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Summary. With the introduction of the concept of primary and secondary brain injuries, it became clear that the outcome of 
one particular cranial-cerebral injury greatly depends on the secondarily initiated mechanisms, which are actually resulting 
of raised intracranial pressure (ICP). We can conclude about the existence of the raised ICP during person was alive, at the 
postmortem examination only by its effects on the brain tissue i.e. the signs of internal herniation as sequelae of it. This paper 
discusses our findings on the sequelae of raised ICP based on neuropathological examination of 80 forensic cases of closed head 
injury with a survival until 1,5 months. Our findings indicate that the herniation of the brain is going to occur in the first 10,5 
days in 90% of the cases and in nearly half of them this deadly consequence can occur in the first 48 hours, which is of great 
clinical importance. 
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Introduction: With the introduction of the concept of primary and secondary brain injuries, it became 
clear that primary brain injuries (focal and diffuse brain injuries inflicted directly by forces of impact) are not 
decisive for the outcome of one particular cranial-cerebral injury, but greatly depend on the secondarily 
initiated mechanisms. The latter are actually result of raised intracranial pressure (ICP) [1, 4, 9, 10, 11]. 

The intracranial cavity is a space of limited volume, where three main contents are present: the brain 
80%; the blood 2-11%; and the cerebrospinal liquor 10%. When the equilibrium of these contents is impaired, 
an increase in ICP occurs. The ICP is a clinical parameter which can be measured only ante mortem. Normal 
values are below 2 kPa (1 kPa =7,5 mm Hg), elevation to 3 kPa is considered mild, to 4 kPa moderate, and 
values exceeding 5 kPa are considered as severe intracranial hypertension [14]. The lethal upper limit of ICP 
is of 8-10 kPa. 

During the post-mortem examination, what we can conclude about the increased ICP is only by its 
effects on the brain tissue and the occurrence of the signs of internal herniation [9, 11, 14, 15].  

The herniation of the brain represents the movements of particular parts of the brain, from one com-
partment to another. The increased pressure in the supratentorial region leads to herniation against the 
edge of the tentorium cerebelli i.e. transtentorial herniation where the most exposed part is the temporal 
lobe uncus, including the hippocampus and the parahippocampal region. The increased pressure in the 
infratentorial compartment leads to herniation through the foramen magnum i.e. infratentorial herniation. 
This is associated with brainstem compression and death. The midline shift of the medial parts of the brain 
hemispheres (gyrus cinguli) to the left or right under the falx cerebri is known as subfalcine herniation [10, 14].

In this study, the sequelae of increased intracranial pressure i.e. signs of internal herniation have been 
analyzed in order to emphasize the characteristic morphological appearance of those injuries in the post-
mortem examination of the brain and their correlation with the time of survival. The overall purpose of this 
study has been to contribute to the neuropathological criteria for determining the sequelae of increased 
intracranial pressure in the daily forensic medicine practice.

Material and methods: 80 cases with fatal closed head injury (57 male, 23 females, age ranged from 
5 to 94 years), already presented in another study [5], have been now analyzed for the appearance and 
distribution of hypoxic-ischemic brain injury and the signs of internal herniation.

The inclusion criteria included post-mortem interval up to 24 h and the availability of data concerning: 
clear evidence of the type of the traumatic event [5] the known time of survival and full autopsy information. 
Clinical information was obtained for cases that survived long enough to be clinically investigated.

The survival period ranged from instantaneous death to 1.5 months (12 of the examined cases died 
quickly after the traumatic event, 25 of them survived 24 hours, 22 cases survived 1 week and the rest 21 
cases survived more than 1 week, the longest survived 1,5 month). 

All cases have been subjected to a forensic neuropathological examination of fixed brains in 10% 
buffered formalin [6, 8, 13]. 

Finding uncal notching or hemorrhages and necroses in the hippocampus and the parahippocampal 
area and infarctions of the inferior surfaces of both occipital lobes resulting from posterior cerebral artery 
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compression have been considered to be a sign of transtentorial herniation. The characteristic finding of 
the cerebellar tonsillar notching and the secondary brainstem hemorrhages which typically occur in the 
midline of the midbrain and pons (the so-called Duret hemorrhages) have been considered to be a sign of 
infratentorial herniation [5,10]. 	

Results and discussion: Using the criteria given above, signs of the internal herniation have been 
perceived in 46 (57,5%) of the cases, Table 1. 

Table 1. Finding signs of herniation in the examined cases. 

Type of internal herniation Number of cases (abs.46) %

Transtentorial herniation 16 20

Infratentorial herniation 9 11,25

Subfalcine herniation 1 1,25

Transtentorial and infratentorial herniation 12 15

Transtentorial and subfalcine herniation 2 2,5

Infratentorial and subfalcine herniation 3 3,75

Transtentorial, infratentorial and subfalcine herniation 3 3,75

Table 2 presents the time of survival for all cases diagnosed with internal herniation. Using the data on 
Table 2, the distribution of the time of survival in cases with herniation was explored i.e. the dependence 
between the time of survival and the occurrence of herniation, Fig. 1. 

Table 2. Time of survival for all cases diagnosed with internal herniation

Case No. Type of the herniation Time of survival

1 Transtentorial herniation 9 days

2 Infratentorial herniation 10 days

3 Subfalcine and transtentorial herniation 2 days

4 Infratentorial herniation 2-4 hours

5 Infratentorial herniation 6 days

6 Transtentorial herniation until 1 hour

7 Subfalcine and infratentorial herniation 2 days

8 Infratentorial herniation until 1 hour

9 Transtentorial and infratentorial herniation 3 days 

10 Transtentorial and infratentorial herniation 12 days

11 Transtentorial and infratentorial herniation 10 days

12 Transtentorial and infratentorial herniation 10 days

13 Transtentorial herniation immediately

14 Transtentorial and infratentorial herniation 2 days

15 Transtentorial and infratentorial herniation 1,5 month

16 Subfalcine herniation 3 weeks

17 Subfalcine and infratentorial herniation 3 days 

18 Subfalcine herniation, transtentorial and infratentorial herniation 8 days

19 Transtentorial herniation until 1 hour

20 Transtentorial herniation immediately

21 Transtentorial herniation immediately

22 Transtentorial herniation 15 days

23 Subfalcine herniation, transtentorial and infratentorial herniation 4 days 

24 Transtentorial and infratentorial herniation 5 days

25 Subfalcine and infratentorial herniation 7 days

26 Transtentorial herniation 4 hours

27 Subfalcine herniation, transtentorial and infratentorial herniation 6 hours
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28 Transtentorial herniation immediately

29 Transtentorial herniation 6 hours

30 Transtentorial herniation immediately

31 Transtentorial herniation until 1 hour

32 Infratentorial herniation 10 days

33 Transtentorial and infratentorial herniation 2-4 hours

34 Infratentorial herniation 4 days 

35 Transtentorial and infratentorial herniation 7 hours

36 Infratentorial herniation 10 days

37 Infratentorial herniation 2 days

38 Transtentorial herniation 6 days

39 Transtentorial herniation 6 days

40 Transtentorial and infratentorial herniation 24 hours

41 Subfalcine and transtentorial herniation 7 days

42 Transtentorial herniation 2 days

43 Infratentorial herniation 3 days

44 Transtentorial and infratentorial herniation minutes

45 Transtentorial and infratentorial herniation 8 days

46 Transtentorial herniation 2 days

Upon the data from the Table 2, it has been explored the interdependence between the occurrence of 
any type of herniation in the 46 of the examined cases and the survival time, presented on Table 3. 

Table 3. The interdependence of survival time with the occurrence of the herniation in 46 of the examined cases.  

No of cases, in total Cases with  
herniation Percentage

Until 10,5 days 42 91%

Until 2days, 6 hours 23 50%

Until 24 hors 14 30%

The results shown on the graph analysis (Fig. 1.) demonstrate that: 
– in 91% of the cases with herniation, the herniation occurred within the first 10,5 days after the injury; 
– in 50% of them, the herniation occurred in less than two days and 6 hours;
– in 30% of the cases, the herniation occurred within in the first 24 hours. 

Fig. 1. Dependence between the time of survival and the occurrence of herniation.
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Hence, 80 cases of fatal closed head injury in this study were analyzed with detailed forensic neuropatho-
logical examination [6, 13] for the occurrence of secondary brain changes resulting from the increased ICP. 

Signs of internal herniation as the sequelae of the raised ICP were present in 57,5% of the examined 
cases, which is in accordance with other studies (56% by Adams et al. 1982 [2] and 55% of 85 examined 
cases by Adams et al. 2011[3]). Signs of transtentorial herniation (Fig. 2) have been found in 33 (41, 25%) of 
the cases. Signs of infratentorial herniation (Fig. 3) have been found in 27 (33,75%) of the cases, whereas 
signs of subfalcine herniation have been found in 9 (11,25%) of the examined cases. In a study with 434 
analyzed cases [11], signs of transtentorial herniation have been found in two thirds of the cases, and signs 
of infratentorial herniation in 68% of cases. 

Fig. 2. a. b. Signs of transtentorial herniation. Transtentorial herniation. Case with survival time of 3-4 hours and the 
brain weight of 1.503 grams. On the section of the level of mammilary bodies have been seen hemorrhages in the 
hippocampus and the parahippocampal region on both sides. 

Fig. 3. Signs of infratentorial herniation. Infratentorial herniation. The secondary Duret hemorrhages which are typi-
cally midline located in the midbrain and pons can be seen. a. Case with a survival of 7 hours and the weight of the 
brain of 1.487 grams; b. Case with a survival of 8 days and the brain weight of 1.512 grams.

In 91% of the cases with internal herniation, as shown by the results in this study, herniation occurred 
within the time frame of 10,5 days postinjury, implying that the threat of internal herniation is highest in 
the first 10 days after injury. Accordingly, in 50% of the cases herniation occurred in less than 2 days and 6 
hours and in 30% of the cases it occurred in the first 24 hours. This analysis is mostly of clinical importance, 
obtaining information about the occurrence threat of internal herniation in cases with closed head injuries 
and possible time window for therapeutic intervention. From a forensic neuropathological point of view, 
besides the correlation with the survival time and proof for the existence of raised ICP ante mortem, this 
study emphasizes the morphological feature of herniation as it has been classically outlined [7,8,12].  

Conclusion: Hence, the results of the present study show that in order to perceive the existence of 
the raised ICP during person has been alive, it is essential to perform postmortem the detail forensic neuro-
pathological examination of the brain and to observe the signs of herniation as the sequelae of the raised 
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ICP.  Herniation of the brain is deadly complication of closed head injury and in 91% of the closed injury 
cases it is going to occur in the first 10,5 days and in nearly half of them this deadly consequence can occur 
in the first 48 hours, which is of great clinical importance to take measures of avoiding them.
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