased 
fibrin.

Few collagens. 

Meningeal reaction in 20 
% of the cases.

14 to 30 
days

Exclusively 
brown to 
yellowish 
color

Occasionally 
red color in 
case of  
re-bleeding

More than 50 % lysis in 
72 % of the cases.

Increased macrophages.

Moderate to increased 
hemosiderin laden 
macrophages.

Absent to few fibrins. *

Moderate to increased 
collagen. *

Meningeal reaction in 30 
% of the cases.

Note: Polymorphonuclear cellsdid not correlate with 
any post-injury intervals.

“*” – Statistically significant

Conclusions

Histological examination of wounds can be very 
useful in medicolegal investigation by providing the 
age of the wound and correlating it with the chain of 
events. Histology also helps investigation by telling the 
antemortem vs postmortem nature of the wounds. This 
information will be helpful to answer questions such 
as how old is the wound, is the wound inflicted before 
or after death? Even though the histological method of 
dating wound will not yield an exact answer to the above 
questions, but it can sure narrow down the possibilities. 
Both gross and histological parameters were analyzed 
in this study, and not all the parameters’ reactions were 
consistent during the reparative process. Influencing 
factors such as age, size, health and individual variations 
becomes determining factors. Therefore, in future studies 
it is advised to design a study with proper control of the 
confounding factors.
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