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Introduction 

 

In contrast to clinical pathology, forensic pathology investigates small scale studies that are often 

unique to a specific case and are bound by legal restrictions. A forensic pathologist then has to deal with 

several areas of expertise, also at autopsies. There however is a need for additional tools in forensic 

autopsies. In this thesis we aimed to improve diagnostics related to I) skin wound age determination, II) 

taphonomy and III) cardiovascular pathology. 

 

 I: Skin wound age determination 

    For correct diagnosis of an injury, amnestic information of the estimated time of injury is combined 

with macroscopic and microscopic analysis of the wound. The collection and processing of samples 

usually involves photographing the wounds and taking either the entire wound or representative samples 

for microscopic analysis and immunohistochemtical studies (1, 2). Immunohistochemical studies have 

been reported to be useful in detecting and differentiating between the different inflammatory cells 

and/or inflammatory markers in wound analysis (3, 4, 5). After the induction of wound injury, an immune 

response is induced in the process of wound healing, beginning immediately and lasting up to several 

weeks. This has been reviewed in Chapter 2.  The aim of this chapter was to introduce the reader to the 

fact that although much work has been done on injury dating the gold standard as such is yet to be found. 

     In forensic pathology a crucial question always remains in the dating of wound injuries:  Did a wound 

occur before death or was it a post mortem injury.  Therefore determining the vitality of skin wounds is of 

vital importance.  What determines a vital wound?  Several histological characteristics such as 

hemorrhage have been suggested; although these have also been shown to occur in non-vital wounds (6, 

7, 8, 10). We wondered whether analysis of markers related to the process of coagulation, which 

theoretically is induced in hemorrhage of vital wounds, could discriminate between vital and non-vital 

wounds. This we have studied in Chapter 3, including the development of a probability scoring system for 

wound injury dating.    

    It is known that the immune response differs between different types of wound injury. This is especially 

true for burn injuries, as they induce a severe immunological response and if not treated can lead to 

systematic infection causing death. The acute phase proteins complement and C-reactive protein are 

known to be increased in plasma up to months after a burn injury (10, 11, 12, 13). Although it is known 

that these acute phase proteins play a role in wound healing, their role locally in burn wounds has not yet 

been studied. In Chapter 4 we have investigated these acute phase proteins locally at a tissue level of a 

burn injury site.   

 

II: Taphonomical and tissue degradation studies 

     Taphonomy is a relatively new and unknown science.  It was first introduced in palaeontology and has 

since been embedded in the world of geo-archaeology and anthropology.  Well known taphonomic 

features such as bone or cementum degradation, the development of livores, rigor mortis and calor 

mortis are all part of the decomposition process (9) of decaying organisms and are central to the study of 

taphonomy.    Taphonomy can answer questions that are of interest to forensic pathologist such as ones 

dealing with ongoing body decomposition.  Large studies investigating human decomposition were 
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performed in Knoxville at the anthropological research facility in the United States.  However whether the 

obtained results can be extrapolated to conditions observed in The Netherlands is questionable.  

Therefore a study using a pig model, to address different typhonomic questions relating to body 

decomposition was undertaken and is presented in Chapter 5 of this thesis.  

 

III: Cardiovascular pathology 

     Acute myocardial infarction (AMI) is a leading cause of death in the western world (14, 15, 16) and 

needs to be ruled out in the first instance at an autopsy as the cause of death, also in forensic autopsies.  

AMI can be identified, as studies have shown, using routine histochemistry using the nitro blue 

tetrazolium staining method of heart slides.  In this way AMI was able to be detected macroscopically at 3 

hours or more after its onset (17, 18). 

To detect cardiac infarctions earlier, studies looking at ultrastructural changes of the mitochondria in the 

heart have been described in both canine and rat hearts.  Mitochondrial deposits which are small 

osmiophilic amorphous densities (19, 20) that can be detected using electron microsocopy as early as 

one hour post AMI (21) have been described.  Other mitochondrial changes have also been reported to 

occur with AMI such as swelling of the mitochondria and the formation of disorganized cristae.  However 

due to the fact that these changes are also observed during the autolysis process of cells (21), the ability 

to use electron microscopy to detect changes associated with early AMI in both canines and rat hearts 

has been questioned. Since autolytic changes also occur in human hearts, it is unclear whether 

mitochondrial deposits detected as early as half hour post mortem could be associated with AMI. In 

Chapter 6 we investigated whether or not ultrastructural analysis of mitochodrial deposits can be used as 

a method for the detection of early AMI.   

     It is common knowledge that alterations to coronary artery structure can induce AMI by changing 

regional blood flow and provoking ischaemia (22).  In an earlier study, the results obtained suggested that 

the induction of AMI can be aided by the presence of pre-existing aberrations in the intramyocardial 

microvascular, related to the induction of local inflammation in these arteries. Further ultrastructure 

studies were carried out to investigate whether or not intramyocardial capillaries also play a role in AMI 

induction.  These studies are described in Chapter 7 where the basement membrane thickness of 

intramyocardial capillaries was measured. 

Another cause of ischemia and infarction that is widely seen in patients with other diseases is pulmonary 

embolism.  As in the case of AMI, pulmonary embolism is a significant cause of morbidity and mortality 

(23, 24). An experimental model has shown that pulmonary embolism causes a very selective decrease in 

blood flow only to the right ventricular subendocardium (25) that might result in the reported increase in 

the level of CD68 positive macrophages in the right ventricles of patients with pulmonary embolism (26, 

27).  Although the study concluded that the influx of macrophages was a result of an ischemic episode to 

the heart that occurred subsequently to the pulmonary embolism, these ischemic changes were never 

proven. We wondered whether this could be explained by the induction of myocarditis in these patients. In 

Chapter 8 of this thesis, the relationship between pulmonary embolism and (endo) myocarditis was thus 

investigated.   
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Chapter 2 

 

The Chronological Dating of Injury 

Essentials of Autopsy Practice, new advances, trents and developments 

2008 
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The Chronological Dating of Injury 

 

Introduction 

    To estimate the age of an injury, i.e. the time between infliction and circulatory arrest (in the event of 

death) or fixation (in the living), remains one of the more difficult aspects within legal medicine. Although 

many authors have contributed to this subject, the gold standard has not yet been determined. 

   This does not mean that it is impossible to make any validated statement concerning the age of an 

injury to support any kind of answer in a court of law. The use of inflammatory mediators or cells and 

matrix proteins in injured tissue will provide some clues to make an estimation. Skin injuries in particular, 

as well as other injuries such as injuries to organs or other mesenchymal structures, could be analysed in 

this way. 

    According to classical pathology, the healing of injuries can be classified into five different phases (1): 

The first phase of coagulation and thus inhibition of blood loss initiates the process of wound healing. 

The second phase initiates inflammation to prevent infection and to induce necrosis and/or apoptosis in 

lethally injured tissue. The third phase initiates the removal of debris. The fourth phase initiates 

regeneration of newly formed tissue and granulation tissue formation. Finally, in the fifth phase, 

immature tissue will maturate into its definitive form. New epithelium will close the defect and scar tissue 

will be formed. 

    Nevertheless, it is important to realize that re-injury can occur during these phases, especially in older 

wounds, which interferes with the precise classification of wound age. 

    To prevent misdiagnosis of an estimated injury, it is of vital importance to combine the anamnestic 

information of the estimated time of injury with the macroscopic and microscopic analysis of the 

wound.Wound estimation strictly based on only one of these three methods of wound analysis prevents a 

clear distinction from being made between, e.g. 1 or 2 h, several hours and a day. 

 

Collection of the Samples and Processing of the Tissue 

   For wound estimation, a clear photograph of the injury taken at right angles to the injury and containing 

a scale must always be present. This is necessary in case microscopic results contradict the expected age 

of the injury. The macroscopic examination of an injury can provide information on whether the samples 

taken are representative for the injury. Subsequently, wound tissue specimens can be taken of the wound 

edges or, preferably, the entire injury can be excised for further processing. If the entire wound is not 

included for microscopic analysis, representative samples should be preserved fromthe rest of the wound, 

especially if large surfaces of skin are involved or if certain parts of the injured tissue are not expected to 

be representative for wound estimation. In general, cut and stab wounds will be more or less 

homogeneous, while in contrast, bruises can enlarge over time, producing different wound healing 

phases. 

   Samples can be fixed in 4% formalin and processed for standard histological analysis, namely 

haematoxylin and eosin (H&E), Elastica van Gieson (EvG) and Perls iron staining. H&E is used for standard 

histopathological investigation, EvG for interpretation of the collagen and elastin structure and Perls for 

the determination of iron in or outside of macrophages. 
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   Material for immunohistochemical analysis is treated on a similar basis. Notably, frozen material can be 

of significance, althoughmany of the mediators suitable for frozen material have not yet been validated 

for medico-legal purposes.Microarray analysis also requires frozen material, although one has to keep in 

mind that the purity/quality of RNA in autopsy material is a limiting factor. Most importantly, a control 

sample of normal skin is analysed with every wound estimation. 

 

Reporting of the Estimated Time of an Injury 

   Although the early stages of wound repair can be expected to be more or less the same, regardless of 

the exact location of the wound, the later phases can be influenced by, for example, mechanical 

influences such as scratching. It is therefore important that the conclusion of the wound analysis is not 

regarded as a pure fact. However, current methods of wound analysis are optimized so as to give a clear 

answer to the question of whether a wound occurred before death or is a post-mortem injury. 

   A statistical interpretation on a Bayesian scale (interpretation on a likelihood ratio basis) can provide 

enough accuracy to use wound determination for medico-legal purposes. For this, a working hypothesis is 

acquired if possible. This hypothesis can be formed during the anamnestic and/or macroscopic 

investigation. The conclusion will provide a likelihood ratio, which indicates that, given the results, 

hypothesis 1 is more likely, unlikely or almost certain in comparison with hypothesis 2. If both hypotheses 

ultimately appear to be wrong, a third hypothesis must be formed and compared with the initial 

hypotheses. 

    Finally, wound analysis as proposed in this chapter is generally related to inflammation. Therefore, it is 

of pivotal importance that conditions known to influence wound healing are also taken into account. This 

includes the use of steroids, drugs and/or alcohol. The same is true for diseases that affect the 

inflammatory response, especially those involving the liver, bone marrow or infection. Although these 

influences are likely to be of little importance during the early phases, i.e. the first hour after infliction of 

an injury, the effect on older injuries can be substantive. Furthermore, external factors such as heat, cold 

or putrefaction can make it almost impossible to estimate the time of an injury on a microscopic or 

immunohistochemical basis. Injury caused by for example fire or frostbite does not respond in the same 

way as tissue under normal circumstances. Standard H&E, Elastica van Gieson and Perls iron staining can 

then be used on these injuries, but only to provide one gross information. 

 

Determination of the Estimated Time of Injury 

  Shortly after infliction of tissue damage, a cascade of reactions will take place. According to classical 

pathology, damaged tissue liberates several inflammatory mediators. Fragments of membranes, sodium 

urate and enzymes such as trypsin and many others will activate Factor XII (Hageman factor), inducing 

the transformation of plasminogen into plasmin. Plasmin subsequently induces fibrinolysis and 

complements activation, as well as the activation of coagulation (1). 

  These early aspects are not visible through standard light microscopy. It is of vital importance to realize 

that many processes will not stop immediately after circulatory arrest. In particular, several wound 

reactions will be prolonged. In general, within 10 min after injury, the blood vessels will show dilatation 

inducing an increase in permeability, eventually resulting in oedema. Blood clots can subsequently be 
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formed within minutes. Although dilatation and an increase in permeability are vital signs, these reactions 

will also take place after death. Notably, only the appearance of oedema is considered to be strictly vital 

(due to its dependence on blood pressure). Blood clots can be formed in the living as well as after death 

(2). Although immunohistochemistry can be used to differentiate between vital and non-vital clots by 

determining thrombocytic activation, the histological differentiation between vital and non-vital clots 

can still be very difficult. 

  One of the first, non-obligate vital aspects of wound reaction is haemorrhage. However, post-mortem 

haemorrhaging can be inflicted as described by Princeloo and Gorden in 1951. Even severe 

haemorrhaging can be seen as a post-mortem phenomenon (3). Swelling and formation of oedema in the 

soft tissues and around small vessels is also an early vital sign, although formation of gases can also 

induce similar effects. Notably, oedema due to different diseases must also be excluded (Fig. 1 and 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1  Vital haemorrhage or livores ? It is the last 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2  Recent vital haemorrhage 
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Table 1 Light microscopic appearances of mechanically-induced injuries 

 

  The very early vital blood cell reaction, as depicted in Table 1, will be granulocyte extravasation, which 

can sometimes be seen within 10–30min, and inmost cases within 1–2 h after wound induction (Fig. 3). 

Neutrophils subsequently release free radicals and enzymes, resulting in secondary tissue damage (4). 

  Another type of blood cell reaction is characterized by extravasation of monocytes and subsequent 

transformation of monocytes into macrophages. Thesemacrophages will subsequently phagocytize cell 

debris (5) (Fig. 4). This cell type can be demonstrated as early as 7 h after traumatization and will peak at 

1–2 days (6–11). 

   It must be emphasized that this estimated time frame of wound healing again is not absolute. Walcher 

et al. reported attachment of granulocytes to the vessel wall as early as 8–30 min after injury infliction. 

However, one must always keep in mind the possibility of post-mortem attachment of granulocytes to the 

vessel wall. Lendrum et al. and Fisseler-Eckhoff et al. (12) reported histological methods to differentiate 

between fibrin younger and older than 16 h. On the other hand, Wille et al. claimed time frame 

differentiation related to the presence of haemosiderin using the Puchtler and Sweat method and found a 

positive reaction of haemosiderin within 30 min after injury infliction. 
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   Immunohistochemistry was already incorporated in the process of wound estimation in the early 1970s. 

Berg et al. demonstrated the appearance of histamine and serotonin in the wound edges representing an 

early sign of vital 

injury. Furthermore, the detection of several proteinase inhibitors and lysozyme seemed to be most 

promising in judging wounds. Many other proteins, as discussed below, have since been proven useful 

(13–15), especially factor 8, an endothelial derived protein with a central role in the coagulation cascade. 

In vitally inflicted injury, endothelial cells will upregulate factor 8. Post-mortem-inflicted injury will show no 

or minimal upregulation. Important is that the upregulation of factor 8 as well as some other proteins will 

continue for a short period after death (Fig. 5 and Fig. 6). 

 

Fig. 3 Injury of 2 hours old with infiltrate. 

Fig. 4 Injury with necrosis, 1 day old.  

Fig. 5 Factor 8 on very recent injury. Clear positivity of the endothelium. 

Fig.6  Factor 8 on injury of 1 hour old. Difuse positivity in the haemorrhage. 

 

Adhesion Molecules 

  Recent studies have described the use of several adhesion molecules, e.g. P-selectin, E-selectin, VCAM-1 

and ICAM-1, as markers for early wound reactions, especially on endothelium (see Table 2). Unfortunately, 

considerable variation in their expression pattern over time has been described (16). 

 P-selectin, an early adhesion molecule, is always present in the endothelium. In case of activation (i.e. 

injury), P-selectin will move from the cytosol to the endothelial plasma membrane surface. Therefore, in 
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case of activation, the diffuse cytosolic expression of P-selectin will change into a more superficial layer of 

positivity, and after some time, due to endothelial deterioration, into a diffuse staining in the vessel lumen 

or surrounding the vessel. This shift in expression of P-selectin from the cytosol to the surface of the 

endothelium has been described from as early as 3 min up to 7 h after injury infliction. For E-selectin, this 

interval even varied from 1 h to 17 days after infliction, although E-selectin is not commonly present in 

the cytosol. ICAM-1, an intercellular adhesion molecule, showed strong positive pre-existing staining on 

the keratinocytes, especially on basal keratinocytes of the epidermis. Over time, staining intensity for 

ICAM-1 on endothelial cells, in particular in the vicinity of inflammatory infiltrates, was enhanced after 

wound induction. Strong positive staining on endothelium varied between 1.5 h and 3.5 days after wound 

infliction. Another adhesion molecule, VCAM-1, was detected on the endothelial surface, varying from 3 h 

to 3.5 days after injury infliction (17, 18) (Fig. 7). 

 

Inflammatory Mediators and Extracellular Matrix Components 

   Inflammatory mediators used in forensic wound analysis are also summarized in Table 2 and will now 

be discussed shortly. Fibronectin is a 440 kDa glycoprotein and is pre-existing in basement membranes 

and interstitial connective tissue. Fibronectin, however, is also involved in angiogenesis during wound 

healing and in wound contraction. Strong fibronectin-positive reactions can be demonstrated in wounds at 

least 20 min old, while extensive networks of fibronectin can be detected at 40 min (20). 

    Fibronectin exists in different forms resulting in a molecular and functional diversity, related to 

alternative splicing of pre-mRNA. Under normal circumstances, endothelial cells and fibroblasts 

synthesize FN without the extra domain-A (ED-A Domain) (21). However, in tissue repair and pathological 

circumstances such as fibrosis, the ED-A domain is expressed. Besides this, a difference in staining 

pattern of fibronectin can also differ between different injuries. In the case of acute fatal injuries (e.g. 

plane crashes or train accidents), a slight fibronectin positivity can be detected as single strands on the 

superficial sides of the wound bed if injury was inflicted during life. Conversely, in areas of active bleeding 

in fatal wounds (causing immediate or very rapid death), fibronectin can be detected in both diffuse and 

fibrous strand-like arrangements in haemorrhage. Notably, it has been observed that positivity can also be 

seen as an artefact at wound edges inflicted during sampling (22, 23). 

    Defensins are a family of 3–4 kDa antimicrobial and cytotoxic peptides, constituting more than 5% of 

the total cellular protein of human neutrophils. Defensins have also been found in the epithelial surface of 

the intestine and the trachea. Defensin is strongly expressed at the wound margin in the first 1–2 h after 

wound infliction (24, 25). 

 

 

 

 

 

 

 

 

 



 18 

No. Mediator  Estimated time indication  

1 Factor VIII Within minutes 

2 P-selectin 3 min up to 7 h 

3 Fibronectin 3 min up to 8 

4 Laminin Early vital sign, but non-specific. After 36 h 

5 Tenacin Early vital sign, but non-specific. After 2-3 d 

6 Cathepsine D Within 30 min 

7 TNF-A Within 30 min 

8 IL-1B Within 30 min 

9 MRP After 30 min 

10 TGF-B After 1 h 

11 E-selectin 1 h up to several days 

12 IL-6 60–90 min 

13 MPO Within 1 h (according to PMN influx) 

14 Defensin One hour after infliction 

15 ICAM-1 90–210 min 

16 VCAM-1 180–210 min 

17 CD-3 After 2–4 h (according to T-cell appearance) 

18 CD-20 After 3–5 h (according to B-cell appearance) 

19 IL-Ia 4 h 

20 CD-68 After 10–16 h (macrophage appearance) 

21 IL-8 4–12 h/1 day 

22 MCP-1 4–12 h/1 day 

23 MIP-alpha 4–12 h/1 day 

24 IL-2 Several days 

25 CD55 Days 

26 CD59 Days 

27 Collagen III After 2–3 days 

28 Collagen IV After 3 days 

29 Collagen V After 4 days 

30 Collagen VI After 4 days 

31 Collagen I In fibroblasts after 4 days 

32 Alpha-SMA In fibroblasts after 5 days 

 

Table 2 Different mediators in wound age determination 
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 MRP8 (8 kDa) and MRP14 (13.2 kDa, migration inhibitory factor-related proteins 8 and 14) are calcium-

binding proteins belonging to the S-100 protein family found in granulocytes and activated 

monocytes/macrophages. Fieguth et al. described the positive expression of MRP8, MRP14 and defensin 

in granulocytes in areas of active bleeding in wounds inflicted shortly before death, as well as reacting 

with intravasal granulocytes in adjacent undamaged tissue. Reactions positive for the above-mentioned 

antibodies could be seen after 20–30 min when granulocytes are expressing MRP8 and MRP14 (26–28). 

     An injury of 1 day old can be detected with a combination of interleukin 8 (IL-8), MCP-1 and MIP-Alpha. 

In this respect, the exact location of immunohistochemical positivity is important. Initially, in injuries 4–12 

h old, only granulocytes are positive. However, after a prolonged period (1 day old), macrophages and 

fibroblasts will also stain clearly positive for these three antibodies. (29, 30). 

     Immunohistochemical staining of other extracellular matrix proteins like Tenascin, Laminin and the 

different types of Collagen have proved their use as well. Positive reactions for Tenascin or collagen type 

III indicate post-infliction intervals of at least 2–3 days, whereas vital reactions for collagen type V or VI 

occur at earliest 3 days after wounding. Collagen type I appears as spot-like fibroblast-associated reaction 

products in injuries aged 4 days or more, while typical string-like ramifying fibres indicate a post-infliction 

interval of at least 5–6 days. Fibroblasts positively staining for laminin or heparan sulfate can be detected 

in wounds with a survival time of approximately 1.5 days or more. Collagen type IV-positive fibroblasts 

occur at earliest 4 days after wounding, followed by alpha-smooth muscle actin expressing fibroblasts 

after 5 days or more (31–34). 
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Fig. 7 Immunohistochemical staining on CD62-P (P-selectin). (a) Normal subcutaneous tissue. There is a normal 

expression. (b) 5–30 min after injury; first adhesion of a granulocyte. Typical linear expression of CD62-P. (c) 60 min 

after injury. Clear granulocytic adhesion and diapedesis. (d) 90 min. (e) 120 min after injury. Clear expression of 

CD62-P and clear infiltrate of granulocytes. (f) 12–24 hours after injury. Clear positivity, also on granulocytes 

 

   Original basement membrane fragments (i.e. part of the damaged membrane) positive for laminin, 

proteoglycan or collagen type IV or VII indicate a wound age of at least 4 days. A complete restitution of 

the epidermal basement membrane in (moderate surgical) wounds can be observed at earliest 8 days 

after wound infliction, while the residual basement membrane fragments cannot be detected anymore 

after 13 days. A continuous staining of the basal cells of the newly formed epidermis with cytokeratin 5 

occurs 13 days after wounding, while cytokeratin staining disappears after 24 days. 
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    Also useful are complement factors, vitronectin and decay-accelerating factor (CD55), for wounds of 

some days old, while protectin (CD59) can be detected in much older injuries. 

 

 

 Fig. 8 SMA on injury of several days old 

 

The pro-inflammatory cytokines interleukin-1beta (IL-1beta), interleukin-6 (IL-6) and tumour necrosis 

factor-alpha (TNF-alpha) hold important functions in the early and late stages of inflammation, trauma 

and wound healing.  

TNF-alpha can be detected within 30 min after infliction of the injury, while IL-1beta and IL-6 are 

expressed after 15 and 20 min and are generally clearly expressed 60–90 min (Fig. 8 and Fig. 9). At the 

earliest, leukocytes reacting with IL-1beta and IL-6 appear after approximately 90 min up to 2 h (35, 36). 

 

 

 

Fig. 9 IL-6, 2–4 h after injury 
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Inflammatory Cells 

  Many authors have described the use of inflammatory cell determination in wound analysis. 

Immunohistochemistry can be helpful in differentiating between the different cells. MPO 

(myeloperoxidase) can provide an impression of the number of neutrophilic granulocytes. CD3 and CD20 

staining can be used for identifying T-lymphocytes and B-lymphocytes. CD131 staining can be used for 

detecting mast cells, while CD 163 or CD68 can detect monocytes and macrophages. Finally, CD138 has 

proved its use in detecting plasma cells (37, 38). 

 

Summary 

In order to investigate the estimated time of injury, it is very important to gain as much anamnestic and 

macroscopic information as possible. This needs to be confirmed or rejected on a histochemical or 

immunohistochemical basis. If conclusions are formed within the likelihood ratio of Baysian statistics, the 

conclusions can be of significant interest for medical legal purposes. 

 

References 

1. Robbins SL, Saunders Company WB. Pathologic basis of diseases. Eds, Cotran RS, Kumar V, Collins T, 

Robbins SL. 6th Edition, W.B. Saunders Company, London, 1999, Chapters 3 and 4, pp. 50–112. 

2. Walcher K et al. Uber vitale reactionen. Vortrag auf der 18ten tagung der Deutsches Geselschaft fur 

Gerichtliche und sozial medizin. Heidelberg, September 1929. 

3. Princeloo I, Gordon I. Postmortem dissection artefacts of the neck and their differentiation from 

antemortem bruises. S Afr Med J 1951: 358–361. 

4. Knight B. Forensic Pathology, Chapter 4, 3rd edn, Arnold Hodder Headline Group, 2004, pp. 136–173. 

5. Wille R, Elbert M, Cornely M. Zeitstudien uber haemosiderin (Vortrag). 

6. Langlois. The aging of bruises. Forensic Sci Int 1991; 50: 227–238. 

7. Bariciak ED, Plint AC, Gaboury I et al. Dating of bruises in children. Pediatrics 2003; 112: 804–807. 

8. Maguire S, Mann MK, Sibert J et al. Arch Dis Child 2005; 90: 187–189. 

9. Perper JA. Microscopic Diagnosis in Forensic Pathology, Chapter 1, 1st edn, Charles C Thomas 

Publishers. LTD, 1980, pp. 17–34. 

10. Oehmichen M. Vitality and time course of wounds. Forensic Sci Int September 2004: 221–231. 

11. Lendrum AC, Fraser DS, Slidders W, Henderson R. Studies on the character and staining of fibrin. J 

Clin Pathol 1962; 15: 401–413. 

12. Fisseler-Eckhoff A, Muller KM. Lendrum (-MSB) staining for fibrin identification in sealed skin grafts. 1. 

Pathol Res Pract 1994; 190: 444–448. 

13. Berg S, Ditt J, FriedrichDet al.Mo¨ glichkeiten der biochemischenWundaltersbestimmung. Deutsches 

Zeitschrift fur GerichtlicheMed 1968; 63: 183–198. 

14. Berg S, Bonte W. Praktische Erfahrungen mit der biochemischenWundaltersbestimmung. Beitr 

Gerichtl Med 1971; 28: 108–140. 

15. Oehmichen M, Schmidt V et al. Freisetzung von Proteinase-Inhibitoren als vitale Reaktion im fru¨ hen 

post-traumatischen. Intervall Z. Rechtsmed 1989; 102: 461–472. 



 23 

16. Dressler J, Bachmann L, Koch R et al. Enhanced expression of selectins in human skin wounds. Int J 

Legal Med 1998; 112: 39–44. 

17. Dressler J, Bachmann L, KasperMet al. Time dependence of the expression of ICAM-1 (CD 54) in 

human skin wounds. Int J Leg Med 1997; 110: 299–304. 

18. Dressler J, Bachmann L, Koch R et al. Estimation of wound age and VCAM-1 in human skin. Int J Leg 

Med 1999; 112: 159–162. 

19. Herna´ ndez-Cueto C, Girela E, Sweet DJ. Advances in the diagnosis of wound vitality: a review. Am J 

Forensic Med Pathol 2000; 21: 21–31. 

20. Amberg R. Time-dependent cytokine expression in cutaneous wound repair. In Oehmichen M, Kirchner 

H, eds.. The Wound Healing Process—Forensic Pathological Aspects (Research in Legal Medicine), vol. 13. 

Lu¨ beck: Schmidt-Ro¨ mhild, 1996, 107–121. 

21. Straaten HM, Canninga-van Dijk MR, Verdonck LF et al. Extra-domain-A fibronectin: a new marker of 

fibrosis in cutaneous graft-versus-host disease. J Invest Dermatol 2004; 123: 1057–1062. 

22. Betz P. Neue Methoden zur histologischen Altersbestimmung menschlicher Hautwunden 

(Arbeitsmethoden der Medizinischen und Naturwissenschaftlichen Kriminalistik). Lu¨ beck: Schmidt-Ro¨ 

mhild, 1996. 

23. Fieguth A, Feldbrugge H, Gerich T et al. The time-dependent expression of fibronectin, MRP8, MRP14 

and defensin in surgically treated human skin wounds. Forensic Sci Int 2003; 131: 156–161. 

24. Ganz T, Lehrer RI. Defensins. Curr Opin Immunol 1994; 6: 584–589. 

25. Kagan BL, Ganz T, Lehrer RI. Defensins: a family of antimicrobial and cytotoxic peptides. Toxicology 

1993; 89: 131–149. 

26. Odnik N, Cerletti J. Bruggen at ll. Two calcium-binding proteins in infiltrate macrophages of 

rheumatoid arthritis. Nature 1987; 330: 80–82. 

27. Hessian PA, Edgeworth J, Hoog N. MRP8 and MRP14, two abundant Ca (2þ)-binding proteins of 

neutrophils and monocytes. J Leuk Biol 1993: 197–204. 

28. Fieguth A, Feldbru¨ gge H, Gerich T et al. The time-dependent expression of fibronectin, MRP8, 

MRP14 and defensin in surgically treated human skin wounds. Forensic Sci Int 

2003; 28, 131: 156–161. 

29. Bosman FT, Stamenkovic I. Functional structure and composition of the extracellular matrix. J Pathol 

2003, 2004: 423–428. 

30. Engelhardt E, ToksoyA,GoebelerM,Debus S, Brocker EB,Gillitzer R. Chemokines IL-8, GRO-A, MCP-1, IP-

10 and mig are subsequently and differentially expressed during phase-specific infiltration of leukocyte 

subsets in human wound healing. Am J Pathol December 1998; 153(6). 

31. Betz P, Nerlich A, Wilske J et al. Time-dependent pericellular expression of collagen type IV, laminin, 

and heparan sulfate proteoglycan in myofibroblasts. Int J Legal Med 1992; 105: 169–172. 

32. Betz P. Immunohistochemical parameters for the age estimation of human skin wounds. A review. 

Am J Forensic Med Pathol 1995; 16: 203–209. 

33. Ortiz-Rey JA, Suarez-Penaranda JM, Da Silva EA et al. Immunohistochemical detection of fibronectin 

and tenascin in incised human skin injuries.1. Forensic Sci Int 2002; 126: 118–122. 

34. Betz P, Nerlich A, Wilske J et al. Analysis of the immunohistochemical localization of collagen type III 

and V for the time-estimation of human skin wounds. Int J Legal Med 1993; 105: 329–332. 



 24 

35. Grellner W. Time-dependent immunohistochemical detection of proinflammatory cytokines (IL-1beta, 

IL-6, TNF-alpha) in human skin wounds. Forensic Sci Int 2002; 130: 90–96. 

36. Kondo T, Ohshima T, Eisenmenger W, Immunohistochemical detection of chemokines in human skin 

wounds and its application to wound age determination. Int J legal Med April 2002; 116(2): 87–91. 

37. Rathmell JC, Thompson CB. The central effectors of cell death in the immune system. Annu Rev 

Immunol 1999; 17: 781–828. 

38. Lau SK, Chu PG, Weiss LM. CD163: a specific marker of macrophages in paraffinembedded tissue 

samples. Am J Clin Pathol 2004; 122: 794–801. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 25 

Chapter 3 

 

A new method to determine wound age in early vital skin injuries:  a probability scoring 

system using expression levels of Fibronectin, CD62p and Factor VIII in wound 

hemorrhage. 

Forensic science international 

 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 26 

A new method to determine wound age in early vital skin injuries:  a probability scoring 

system using expression levels of Fibronectin, CD62p and Factor VIII in wound 

hemorrhage. 

 

 

Franklin R.W. van de Goot1,2,9*, H. Ibrahim Korkmaz2,4*, Judith Fronczek2,9, Birgit I. Witte5, Rob Visser1, 

Magda M.W. Ulrich6,7,8, Mark P.V. Begieneman1,2,4, Lawrence Rozendaal2, Paul A.J. Krijnen2,4, Hans W.M. 

Niessen2,3,4 

 

Netherlands Forensic Institute (NFI), The Hague, the Netherlands1. Department of Pathology2 and Cardiac 

Surgery3, ICaR-VU4, Department of Epidemiology and Statistics5, Department of Molecular Cell Biology 

and Immunology6, MOVE Research Institute Amsterdam7, VU Medical Centre, Amsterdam, the 

Netherlands. Association of Dutch Burn Centres (ADBC), Beverwijk, the Netherlands8.  Symbiant Pathology 

Expert Centre, Alkmaar, The Netherlands9 

 

ABSTRACT 

 

Purpose of the study: In forensic autopsies it is important to determine the age of early vital skin wounds 

as accurate as possible. In addition to inflammation, coagulation is also induced in vital wounds. Analysis 

of blood coagulation markers in wound hemorrhage could therefore be an important additional 

discriminating factor in wound age determination. The aim of this study was to develop a wound age 

probability scoring system, based on the immunohistochemical expression levels of Fibronectin, CD62p 

and Factor VIII in wound hemorrhage.    

Methods: Tissue samples of (A) non injured control skin (n=383), and samples of mechanically induced 

skin injuries of known wound age, (B) injuries inflicted shortly before death (up to a few minutes old) 

(n=382), and (C) injuries inflicted 15-30 minutes before death (n=42) were obtained at autopsy in order to 

validate wound age estimation. Tissue slides were stained for Fibronectin, CD62p and Factor VIII and were 

subsequently scored for staining intensity (IHC score) in wound hemorrhage (1=minor, 2=moderate, 

3=strong positive). Finally, probability scores of these markers were calculated. 

Results: In at most 14% of the non-injured control samples, hemorrhage was found, with mean ± 

standard deviation IHC scores of 0.1 ± 0.4, 0.2 ± 0.4 and 0.2 ± 0.5 for Fibronectin, CD62p, and Factor VIII, 

respectively. Expression of these markers significantly increased to mean IHC scores 1.4 ± 0.8 

(Fibronectin), 1.2 ± 0.6 (CD62p), and 1.6 ± 0.8 (Factor VIII) in wounds inflicted shortly before death (few 

minutes old) and to 2.6 ± 0.5 (Fibronectin), 2.5 ± 0.6 (CD62p), and 2.8 ± 0.4 (Factor VIII) in 15-30 minutes 

old wounds. The probabilities that a wound was non vital in case of an IH score 0 were 87%, 88% and 

90% for Fibronectin, CD62p, and Factor VIII, respectively. In case of an IHC score 1 or 2, the probabilities 

that a wound was a few minutes old were 82/90%, 82/83% and 72/93%. Finally, in case of an IHC score 

3, the probabilities that a wound was 15-30 minutes old were 65%, 76% and 55%. 
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Conclusions: Based on the expression of Fibronectin, CD62p and Factor VIII in wound hemorrhage, we 

developed a probability scoring system that can be used in forensic autopsies to improve wound age 

estimation in early skin injuries. 
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INTRODUCTION 

 

In forensic pathology it is not only important to determine whether skin wounds are vital or not but also to 

give an estimation of wound age1-10. In the past, it was suggested that histological characteristics could 

classify a vital wound. For example hemorrhage, i.e. the extravasation of erythrocytes after damage of 

blood vessels, was postulated to represent a vital wound characteristic. Hemorrhage, however, can also 

occur in non vital wounds, e.g. due to mechanical manipulation of the body11. The same is true for 

swelling, which may occur in loosely arranged tissue, independent of wound infliction3, 12-14. Therefore a 

pure morphological description to determine a vital wound is inadequate. Enzyme histochemical methods 

were also used to define wound age in tissue sections (e.g. esterase, acid phosphatase, ATPase). 

However, these methods proved to be too unreliable and showed a high rate of negative cases2. . 

Immunohistochemistry of wounds has been studied extensively, especially related to inflammatory cells 

or extracellular matrix-associated markers (e.g. TNF-α, TGF-β, Fibronectin, IL-6). However, in addition to 

inflammation coagulation is also induced in vital wounds,17. We hypothesize that induction of the 

coagulation cascade proteins Fibronectin, P-selectin (CD62p) and Factor VIII18-27 in wound hemorrhage, 

are important additional discriminating factors in wound age determination, especially in early wounds. 

First, Glucose transporter 1 (GLUT-1) was used to determine the area of extravasated erythrocytes (i.e. 

hemorrhage). GLUT-1 is an integral membrane protein that facilitates the transport of glucose across the 

plasma membranes, including in erythrocytes28. Next, Platelet endothelial cell adhesion molecule 

(PECAM-1), also known as cluster of differentiation 31 (CD31), was used to demonstrate the presence of 

thrombocytes, i.e., to verify whether coagulation indeed was induced in the area of hemorrhage. CD31 is 

found on the surface of thrombocytes and it is part of a large portion of endothelial cell intercellular 

junctions29. 

Fibronectin is deposited at the site of injury, forming a blood clot. In addition, it promotes the spreading of 

platelets at the site of injury. It also plays a role in the migration of neutrophils, monocytes, fibroblasts 

and endothelial cells into the wound region, and later on in the migration of epidermal cells to restore 

skin injury23, 30-33. In uninjured skin, strong immunohistochemical Fibronectin expression was not only 

described in the epidermal basement membrane and around skin appendages but also in endothelial 

cells of blood vessels. Furthermore, in 20-40 minutes old vital skin injuries, strong immunohistochemical 

Fibronectin expression was found in wound hemorrhage also23, 30, 34-36.   

CD62p on the other hand is naturally located within granules of endothelial cells and platelets and plays 

an essential role in the early binding of leukocytes to endothelium during inflammation and in the 

recruitment and aggregation of platelets at areas of vascular injury. CD62p has also been found on 
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activated thrombocytes, already a few minutes subsequent to wound induction18-22, 26. However, until now, 

CD62p was not analyzed in wound hemorrhage.  

Finally, Factor VIII is a blood coagulation factor that is normally bound to von Willebrand Factor, a 

multimeric glycoprotein. It mediates the adhesion of thrombocytes to subendothelial connective tissue. 

Like CD62p, Factor VIII is naturally present in endothelial cells and has been described to localize at the 

surface of endothelial cells also a few minutes after wound infliction. Like CD62p, Factor VIII has not been 

described in wound hemorrhage yet18, 24, 25, 27.   

The aim of this study was to develop a new method to determine the age of human skin wounds by 

analyzing Fibronectin, CD62p and Factor VIII expression in wound hemorrhage in early vital wounds (up to 

30 minutes old). Additionally, we wanted to develop a so-called probability scoring system based on the 

expression levels of these markers in wound hemorrhage, to determine the probability that a wound has a 

certain age. This because in daily practice of forensic autopsies, it is necessary to estimate wound age as 

accurate as possible. For this purpose tissue samples of mechanically induced skin injuries of known 

wound age, up to a few minutes old and injuries inflicted 15-30 minutes before death, were obtained at 

autopsy. Tissue slides were stained for Fibronectin, CD62p and Factor VIII and intensity of staining was 

quantified in wound hemorrhage. Finally, probability scores of these markers were calculated. 

 

MATERIALS AND METHODS 

 

In total 322 victims are included in this study, of whom one or more human skin wound samples and non-

injured control skin samples were obtained at forensic autopsies (807 human skin samples in total). Only 

skin wound samples that are the result of “blunt force trauma” were included in this study.  Non-injured 

control skin samples were taken from the same victims, from areas of suspected post-mortal changes. 

There may be differences in histology within a wound. For that reason all the samples were taken from 

the center of the wounds. Standardization regarding the location of sampling is important to compare 

between the wounds. All samples were collected up to maximal 2 days after death. Wound samples were 

examined to verify witness statements related to wound age, and as such were part of the diagnostic 

process. 

These samples were divided in three different groups:  

Group A) Controls: non-injured skin, consisting of 383 skin samples from 163 autopsies (age of victims 

ranged from 0 years old up to 95 years old). 

Group B) “Very early” vital injuries: injuries inflicted shortly before death (a few minutes old), 

consisting of 382 skin samples from 122 autopsies (age of victims ranged from 0 years old up 

to 94 years old).  

Group C) “Early” vital injuries: injuries inflicted 15 to 30 minutes before death, consisting of 42 skin 

samples from 37 autopsies (age of victims ranged from 2 years old up to 84 years old). 

   

(Immuno)histochemistry 

Preservation method: After collection the tissues were fixated in buffered 4% formalin for 2 to 3 days and 

subsequently embedded in paraffin. Then, the paraffin embedded tissues were sliced (4 µm) for 

microscopic investigation, whereafter standard Hematoxylin-Eosin (HE) staining was performed. For 
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immunohistochemistry, tissues were dewaxed and rehydrated in xyleen and alcohol (100%) followed by 

incubation in a methanol/H2O2 0,3% solution to block endogenous peroxidases. Antigen retrieval was 

performed by either boiling slides in a citrate pH 6.0 (CD31) or a Tris-EDTA pH 9.0 (Factor VIII and GLUT-1) 

solution in a microwave for 10 minutes or by incubation with pepsine/HCl 0,1% (Fibronectin and CD62p) 

for 30 minutes at 37ºC. Next, sections were incubated with 1:100 polyclonal rabbit anti-human GLUT-1 

(Thermo Scientific, UK) to visualize erythrocytes in hemorrhage, 1:40 monoclonal mouse anti-human 

CD31 (Dako cytomation, Denmark) to visualize thrombocytes in hemorrhage, 1:200 monoclonal mouse 

anti-human CD62p (Serotec, UK), 1:18000 polyclonal rabbit anti-human Fibronectin (Dako cytomation, 

Denmark) or 1:2000 rabbit polyclonal anti-human Factor VIII (Dako cytomation, Denmark) for 1 hour at 

room temperature. Sections were then incubated with undiluted goat anti-mouse/rabbit envision (Dako 

cytomation, Denmark) for 30 minutes at room temperature. Staining was visualized using 3,3-

diaminobenzidine (DAB, 0,1 mg/ml, 0,02% H2O2). Sections were counterstained with hematoxylin, 

dehydrated and covered. As a control, the same staining procedure was used, but instead of the primary 

monoclonal or polyclonal antibody, 1% bovine serum albumin (BSA)/phosphate buffered saline (PBS) 

solution was used. These skin tissue slides were found to be negative (data not shown).  

 

Immunohistochemical analysis 

HE and GLUT-1 (identifying erythrocytes) stained slides were used to determine the microscopical wound 

area, based on extravasated erythrocytes. Immunohistochemical staining of the different markers was 

scored in this particular area of the wound. To this end, the dominant appearance of an 

immunohistochemical score (IHC score) for each marker (see below) within the particular wound did 

define the final score per wound. From each wound, one representative slide was analyzed. All stainings 

were verified by a second assessor and consensus was achieved for each scoring. In case differences 

were found between the observations of the investigators (i.e. variation in the IHC score), the investigators 

analyzed the slides together in order to reach an agreement.     
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The scoring system 

Fibronectin: 

 Score 0:  No staining in hemorrhage and/or no hemorrhage (see figure 1A). 

 Score 1:  Minor staining in hemorrhage (see figure 1B). 

 Score 2:  Moderate staining in hemorrhage (see figure 1C). 

 Score 3:  Strong staining in hemorrhage (see figure 1D). 

CD62p: 

 Score 0: Diffuse staining of endothelial cytoplasm. No staining in hemorrhage  

and/or no hemorrhage (see figure 2A). 

 Score 1:  Minor linear membrane staining of endothelial cells and/or vascular  

intraluminal staining. No staining in hemorrhage (see figure 2B). 

 Score 2:  Minor staining in hemorrhage (see figure 2C). 

 Score 3:  Strong staining in hemorrhage (see figure 2D). 

Factor VIII: 

 Score 0:  No staining in hemorrhage and/or no hemorrhage (see figure 3A). 

 Score 1:  Minor staining in hemorrhage (see figure 3B). 

 Score 2:  Moderate staining in hemorrhage (see figure 3C). 

 Score 3:  Strong staining in hemorrhage (see figure 3D). 

 

 

Statistical analysis  

Statistical analysis was performed with SPSS (Windows version 20.0, IBM corp., Armonk, NY).  IHC scores 

between different groups were compared by a linear-by-linear association. P-values < 0.05 were 

considered significant. IHC scores are described as mean ± standard deviation (SD).  

 

Probability scores 

To obtain the probability scoring system, first the probability that the IHC score was 0, 1, 2 or 3 was 

estimated via ordinal regression with group as factor. By Bayes’ rule, these probabilities could be inverted 

to obtain the probability that the tissue is sampled from a certain group given the IHC score, i.e. the 

probability score. 

 

RESULTS 

 

Expression of the individual immunohistochemical markers in autopsy wounds 

Immunohistochemical staining of Fibronectin, CD62p and Factor VIII was scored in areas of extravasated 

erythrocytes (i.e. hemorrhage), visualized using HE and GLUT-1 staining (figure 4A and B). 

To verify whether in hemorrhage coagulation indeed was induced, we first stained slides with CD31 to 

visualize thrombocytes (figure 4C). Subsequently, we indeed found that CD31 positive areas coincide with 

the earlier mentioned coagulation markers Fibronectin, CD62p and Factor VIII. It has to be noticed that 

these markers did not always stain the total area of the wound hemorrhage.   
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In at most 14% of the non-injured control samples (group A), hemorrhage coincided with minor 

immunohistochemical positivity for Fibronectin, CD62p and/or Factor VIII (figure 5). The mean IHC scores 

in these control samples were 0.1 ± 0.4 (Fibronectin), 0.2 ± 0.4 (CD62p), and 0.2 ± 0.5 (Factor VIII). For all 

three markers, in wounds of a few minutes old (group B) a significant increase (p<0.001) in the IHC score 

was found compared with non-injured control skin samples (group A), mean IHC scores were 1.4 ± 0.8 

(Fibronectin), 1.2 ± 0.6 (CD62p), and 1.6 ± 0.8 (Factor VIII). Furthermore, the IHC scores for all three 

markers significantly increased even more (p<0.001) in 15-30 minutes old wounds with a mean IHC score 

2.6 ± 0.5 (Fibronectin), 2.5 ± 0.6 (CD62p), and 2.8 ± 0.4 (Factor VIII) (group C).   

 

Probability scores 

In daily practice, a forensic pathologist has to estimate the time frame of a certain wound sample. For 

this we subsequently calculated a so-called probability score for each particular marker in time (table 1).  

In case the IHC score was 0, the probability that the sample was derived from uninjured skin was the 

highest: 87% (Fibronectin), 88% (CD62p), and 90% (Factor VIII). In case the IHC score was 1 or 2, the 

probabilities that a wound was a few minutes old were the highest: 82/90% (Fibronectin), 82/83% 

(CD62p), and 72/93% (Factor VIII). Finally, in case the IHC score was 3, it was most likely that the wound 

was 15-30 minutes old, with probabilities equal to 65% (Fibronectin), 76% (CD62p), and 55% (Factor VIII). 

We did not find a 100% probability score for any of the markers. However, we did find that the probability 

that the wound is 15-30 minutes old for an IHC score of 0 or 1 was 0% for all three markers. Moreover, in 

case of an IHC score 3 the probability that tissue is non injured skin tissue was 1%, 0%, and 1% for 

Fibronectin, CD62p and Factor VIII, respectively. 

 

DISCUSSION 

 

In forensic pathology it is important to determine wound age1-10. In this study we developed a new method 

in order to estimate wound age in early post-traumatic vital skin wounds up to 30 minutes old by 

analyzing immunohistochemical expression of Fibronectin, CD62p and Factor VIII in wound hemorrhage. 

The markers described in this study have different roles both in coagulation and inflammation. 

Fibronectin promotes the spreading of platelets at the site of injury and forms a blood cloth. It also plays a 

role in the migration of neutrophils, monocytes, fibroblasts and endothelial cells into the wound region. 

CD62p on the other hand plays an essential role in the early binding of leukocytes to endothelium during 

inflammation and in the recruitment and aggregation of platelets at areas of vascular injury. Finally 

Factor VIII is a blood coagulation marker that mediates the adhesion of platelets to subendothelial 

connective tissue. 

The expression pattern of these three markers was very similar. Therefore, the combined use of these 

markers with regard to their expression in wound hemorrhage will strengthen the estimation of wound 

age of early skin injuries. 

We found a significant increase (p<0.001) in expression in wound hemorrhage in time for all three 

markers. In maximal 14% of the non-injured control samples, minor expression was found of Fibronectin, 

CD62p and Factor VIII, that significantly increased in wounds inflicted shortly before death and even more 

in wounds of 15-30 minutes old. For all three markers, in case of an IHC score 0, the probabilities that a 
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wound was non-vital were highest. In case of an IHC score 1 or 2, the probabilities that a wound was a few 

minutes old were highest for all three markers. Finally in case of an IHC score 3, the probabilities that a 

wound was 15-30 minutes old were highest. 

Different studies have already described the use of Fibronectin, CD62p and/or Factor VIII expression for 

skin wound age estimation36, although CD62p and Factor VIII were not described in wound hemorrhage 

until now. Fieguth et al., Betz et al., and Ortiz-Rey et al., found in wounds of 20-40 minutes old “strong” 

immunohistochemical Fibronectin expression in wound hemorrhage23, 30, 33 . We also found this in our 

study in 15-30 minutes old wounds. Additionally, we also found minor-moderate (IHC score 1-2) 

Fibronectin expression in wounds of a few minutes old, which was significant increased compared with 

non-injured control skin. With respect to the markers CD62p and Factor VIII, different results were 

published related to their discriminating role in wound age estimation. Several studies described 

translocation of CD62p and Factor VIII from granules to the surface of endothelial cells already after a few 

minutes of infliction20-22, 25, 27, 36-41. However, this was debated by others who found that these markers 

were continuously present on the surface of endothelial cells, even in post-mortem injuries, resulting in 

(minor) positive staining26. We now found minor linear membrane CD62p staining of endothelial cells in 

wounds of a few minutes old, strong enough to discriminate from non-injured control samples with 

cytoplasmic CD62p staining. Furthermore, we found differential CD62p and Factor VIII expression within 

wound hemorrhage in time, indicating that this discriminates additionally in wound age determination.  

Firstly, the area of wound hemorrhage should be defined. For this a GLUT-1 staining can be helpful. The 

staining intensity of the described markers then should be quantified in this area of wound hemorrhage. 

On the other hand, expression of these markers in wound hemorrhage, coinciding with thrombocytes, 

suggests a coagulation related expression induction18, 42. We, however, can not exclude a contribution of 

fragmented endothelial cells, as CD31 is also expressed herein. Albeit, their contribution will be minor in 

comparison to the large hemorrhage area. In addition, passive leakage of these markers from damaged 

blood vessels can also not be excluded 18, 21, 23, 26, 27, 30, 31, 39-41. In at most 13% of non-injured control 

samples, we found minor positivity of Fibronectin, CD62p and Factor VIII in hemorrhage and 

moderate/strong positivity in 1% of the control tissue. At this moment we do not have a clear explanation 

for this. However, we can not exclude that inaccurate or incorrect statements of witnesses could explain 

these outliers within the control group.  

In conclusion, the present study describes a new method to determine wound age in early vital skin 

injuries. In daily practice of forensic autopsies, it is necessary to estimate wound age as accurate as 

possible. Hence, we developed a probability scoring system to determine the probability that a wound has 

a certain wound age dependent on the expression levels of Fibronectin, CD62p and Factor VIII in wound 

hemorrhage. This system can be used in forensic autopsies to improve wound age estimation in early skin 

injuries. 

However, a limitation of our study was that we were dependent of witness statements with regard to the 

wound ages. Therefore, inaccurate or incorrect witness statements could have resulted in aberrant 

estimations in this study.   
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   FIGURES 

 

        A  B  

        C  D  

    Figure 1: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) and strong (IHC score 3)  

     staining (arrows) of Fibronectin. 
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        A  B  

        C  D  

Figure 2: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) and strong (IHC score 3)  

 staining (arrows) of CD62p. 
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       A  B  

       C  D  

Figure 3: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) and strong 

 (IHC score 3) staining (arrows) of Factor VIII. 
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A: Haemorrhage. Normale H&E staining      B: Glut-4, immno staining 

 

       

 

 

 

 

 

 

 

 

 

             C: CD31, immune staining 

            Figure 4: Extravasation of erythrocytes (i.e. hemorrhage) and CD31 positive areas (thrombocytes)  

          in human skin wounds 
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Figure 5: Mean IHC score of Fibronectin, CD62p and Factor VIII expression in autopsy wound samples of  

different wound ages. 
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Marker Group Score 0 Score 1 Score 2 Score 3 

Fibronectin Control 87 18 3 1 

Few min. 13 82 90 34 

15-30 min. 0 0 7 65 

CD62p Control 88 18 3 0 

Few min. 12 82 83 23 

15-30 min. 0 0 15 76 

Factor VIII Control 90 27 4 1 

Few min. 10 72 93 44 

15-30 min. 0 0 3 55 

 

Table 1: Probability score of the immunohistochemical scores 0-3 for Fibronectin, CD62p and Factor VIII. 

Bold = Highest probability score. 

 

The probability (in percentages) is depicted that tissue is sampled from one of the 

groups (control, a few minutes old and 15-30 minutes old wounds) given that the score is 0, 1, 2, 

or 3 for Fibronectin, CD62p or Factor VIII. 

 

LEGENDS 

Figure 1: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) 

and strong (IHC score 3) staining (arrows) of Fibronectin. 

No staining of Fibronectin in hemorrhage (arrow), i.e. IHC score 0 (A). Minor staining of 

Fibronectin in hemorrhage (arrow), i.e. IHC score 1 (B). Moderate staining of Fibronectin in 

hemorrhage (arrow), i.e. IHC score 2 (C). Strong staining of Fibronectin in hemorrhage (arrow), 

i.e. IHC score 3 (D). (Magnification 63x).   

 

Figure 2: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) 

and strong (IHC score 3) staining (arrows) of CD62p. 

Diffuse staining of endothelial cytoplasm and no staining of CD62p in hemorrhage (arrow), i.e. 

IHC score 0 (A). Minor linear membrane staining of endothelial cells and vascular intraluminal 

staining of CD62p (arrow), i.e. IHC score 1 (B). Moderate staining of CD62p in hemorrhage 

(arrow), i.e. IHC score 2 (C). Strong staining of CD62p in hemorrhage (arrow), i.e. IHC score 3 

(D). (Magnification 63x).   

  

Figure 3: Examples of negative (IHC score 0), minor (IHC score 1), moderate (IHC score 2) 

and strong (IHC score 3) staining (arrows) of Factor VIII. 

No staining of Factor VIII in hemorrhage (arrow), i.e. IHC score 0 (A). Minor staining of Factor VIII 

in hemorrhage (arrow), i.e. IHC score 1 (B). Moderate staining of Factor VIII in hemorrhage 

(arrow), i.e. IHC score 2 (C). Strong staining of Factor VIII in hemorrhage (arrow), i.e. IHC score 3 

(D). (Magnification 63x).   
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Figure 4: Extravasation of erythrocytes (i.e. hemorrhage) and CD31 positive areas  

(thrombocytes) in human skin wound. 

HE and Glut-1 staining (arrows) was used to visualize extravasation of erythrocytes (i.e. 

hemorrhage) (A and B). CD31 positivity of thrombocytes (C) in hemorrhage (arrow) of the 

injured human skin (>30 minutes old wound). (Magnification 40x).  

 

Figure 5: Mean IHC score of Fibronectin, CD62p and Factor VIII expression in autopsy wound samples of 

different wound ages.  

 The expression of (A) Fibronectin, (B) CD62p and (C) Factor VIII in group A: Control (n=383), 

group B: a few minutes old wounds (n=382) and group C: 15-30 minutes old wounds (n=42).  

 The error bars in this figure are the Standard Errors of the Mean (SEM). 

 + = significant difference (p < 0.001) between group A and C.  

 # = significant difference (p < 0.001) between group A and B.  

 * = significant difference (p < 0.001) between group B and C. 
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Severe burns can cause major complications, such as infection and deforming scar formation. 

Burn wounds induce an excessive inflammatory response. Serum levels of complement and the acute 

phase reactant C-reactive protein (CRP) are upregulated in response to burn injury and have been shown 

to be related to the severity of burn trauma and to the clinical outcome. However, complement and CRP 

have not been investigated on a tissue level locally at the site of the burn trauma. Protein levels and 

localization of complement activation product C3d and CRP were determined semi-quantitatively in burn 

eschar between 2 and 46 days after injury, using immunohistochemistry. CD68 and myeloperoxidase 

(MPO), markers for macrophages and neutrophilic granulocytes, respectively, were also analyzed on these 

biopsies. Skin biopsies of very recent surgical wounds (seconds old) served as controls. C3d and CRP are 

present at high levels in the burn wound. Protein levels of both mediators are significantly elevated up to 

at least 46 days after injury in comparison with control wounds. In line with this, neutrophils and 

macrophages infiltrate the burn wound in high numbers up to at least 46 days after injury. The excessive 

presence of the inflammatory mediators, complement and CRP, and the increased infiltration of 

neutrophils and macrophages in burn wounds up to 46 days after injury implicate a persistent ongoing 

acute inflammation locally in the burn wound up to weeks after the initial trauma. (J Burn Care Res 

2009;30:274–280) 

 

Deep second-degree or third-degree burn wounds can cause major complications, such as infection and 

deforming and disabling scars. Acceleration of burn wound healing reduces the risk of infection and its 

consequences such as sepsis, eventually leading to death, and results in reduced scaring. Expansion of 

the knowledge of the mechanisms underlying tissue repair is essential to achieve better healing. 

  Burn wounds induce a massive inflammatory response. Immediately after the burn trauma plasma 

levels of complement decrease, probably due to mechanical leakage, but 2 days after the injury a strong 

increase was detected.1 Both complement and C-reactive protein (CRP) are upregulated systemically in 

response to burn Injury 2-5 and are elevated for months after the trauma.6 Systemic complement levels 

have been shown to be related to the severity of burn trauma and to the clinical outcome.1,7 In addition to 

being an important mediator in systemic postburn complications, such as organ failure and sepsis,8 

complement was found to have an effect on the development of the burn wound itself. Increased 

complement levels were shown to be related to increased vascular permeability,9 vascular thrombosis, 
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and hypertrophic scar formation.10 Indeed, in a thermal injury model in pigs, complement inhibitor C1-

inhibitor decelerated significantly the progression of the burn wound in the postburn period and prevented 

inflammatory tissue destruction.11,12 In line with this, in complement factor C4 knock-out mice, burn 

wounds healed without contracture or scarring, whereas in burn wound healing in wild-type mice, scarring 

and contracture occurred. 13 Postburn blood levels of CRP were shown to be not only proportional with 

the extent of the burn wound area but also with the depth of the wound.14,15 Interestingly, in nonburn 

wounds CRP was shown toactivate complement locally on a tissue level in various inflammatory diseases, 

such as myocardial infarction 16  and atherosclerosis.17 Complement activation product C3d is involved in 

the opsonization of pathogens and also of dying/damaged cells also through specific C3d receptors 

expressed on macrophages.18 CRP activates complement on cells,16 which leads to cell death and 

indirectly to phagocytosis by, for instance, macrophages. Up until now, complement and CRP have not 

been investigated on a tissue level locally at the site of the burn trauma. We therefore studied the tissue 

levels and distribution/localization of these inflammatory mediators in burn eschar between 2 and 46 

days after injury. Because activation of the complement system mediates recruitment of inflammatory 

cells to sites of injury and inflammation,19,20 ,we additionally examined the presence of macrophages and 

neutrophils in these samples. 

 

METHODS 

 

Patients 

Eschar containing the burned epidermis and dermis were obtained from 58 patients who were admitted 

to the Burn Center of the Red Cross Hospital in Beverwijk, The Netherlands, with third-degree burn wounds 

(Table 1). The samples were taken from the center of the full-thickness burn wounds. Control skin 

biopsies containing the epidermis and dermis were taken from five nonburned nonwounded patients 

undergoing surgery, which did not have an inflammation. These biopsies were taken immediately after 

infliction of the surgical incision. No or very limited re-epithelialization took place in these wounds. In a 

few cases, however, an edge of migrating epithelium was seen. The total burned surface area (TBSA) was 

on average 14.5% (range 0.5–79%), with a mean percentage full-thickness burn of 8.8% (range 0.5–

48%). Seventy-five percent of the patients had a TBSA of less than 10%. The remaining 25% of patients 

had a TBSA of larger than 10%. There was no relation between the TBSA and the levels of positivity of C3d 

and CRP, nor the infiltrating numbers of macrophages and granulocytes. Also, no significant difference 

was found in TBSA between the groups in which patients were divided according to wound age. In all 

cases, biopsies were taken before skin grafting and with informed consent of the patients. In 

approximately 5% of patients, infection of the wound was determined at the department of Microbiology 

(Table 1). The study was approved by the ethics committees of the Burn Center, Red Cross Hospital 

Beverwijk and the VU Medical Center Amsterdam. The investigation conforms to the principles of the 

Declaration of Helsinki. 
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General Controle N = 5 Burn wound age (days post burn Statistics 

 

Age (mean ±SE) 

 

49.2 ± 8.5 

 

39.7 ± 5.0 

 

38.0 ± 5.0 

 

49.0 ± 5.5 

 

n.s.* 

Sex 

(male/female) 

 

3/6 

 

10/6 

 

16/8 

 

9/9 

 

n.s.† 

 

Infection 

 

N = 0 

 

N = 2 

 

N = 0 

 

N = 1  

 

 

Table 1: Group specifications 

n.s., not significant. 

* One-way ANOVA with Bonferroni post-test. 

† Pearson _2 test with ordinal Gamma test. 

 

Immunohistochemistry 

The tissue specimens were fixed in 4% formalin and subsequently embedded in paraffin. Paraffin-

embedded tissue sections (4 ųm) were mounted on microscope slides and were deparaffinized for 10 

minutes in xylene at room temperature and dehydrated through descending concentrations of ethanol. 

Subsequently, the sections were either stained with hematoxylin-eosin or used for immunohistochemistry. 

For the latter procedure, sections were incubated with 0.3% hydrogen peroxide in methanol for 30 

minutes to block endogenous peroxidise activity. Tissue sections were subjected to antigen retrieval by 

boiling in 10 mM sodium citrate buffer, pH 6, for 10 minutes in a microwave oven. Antibodies were 

diluted in phosphate-buffered saline (PBS) (pH 7.4) containing 1% (wt/vol) Bovine Serum Albumin. 

Sections were incubated with either polyclonal rabbit anti-human complement C3d (Dako, Glostrup, 

Denmark; 1:2000 dilution) or with monoclonal mouse anti-human CRP (Sigma-Aldrich, St Louis, MO; 

1:400 dilution) or with monoclonal mouse anti-human CD68 (Dako; 1:400 dilution) or with polyclonal 

rabbit anti- humanMPO(Dako; 1:500 dilution) for 60 minutes. After washing in PBS, slides were incubated 

with EnVision (Dako) for 30 minutes and after washing in PBS, staining was visualized using 3,3’-

diaminobenzidine (0.1 mg/ml, 0.02% H2O2). Sections were counterstained with hematoxylin, dehydrated, 

and covered. As controls, slides were stained as described but without primary antibodies. These stainings 

always yielded negative results. 

    The C3d and CRP positivity was analyzed for anatomical localization and subsequently scored for its 

intensity (0 = negative; 1= weak homogenous positivity; 2 = moderate homogeneous positivity; and 3 = 

strong homogeneous positivity). This semi-quantitative immunohistochemical score was achieved after 

independent analysis by two investigators (F.v.d.G. and H.W.M.N.). The MPO and CD68 stainings were  

scored quantitatively by counting the number of positive cells in 10 randomly chosen high-powered fields 

(HPF = visual field at x 400 magnification). The final score for each biopsy is the average number of cells 

per HPF. 
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Data Analysis 

Statistical analysis was performed using SPSS 14 for windows. Parametric data was analyzed using a 

oneway analysis of variance with Bonferroni post-test. Nonparametric data was analyzed using a Pearson 

x2 test with ordinal Gamma test. In the text and relevant figures, values are given as means ± SE. A P 

value (two-sided) of less than 0.05 was considered to represent a significant difference. 

 

RESULTS 

 

Serial slides of burn wound tissue and of control wound tissue were stained for complement factor 

C3d, CRP, MPO, or CD68 and subsequently either semi-quantitatively scored (C3d and CRP) or 

quantitatively scored (MPO and CD68; see Materials and Methods section). 

   In control tissue, C3d was found diffuse in the epidermis as has been described earlier21,22  (Figure 1A, 

arrow I). Also, C3d positivity was found in the horn layer (Figure 1A, arrow II). In the dermis, positivity for 

C3d was found in particular on erythrocytes (Figure 1A, arrow III) and sporadically on fat tissue and 

connective tissue. Little or no CRP was found in control tissue (Figure 1B). In contrast, in burn wound 

tissue, C3d and CRP were present abundantly and were found in both dermis and aberrant epidermis 

(Figure 1C and D, respectively). Both C3d and CRP were present on the endothelium in blood vessels, on 

the connective tissue of the extracellular matrix and on the basal layer of the epidermis. In addition, both 

C3d and CRP were found in the epidermis that was aberrant because of the thermal injury (Figure 1C and 

D, arrow IV). Isotype controls for C3d and CRP showed little or no staining (Figure 1E and F, respectively). 

   In control wound tissue, no or very little CD68- positive macrophages or MPO-positive neutrophils were 

found (Figure 2A and B, respectively). MPO was found diffuse in the epidermis (Figure 2B, arrow I). In burn 

wound tissue, however, there was extensive infiltration of these cells into the dermis. Also, at locations 

where the epidermis was aberrant, macrophages and neutrophils were found to infiltrate in high numbers 

(Figure 1C and D, arrow III), whereas at locations where the epidermis was intact, macrophages and 

neutrophils were not found (Figure 1C and D, arrow II). Isotype controls for CD68 and MPOshowed little or 

no staining (Figures 2E and 1F, respectively). 

   Analysis of burn wounds of increasing age enabled monitoring the presence of C3d and CRP and 

neutrophils and macrophages in the wound tissue in time. Therefore, in different patients, the biopsies of 

the burn wound tissue were taken at different time points after onset of the injury. The “earliest” biopsy 

was taken from a patient 2 days after injury, whereas the “oldest” biopsy was taken 46 days after injury 

from another patient. According to the number of days postburn (dpb.) at which the biopsies were taken, 

patients were divided into three groups: from 2 up to 10 dpb. (2 to <10; n = 16), from 10 up to 20 dpb. 

(10 to<20; n = 24), and from 20 up to 46 dpb. (20 to < 46; n = 18). 

    The mean immunohistological score of C3d in control wounds was 0.20±0.20, whereas in the burn 

wounds in the different wound age groups it was 2.44 ± 0.13 (2 to <10), 2.54 ± 0.13 (10 to < 20),   

2.72 ± 0.14 (20 to <46) (Figure 3A). The immunohistological score of C3d in all three groups of burn 

wounds was significantly higher than in control wounds (P =.000 for 0 to<10 dpb., P =.002 for 10 to < 20 

dpb., and  P =.000 for 20 to < 46 dpb). Overall, presence of complement factor C3d locally in burn wound 

tissue was moderate to strong up to 46 days after onset of injury. The mean immunohistological score of 
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CRP in control wounds was 0.20 ± 0.20, whereas in the burn wounds in the different groups it was 3.00 ± 

0.00 (2 to <10), 2.17 ± 0.17 (10 to <20), and 2.86 ± 0.14 (20 to <46) (Figure 3A). Therefore, similar to 

C3d, the presence of acute phase protein CRP locally in burn wound tissue was moderate to strong up to 

46 days after onset of injury. And similar to C3d, the immunohistological score of CRP in all three groups 

of burn wounds was significantly higher than in control wounds (P = .000 for 2 to <10 dpb., P =.002 for 10 

to <20 dpb., and P = .000 for 20 to <46 dpb). The mean number of granulocytes per HPF in control 

wounds was 0.20 ± 0.07. In burn wound tissue, these were 132 ± 29 (2 to <10), 98 ± 18 (10 to <20), and 

63 ± 9 (20 to <46) (Figure 3B). In all groups of burn wounds, the number of granulocytes per HPF was 

significantly higher than in control wounds (P < .02). Similarly, the mean number of macrophages per HPF 

in control wounds was 0.96 ± 0.51 and in the groups of burn wounds they were: 62 ± 5 (2 to <10), 68 ± 

27 (10 to <20), and 83 ± 22 (20 to <46) (Figure 3B). As with granulocytes, in all groups of burn wounds, 

the number of macrophages per HPF was significantly higher than in control wounds (P <.05). 

 

 

 

Figure 1. Presence of complement and CRP locally in the burn wound. A. Complement factor C3d staining of control 

skin. Arrow I, diffuse staining of the epidermis; arrow II, the horn layer; arrow III, erythrocytes. B. C-reactive protein 

(CRP) staining in control skin (magnification for A and B, x100). C. C3d depositions in burned skin taken 11 days after 

injury. C3d is deposited in the aberrant epidermis (arrow I) and is deposited widespread in the dermis. D. CRP 

depositions in the same location as (C). As with C3d, CRP is deposited in the aberrant epidermis (arrow I) and is 

deposited widespread in the dermis (magnification for C and D,x400). E. Isotype control for C3d. F. Isotype control for 

CRP (magnification for E and F,x400). 
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DISCUSSION 

 

Earlier studies suggest a relation between blood levels of the inflammatory mediators, complement and 

CRP, and the progression of the burn wound in the postburn period resulting in further tissue destruction 

and finally resulting in scar formation.9-14,23 However, these inflammatory mediators have not been 

investigated on a tissue level locally at the site of the burn trauma. We now show for the first time in 

humans that both complement factor C3d and CRP are deposited excessively in the skin at the burn 

wound site. Remarkably, both mediators are present in high quantities up to at least 46 days after injury. 

In line with this, we found that neutrophils and macrophages infiltrate the burn wound in high numbers up 

to at least 46 days after injury. This implicates a persistent ongoing acute inflammation locally in the burn 

wound. 

 

 

 

Figure 2. Presence of macrophages and neutrophils locally in the burn wound. A. CD68 staining in control skin. B. 

MPO staining in control skin. Arrow I: diffuse staining of the epidermis (magnification for A and B, x100). C. Infiltration 

of CD68-positive macrophages in burned skin taken 32 days after injury. Macrophages infiltrate the dermis in high 

numbers and also infiltrate the aberrant epidermis (arrow III), but not the intact epidermis (arrow II). D. Infiltration of 

MPO-positive neutrophils in the same tissue as (C). As with macrophages, neutrophils infiltrate the dermis in high 

numbers and also infiltrate the aberrant epidermis (arrow III), but not the intact epidermis (arrow II) (magnification 

forCand D,x100). E. Isotype control for CD68. F. Isotype control forMPO (magnification for E and F, x400). 
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Machens et al,24  using a microdialysis technique, showed that in wound fluid of deep second-degree burn 

wounds during the first 24 hours postburn complement factor C3a levels were significantly higher than in 

control skin, but were only significantly higher up to 48 hours postburn in patients over the age of 60 

years. As we have found significantly higher levels of C3d deposited in the burn wound tissue up to 46 

dpb. in patients of which over 80% was younger than 60 years, this could suggest that the levels of 

complement in wound fluid may not accurately reflect the levels of complement deposited in the wound 

tissue. Moreover, we investigated third-degree burns, not seconddegree burns. In line with the persistent 

complement and CRP depositions described in the current study, reports have previously shown that 

blood levels of both these mediators in burn patients may be elevated up to months after injury.6,25 

Indeed, Wan et al26 described significantly elevated serum levels of C3 and C3d for about 2 months 

postburn and thereafter fluctuations of these mediators up to 1 year after injury that suggest ongoing 

chronic inflammation. In theory, infection of the wound can result in increased depositions of 

complement. However, in our study in only 3 of 58 patients infection of the wound did occur.  

   An important feature of local complement activation is its chemotactic recruitment of inflammatory 

cells to sites of injury.19,20 There are strong indications that complement activation is related to the 

severity of burn trauma and to the clinical outcome. Inhibition of the complement system, therefore, may 

offer therapeutic benefits. Experiments in different animal burn models with either soluble complement 

receptor 1, an inhibitor of complement activation by both classical and alternative pathway, or C1 

inhibitor showed that complement inhibition led to reduced neutrophil infiltration and reduced burn 

wound severity. 11-13,27 In addition to reduced tissue damage, local inhibition of inflammation may also 

reduce systemic complications. A recent study showed that attenuating burn wound inflammation by a 

locally administered p38 mitogen-activated protein kinase inhibitor improved survival in mice,28 indicating 

that, indeed, attenuation of local burn wound inflammation may effect the systemic inflammatory 

response. Consistent with this, in humans application of xenogenic acellular dermal matrix on second-

degree burn wounds decreased serum CRP levels and therefore may reduce systemic inflammation.29  

    The persistent ongoing acute inflammation locally in the burn wound we show here suggests that 

complement and CRP are culprits responsible for complications of burn wound healing and/or the poor 

outcome of wound healing in burn wounds either directly through cell lysis or through the recruitment of 

inflammatory cells to the wound. In addition, this local persistent ongoing acute inflammation may relate 

to long-term postburn systemic inflammation. 
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Figure 3. Quantification of complement, C-reactive protein (CRP), macrophages, and neutrophils locally in the burn 

wound. A. Semi-quantitative immunohistochemical score for C3d (diamonds and dotted line) and CRP (triangles and 

solid line) in control wounds and burn wounds of increasing age. For scoring method see Materials and Methods 

section. For C3d and CRP, the immunohistochemical score was significantly higher in burn wounds than in control 

wounds (*P < .002). B. Quantitative immunohistochemical score for CD68-positive macrophages (triangles and 

dotted line) and MPO-positive neutrophils (diamonds and solid line). For scoring method see Materials and Methods 

Section. For the macrophages and for the neutrophils, the immunohistochemical score was significantly higher in 

burn wounds than in control wounds (*P < .05). 
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Abstract 

  Many aspects influence the decomposition process of a body and, as such, are important in forensic 

science for estimation of the post mortem interval. In a recent forensic case, a missing man was found 

buried in sea sand. The post mortem interval estimation as obtained at autopsy was quite different to the 

actual period this man was missing. In the present study, we have set up an artificial decomposition 

model to study the effect of sea soil and moisture, relevant to this particular case, on the decomposition 

mode. 

  Pig (Sus domesticus) legs were buried in 50 litres of sea sand and control sand (woodland sand) 

respectively, within containers for 1, 2 and 3 months. The sand was evaluated using routine pedological 

analysis. The legs were analysed using AZAN staining and microscopically scored for their decomposition 

grade. In the second part of the study, the effect of moisture hereon was analysed. 

   Pedological analysis did not show significant differences in composition between the sea- and woodland 

sand. Although an increase in decomposition grade was found in both soils over time, no differences in 

decomposition grade were found. In the second part of the study, however, we found a significant 

decrease in decomposition score in legs buried in wet, soaked sea sand compared to those buried in dry 

sea sand. Soaked means a small layer of water was seen on the container’s surface. 

   We have successfully developed an in vitro decomposition model in order to address taphonomic 

questions related to a forensic case and have found that moisture inhibited the process of decomposition 

in sea sand. 

 

Keywords: Taphonomy; Decomposition; Moisture; Histology; PMI 
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Introduction 

 

   Taphonomy is the science of the laws of embedding [1] combining geological, biological and historical 

approaches into one methodology [2-15]. Forensic taphonomy integrated the concept of taphonomy 

within the field of forensic science. This is applied in the study of human decomposition, the 

determination of the Post-Mortem Interval (=PMI) or Post-Burial Interval (= PBI), the analysis of the cause 

and manner of death, and the distinction between products of human behaviour from those created by 

natural factors such as, for instance, animal activity and the identification of human remains sites [16-

18]. 

   Decomposition on a macroscopic level is well documented from ancient literature (the Gilgamesh Epic 

quotes maggots in a human body infestation in a warm environment [19]) to modern literature. In 

particular, the formation of livor mortis, rigor mortis and temperature are well-documented [20-23]. 

Nevertheless, these aspects are signs of early decomposition. The ongoing stages, in particular, are less 

described. 

    It is known that the longer the post mortem time lapse is, the more difficult it is for adequate 

histopathological conclusions sites [24]. Most of the articles dealing with post mortem histopathology 

pinpoint organ pathology and the level of certainty one still has in using histological techniques. Time 

related degeneration of normal histological structures such as muscle or nerves that has been 

systematically documented is very hard to find in literature at present. 

    The dermis consisting of epidermis with several layers of cells, divided by a basal membrane from the 

dermis, is a collagen rich structure containing vessels, hairs and glands, subcutaneous fatty tissue and the 

deeper muscular tissue, along with the superficial and deeper localised arteries and nerves [25]. It is 

likely that the decomposition of the epidermis is influenced more by the surrounding soil than, for 

instance, the deep muscles. On the other hand, the case of a complete body bacterial flora from the 

inside can give rise to other mechanisms of decomposition. 

    In this study, we investigated the degeneration of several clearly recognisable histological structures 

over time on a quantitative scale. 

   Recently we encountered the importance of the above mentioned taphonomic variables in a forensic 

case of a missing man that was buried in sea sand (for more details, see the Materials and Methods 

section) in the early spring of 2008 in the western part of the Netherlands. In this particular case, the 

initial Post Mortal Interval (=PMI) estimation did not coincide with the period the man was missing. This 

raised thequestion of whether this PMI estimation was, therefore, incorrect. To the best of our knowledge 

however, research related to the effect of sea sand and/or moisture on the decomposition state of a 

human body as such is lacking. Therefore, we performed a taphonomy study in an in vitro decomposition 

model to analyse whether sea sand preserves organic material better than woodland soil and whether 

moisture has a significant impact on this process. 
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Materials and Methods 

 

Case report 

Remains of an unknown adult male were found in the western part of the Netherlands in the early spring 

of 2008 during construction work for an infrastructural project. These remains were accidentally removed 

from the burial pit by a large excavator and transported over a distance of circa 700 metres to a 

secondary location. The original burial pit with an average depth of approximately 140 cm had been dug 

in sand of medium texture (0.5-0.25 mm) and marine origin. In the Netherlands, sea sand is often used to 

improve the ground texture needed for the foundation of roads or other structures. The discovered body 

was clothed in a normal fashion according to the weather at the time (i.e. 2 thin layers of clothing). The 

body was severely damaged by the movement of the draglines. Although there were clear signs of 

decomposition, the hair of the victim was firmly attached to the head, the epidermis was still present and 

almost no green coloration was seen. Almost no gaseous formation was noticed and fluid blood was still 

available. Due to the physical state of the remains, the time between death and discovery, the so-called 

Post Mortem Interval (= PMI), was estimated at approximately one to two weeks (Figures 1a and 1b). 

Green discoloration of the body was limited directly after excavation. The green discoloration as 

noticeable on figure 1a, however, rapidlyprogressed in this way during the time subsequent to excavation. 

The soft tissues (Figure 1b) had a more or less normal aspect at autopsy. Overall, this was inconsistent 

with the fact that after his positive identification this man appeared to be missing for approximately three 

months. If the initial PMI estimation was correct, an explanation for the approximately two-and-half 

month episode for which he was reported missing had to be found. If the initial estimated PMI was 

incorrect, however, there should be an explanation for which factors contributed to this exceptionally good 

preservation of the remains. In order to test this last hypothesis, the present study was performed to 

analyse whether sea sand preserves organic material better than woodland sand. In addition, the impact 

of the level of moisture was examined since the late autumn and winter periods (i.e. the period during 

which the man was missing) in the Netherlands are notorious for their prolonged periods of heavy rainfall. 

 

Experimental design 

   Since there are ethical restrictions within the Netherlands for the use of human tissues in taphonomic 

research, the experiment was performed on pig tissue (Sus domesticus). In previous taphonomic studies, 

it has been shown that pig tissue decomposes more or less identically to human tissue, although this has 

not been studied in sea sand  before [26-37]. 

    In total, 180 pig legs were used for this experiment, a total organic mass of approximately 50 kg. All 

legs were obtained from an abattoir while still fresh and were cleaned with hot water according to 

standard slaughter protocols. As a result, no pigs were harmed for the purpose of the study. These legs 

did not differ significantly with respect to weight and mass (not shown because all samples were taken 

from the same place of the legs, approximately 1cm below the skin at the backside of the leg. We 

assumed that slight differences in weight and size will not give significant alterations). 
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Figure 1: Macroscopic pictures of the victim and the in vitro experiments. a) the body of the victim, b) the head of the 

victim with preserved soft tissue, c) sea sand, d) woodland sand e) sampling of fresh material f) containers outside in 

open air. 

 

The experiments took place at the same time of the year - one year after the victim was reported missing. 

The location of the burial site of the victim was 75 km from the research facility and provided a more or 

less similar temperature, humidity degree and sea level according to the Dutch meteorological centre 

who compared tables of precipitation and temperature where established. Although both periods were 

not identical, the authors accepted the differences as more or less comparable. During a relatively cold 

14 day period in January 2009, the containers were loosely covered with industrial plastic and stored in a 

more protected area. The distance of only 75 km away from the North Sea was accepted climatologically 

as being similar. 

    Plastic containers (40 × 35 × 35 cm) were used to store the legs in both experiments. Pig legs with skin 

attached were buried in two different sands: one consisted of sea sand, identical to the sand in which the 

remains of the adult man were found (Figure 1C) and the other control sand was woodland sand, sampled 

in a nearby area (Figure 1d). The choice for woodland sand as control sand was because much of the 

knowledge regarding the speed of decomposition of buried human bodies within the Netherlands is 

derived from information from illegal burials in woodland areas. Woodland soil is common yellow soil 

found in many places in the deeper earth layers in the Netherlands usually after approximately 1 metre of 

organic soil yellow sand is found, composing of particles transported by the rivers from central Europe and 

by the last ice age from the north of Europe. Both sands were sampled from the a) (i.e. surface soil), b) 

(i.e. subsoil) and c) (i.e. parent material) horizons of the soil profile. 2 m³ of each soil type was used. 
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    Subsequently, two separate experiments were performed. The first experiment (80 legs) was set up to 

examine the difference in speed of tissue degradation between the wet sea soil and wet woodland soil, 

therefore independent of the degree of moisture and at identical (surrounding) temperatures. The second 

experiment (90 pig legs) was performed to examine the putative difference in degradation speed of the 

pig legs between dry and wet sea soil but, once again, both were at identical temperatures. The 10 

remaining legs were used as negative controls (Table 1). 

   During the first experiment, all containers were placed in open air, generating wet sea sand and 

woodland sand, although the bottom of the container was perforated in order to drain rainwater. First of 

all, all containers were filled with 10cm of woodland sand or sea sand and then a pig leg was placed on, 

positioned in such a way that they did not touch the plastic walls of the container. The containers were 

then covered with 25 cm of soil that was firmly pressed. Ten containers contained pig legs without sand; 

ten legs were sampled immediately (Figure 1e). Finally, all containers were placed outside, in the open air 

(Figure 1f) to simulate the conditions of the crime scene. After 1, 2 and 3 months ten legs of both sand 

types and controls (3 legs after 1 month, 3 legs after 2 months and 4 legs after 3 months) were excavated 

and sampled (Table 1). 

    During the second experiment, all 90 (2 × 45) containers were filled with sea sand up to 10 cm. The 

legs were then placed on top of the soil once again positioned in such a way that they did not touch the 

plastic walls of the container. The containers were then covered with 25 cm of sand that was firmly 

pressed. In this experiment however, half of the containers were placed in open air, generating wet sea 

sand, whereas the other half of the containers were loosely covered with plastic, generating sea sand with 

less moisture than the uncovered containers. Samples were taken after a period of 1, 2 and 3 months; 15 

samples each time (Table 1). Due to an irrigation canal in the bottom of the containers, most of the rain 

water could easily pour away. Nevertheless, a small layer of water was observed during rainfall, making 

the sand Saturated. Saturated means a thin layer of water was permanently seen on top of the soil. 

 

Sampling method 

All samples were taken from the topside of the leg and contained both skin and muscle (Figure 1e). After 

sampling, all samples were fixed in 4% formalin and histologically processed (i.e. dehydrated and 

embedded in paraffin). After this, six-micrometre thick slides were processed for each sample and 

stained. For this routine, AZAN staining was performed to visualise connective tissue that was used for the 

microscopic scoring analysis (see below). 
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 Table 1: Explanation of the samples of the experiment 

 

 

a) Type of samples used in the first experiment  

 

 

b) Type of samples used in the second experiment 

 

Microscopic scoring analysis: decomposition score 

All slides were analysed and scored microscopically. For this, five different tissue structures were 

investigated separately, namely: dermis, fat tissue, muscle, blood vessels and nerves. To quantify the 

state of decomposition a scoring system of 0 to 3 was used. A typical example of the microscopic scoring 

analysis of the muscle, stage 0-3, has been depicted in figure 2. As such, the score 0 was related to fresh 

tissue samples (no decomposition), the score 3 was related to an unburied sample after 1, 2 and 3 

months (maximal decomposition) dependent on when exactly each particular sample was excavated. It 

has to be noted that the maximum score of 3 had already been achieved within the unburied control 

samples after just one month. All scores are explained in more detail in table 2. 

 

Statistical analysis 

   The data derived from both experiments were analysed using conventional univariate analysis with 

proprietary statistical package SPSS, using the Wilcox ranking test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Un)-buried   Control Buried Buried Buried Unburied Unburied Unburied 

Time (mts) ) 0 1 2 3 1 2 3 

N= 10 20 20 20 3 3 4 

Sand type Dry Wet Dry Wet Dry Wet  

Time (mts) 1 1 2 2 3 3  

N= 15 15 15 15 15 15  
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                                                      Table 2: Histological aspects of the scoring system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Score 0 (fresh 

samples) 

Score 1 Score 2 Score 3( unburried 

sample) 

Dermis Dermis appeared in 

finely orientated 

fibres, the edges 

were very sharp and 

there were no lyses 

of collagen or 

adnexal structures. 

Dermis appeared in 

finely orientated 

fibres, and lyses of 

collagen and 

adnexal structures 

Occurred 

occasionally. 

Dermis showed 

clear lyses of 

collagen and 

adnexal structures 

but was still 

recognisable as 

dermis. 

Dermis was only 

appearing in 

massive coagulating 

lyses of collagen 

and adnexal 

structures.  

Fatty tissue  Fat tissue was 

sharply lined with 

smooth edges and 

clear nuclei. 

Fat tissue was 

occasionally not 

sharply lined or the 

chromatin pattern 

of the nucleus was 

obviously 

degenerated but 

without damage 

to the outer 

structure of the 

nucleus. 

Fat tissue was 

clearly showing 

signs of lyses, but 

the actual structure 

of the fatty tissue 

was easily 

recognisable. 

Fat tissue was 

almost completely 

degenerated, 

appearing only as 

ghostly contours. 

muscle Muscle was sharply 

edged; there was no 

sign of 

fragmentation and 

no degeneration of 

the interstitial 

fibres. 

Muscle was 

occasionally less 

sharply edged and 

there were minor 

signs of 

fragmentation. 

Muscle showed 

clear 

fragmentation but 

not all fibres were 

damaged and/or 

the 

structure of the 

muscle was still 

recognisable. 

Muscle showed 

massive lyses and 

as such the muscle 

structure was now 

only recognisable by 

its colour, not by its 

histological 

appearance. 

Blood vessles Blood vessels were 

clearly consisting of 

several layers of 

muscle and 

collagen and the 

endothelium was 

undamaged. 

Blood vessels were 

clearly consisting of 

several layers of 

muscle and 

collagen, 

however with minor 

signs of lyses and 

damage. 

Blood vessel 

showed clear lyses, 

but the actual 

structure was still 

recognisable. 

Blood vessels 

appear only as 

contours. No 

histological 

structures 

were recognisable. 

nerves Nerves were sharply 

edged, there were 

no signs of lyses 

and the 

axon structure was 

undamaged. 

Nerves were 

occasionally less 

sharply edged, there 

were minor signs of 

lyses and the axon 

structure showed 

minor deterioration. 

Nerves were still 

easily 

recognisable but the 

internal structure 

showed clear signs 

of lyses. 

Nerves appeared in 

ghostly contours 

and no separate 

capsule or axon 

structure was 

identified. 
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Meteorological data 

   To extrapolate the original burial findings of the victim to the decomposition in vitro model, 

meteorological data concerning the temperature and rainfall were obtained from the Royal Netherlands 

Meteorological Institute (KNMI) in De Bilt. Precipitation amounts in time are represented in figure 3. 

 

Figure 3: Precipitation analysis in 2007/2008 and 2008/2009 in several months in the Netherlands. 2007/2008 is 

shown in blue, 2008/2009 is shown in green. 

 It was noticed that a significant amount of rainfall did occur during the period in which the man went missing, 

namely 370 mm in total (KNMI). It is worth noting that this amount was higher than the average amount for this time 

of year, 280 mm (KNMI). For this reason, the effect of moisture on the decomposition process of the pig legs in sea 

soil was then studied. Temperature was not calculated in this model for the temperatures at a depth of 140 cm at 

this spot in the Netherlands are often low and fluctuate with ground water rising, not directly with surface 

temperature alterations. 

 

Archaeological and pedological analysis 

    Following the discovery of the remains, an archaeological survey was performed at the site. During this 

survey, the remnants of the burial pit were found. This pit was originally approximately 1.4 m deep, but 

only 15 cm (i.e. the bottom of the pit) could be examined in situ because the pit was almost completely 

destroyed by a large excavator. 

The average soil temperature measured at 1.4 m below the surface level was 7.8ºC at the moment of 

excavation. The average temperature measured at the surface level was 9.2ºC. The bottom of the pit was 

situated circa 15 cm above the groundwater level. It was not possible to measure the pH value and 

moisture of the pit soil reliably due to the heavy soil disturbance at the site. 

A pedological analysis was performed in sand samples derived from the first experiment, including two 

sea sand samples and two woodland sand samples that were collected at the start and at the end of the 

entire experiment. Pedological analysis consisted of a Thermo Gravimetric Analysis (TGA), an X-ray 

fluorescence spectrometry analysis (XRF) and a particle size analysis 8 (Table 3 and figure 4). 
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Figure 2: Microscopic pictures of the muscle, stained with AZAN. 

  

a) Score 0 pig leg, b) Score 1 pig leg, c) Score 2 pig leg, d) Score 3 pig leg, e and f) Samples victim, Magnification 400 

X. Muscle (neck region) of the victim with decomposition score 3,e) Magnification 400 X. 

 

Thermo-gravimetric analysis (TGA) 

The organic substance and carbonate content of the samples were determined by Thermo-gravimetric 

analysis. During this analysis, the loss of weight was measured in an equation with time and temperature. 

Data retraction took place in the range from 25 to 1000°C. All analyses were performed in duplicate. The 

analyses were performed on a TGA- 601 machine from LECO Corporation up to 1000°C with a speed of 

10°C per minute medium flow speed. We used ceramic cups and samples of 2.5 ± 0.4 g. 
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Tables 3: Archeological and pedological analysis. 

a) Results of TG analysis 

 

b) Results of XRF analysis 

 

Rontgen-fluorescence spectrometry (XRF) 

4.5 ± 0.005 g samples were used in aluminium cups. 10% weight equivalent of EMU (glue substance) was 

added and incorporated in an Agate mill and pulverised in approximately 15 minutes. The resulting 

substance was added to aluminium cups and placed in a corrosionfree steel cylinder. Plastic foil was 

added to prevent contaminationof the steel. The cylinder was placed in a press for 30 seconds with a 

compression force up to 2000 kg. Pressure  release to 0 kg in approximately 30 seconds. Material was 

stored in an exsiccator until analysis. Analysis was performed with a MagiX PRO XRF system from 

Spectris CO. LTD. The software used was SuperQ manager. 

 

Grain size analysis 

500 mg of sand together with 200 mg of clay was put with 5 ml of 30% H2 and boiled to remove organic 

material. During this heating process, extra-demineralised water was added. After cooling until 

approximately 40°C 5 ml 10% HCl was added before the samples where heated again for approximately 

1 minute. After this, 750 ml of demineralised water was added. After sedimentation (overnight) the 

samples where decanted and 300 mg of Na4P2O7·10H2O (sodium pyrophosphate) was added before 

heating. After cooling, the samples were analysed with a laser particle a22, C-version, VUmc, and 

Laboratory for Sediment Analysis. 

 

 

 

 

 

 

Sample Water (%) Organic material (%) Glow (NEN5754) (%) Carbonate (%) 

1 Woodland at start, WS 0.106  0.115  0.337  0.406 

2 Sea at start, SS 0.136  0.167  0.528  5.726 

3 Woodland at end, WE 0.055  0.101  0.393  0.495 

4 Sea at end  0.088  0.091  0.345  5.84 

 

 

Conc  Fe2O3  MnO  TiO2  CaO  K2O  P2O5  SIO2  AL2O3  MGO  NA2O   Zn Cu Ni 

W

S 

87,22  0,60  0,01  0,10  0,27  1,28  0,04  81,08  3,01  0,24  0,59  22,85  2,59  9,4 

S

S 

88,48  0,62  0,01  0,12  3,69  1,24  0,04  79,03  2,75  0,38  0,59  15,03  1,59  8,2 

W

E 

87,59  0,55  0,01  0,09  0,31  1,26  0,03  81,65  2,90  0,21  0,58  17,46  1,87  9,9 

S

E 

87,73  0,81  0,02  0,13  5,02  1,36  0,05  75,78  3,39  0,53  0,63  18,60  2,23  10, 
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Results 

 

 Pathological analysis of the first experiment: wet sea soil versus wet woodland soil 

   The first study was whether significant differences were present between sea soil and woodland soil. For 

this pedological analysis (grain size, chemical and physical composition) was performed. Determination of 

the amount of organic matter in both soils showed that this was less than 0.2%. The water content of both 

soils at the start and the end of the experiment were also comparable, namely less than 0.14%. As 

expected, the only differences between sea soil and woodland soil were found in the content of calcium 

carbonate and in calcium oxide levels; both were 10 times higher in sea soil compared with woodland 

soil. Although it is known that both chemical compounds have hygroscopic potential and could therefore 

theoretically influence the moisture, we did not find this in our analysis (see above). 

    In addition, only small, but not significant, differences were found in the size of soil particles in the 

different soils. Namely, the sea sand showed minor reduction in grain size and a higher size variety 

compared to fresh woodland soil (average respectively 1.64 μ, SD 1.28 versus 1.79 μ SD 1.40). 

  The macroscopic aspects of the pig legs in the in vitro decomposition model were then analysed. No 

significant differences were found between legs stored in sea sand and legs stored in woodland sand at 

all three time points (not shown). Nevertheless, there were alterations in time between the freshly isolated 

material and the tissue excavated after one and three months. Namely, an increase in tissue solubility 

was found with increasing excavation time. This difference, however, could not be quantified for further 

statistical analysis. 

    Subsequently, putative microscopic differences were studied. As expected, the microscopic differences 

between fresh and unburied material were drastic. In that, all structures were optimally observed in the 

fresh material, whereas almost complete lyses were found in the unburied material. Microscopically, a 

significant increase in decomposition score was found over time (p<0.05) for all five layers studied 

(respectively dermis, muscle, fat tissue, blood vessels, nerves) between the legs buried for one and two 

months, as well as between the legs buried for two and three months, as depicted in figure 5. This was 

observed both in legs buried in woodland sand and in legs buried in sea sand. However, no significant 

differences in decomposition scores were detected between tissues stored in wet woodland sand and 

tissues stored in wet sea sand under identical temperature and identical moisture. 

 

Pathological analysis of the second experiment: dry sea soil versus wet sea soil 

    According to the first experiment, legs buried in wet sea sand showed a significant increase in 

decomposition scores between one as opposed two months and between two as opposed to three 

months (Figure 5) (p < 0.05). It must be noted that there were differences in decomposition grade 

between the pig legs stored in the sea soil from experiment 1 and experiment 2. The majority of these 

differences in decompositions score were, however, limited to 0.5 or less and therefore not significant. 

The time dependent increase in decomposition score was also found in legs buried in dry sea sand. 

Remarkably, however, the decomposition score was significantly higher in all five layers of legs buried in 

dry sea sand compared to legs buried in wet sea sand. This was found in legs buried for one, two and 

three months (Figure 6). This therefore indicates that moisture could play a crucial role in the period of 

decomposition in that humidity inhibits decomposition over time in sea sand. 
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    Although the authors recognise that a direct comparison of the results from the in vitro decomposition 

pig leg model with the complexity of a complete decomposing body of the victim can be questioned, 

remarkable similarities in the decomposition mode of the buried victim (Figure 2) and that of the pig legs 

among the different tissues were noticed. Muscle tissue of the victim mostly appeared as AZAN 

recognisable contours (score 2) with great similarity to wet buried pig legs after 3 months old (Figure 2e). 

The dermal structures showed clear lyses and collagen degeneration, while the blood vessels and nerves 

were well preserved with degenerated but recognisable structures and were therefore also in line with wet 

pig legs buried for three months (not shown). The same was true for the fatty tissue that appeared in a 

clear state of lyses, which was still easily recognisable (not shown). As far as this is concerned, all five 

analyzed tissues of the victim showed decomposition scores that were comparable with the 

decomposition score obtained in pig legs buried for three months in wet sea sand. 

 

Discussion 

 

    After death, human remains are subjected to the process of autolysis (i.e. enzymatic degradation of 

cells), putrefaction (i.e. degradation of soft tissues by anaerobic bacteria and fungi) and decay 

(degradation of soft tissues, mainly by aerobic decomposition and insects). Geoclimatic conditions, type 

of landscape, nature of parent soil material and the quality of the organic matter seem to dominate the 

speed of degradation [38]. It is generally accepted that burying does result in a decreased rate of 

degradation. This decrease seems to be regulated by a reduced presence of insects, the nature of the 

parent soil material, a decrease in soil temperature, high soil moisture, greater burial depth and the 

degree of physical protection (e.g. clothing or plastic covers) [4,15,16,26,39-49]. 

     In the present study, a case report was described of a man found to be buried in the western part of 

the Netherlands of which the post mortal interval was estimated at approximately one to two weeks, 

when in fact the man was missing for three months. Subsequently, the effect of the nature of the soil and 

moisture in a pig leg decomposition model was studied, as described in more detail in materials and 

methods. In addition, in legs buried in both sea sand (sand in which the man was buried) and in woodland 

sand (control sand), an increase in decomposition score over time was found, underlining the validity of 

the model to study the process of decomposition as such (Figures 5 and 6). 

    Using pedological analysis, differences between sea sand and woodland sand in chemical composition 

were detected, namely a level of calcium carbonate and oxide levels increased tenfold and reduced grain 

size in sea soil compared with woodland soil. Notwithstanding these differences, no effect on the 

decomposition grade was found in our decomposition model between wet sea sand and wet woodland 

sand (Figure 5). Although it is known that soil texture (i.e. grain size) and sand structure (i.e. compaction) 

can have a direct effect on the microbiological, chemical and physical reactions in the sand. Therefore on 

the sand’s hydrological and diffusion properties [36,38,46,49,50] , it has been shown that the sand type 

[51] and soil microbe content [50- 52] are most likely to have a minor role during the early stages of the 

decomposition process. 

    Only a minor role for microorganisms in this type of soil is suggested due to the processing of the soil 

before using. Sea soil namely is brought up from the sea bed and left unprotected for a long time so that 

rain is able to wash out the majority of components. Further, the processing of the soil repeatedly 
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disturbed the formation of solid structure. On the other hand, the woodland soil was brought up from a 

significant depth of several meters below the upper, biological active layer. Nevertheless, without any 

doubt it can be assumed that although the soil microbiological component is suggested to be of minimal 

influence in this case, the pre-existing microbiological presence (skin, intestines) are assumed to be of 

significant influence on decomposition speed. This influence is likely to occur due lower diffusion rate of 

decomposition gasses in water than they do in soil. 

A: 

 

B: 

Figure 4: Grain size analysis, a): Common yellow soil, b) common sea soil. 

 

  Apparently, the differences in grain composition and grain size we encountered in the present study are, 

in this case, not that important in the decomposition process we have studied. 

  It was found, however, that moisture did result in a significant decrease in the decomposition score in 

legs buried in wet sea sand compared to legs buried in dry sea sand (Figure 5). In the literature, it was 

noticed that water has a preserving effect on decomposing bodies (Casper’s law) [53]. The reason water 

preserve is likely due to the creation of a partially anaerobic environment [16]. 
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Figure 5: Decomposition score of the pig legs: wet sea soil (ss) compared with wet woodland soil (ws). a) blood 

vessels, b) nerves, c) fat tissue, d) dermis, e) muscle. Open bars: woodland soil; Closed bars: sea soil. x: p<0.05: 2 

months compared with 1 month;  v: p<0.05: 3 months compared with 2 months. 

 

     When extrapolating the findings of the pig leg model to the particular case, it appeared that the winter 

of 2007 and early spring of 2008, the probable period in which the man was buried, encountered a lot of 

rainfall. Since the soil in the burial pit was less compact than the surrounding soil, the porosity and 

permeability of the soil within the pit was greater than in the undisturbed area. Theoretically, the 

rainwater must have therefore descended from the upper surface down into the burial pit. Furthermore, 

the lack of vegetation approximately the pit must have promoted the flow of rainwater into the pit. Since 

the remains of the victim man appear to bury only 30 cm above the water table, it is also likely that this 

fluctuating table were exposed to the remains. The level of the water table and the descending rainfall 

must have led to increasingly waterlogged soil surrounding the human remains. According to our pig leg 

model, it is therefore reasonable to state that the rate of degradation of these remains was slowed down. 
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    Soil temperature can also be a denominating factor [16,45- 47,49,54,55]. It is, for example, generally 

accepted that the degradationof organisms and their enzymes is greatly inhibited at temperatures below 

10°C [37-52,54,56-59]. During the winter and early spring months, it is known that the soil temperature 

in the area in which the victim was found is lower than the 8°C measured during early spring. Since the 

degradation of biological tissues is slowed down beneath 10°C, the low temperature in the burial pit 

could theoretically have played a crucial additional role in inhibiting the process of degradation of the 

remains in this particular case. 

 

Figure 6: Decomposition score of the pig legs: dry sea soil compared withwet sea soil. 

a) blood vessels, b) nerves, c) fat tissue, d) dermis, e) muscle. 

Open bars: dry sea soil (1, 2, 3 md); Closed bars: wet sea soil (1, 2, 3 mw) 

x: p<0.05: 2 months compared with 1 month;v: p<0.05: 3 months compared with 2 months. 

 

Another limitation of this study is that the victim was buried fully clothed while the pig samples were not. 

It is possible that clothing can play a role in the decomposition process. Many different types of clothing 

and fabrics are expected to have a deceleration influence on decomposition since they can shield oxygen 
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and absorb moisture even in a dry period. In our model, we do not think that this effect is a major 

influence.  

 

Conclusion 

 

   In conclusion, although the authors are aware that many other influences will have different 

accelerating or decelerating effects on the rate of decomposition (such as clothing or the position of the 

body in the soil). Regarding the initial question in this case of whether the adult man could have been 

buried for three months, analysis of the burial pit and results from the pig leg decomposition model 

suggest that it is possible and, indeed, likely that the man was buried for three months in the moist sea 

sand. 

  The above also shows that the burial environment is not static during the process of decomposition it will 

change in time. Further studies and experiments will be carried out to understand the effects of 

belowground decomposition on human tissues in more detail. 
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Forensic pathology, observing in a different perspective 
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Abstract: In the present study, ultrastructural analysis of mitochondrial deposits (black dots within 

mitochondria) as a method for the detection of early acute myocardial infarction (AMI) was evaluated. In 

24 patients with AMI and six controls, analysis was performed in the heart of infracted patients and 

noninfarcted controls. In the infarction area in lactate dehydrogenase (LDH)-diagnosed AMI, the 

percentage of positive mitochondria was significantly higher compared to corresponding heart tissue in 

control patients and  compared to noninfarcted areas within these patients. Also in patients with a 

clinically diagnosed AMI but no LDH decoloration, a significant higher percentage of positive mitochondria 

was found in the left ventricle compared to controls and noninfarcted areas. In patients with AMI, an 

increase in mitochondria with deposits was found in the infarction area compared to controls and 

noninfarcted tissue within the same patient, suggesting that electron microscopical changes in 

mitochondria can be used for the diagnosis of AMI less than 3 h old. 

 

Keywords: forensic science, forensic pathology, acute myocardial infarction, electron microscopy, 

mitochondria, autopsy 

 

Introduction 

 

In routine clinical pathological examination during autopsy, but also in forensic pathology, it is important 

to identify or rule out acute myocardial infarction (AMI) as a cause of death. This is because AMI remains 

a leading cause of mortality in the Western world (1-3). 

    At a macroscopic level, AMI can be identified using a nitro blue tetrazolium staining method, and by 

doing so, a decreased staining intensity identifies lactate dehydrogenase (LDH) leakage and thus 

infarction areas (4).However, LDH decoloration in only possible from 3 h after onset of AMI onward (5). 

Routine histochemical analysis can only identify infartions beyond those 3 h of AMI duration (5). 

    Ultrastructural analysis of the heart has been used as a method to identify early infarctions. In the 

ischemic canine heart ultrastructural changes in mitochondria, including swelling of mitochondria, 

disorganized cristae, and formation of small osmiophilic amorphous densities (6,7), which are composed 
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of lipids and possibly proteins (8,9), were detected at 2 h after onset of AMI (10). In rats, these 

ultrastructural changes in the mitochondria were observed as early as 1 h after onset of AMI (11) Also in 

humans, it was shown that AMI induced damage to mitochondria (12,13). The ability to use electron 

microscopic changes for the early detection of AMI in ischemic canine hearts has been questioned, as the 

same ultrastructural changes have been associated autolysis (10). The same ultrastructural changes have 

been associated with autolysis (10). The same was found in rats (14). These autolytic effects were also 

shown in human heart tissue, where mitochondrial deposits could be detected as early as 30 min post-

mortem (15).  

    In the present study, we analyzed whether quantitative differences exist in the amount of mitochondrial 

deposits in cardiomyocytes between infarction and noninfarction areas in the heart after AMI and non-AMI 

hearts in autopsy material and if so whether these can be used to define early infarcts ( earlier than 3 h 

after onset of AMI) in human autopsy. 

 

Materials and Methods  

 

Human Heart Tissue  

     Human hearts were obtained at autopsy (n=30) as soon as possible but at least within 48 h after 

death.  All patients were seen by medical personnel prior to death. In addition, a clinical diagnosis of AMI 

was made prior to autopsy.  LDH staining (it has to be noticed that tetrazolium used for LDH is harmful) 

was performed to indicate AMI, decoloration indicates affected myocardium. In patients without LDH 

decoloration indicating affected myocardium, AMI was clinically defined by ECG. In those patients, left 

ventricular heart tissue was sampled from suspect areas related to corresponding atherosclerotic 

changes coronary arteries at risk and/or signs of older infarctions (replacement fibrosis). 

     In patients with AMI, tissue from the infarction area (left ventricle [LV]) was analyzed via electron 

microscopy, while in controls corresponding areas of the heart were analyzed. In addition, tissue from the 

right lateral ventricular wall of the heart from all subjects was analyzed. In patients with AMI, this 

noninfarcted tissue served as an internal control. 

   This study has been approved by and performed according to the guidelines of the ethics committee of 

the VU Medical Centre, Amsterdam. Use of leftover material after the pathological examination has been 

completed, is part of the patient contract in our hospital. 

 

Electron Microscopy 

   Heart tissue of all patients was analyzed using electron microscopy. Heart tissue was fixed in 4% 

formalin and refixated in 2% (v/v) glutaraldehyde for 30 min and 1.5% (w/v) osmium tetraoxide for 10 

min. The tissue was than dehydrated with acetone and embedded in Epon 812. Ultra thin section were 

collected on 300mesh Formavar-coated Nickel grids. The sections were contracted with uranyl acetate 

and lead citrate and were examined in a Jeol1200 EX electron microscope. Ten electron microscopy 

pictures were analyzed per patient, five of the LV and five of the right ventricle (RV)  (magnification 

7500x). When comparing the mean amount of mitochondria in the left and right ventricle of the control 

patients, a significant higher mean amount of mitochondria was found in the RV ( LV:131±13 per 30 

Electron Microscopy [EM] pictures magnification 7500x vs. RV:216 ± 25 per 30 EM pictures magnification 
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7500x, p = 0.020). At an ultrastructural level, mitochondrial deposits appeared as black dots within 

mitochondria (fig. 1). Such mitochondria were defined as positive and indicative of irreversible cell 

damage (5). It has to be noticed that those deposits do not differ ultrastructurally from deposits formed by 

autolysis in control patients ( Fig. 1d). Mitochondria with and without deposits were counted separately in 

each picture. The percentage of positive mitochondria (mitochondria with deposits ) in the left or right 

ventricle was then calculated as the total score of each specimen.  

 

Statistical Analysis  

   Statistical Analysis was performed using the SPSS statistics program (widows version 14.0, SPSS Inc., 

Chicago, IL). Data were analyzed using a repeated measure ANOVA with post hoc Bonferroni tests and 

paired T-tests. Levene’s test was used for homogeneity of variances. P-Values at the 0.05 level were 

considered significant. The factor shows the increase of the percentage of positive mitochondria in the LV 

in comparison to the RV of the same group or LV of another group. The positive predictive value (PPV) was 

calculated using the international control (score of RV). We calculated the PPV by scoring the true positive 

cases( positive for AMI and 1.28 times more deposits in the LV compared to RV) and true negative cases( 

negative for AMI and 1.28 times more deposits in the LV compared to RV). After that the total amount of 

true positive cases was divided by the total amount of true positive and true negative cases, times 100%. 

 

Fig. 1-(a) Electron microscopy picture of mitochondria with deposits (arrows) in the left ventricle of a control patient.  

Magnification 7500x. (b) Electron microscopy picture of mitochondria with deposits (arrows) in the left ventricle of a 

patient with acute myocardial infarction (LDH diagnosed). Magnification 7500x . (c) Higher magnification of an 

electron microscopy picture of deposits (arrows) in the left ventricle of a patient with acute myocardial infarction. 

Magnification 20000x. (d) Higher magnification of an electron microscopy picture of deposits (arrows)  in the left 

ventricle of a control patient. Magnification 20000x. LDH : lactate dehydrogenase. 
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Results  

 

Included were 24 patients who died of AMI and six control patients who died from a cause not related to 

cardiac disease (Tabel 1). 

 

Tabel 1.  Clinical data of patients included in the study. 

 Controls 

(n = 6) 

 

Acute 

Myocardial 

Infarction 

(LDH 

Decolorization) 

(n = 13) 

Acute 

Myocardial 

Infarction 

(Clinically 

Diagnosed, 

no LDH 

Decolorization) 

(n = 11) 

Male  5 10 7 

Age mean  47 58 61 

Range (in years) 13-77 30-87 34-83 

Female 1 3 4 

Age mean  92 65 74 

Range (in years) 

- 49-79 71-79 

Cause of death  RI(n=2) 

Epileptic  Insult(n=1) 

APE(n=2) 

Viral infection lungs (n=1) 

 

AMI(n=13) AMI(n=11) 

LDH: lactate dehydrogenase, RI: respiratory insufficiency, AMI: acute myocardial infarction; APE : acute pulmonary 

embolism. 

 

In the AMI group, patients were included when no extravascular neutrophilic granulocytes could be 

detected in the heart indicative for AMI of less then 12 h old 95). In 13 patients with AMI, LDH staining 

showed LDH decoloration of the affected myocardium indicative of an infarction of 3 h old or older. These 

patients with AMI had infarction of either the left ventricular anterior wall (n=7), both lateral and posterior 

wall (n=2), posterior wall (n=1) lateral wall (n=1), or both lateral and anterior wall (n=2). In these patients, 

the infarct age was histologically determined to be between 3-6 h (no neutrophilic granulocytes in blood 

vessels) (n=12) and between 6-12 h old ( neutrophilic granulocytes in blood vessels but without 

extravasation) (n=1) (5).In the remaining 11 patients with AMI, AMI was clinically diagnosed; however, no 

LDH decoloration was observed. In these patients, the infarct age was therefore determined to be <3 h. 

   In control patients, the mean percentage of positive mitochondria (Fig 1a) in the LV of the heart was 48 

± 2%, varying from 26% up to 68% underlining that indeed because of postmortal autolysis (15), deposits 

are formed within the mitochondria (Fig.2). 
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Fig. 2-Comparison between the mean percentages of mitochondria with deposits in the left and right ventricle of 

patients with acute myocardialinfarction ( LDH decoloration and clinically diagnosed, no LDH decoloration) and 

control patients. Error bars represent the standard error of the mean, factor represents % of mitochondria with 

deposits of the LV divided by %  of mitochondria with deposits of the RV. LV: left ventricle, RV: right ventricle, AMI 

(LDH): acute myocardial infarction, with LDH decolorization, AMI (clinical): acute myocardial infarction, clinically 

diagnosed, no LDH decolorization, AMI: acute myocardial infarction, LDH: lactate dehydrogenase.  

 

In patients with a LDH-diagnosed AMI (varying from 3 h up to 6-12 h), the mean percentage of positive 

mitochondria in the infarction area (LV) (Fig. 1b,c) however, was 64 ± 2%, varying from 52% up to 82% 

(Fig. 2). The mean percentage of positive mitochondria in the infarction area of patients with a LDH-

diagnosed AMI was significantly higher than the mean percentage of positive mitochondria in the LV of 

control patients (p<0.001, factor 1.33). In patients with a clinically diagnosed AMI without LDH 

decolorization at autopsy (<3 h old), the mean percentage of positive mitochondria in the infracted area 

(LV) was 61 ±2%, varying from 53% up to 67% (Figs. 1 and 2). The mean percentage of positive 

mitochondria in the infracted area of these patients with a clinically diagnosed AMI was significantly 

higher than the mean percentage of positive mitochondria in the LV of control patients (p<0.001). To 

compare the percentage of positive mitochondria in patients with AMI  (both LDH and clinically diagnosed 

only) between infracted tissue and noninfacted tissue within the same patient, the percentage of positive 

mitochondria was determined in the infarction area from the LV and noninfarcted tissue from the RV. In 

both groups of patients with AMI the mean percentage of positive mitochondria in the infarction area was 

significantly higher (respectively, factor 1.28 and 1.47) than the mean percentage of positive 

mitochondria in the RV (64± 2 % for LDH diagnosed AMI and 61 ±  2% vs. 41 ±  2% for clinically 

diagnosed AMI, p<0.001)  (Fig. 2).In control patients, the mean percentage of positive mitochondria was 

also significantly higher in the LV than RV (48 ±2% vs. 42 ± 3%, p = 0.008). However, this was only a 

factor 1.15 higher compared to 1.28 and 1.47 in patients with AMI. Also the mean percentage of positive 

mitochondria in the RV of patients with a LDH-diagnosed AMI was significantly higher compared to the RV 

of control patients (50 ±2% vs. 42 ± 3%, p = 0.027). However, no significant difference was found 

between the percentage of positive mitochondria in the RV of control patients and the RV of clinically 

diagnosed patients with AMI. We also analyzed the number of patients that had a significant increase in 

the amount of positive mitochondria in the LV compared to the RV in patients with AMI. In patients with a 

LDH diagnosed AMI, 10 of 13 (85%) patients had a significantly higher mean percentage of positive 

mitochondria in the LV than in the RV, while in patients with a clinically diagnosed AMI, 8 of 11 (73%) 
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patients had a significantly higher mean percentage of positive mitochondria in the LV than RV. We also 

calculated a PPV using the internal control (scores of the RV), and this was found to be 89.47%, meaning 

that in 89.47% of the cases the finding absolutely indicates AMI. 

      We next analyzed whether increased time between death and autopsy (Delta t [hours]) correlated with 

increased mitochondrial deposits because of autolysis in the LV and RV of the heart. Hence, the patients 

with AMI (LDH diagnosed) were divided into two groups: patients with a Delta t of < or equal to 12 h and 

13 up to 48 h. The mean percentages of positive mitochondria in these two groups in the LV were 62 ±1% 

(< or equal to 12 h) and 66 ± 2% (13 up to 48 h) respectively, and were not significantly different. 

However, in the RV, the mean percentages of positive mitochondria in these two groups were 46 ± 1% (< 

or equal to 12 h) and 55 ± 3% (13 up to 48 h), and were significantly different (p = 0.013). This shows 

that patients with AMI (LDH diagnosed) with a higher Delta t do not have a higher amount of 

mitochondrial deposits in the LV; however, the RV patients with a higher Delta t does have a higher 

amount of mitochondrial deposits. The data of the RV indicate that mitochondrial deposits are formed 

because of autolysis and do increase significantly in accordance with time elapsed between death and 

autopsy, at least within the Delta t investigated here (up to 48 h). In the LV, no significant increase in 

mitochondrial deposits was found in accordance with time elapsed between death and autopsy. 

 

Discussion  

 

In the present study, quantitative ultrastructural analysis of mitochondrial amorphous densities or 

mitochondrial deposits (positive mitochondria) indicative for irreversible cell damage as a method for the 

determination of early AMI was evaluated.  

  We have found that in the infarction area of patients with a 

LDH diagnosed AMI, the percentage of positive mitochondria was significantly higher (factor 1.33) 

compared to corresponding heart tissue in control patients and compared to noninfarcted areas (RV) 

within patients with AMI. This was found in 85% of the patients. Also in patients with a clinically 

diagnosed AMI only (no LDH decoloration at autopsy) a significantly higher amount of positive 

mitochondria was found in the LV compared to controls and noninfarcted areas (RV) (factor 1.47). This 

was found in 73% of the patients.  

  These results thus indicate that ultrastructural analysis of mitochondrial deposits in the heart can be 

used to define early AMI of less than 3 h old.  

   It is known that postmortem autolysis can also cause formation of deposits in mitochondria in the 

canine, rat, and human heart (10,14,15). In the present study, an effect of autolysis was also found in 

control and patients with AMI; in both patient groups we have found formation of deposits in mitochondria 

in the left and right ventricle of the heart. However, in patients with AMI (LDH diagnosed), we found an 

increase in positive mitochondria in the infarction area (LV) compared to noninfarcted area (RV) within the 

same patient (factor 1.28) and the LV of the heart in control patients (factor 1.33). This thus suggests that 

besides autolysis, there is an additional effect of ischemia in patients with AMI (LDH diagnosed). In 

contrast, Ludatscher et al. (15) found that after 2–18 h postmortem, deposits are found in all 

mitochondria because of autolysis; however, they did not quantify the amount of mitochondrial deposits 

and in their concomitant figure of myocardial autopsy material taken 18 h after exitus not all 
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mitochondria have deposits. Also they describe that these patients died because of various diseases 

which was not further specified, and they did not describe any effects of these various diseases on the 

formation of mitochondria in the heart. Also in our control patients, we did not find deposits in all 

mitochondria (48 ± 2%) and compared to patients with AMI there was a significant difference in the 

amount of deposits found. 

   Furthermore, we also showed that these same patients with AMI with the longest Delta t (13 up to 48 h) 

between time of death and time of autopsy did not have a significant higher percentage of positive 

mitochondria in the LV compared to patients with a lower Delta t (< or equal to 12 h). However, in the RV 

a significant increase was found, indicative that there is an autolytic effect which does increase in time. 

As is also shown in the control patients, there is an autolytic effect; however, in the LV of patients with 

AMI, the percentage of mitochondria with deposits because of the AMI may be so high that an additional 

autolytic effect is too small in comparison to alter the percentage of positive mitochondria.                                                

   In conclusion, our results indicate that ultrastructural analysis of mitochondrial deposits is a valid 

method to detect early myocardial infarction of less than 3 h old when the amount of mitochondrial 

deposits is a factor 1.28 larger in the area of the heart suspected of putative AMI, compared with distant, 

noninfarcted part of the heart of the RV of the same patient, or a factor 1.33 when compared to the 

noninfarcted LV of a control patient. 

    According to literature, the detection of deposits in mitochondria can be seen at earliest at 2 h post AMI 

(10). This ultrastructural analysis is a particularly useful method in cases of sudden or unexplained death 

in case LDH staining is not conclusive at autopsy. Electron microscopy then can contribute significantly in 

diagnosing an AMI in between 2 and 3 h old, thus before LDH decolorization. A diagram when to use LDH 

staining and EM analysis for diagnosing AMI is depicted in Fig. 3.  
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FIG. 3—Diagram when to use LDH staining and EM analysis for diagnosing AMI in forensic autopsies. LDH: lactate 

dehydrogenase, EM: electron microscopy, AMI: acute myocardial infarction, h: hours. 

 

    When using this method, heart samples should be collected during autopsy from suspected areas of 

the heart related to corresponding atherosclerotic changed coronary arteries at risk and ⁄ or signs of older 

infarctions (replacement fibrosis). It is also recommended to take samples from noninfarcted tissue from 

the same patient to indicate the ‘‘background’’ signal caused by autolysis. Suspected infarcted and 

noninfarcted tissue should then be compared to determine a possible AMI. The cost of electron 

microscopy analysis in the Netherlands is approximately 250 euro (330 US dollars).  

   However, our results also show that this method is not absolute and that in our study, in approximately 

25% of the patients with an infarction of less than 3 h old we could not detect evidence for myocardial 

infarction at an ultrastructural level, although a sampling error never can be excluded in those cases. 

Forensic autopsies 

Is the body in state of decomposition ( no 

green color and/or no body stiffness) ?  

In all other cases LDH 

staining is always performed. 

No LDH staining and EM 

analysis are performed. 

EM analysis is performed, 

unless a clear cause of death 

is found ( e.g. shot injury). 

No EM analysis is performed, AMI 

is diagnosed of at least 3 h old. 

AMI is diagnosed of 

at least 2 h old  

No AMI is 

diagnosed  

No clear LDH 

decolorisation 

Clear LDH 

decolorisation 

Number of positive 

mitochondria: 

suspected area vs 

control area (within 

the same patient).  

< factor 1.28 

Number of positive 

mitochondria: 

suspected area vs 

control area (within 

the same patient).  

> or equal 1.28 

No 
Yes 
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Abstract 

Background: Atherosclerotic epicardial coronary arteries are a major cause of acute myocardial infarction 

(AMI). Recently, we found that intramyocardial capillaries may also play a role in AMI induction. We have 

now evaluated intramyocardial capillaries using ultrastructural analysis in AMI patients.  

Methods: 43 AMI patients (with AMI in the left ventricle) and 27 controls. No patient included in either 

group had diabetes mellitus. Basement membrane (BM) thickness of intramyocardial capillaries was 

determined using electron microscopy. BM thickness was also studied in a rat AMI model. 

Results: BM thickness in the left ventricle of AMI patients was significantly higher than in controls (102 ± 

9 vs. 77 ± 4 nm; p = 0.016). This increase was not found in the right ventricle. In AMI patients, BM 

thickness was already increased in recent infarcts and did not increase further with infarct age. 

No correlation was found between BM thickness and the amount of stenosis or atherosclerotic plaque 

stability of epicardial coronary arteries. In addition, BM thickness did not differ between control rats and 

AMI rats.  

Conclusions: These results suggest that BM thickening constitutes significant changes in the 

intramyocardial capillaries in patients that develop AMI. Also these changes are likely to occur prior to 

the induction of AMI.      

                                         

Introduction 

 

     Acute myocardial infarction (AMI), remains a leading cause of morbidity and mortality worldwide [1, 2]. 

It is common knowledge that AMI is mainly caused due to alterations or abnormalities in coronary artery 

structure or function, especially epicardial coronary arteries, which can cause abrupt changes in regional 

blood flow and provoke acute ischemia [3] , contributing to arrhythmia and sudden death [4–7] . AMI 

involving the left anterior descending coronary artery is found to be a strong determinant of increased 

myonecrosis, reduced left ventricular function and higher mortality, compared with infarction in other 

vascular territories [8–14] . In a previous study, however, we have found evidence for pre-existing 
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accumulations of Ne -(carboxymethyl)lysine (CML), an advanced glycation end product (AGE), in 

intramyocardial small arteries in patients with AMI but without diabetes mellitus (DM) that was not 

related to stenosis of epicardial coronary arteries [15] . These results suppose that pre-existing 

aberrations in the intramyocardial (micro)vasculature may contribute to the induction of AMI as well. 

    DM is also a major risk factor for coronary artery disease and coronary artery events [16, 17] , and it is 

related to the formation of AGEs [18] resulting in vascular stiffening [19] . In a former study, we showed 

accumulation of the AGE CML in intramyocardial small arteries in patients with DM [20] . It is known that 

high levels of AGE can cause increased thickening of the basement membrane (BM) in the diabetic kidney 

probably caused by the accumulation of plasma proteins or structural proteins, which eventually causes 

dysfunction of the filtration process [21, 22] . In line with this, BM thickness of capillaries was found to be 

significantly increased in endomyocardial biopsy specimens in patients with DM compared to control 

patients [23] . However, to our knowledge, a putative relationship between BM thickness of 

intramyocardial capillaries and AMI independent of DM has not been analyzed. The present study 

demonstrates that such relation exists. 

 

Table 1. Clinical data of patients included in the study 

 

AMI = Acute myocardial infarction; CVA = cerebrovascular accident; DC = decompensation cordis; MOF = multiple 

organ failure; PHT = pulmonary hypertension; RI = respiratory insufficiency. 

 

 Controls (n=27) Acute myocardial infarction (n = 43) 

Mean age  (range ), years  49 ( 24-92) 55 (22-83) 

Male/female, n 15/12 28/15  

Cause of death Carcinoma (n = 4), DC (n = 1), intra-

uterine infection (n = 1), RI (n = 3), 

sepsis (n = 3), lung emboli (n = 1), 

CVA (n = 2), liver cirrhosis (n = 1), 

myocarditis (n = 1), MOF (n = 1), 

pneumonia (n = 3), PHT (n = 1), 

epileptic insult (n = 2), preeclampsia 

(n = 1), arrhythmia (n = 1), aorta 

dissection (n = 1) 

AMI (n = 42), drowned after AMI  

(n = 1) 

Diabetes mellitus, n 0 0 

Hypertension, n 5 10 

Angina pectoris, n 0 4 

Chronic drug treatment Beta-Blockers (n = 1), diuretics (n = 

3), anti-hypertensive 

drugs (n = 5), Sintrom (n = 1), 

methotrexate (n = 1), 

anti-epileptic drugs (n = 3), anti-

asthmatic drugs (n = 2), 

prednisone (n = 1), Flolan (n = 1), 

corticosteroids (n = 1) 

Anti-hypertensive drugs (n = 10), 

Beta-blockers (n = 4), Ascal (n = 1), 

Sintrom (n = 1), diuretics (n = 1), 

prednisone (n = 1), anti epileptic 

drugs (n = 1), statins (n = 2) 
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Materials and Methods 

 

Human Heart Tissue 

    Human hearts were obtained at autopsy (n = 70) as soon as possible (at most 24 h after death). We 

included 43 patients who died of AMI, of which 1 had an infarction 3 h before he died by drowning, and 

27 control patients who died from causes not related to cardiac disease ( table 1 ). None of these patients 

had DM. Fifteen patients suffered from hypertension (10 patients with AMI and 5 controls) and were 

treated with antihypertensive drugs. Four AMI patients had angina pectoris, but the majority of the AMI 

patients had no cardiovascular history. 

   Lactate dehydrogenase staining of the heart was used to determine and localize myocardial infarction. 

Loss of lactate dehydrogenase is indicative of an infarction at least 3–4 h old [24] . All included infarcts in 

this study were diagnosed using the lactate dehydrogenase staining method. 

    We only included AMI patients that had an infarction of the left ventricular anterior wall. In AMI 

patients, tissue from this infarction area was studied, while in controls corresponding areas of the heart 

were analyzed. In addition, tissue from the right lateral ventricular wall of the heart of each patient was 

investigated. The included infarctions were determined to be between 3–4 h and 2 weeks old. This study 

was approved by and performed according to the guidelines of the ethics committee of the VU Medical 

Center, Amsterdam. Use of leftover material after the pathological examination was completed is part of 

the patient contract in our hospital. 

 

Fig 1.a                                                                             Fig 1.b  

    

Fig. 1. a Electron microscopic picture of the basement membrane (arrows) in the left ventricle of a control patient. 

Magnification x 15,000. b Electron microscopic picture of the basement membrane (arrows) in the infarction 

area within the left ventricle of a patient who died of acute myocardial infarction. Mean thickness is 

422 nm. Magnification x 6,000. 

 

Electron Microscopy 

  Heart tissue from all patients was examined using the electron microscope. Heart slides were fixed in 4% 

formalin and refixated in 2% (v/v) gluteraldehyde for 30 min and 1.5% (w/v) osmium tetraoxide for 10 

min, dehydrated with acetone and embedded in Epon 812. Ultra thin sections were collected on 300-

mesh Formvar-coated nickel grids. The sections were contracted with uranyl acetate and lead citrate and 

were examined in a Jeol-1200 EX electron microscope. BM thickness of intramyocardial capillaries was 

quantified using QPROdit [25] . Per blood vessel, the highest and lowest BM thickness was measured. 
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From each ventricle 10 intramyocardial capillaries were chosen for analysis at random by the electron 

microscope technician. This technician did not know whether the tissue was from control or AMI patients 

or from left or right ventricle. The capillaries, therefore, were chosen at random. 

 

Epicardial Coronary Artery 

  The left coronary artery (LCA) of control patients and patients with acute myocardial infarction was 

studied with respect to the percentage of stenosis after microscopic evaluation: grade 0 = 0%, 1 = 0–

25%, 2 = 25–50%, 3 = 50–75% and 4 = 75–100% stenosis. In each patient, the whole LCA was taken out 

and was fixated and decalcified and then cut into cross-sections of approximately 5 mm in length. These 

cross-sections were examined macroscopically to assess presence of occlusion. After this, 4–7 cross 

sections with the highest macroscopic level of occlusion were embedded for microscopic histological 

analysis and occlusion scoring. For the evaluation of a putative correlation between the percentage of LCA 

stenosis and BM thickness of intramyocardial capillaries, the highest stenosis score of the LCA was used 

in each patient. In addition, histological atherosclerotic plaque (in)stability was determined within these 

embedded cross sections of the LCA. Unstable plaques were identified as such in case a thin fibrous cap 

and/or inflammatory cells at the endothelial layer were found within the LCA. When none of these 

observations were found, it was identified as a stable plaque [26] . For further analysis, patients were 

divided into 2 groups, patients with unstable plaques and patients with stable plaques independent of the 

presence of AMI. 

 

The in vivo Rat AMI Model 

  Rats were anesthetized intramuscularly with Hypnorm ® /Dormicum ® (fentanyl + fluanisone 0.5 

ml/kg; midazolam 5 mg/kg). Hypnorm was from Janssen Pharmaceuticals B.V. (Tilburg, The 

Netherlands). Dormicum was from Roche Nederland B.V. (Mijdrecht, The Netherlands). The rats were 

respirated (with room air) using a mechanical ventilator set to 70 breaths/min (7 ml/kg volume). To 

induce AMI a ligature (6.0 suture) was placed around the left coronary artery for 30 min, followed by 5 

days of reperfusion. Hearts were then excised and prepared as described above (section electron 

microscopy). 

 

Statistical Analysis 

  Statistics were performed using the SPSS statistics program (Windows version 11.5). Because of non-

normal distribution of the data, the data were transformed to logarithmic values. Data were analyzed 

using a 1-way ANOVA, paired t tests and independent t tests. Also post-hoc Bonferroni tests were 

conducted. Le vene’s test was used for homogeneity of variances. p values at the 0.05 level were 

considered significant. Correlation analysis was performed using Pearson’s correlation coefficient [27] . 

We used the following guidelines for determining the strength of the correlation: r = 0.10 to 0.29 and –

0.10 to –0.29 are a weak or small correlation, r = 0.30 to 0.49 and –0.30 to –0.49 are a medium 

correlation and r = 0.50 to 1.0 and –0.50 to –1.0 are a strong or large correlation. When using Pearson’s 

correlation, many authors in this area suggest that statistical significance should be reported but ignored, 

and the focus should be directed at the amount of shared variance. Therefore, we also calculated the 

coefficient of determination [27] . 
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Results 

 

  In control patients, the mean BM thickness of intramyocardial capillaries in the left ventricle of the heart 

was 77 ± 4 nm, varying from 44 to 150 nm ( fig. 1a, 2 ). In AMI patients (of infarction age varying between 

3–4 h and 2 weeks), the mean BM thickness of the capillaries in the infarction area (left ventricle) was 

102 ± 9 nm varying from 51 to 422 nm ( fig. 1 b, 2 ). The mean BM thickness of the capillaries in the 

infarction area was significantly higher than the mean BM thickness in the left ventricle of control patients 

(p = 0.006; fig. 2 ).  

  To compare BM thickness in AMI patients between infarcted tissue and non-infarcted tissue, BM 

thickness of capillaries was determined in the infarction area from the left ventricle and non-infarcted 

tissue from the right ventricle. In these AMI patients, the mean BM thickness of the capillaries in the 

infarction area was significantly higher than the mean BM thickness of the right ventricle (86 ± 6 nm, 

p = 0.002; fig. 2 ), while in control patients, the BM thickness did not significantly differ between left 

 (77 ± 4 nm) and right ventricle (84 ±7 nm). Also, the BM thickness of the capillaries of the right ventricles 

in AMI and control patients did not significantly differ. 

   We also analyzed a putative relation between the age of the infarct and the BM thickness of the 

infarction area. AMI patients were divided into 3 groups: patients with an infarction less than 6 h old (this 

is the early infarction phase, no histological changes can be seen yet), those with an infarction between 6 

h and 5 days old (this is the inflammatory phase of AMI, extra vascular accumulation of neutrophilic 

granulocytes can be seen) and those with an infarction older than 5 days (this is the remodelling phase of 

AMI, formation of granulation is found in this phase). Already at AMI < 6 h, a significant increase of BM 

thickness of the capillaries in the left ventricle was found (107 ± 13 nm, p = 0.007) compared with 

controls (77 ± 4 nm), which did not increase in time (AMI older than 5 days: 105 ± 17 nm, p = 0.065 

compared with controls).     A possible relation between the age of the patients and the BM thickness in 

the left ventricle was also analyzed. AMI and control patients were divided into 3 groups: 0–40, 41–70 

and 71–100 years old. In both AMI and control patients, no significant difference in BM thickness of the 

capillaries was found between the different age groups (not shown). 

      

Fig. 2. Box plots of comparison between mean basement membrane thickness of intramyocardial coronary arteries in 

the left and right ventricle (LV and RV) of control and acute myocardial infarction patients (AMI). The error bars 

represent 1.5 times the interquartile distance, the boxes represent the lower and upper quartiles, and the black lines 

within the boxes represent the medians 
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    A putative correlation between the BM thickness of left ventricular intramyocardial capillaries and the 

degree of stenosis of the epicardial LCA was investigated in 9 control patients and 22 AMI patients. The 

mean grade score of stenosis in the LCA in control patients was 3.3 (50–75% stenosis). In patients with 

AMI, the mean grade score of stenosis in the LCA was also 3.3 (50–75% stenosis) and thus did not differ 

from that in control patients. In both control patients and AMI patients, no correlation between the 

amount of stenosis in the epicardial LCA and BM thickness of left ventricular intramyocardial capillaries 

was found (r = 0.046, p = 0.906 and r = 0.001, p = 0.996, respectively). This means that there is no 

positive linear relation between the amount of stenosis and BM thickness. Also, the coefficient of 

determination (see ‘Materials and Methods’) was 0.21% for control patients and 0.0001% for AMI 

patients. This indicates that the variation in BM thickness of intramyocardial capillaries cannot be 

explained by variations in the amount of stenosis of the epicardial LCA. 

   A possible relation between BM thickness of left ventricular intramyocardial capillaries and 

atherosclerotic plaque stability in the LCA was also analyzed in some of the patients included in this 

study. Five patients showed no signs of unstable plaques, 26 patients did have unstable plaques in the 

LCA. However, no significant difference in BM thickness was found between the 2 groups (p = 0.934). 

 

Fig. 3. Box plots of comparison between mean basement membrane thickness of intramyocardial coronary arteries in 

the left ventricle of control and AMI rats. The error bars represent the standard error of the mean. The error bars 

represent 1.5 times the interquartile distance, the boxes represent the lower and upper quartiles, and the black lines 

within the boxes represent the medians. 

 

  To determine whether AMI can induce BM thickening, the BM thickness of left ventricular 

intramyocardial capillaries was measured in an in vivo rat AMI model. For this, we used 6 control rats and 

5 AMI rats with an infarction of 5 days old. However, we did not find a significant difference in BM 

thickness between the control and AMI rats in the left ventricle of the heart (p = 0.343; fig. 3 ). 

 

Discussion and Conclusion 

 

   To the best of our knowledge, this is the first paper analyzing BM thickening in intramyocardial 

capillaries in patients with AMI. We have found that in the infarction area of AMI patients the BM 

thickness of capillaries was significantly higher compared to corresponding heart tissue in control 

patients (102 ± 9 vs. 77 ±  4 nm, p = 0.006) and compared to non-infarcted areas of AMI patients (86 ±  

6 nm, p = 0.002). 
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   The BM thickness of intramyocardial capillaries in autopsy hearts of control patients measured here is 

in accordance with reported BM thickness measurements in endomyocardial biopsies of living patients in 

non-DM, non-AMI patients, which were, respectively, 80 nm [28] and 75 ± 15 nm [23] . This thus indicates 

that BM thickness is not influenced by changes after death. In another study, no effect of hypertension on 

BM thickness of capillaries in the heart was found (67 ± 8 nm) [23] . We also did not find that this 

increase in BM thickness was related to the age of the patients, in agreement with previous studies [28, 

29] . However, in patients with DM, but without AMI, increased BM thickness in the heart has been 

described (between 98 and 153 ± 48 nm) [23, 28] . Therefore, we excluded DM patients from the present 

study. 

    Notably, the duration of the infarction was not related to the aberrant BM thickness of intramyocardial 

capillaries within the infarction area in AMI patients. The BM thickness in the infarction area was already 

significantly increased in patients with AMI less than 6 h old and did not increase further with infarct age. 

In addition, we show in the rat AMI model that AMI followed by 5 days of reperfusion and the concomitant 

inflammatory reaction did not result in BM thickening. Not a lot is known about the timeframe in which 

BM thickening can manifest itself. However, in diabetic rat models, BM thickening only became 

significant after months [30] , whereas in another rat model, the earliest extra cellular matrix alterations 

involved in BM thickening were detected 48 h after VEGF injection [31] . These data suggest that it is 

unlikely that a significant increase in BM thickness can manifest itself within 6 h, thereby making it likely 

that the BM thickening in AMI hearts occurred prior to the AMI and not as a consequence. 

    The exact mechanism of basement membrane thickening in patients with AMI is unknown. However, in 

patients with DM, BM thickening in the kidney is caused by matrix expansion which is due to expression of 

extracellular matrix components collagen, fibronectin and laminin [32, 33] . Fibrotic factors such as TGF- 

Beta1 and CTFG were found to play a key role in the BM thickening and increased extracellular matrix in 

patients with DM [34] . These fibrotic factors are known regulators of exctracellular matrix accumulation 

and were found to stimulate the production of collagen type IV, fibronectin and laminin in diabetic 

patients [35–37] .It is unclear how BM thickening of the intramyocardial arteries can contribute to AMI. 

One of the possibilities is that the thickened basement membrane limits the exchange of oxygen, 

inducing or aggravating hypoxic stress.  

  We also found in AMI patients that variation in BM thickness of intramyocardial capillaries was not 

dependent on the amount of stenosis, nor on atherosclerotic plaque stability of the epicardial coronary 

artery. In addition, in another study (Baidoshvili et al. [15] ) we recently found that the advanced glycation 

end product CML was present in intramyocardial small arteries in patients with AMI. These data 

suggested that the CML depositions in these intramyocardial small arteries preceded the onset of AMI 

and were independent of epicardial coronary artery stenosis. 

 

   In conclusion, these results suggest that BM thickening and also our previous finding of the formation of 

AGEs [15] constitute significant changes in the intramyocardial capillaries in patients who develop AMI. 

Also, these changes are likely to occur prior to the induction of AMI and are independent of the condition 

of the epicardial coronary arteries. These data imply that prior to the development of AMI, there are 

substantial aberrations in the intramyocardial blood vessels. Whether these aberrations are in a causal 

conjunction with the induction of AMI remains to be established. 
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Abstract  

 

  Background: Pulmonary embolism (PE) is a significant cause of morbidity and mortality. In a recent 

study in patients with PE, an increased level of macrophages was found in the right ventricle. 

  Objective: To evaluate the presence of inflammatory cells, myocytolysis and intracavitary thrombi in the 

left and right ventricle of patients who died because of PE as a putative new source of heart failure. 

Patients and methods: 22 patients with PE were studied. For comparison, eight controls and 11 patients 

who died of chronic pulmonary hypertension (PHT) were used. Slides of the left and right ventricle were 

stained with antibodies, identifying neutrophilic granulocytes, lymphocytes and macrophages, which were 

subsequently quantified. Myocytolysis was visualised using complement staining. Thrombi were identified 

by conventional staining. 

  Results: Compared with controls, in patients with PE a significant increase in extravascular localisation 

of all three inflammatory cells was found both in the right and left ventricle, coinciding with myocytolysis, 

indicative for myocarditis. No increase in inflammatory cells was found in patients with PHT. Endocardial 

cellular infiltration was also found, partly coinciding with the presence of ventricular thrombi. 

  Conclusions: In patients with PE, endomyocarditis and intracavitary thrombi in the left and right ventricle 

were found. These abnormalities may be an additional new explanation for the observed cardiac enzyme 

release and functional abnormalities of the heart in these patients and may contribute to the morbidity 

and mortality of the disease. 

  Pulmonary embolism (PE) is a potentially lifethreatening condition, which is most commonly seen in 

patients with other diseases. The acute sequelae of PE can vary from no symptomatology to sudden 

death. Despite advances in diagnosis and treatment, PE remains a significant cause of morbidity and 

mortality.1,2 Its pathophysiology, 
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including its effect on the heart, has been studied intensively over the past 50 years.3-7 Echocardiographic 

studies have shown that PE causes right ventricular dilatation and dysfunction. 8-11  In some patients with 

PE, an increase in troponin I and T levels has been demonstrated, which is related to an increased risk in 

mortality.12-19 It has been suggested that the increased troponin levels as well as the observed heart 

failure are caused by an isolated right ventricular infarction.20,21 In an experimental model Vlahakes et al 

showed that PE causes a selective decrease in blood flow of the right ventricular subendocardium, 

resulting in ischaemia and infarction.22 

  Interestingly, Iwadate et al reported an increase in the level of CD68-positive macrophages in the right 

ventricle of patients with PE.23,24 They concluded that the influx of macrophages in the heart was caused 

by ischaemia that occurred subsequent to PE, although they in fact did not prove these ischaemic 

changes. They did not relate the inflammatory infiltrate in the heart to a putative myocarditis. In this study 

we therefore have evaluated the presence of inflammatory cells in more detail by analysing 

macrophages, lymphocytes and neutrophilic granulocytes in the hearts of patients who died subsequently 

to PE (acute pulmonary stress). For comparison, patients who died of the idiopathic form of pulmonary 

hypertension (PHT)—as a model of chronic increased right ventricular after load and thus chronic 

pulmonary stress and control patients who died of other non-pulmonary causes were also studied. 

 

MATERIALS AND METHODS 

 

Human heart tissue 

   Human hearts were obtained by autopsy (n=41). Table 1 presents the patient details. From each patient 

a tissue slide of the left ventricular anterior wall and the right lateral ventricular wall of the heart was 

analysed. On each heart slide, lactate dehydrogenase staining was performed to detect putative infarction 

of at least 4 hours. In total, six patients had acute myocardial infarction of the left ventricle between 4 

and 6 hours old (three in the PE group (patient Nos 8, 9, 23), three in the PHT group). In these cases, heart 

tissue was derived from the remote, non-infarction area. 

 Thrombi were analysed according to Stehbens and Lie.25 All patients with PE were checked for any 

systemic diseases which are known to cause myocarditis or endocarditis, or both, in the heart. In two 

patients we found a systemic disease (one patient had Cushing’s disease and one patient had Kahler’s 

disease). However, according to published reports neither disease is associated with (endo)- myocarditis.26 

Other systemic diseases which are associated with (endo)myocarditis (e.g. rheumatic disease, systemic 

lupus erythematosus and sepsis) were not present in these patients. Eight control patients were included, 

four women and four men, aged between 49 and 86 years. They died of a cause not related to pulmonary 

disease, pheochromocytoma or brain injury. Twenty-two patients who died subsequent to a PE were 

studied, 13 women and nine men, aged between 27 and 93 years. 

Finally, we analysed 11 patients, eight women and three men,  aged between 23 and 85 years, who died 

owing to the consequences of idiopathic pulmonary arterial hypertension. The diagnosis of idiopathic 

pulmonary arterial hypertension was made at least 3 months before the patient died. None of these 

patients had evidence of an underlying autoimmune or liver disease, none had left ventricular dysfunction 

by echocardiography. All had a normal wedge pressure during right heart catheterisation, had no 
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underlying pulmonary disease or sleep disorder and had a normal perfusion scintigram in the absence of 

a history of acute PE. Table 1 shows the treatment of the patients at the time of death.  

 

Table 1 Clinical data of patients included in the study 

Clinical data  Controls (n=8) Pulmonary embolism 

(n=22) 

Pulmonary hypertension 

(n=11) 

Age (years), mean (range) 70 (49-86) 62 (27-93) 51 (23-85) 

Male/female 4/4 9/13 3/8 

Cause of death Pneunomia (n=5), 

Drowned (n=1), 

Metastasis of carcinoma 

(n=1), 

Euthanasia (n=1) 

AMI left ventricle 4-6 hours 

(n=3), 

Lung emboli (n=22), 

DIC (n=1), Euthanasia 

(n=1) 

AMI left ventricle 4-6 hours 

(n=3), PHT (n=5), 

Euthanasia (n=2), Heart 

failure (n=3), Dissection 

pulmonary artery (n=2) 

Cause of death secondary - Pneumonia (n=6), 

Metastasis of carcinoma 

(n=1) 

PHT ( n=5), Pneumonia ( 

n=2), Heart failure (n=1) 

Medical history AV block group I (n=1) 

DM-II (n=1) 

COPD (n=1) 

Lung carcinoma (n=1) 

Breast carcinoma (n=1) 

Tonsil carcinoma (n=1) 

Prostate carcinoma (n=1) 

Accident (n=1) 

DM-II (n=1) 

Cervix carcinoma (n=1) 

Hip prosthesis (n=1) 

Lung carcinoma (n=2) 

Sarcoma (n=1) 

Ovary carcinoma (n=1) 

M Cushing’s disease (n=1) 

Endometrium carcinoma 

(n=1) 

M Hodgkin (n=1) 

Medication at time of 

death  

Antibiotics (n=5) 

Heparin (n=1) 

Morphine (n=1) 

Antibiotics (n=6) 

Acenocoumarol (n=2) 

Prednisolone (n=1) 

Heparin (n=4) 

Streptokinase (n=3) 

Omeprazole (n=1) 

Fentanyl (n=1) 

Haloperidol (n=1) 

Hydroxycarbamide (n=1) 

Flecainide (n=1) 

Prostacyclins (n=3) 

Epoprostenol (n=5) 

Morphine (n=1) 

Prednisone (n=1) 

Antibiotics (n=1) 

Noradrenaline (n=1) 

Dopamine (n=1) 

Other pathological findings Pancreatitis (n=1) 

Squamous cell carcinoma 

(n=1) 

Metastasis of carcinoma 

(n=2) 

Pancreas carcinoma (n=1) 

Infarction kidney (n=2) 

Thyroid gland carcinoma 

(n=1) 

Breast carcinoma (n=1) 

Metastasis of carcinoma 

(n=1) 

Pancreatitis (n=1) 

Brain infarction (n=1) 

- 

 

Table1.AMI, acute myocardial infarction; AV, atrioventricular; COPD, chronic obstructive pulmonary disease; DIC, 

disseminated intravascular coagulation; DM, diabetes mellitus; PA, pulmonary artery; PHT, pulmonary hypertension. 

 

  This study was approved by and performed according to the guidelines of the ethics committee of the VU 

University Medical Centre, Amsterdam, The Netherlands. Use of material left over after completion of a 

pathological examination is part of the patient contract in the hospital. This study was performed 

according to the Declaration of Helsinki. 

 

Immunohistochemistry 

   The antibodies used were rabbit anti-human myeloperoxidase (MPO) (polyclonal), mouse anti-human 

CD68 (monoclonal), mouse anti-human CD45 (monoclonal), rabbit anti-human complement C3d 

(polyclonal), rabbit anti-mouse biotin (polyclonal), swine anti-rabbit biotin (polyclonal), and streptavidin– 
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biotin complex, all from Dako Cytomation, Denmark. Heart tissue samples were prepared as described 

previously.27 

   Sections were preincubated with normal serum for 10 minutes, followed by incubation with an anti-MPO 

(1:50), anti-CD45 (1:50), anti-CD68 (1:400) or anti-complement C3d (1:1000) antibody for 1 hour. 

Sections were then incubated with rabbit– anti-mouse–biotin (1:500) and swine–anti-rabbit–biotin 

(1:300) for 30 minutes. Next, sections were incubated with streptavidin– biotin complex/horseradish 

peroxidase (HRP) (sABC/HRP) (1:200) for 1 hour. Staining was visualised using 3,39-diaminobenzidine 

(0.1 mg/ml, 0.02% H2O2). Sections were then counterstained 

with haematoxylin, dehydrated and covered. As a control, the same staining procedure was used, but 

instead of the primary monoclonal or polyclonal antibody, phosphate-buffered saline or an irrelevant 

antibody was used; these heart tissue slides were found to be negative (data not shown). 

 

Morphometric analyses 

  In each tissue slide of the left and right ventricle of the heart, the number of extravascular neutrophilic 

granulocytes (MPO positive), lymphocytes (CD45 positive) and macrophages (CD68 positive) was counted 

perivascularly (area surrounding intramyocardial arteries) and in the interstitium (area in between 

cardiomyocytes). Myocytolysis was objectified as complement (C3d) positivity. Myocarditis was defined as 

aggregation of inflammatory cells in the myocardium coinciding with areas of myocytolysis, conforming to 

the Dallas criteria. 28,29   

  The presence of inflammatory cells in the endocardium of the heart was diagnosed as endocarditis. The 

total surface of each sample then was measured using QPPODIT .30 The number of extravascular 

inflammatory cells per 100 mm2 was then calculated as the total score for each specimen. Two 

independent observers scored the tissue slides (MPVB and HWMN). The interobserver variation was 10% 
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Fig. 1. heart failure and cardiomyopathy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Number of myeloperoxidase (MPO), CD45 and CD68 positive cells in the left and right ventricle of the heart 

when all patients are combined. The number of extravascular positive cells was scored per 100 mm2  in respectively 

the right (RV) and left ventricle (LV) of the heart. Data were analysed for control patients (C; n=8), patients with 

pulmonary embolism (PE; n=22) and patients with pulmonary hypertension (PHT: n=11). (A) Neutrophilic granulocytes 

(MPO positivity) (mean (SEM) scores for the LV are: C=331 (35), PE=680 (83), PHT=138 (33) and for the RV: C=339 

(75), PE =964 (128), PHT =100 (24)). (B) Lymphocytes (CD45 positivity) (scores for the LV are: C=203 (32), PE =397 

(75), PHT =212 (18) and for the RV: C=161 (33), PE =657 (97), PHT =221 (19)). (C) Macrophages (CD68 positivity) 

(scores for the LV are: C=164 (26), PE =471 (65), PHT =221 (30) and for the RV: C=184 (31), PE =758 (137), PHT 

=199 (30)*). The error bars represent the standard error of the mean. 

 

Statistical analysis 

Statistics were performed with the SPSS statistics program (windows version 11.5; SPSS Inc, Chicago, IL, 

USA). For each dependent variable (CD68, MPO and CD45) a repeated measure analysis of variance was 

performed. Also, post hoc Bonferroni tests were conducted. Distribution data were compared by X2 

analysis. Values at the p=0.05 level were considered significant. 

 

RESULTS 

 

Lactate dehydrogenase decolourisation was not found in any of the control hearts, indicating absence of 

infarction of more than 4 hours. In these control hearts, only focally neutrophilic granulocytes, 

lymphocytes and macrophages were found perivascularly (area surrounding the intramyocardial arteries) 

and in the interstitium (area in between cardiomyocytes) of both the right and left ventricle. However, no 

aggregation of these cells in the myocardium was found, and no localisation of inflammatory cells in the 
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endocardium (excluding endocarditis) or myocytolysis (vacuolisation in cardiomyocytes, objectified as 

complement C3d positivity31). These data therefore exclude myocarditis. In addition, no significant 

differences between the three different cell types were found (fig 1). 

    In contrast, in patients with acute PE, extravascular foci of aggregates of lymphocytes, neutrophilic 

granulocytes and macrophages were found dispersed in the right and left ventricle, coinciding with areas 

of myocytolysis (objectified as C3d positivity), indicating myocarditis (figs 2A–C). Subsequently, we 

quantified these inflammatory cells in both the right and left ventricle of the heart of each patient. The 

mean plus 2 SD of all control patients was used as a cut-off point and thus as the upper limit of normal 

(figs 3A–F). This enabled us to identify a putative positive score for the individual markers in each patient. 

In the right ventricle we found a significant increase of all three inflammatory cell types in 10 out of 22 

patients. In six patients there was an increase of two inflammatory cell types, and in three patients one 

inflammatory cell type was increased compared with the controls. In all these 19 patients at least one 

area of myocytolysis (equivalent to complement positivity) was found, with aggregation of inflammatory 

cells in that area. Notably, in three patients no significant increase of inflammatory cells and complement 

positivity was found compared with the controls, excluding myocarditis. 

     In the left ventricle a different pattern was found. In seven out of 22 patients an increase of all three 

inflammatory cell types was found, in seven patients an increase of two different inflammatory cell types 

was found, in three patients only one inflammatory cell type was increased. Also here, the increase of 

inflammatory cells coincided with myocytolysis and aggregation of the particular inflammatory cells 

around cardiomyocytes. In five patients, no increase in the number of inflammatory cells was found and 

one patient was without complement positivity, excluding myocarditis in a total of six patients. 

 

Fig. 2 Microscopy of inflammatory cells in patients with pulmonary embolism (PE). (A) Microscopic picture of 

aggregates inflammatory cells (arrow) in the heart of a patient with acute PE (# indicates localisation of inflammatory 

cells in the endocardium; objective x 10). (B) In more detail different inflammatory cells can be seen (lymphocytes, 

macrophages and neutrophilic granulocytes), with myocytolysis (*) (objective x 40). (C) Microscopic picture of 

complement C3d positive cardiomyocytes (*) (objective640). (D) Microscopic picture of a thrombus with endocarditis 

(arrow) in the right ventricle of the heart (objective x 20). 
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     Figures 1A-C summarise the data: compared with controls, patients with PE showed a significant 

increase in the number of neutrophilic granulocytes, lymphocytes and macrophages in the right ventricle 

(p=0.012, p=0.020 and p=0.027, respectively) and a significant increase in the number of neutrophilic 

granulocytes and macrophages in the left ventricle (p=0.034, p=0.018, respectively). No significant 

difference was found between the number of neutrophilic granulocytes in the left and right ventricle 

(p=0.352). However, the accumulation of lymphocytes and macrophages was significant lower in the left 

ventricle than in the right ventricle in patients with PE  (p,0.001 and ,0.001, respectively). 

    To determine a putative relation between the age of the lung thrombo-emboli and the accumulation of 

inflammatory cells in the heart, patients were divided into two groups: thromboemboli ,4 days old and 

thrombo-emboli .4 days old.25 In 18 patients, thrombi in the lung were ,4 days old, whereas in four 

patients thrombi were 4–12 days old. No significant relation was found between the age of thrombi in the 

lung and the number of inflammatory cells in the heart (data not shown). 

    The data for controls and patients with PE were also compared with those for patients who died of 

chronic PHT. No aggregation of inflammatory cells, or myocytolysis was found in these patients. 

Furthermore, there was no significant difference between the level of inflammatory cells of controls and 

patients with chronic PHT both in the left and right ventricle (fig 1). The difference between patients with 

PE and patients with chronic PHT was highly significant for neutrophilic granulocytes and macrophages in 

the left ventricle and for all inflammatory cells in the right ventricle. 

    We also analysed the distribution of inflammatory cells over the endocardium and myocardium in 

patients with PE. In patients without myocarditis of the right or left ventricle (n=3 and n=6, respectively), 

endocarditis was present in the right ventricle in one patient and in the left ventricle in two patients. In 

contrast, in patients with myocarditis of the right or left ventricle (n=19 and n=16, respectively), 

endocarditis was present in 10 patients with right-sided myocarditis and in seven patients with left-sided 

myocarditis. 

    Finally, thrombi in the ventricles were related to the presence of endocarditis. None of the patients 

without endocarditis of the right ventricle had ventricular thrombi, whereas only one patient without 

endocarditis of the left ventricle had a thrombus in the left ventricle. In contrast, in patients with 

endocarditis of the right or left ventricle irrespective of myocarditis (n=11 and n=9, respectively), thrombi 

were present in nine patients with right-sided endocarditis and in five patients with left-sided endocarditis 

(fig 2D). The relation between endocarditis and thrombi was highly significant (p,0.001). 

     As thrombi may embolise, specific embolisation features were looked for at autopsy. In two patients a 

kidney infarction was found, and in one out of seven brain autopsies performed in patients with 

endocarditis of the left ventricle, a recent brain infarction was detected. 
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DISCUSSION 

 

    To the best of our knowledge this is the first paper describing in detail the presence of inflammatory 

cells in the heart of patients who died of PE: aggregates of lymphocytes, macrophages and neutrophilic 

granulocytes were found, coinciding with areas of myocytolysis (fig 2). The results indicate the presence of 

myocarditis and endocarditis both of the right and left ventricle in these patients.  

   Recently, Watts et al reported an increased level of neutrophils and monocytes/macrophages in the 

right ventricle of rats, but not in the left ventricle in a rat model of PE.32 In this rat model PE was 

experimentally induced by infusion of microspheres for only a limited period of time namely, a maximum 

of 18 hours, which might explain why no inflammation was found in the left ventricle. Recently, Iwadate 

et al found an increase of the level of macrophages in the right ventricle in patients with PE.23,24 They did 

not analyse neutrophilic granulocytes or lymphocytes, however, nor did they analyse the left ventricle in 

those patients. Notwithstanding the lack of findings indicative for ischaemia, they interpreted their results 

as an effect of ischaemia 

 

Figure 3 Number of  myeloperoxidase (MPO), CD45 and CD68 positive cells in the left and right ventricle of the heart 

in the individual patient. The number of extravascular positive cells was scored per 100 mm2 in respectively the right 

and left ventricle of the heart. Numbers on the horizontal axis represent individual patients with pulmonary embolism 

(see also table 2). (A, D) Neutrophilic granulocytes (MPO positivity) score in right (A) and left (D) ventricle. (B, E) 

Lymphocytes (CD45 positivity) score in right (B) and left (E) ventricle. (C, F) Macrophages (CD68 positivity) score in 

right (C) and left (F) ventricle. The dotted line represents the mean value of control patients plus 2 SD value; a patient 

was scored positive for a cell marker when the score was above the dotted line. 
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 This observation of myocarditis/endocarditis is unexplained. From published reports it is known that a 

systemic disease, like rheumatic disease, systemic lupus erythematosus and sepsis a (non-infectious), 

can contribute to (endo)myocarditis. However, a systemic disease—namely Cushing’s disease and Kahler’s 

disease, was present in only two out of 22 patients with PE. However, those diseases are not associated 

with (endo)myocarditis. It has been suggested that pheochromocytoma or brain injury may result in 

catecholamine-induced myocarditis.26 The infiltrate we found, morphologically could fit with this 

catecholamine myocarditis. None of the patients in our study had a pheochromocytoma. An intriguing 

explanation therefore may be that local and/or systemic production of catecholamines, related to the 

stress of PE, secondarily results in catecholamine-induced myocarditis. Further studies are needed to 

substantiate this hypothesis. Besides catecholamines, chemokines might also induce the inflammation 

found in patients with PE. Watts et al recently showed in the above-mentioned rat model of PE that 

different chemokine mRNA levels (CINC- 1, CINC-2, MIP-2, MCP-1 and MIP-1a) were increased in the right 

ventricle of the heart. Also, MCP-1 protein was found to be increased in the right ventricle of these rats.32 

Additionally, in left ventricular myocardial infarction it has also been shown that  processes other than 

chemokine production, such as the production of reactive oxygen species, complement activation or 

cytokines within in the heart, can attract neutrophils and monocytes.33 These mediators therefore might 

also be responsible for the inflammation we found in patients with PE, but this is now subject to further 

study. 

 

Figure 4 Hypothetical scheme of the pulmonary embolism (PE) cycle. The light-grey broad arrows show the putative 

mechanism of heart failure in patients with PE, as hypothesised until now. The dark-grey broad arrows show 

additional pathways in line with our findings as depicted in the present manuscript. LV, left ventricle of the heart; RV, 

right ventricle of the heart. 
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    We also found that the myocarditis/endocarditis is related to acute pulmonary stress. In patients with 

chronic pulmonary stress (idiopathic pulmonary arterial hypertension), no myocarditis was found (fig 1). It 

has to be emphasised that none of the patients with PHT had recurrent thrombo-emboli in the lung, while 

the time point of diagnosis of their disease was at least 3 months and in most cases years before their 

death. This may indicate that the increase of inflammatory cells in the heart is dependent on an acute 

pulmonary stress event and not a chronic pulmonary stress event (idiopathic pulmonary arterial 

hypertension). 

     In some of the patients the infiltrate extended throughout the endocardium. In 70% (14/20) of these 

cases of endocarditis ventricular thrombi were found, whereas a thrombus without endocarditis was 

found in only 4% (1/24). This suggests that the inflammation of the endocardium results in cavitary 

thrombus formation. Right-sided thrombi may result in recurrence of lung emboli, whereas left-sided 

thrombi may lead to systemic embolisation. However, in only one patient a recent brain infarction was 

detected, and in two patients a kidney infarction was found. 

    One may question if PE is primary or secondary to the myocarditis. However, as the endocarditis 

extended from the myocarditis in most cases, as only some of the patients showed the combination of 

myocarditis plus thrombi in the right ventricle, and as no other local cardiac causes of ventricular thrombi 

were found, our findings are more in line with primary PE and secondary myocarditis. 

      In some of the patients with PE, an increase in troponin T and/or troponin I levels, but also in CK-MB 

levels was previously found.112-20 Our finding of myocarditis might provide a pathophysiological basis for 

this observation, since myocytolysis was clearly found in our study. The fact that the level of inflammatory 

cells in the myocardium varied considerably in our study may explain the rise of troponins in some of the 

patients as described in the literature. In some of the aforementioned studies, regional right ventricular 

dysfunction was detected by echocardiography. This has been related to right ventricular overload, 

ischaemia and infarction.8-11 The presence of myocarditis may be an additional explanation. Further 

studies are needed to relate the enzyme release and ventricular dysfunction to the extent of cellular 

inflammation. 

    The results in our study suggest, but as yet do not prove, the following hypothetical pathophysiological 

mechanism in patients with PE, as depicted in fig 4: not only the haemodynamic overload may result in 

left- and right-sided heart failure, but in addition the presence of myocarditis in the right and left ventricle 

and myocytolysis may cause or aggravate heart failure. Moreover, endocarditis may result in intracavitary 

thrombi, with pulmonary and systemic emboli as a consequence. 

     A few limitations need to be discussed. This study describes patients who died of PE. The degree of 

inflammation in unselected patients is unknown and needs to be determined. Also, the effects of 

inflammation on enzyme release, right and left ventricular dysfunction and on prognosis need to be 

determined in unselected patients in prospective trials. In three patients with acute PE an acute 

myocardial infarction of the left ventricle was found. It is known that myocardial infarction also results in 

cellular infiltration. However, the infarcts were estimated to be between 4 and 6 hours old, and no 

increase of granulocytes was found in the extravascular space in the infarct area, which normally starts 

within days after the acute event. Also, we analysed remote areas, not the infarction areas themselves.27 

And finally, three patients with chronic PHT also had an acute myocardial infarction. None of these 

patients showed cellular infiltration in the remote areas. 
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     Most patients of the control group, of the PE group and PHT group had concomitant disease and were 

receiving drug treatment. The influence of the disease and treatment on the cellular infiltration is at 

present unknown and needs to be studied in a large group of patients. Also, the time course (infiltration 

and disappearance) of the cellular infiltration is unknown. This may limit the quantification of the 

inflammation. 

 

    In conclusion, we found endomyocarditis and intracavitary thrombi in the left and right ventricle of 

patients with PE. These abnormalities give an additional and new explanation for the observed cardiac 

enzyme release and function abnormalities of the heart and may contribute to the morbidity and mortality 

of the disease. 
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Chapter 9 

Discussion 
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Discussion 

 

    A forensic autopsy is characterized by its complexity. This is because a forensic pathologist has to deal 

with several areas of expertise. In this thesis we have investigated three of them, namely, 1) skin wound 

age determination, 2) taphonomy and 3) cardiovascular pathology.  The aim of these studies was to 

improve the value of these areas as a diagnostic tool, both in forensic and clinical autopsies.  

 

I Skin wound age determination 

I-1 Mechanical wounds 

    In forensic pathology, determining the estimated age of a skin wound is performed using different 

steps.  First a wound is macroscopically examined, defined and described (1,2). Subsequently, tissue 

slides are made and microscopically examined.  Subsequently immunohistochemical stainings are 

applied to improve wound age determination further more (see Chapter 2).   

For a (forensic) pathological examination of a wound, a five step approach is recommended: 

Step 1: Anamnesis 

Personal information about the victim such as age, location of the wound on the body, injury type, way of 

infliction, medication and any use of illicit drugs and alcohol by the victim is obtained from police and 

witnesses. 

Step 2: Macroscopical evaluation  

Macroscopical investigation (in vivo or via photographs) of the wound and the location of the samples to 

be examined are chosen.   

Step 3: Microscopical histological evaluation  

A microscopical (histological) analysis is next performed on the tissue samples of the wound and control 

skin of the victim. Histological changes analyzed are  haemorrhage, endothelial swelling, formation of 

oedema, collagen disruption,  adhesion of neutrophilic granulocytes in blood vessels and extravasation of 

erythrocytes.  

Step 4: Microscopical immunohistochemical evaluation 

Immunohistochemical analyses of specific markers to study inflammatory mediators, inflammatory cells 

but also extracellular matrix proteins, as depicted in more detail in Chapter 2. 

Step 5: Conclusion of wound age determination 

The results from steps 1 to 4 are combined to come to a probability time frame range of a particular 

wound. 

    

 In Chapter 3 we have developed a probability scoring system of early wounds (meaning up to 30 minutes 

old) related to the expression levels of markers in wound hemorrhage, namely Fibronectin, CD62p and 

Factor VIII, that are upregulated in coagulation. We have found a significant increase (p<0.01) in the 

expression of these markers with time in wound haemorrhage.   

    By quantifying the staining, using an immunohistochemical score (IH score) ranging between 0 and 3, a 

probability score for each marker was calculated at different time points (see Table 1 Chapter 3). The 

probability scores for respectively Fibronectin, CD62p and Factor VIII in case an IH score 0 were 87%, 88% 
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and 90% that a wound was non vital. In case of an IH score 1 or 2, the changes were 82/90%, 82/83% 

and 72/93% that a wound was a few minutes old. Finally in case of an IH score 3, the chances were 65%, 

76% and 55% that a wound was 15-30 minutes old. 

     This observation supports our hypothesis that the expression of the three markers is caused by the 

extravasation of erythrocytes and the subsequent activation of thrombocytes and not only by the leaking 

damaged blood vessels in wounds.  

    This system enabled us to clearly differentiate between control samples of uninjured tissue, injuries of 

few minutes old and injuries that are 15-30 minutes old. This system now provides a stronger and 

improved estimation of wound age in early skin injuries which is helpful in forensic autopsies. 

 

I-2 Burn wounds 

    There are many wound type injuries that a forensic pathologist may encounter at autopsies.  These 

range from mechanically induced wounds such as stab wounds, or blunt force wounds, to other types 

such as burn wounds.   

The immunology of burn wounds is very different when compared with mechanically induced injury. Burn 

wounds namely induce a massive inflammatory response in patients and cause the acute phase response 

to be highly elevated in the blood for months after the initial burn injury, which is not the case in 

mechanically induced wounds. 

It is known that the acute phase proteins complement and C-reactive protein (CRP) are systematically 

increased with burn injuries (1,2,3,4). Their blood levels in burn patients were found to be proportional to 

the extent of the burn injury.  Albeit the effect of burn wound injury on tissue levels of CRP and/or 

complement in the burn wound was unknown. We have studied these inflammatory mediators locally in 

burn wounds in Chapter 4. We then demonstrated for the first time that both complement factor C3d and 

CRP were deposited excessively at the burn wound site and were still detected in high quantities for least 

up to 46 days post injury. In addition inflammatory cells, namely neutrophils and macrophages, were 

found to infiltrate the burn site in high numbers and also for at least up to 46 days after the injury. Our 

observations suggest that complement and CRP may be the culprit factors in burn wound healing, as they 

prevent proper wound healing, having therapeutical implications for these patients. 

Unfortunately the wound age determination system we have developed in Chapter 3 cannot be applied to 

burn wounds, as the immunological response is completely different in burn wound patients. 

 

II Taphonomy 

    Taphonomy is a relatively new and unknown science.  It was first introduced in palaeontology and has 

since been embedded in the world of geo-archaeology and anthropology.  Well known taphonomic 

features such as bone or cementum degradation, the development of livores, rigor mortis and calor 

mortis are all part of the decomposition process of decaying organisms and are central to the study of 

taphonomy. (5, 6, 7, 8, 9). Taphonomy can answer questions that are of interest to forensic pathologist 

such as ones dealing with ongoing body decomposition.  Large studies investigating human 

decomposition were performed in Knoxville at the anthropological research facility.  However whether the 

obtained results can be extrapolated to conditions observed in The Netherlands is questionable.   
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Therefore we have performed a study using an in vitro pig model, to address different typhonomic 

questions relating to body decomposition.  Our study was based on a forensic case of a missing man that 

was buried in sea sand (Chapter 5).  The post-mortem interval obtained from the autopsy did not agree 

with the time that the man had been missing.  An in vitro model was successfully developed to help 

understand the process of body decomposition using pig legs.  It was found that the presence of moisture 

was able to inhibit the process of decomposition in the pig legs buried in sea sand.  Extrapolating these 

findings to the forensic case at hand, we could say that it was possible that the man was buried in the sea 

sand for a significantly longer period than the degree of decomposition suggested from the autopsy 

results, where his body decomposed at a lower rate than expected. Our model can successfully explain 

the inconsistencies observed between the post mortem estimation of time of death and the time that the 

man had been missing for. Naturally there are many variables that still need to be considered that were 

not investigated in our study and which may affect the rate of decomposition. Further work is needed to 

investigate these variables.  This study also demonstrates the need for evidence based studies that are 

case related as each case is unique and will thus result in unique findings. 

 

III Cardiac pathology 

III-1Ultrastructural studies of mitochondrial deposits 

    In forensic pathology it is important to identify and/or rule out a cardiac cause of death.  For this 

cardiac tissue is analyzed at a macroscopical, microscopical and (immuno)histochemical level. Herein the 

diagnosis of Acute Myocardial Infarction (AMI) plays a central role.  Macroscopically, AMI can be identified 

using a nitro blue tetrazolium staining method (10, 11, 12, 13, 14).  This technique relies on the ability of 

dehydrogenases such as lactate dehydrogenase enzyme (LDH) in the tissue to react with tetrazolium salts 

to form a formazan pigment. Dead or dying tissue lacking dehydrogenase enzymes activity would not 

stain (or stain with less intensity) thus identifying infarction sites (15).  This can be detected three hours 

and onwards following the onset of AMI. In comparison histochemical analysis can only identify infarct 

areas beyond three hours of AMI occuring.  

It is known from animal studies, that ischaemia results in mitochondrial deposits (which are small 

osmiophilic amorphous electron-dense deposits composed of lipids and proteins) detected at the 

ultrastructural cellular level, as early as 1-2 hours after the onset of AMI (16, 17).  These results however 

have been questionable since these same effects are also observed with autolysis.  Therefore, we 

analysed whether or not mitochondrial deposits are increased in cardiomyocytes in infarcts in deceased 

subjects with a clinically diagnosed AMI but without LDH staining at autopsy.   

In 85% of patients with an LDH diagnosed AMI, the percentage of positive mitochondria was found to be 

significantly higher (factor 1.33) when compared to corresponding heart tissue in control patients and to 

non-infarcted areas within patients with AMI (Chapter 6). Also in patients with a clinically diagnosed AMI 

but without LDH decoloration at autopsy, a significantly higher amount of positive mitochondria was 

found in the left ventricle compared to controls and noninfarcted areas of the heart (factor 1.47). This was 

found in 73% of the patients (Chapter 6). 

This indicates that ultrastructural analysis of the heart is an additional valid method to detect early AMI of 

less than 3 hours old.   
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Finally it has to be noted that for adequate analysis, samples should be collected during the autopsy from 

suspected areas of the heart relating to atherosclerotic changed coronary arteries at risk and/or from 

areas showing signs of older infarctions (replacement fibrosis). As a non-infarcted control, in most cases 

the right ventricle of the heart can be used. 

III-2 Ultra-structural studies of basement membrane of capillaries 

    Ultra-structural analysis can not only be helpful in the early diagnosis of AMI, but also in detecting the 

causes underlying AMI. It is common knowledge that AMI is mainly caused by alterations or abnormalities 

in the epicardial coronary artery structure and function contributing eventually to cell death (18) Recent 

studies (19) show that pre-existing aberrations in the intramyocardial (micro) vasculature system may be 

a contributing factor to the induction of AMI due to a pro-inflammatory status of these blood vessels. This 

then could explain the finding of AMI at autopsy in subjects with relatively limited atherosclerotic lesions 

in the epicardial coronary artery.  Interestingly, at an ultra-structural level it was found that deceased 

individuals with diabetes but not AMI, had an increase in the basement membrane (BM) of the capillaries 

(20).  Our study investigated whether or not this phenomenon was observed in subjects suffering from 

AMI but not diabetes (Chapter 7). We showed, for the first time, a relationship between BM thickening and 

AMI.  Our study found that the BM thickness of capillaries of the infarcted area in the left ventricle of 

subjects that had AMI was significantly higher than the BM in the corresponding heart tissue of patients 

that died from a cause not related to AMI (102 +/- 9 vs 77 +/- 4 nm p=0.006) and compared to non-

infarcted areas of AMI patients (86 +/- 6 nm p=0.002). As the BM thickness in AMI patients was already 

found in patients with AMI of less than 6 hours old and did not further increase with infarct age, which 

was validated in an rat AMI model in time, this makes it more likely that BM thickening in AMI hearts 

occurred prior to the AMI and not as a consequence. The exact mechanism of this thickening however, 

remains to be established.   

 

III-3 Pulmonary embolism and endomyocarditis 

     Pulmonary embolism a life threatening condition that has been shown to have dramatic 

pathophysiological effects on the heart, including right ventricular dilatation and dysfunction of both the 

right and left ventricle. It was hypothesized that part of this dysfunction could be explained by an isolated 

right ventricular infarction (21, 22, 23, 24). Next to this an increase in the number of macrophages in the 

right ventricle was also shown (25, 26). Albeit, this was related to an ischaemic event, this was not 

proven. As no other inflammatory cells were analyzed in this particular study, a myocarditis (like) cause 

was not further evaluated. In Chapter 8 we have studied whether in patients with pulmonary embolism, a 

myocarditis is induced. For this we analyzed inflammatory cells, namely lymphocytes, macrophages and 

neutrophilic granulocytes but also complement, to visualize myocytolysis, in patients who died of 

pulmonary embolism (acute pulmonary stress). As a control patients who died from chronic pulmonary 

stress and patients who died of other non-pulmonary causes were also studied. 

The results showed the presence of lymphocytes, macrophages and neutrophillic granulocytes in the 

areas of myocytolysis thus indicating myocarditis and endocarditis in both the left and right ventricles of 

patients who have died from pulmonary embolism.  We have hypothesised that pulmonary embolism 

causes the local or systemic production of catecholamines resulting in catecholamine-induced 

myocarditis and in some cases endocarditis. This can be of severe forensic consequence and is routinely 
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underestimated as Myocarditis and endocarditis can result in heart failure and death.  Further studies are 

needed to test this possibility.  In addition our findings showed the presence of thrombi in both ventricles 

from patients with pulmonary embolism which may again contribute to the mortality of the disease. 

As a summary and based on our findings we propose the following approach to analyse a putative cardiac 

cause of death (see below, Figure 1). 
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Fig. 1: cardio-pathological expert system 

 

Note: Always preserve at least a blood and urine sample for additional toxicological investigation and a 

sample of heart tissue in nitrogen, for genetic analysis in case necessary  

 

  

 

 

 

 

 

      In conclusion, we have been developed a protocol to 1) determine wound age in time and 2) to 

diagnose and/or exclude myocarditis and acute myocardial infarction in forensic autopsies. 

 

 

 

 

At autopsy macroscopically NBT staining of heart slides 
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Nederlandstalige samenvatting 

 

In Nederland wordt relatief weinig wetenschappelijk onderzoek verricht op het gebied van de forensische 

pathologie. Dit kan enerzijds verklaard worden door het gegeven dat de forensische pathologie ingebed 

ligt in een justitiële omgeving waar zaakgericht onderzoek de hoofdlijn dicteert. Anderzijds maakt de 

huidige wetgeving het gebruik van forensisch materiaal voor wetenschappelijk onderzoek lastig.    

Er is echter wel behoefte aan basaal, niet zaakgericht onderzoek, bijvoorbeeld om de gangbare forensisch 

diagnostische methoden te verbeteren of om nieuwe inzichten te implementeren. In dit proefschrift 

hebben we onderzoek verricht op het terrein van de letseldatering, de tafonomie en de cardiodiagnostiek.  

 

Het thema letseldatering werd opgenomen om te komen tot beter onderbouwde uitspraken omtrent het 

tijdsinterval tussen het oplopen van een letsel en het intreden van de dood. In een review artikel 

(Hoofdstuk 2) zijn de gangbare methoden weergegeven zoals bekend bij aanvang van het onderzoek, 

waarin tevens een nieuwe benadering van letselanalyse geïntroduceerd wordt. Deze methode gaat uit van 

het principe dat het wellicht beter is om de werkhypothese met betrekking tot de ontstaanswijze van een 

letsel centraal te stellen en om dan te komen tot een  waarschijnlijkheidsuitspraak omtrent de kans dat 

men een bepaald letselaspect aantreft indien een bepaalde werkhypothese waar zou zijn. Hiervoor is het 

van belang dat letselaspecten objectief gekwantificeerd kunnen worden.  

In hoofdstuk 3 wordt een scoringssysteem geïntroduceerd voor het kwantificeren van 

immunohistochemische expressielevels van drie vroege wondmediatoren, te weten CD62-P, Factor-VIII en 

Fibronectine. Hiervoor werden huidmonsters met zeer vroeg vitaal letsel (minuten oud) en huidmonsters 

met vroeg vitaal letsel (15 tot 30 minuten oud) vergeleken met normale, onbeschadigde huidmonsters. 

We vonden dat afhankelijk van de mate van expressie van deze drie wondmediatoren zeer vroege letsels 

met een 93% waarschijnlijkheid konden worden gedefinieerd en letsels tot 30 minuten oud met een 76% 

waarschijnlijkheid. Kortom, CD62-P, Factor VIII en Fibronectine expressie analyse kan een grote rol spelen 

bij het detecteren van vroege letsels, althans in geval van mechanisch geïnduceerde letsels.  

Vanuit de literatuur was reeds bekend dat een andere wijze van wondinductie ook een andere 

wondreactie kan induceren. Dat geldt met name voor brandwonden. Derhalve werd ook gekeken of ons 

dateringssysteem zou kunnen werken bij het dateren van brandwonden (hoofdstuk 4). Brandwonden 

staan bekend om hun extreem lange activatie van de acuut fase response, althans gemeten in bloed. Wij 

hebben bestudeerd of de acute fase eiwitten C-reactive protein (CRP) en complement ook lokaal 

aanwezig zijn in brandwonden. Dat bleek inderdaad het geval te zijn tot in weken oude brandwonden. Dit 

kan aldus een belangrijke rol spelen bij de excessieve, foutieve wondreactie in brandwonden. 

Tegelijkertijd betekent dit dat onze letseldatering niet direct extrapoleerbaar is in brandwonden gezien de 

aberrante immuunreactie.  

 

In hoofdstuk 5 hebben we ons toegelegd op de tafonomie, de leer van de ontbinding. De tafonomie houdt 

zich bezig met het bepalen van het tijdstip van overlijden aan de hand van veranderingen aan een 

lichaam, waaronder lijkvlekken, lijkstijfheid, temperatuur, ontbindingskenmerken etc. Hoofdstuk 5 heeft 

betrekking op een zaak waarbij tijdens graafwerkzaamheden het stoffelijk overschot van een man werd 

aangetroffen. Uitgaande van de postmortale kenmerken werd ingeschat dat de man één of enkele weken 
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dood was. Bij nader onderzoek bleek hij evenwel al drie maanden vermist te zijn. De vraag die rees was of 

de bodem waarin de man begraven lag een conserverende werking zou kunnen hebben die een dergelijke 

discrepantie zou kunnen verklaren. Om deze vraag te kunnen beantwoorden werden varkenspootjes 

(slachtafval) begraven in twee verschillende grondsoorten, namelijk de grond waarin de man was 

aangetroffen en gewone gele aarde uit een zandgroeve. De pootjes werden na een, twee en drie maanden 

opgegraven en werden daarna zowel macroscopisch als microscopisch beoordeeld.  Hieruit bleek dat niet 

zozeer de samenstelling van de grond een conserverende werking had maar met name het watergehalte 

in de bodem. Na vergelijking met de grondwaterstanden en de meteorologische data voor de locatie van 

de vindplaats gedurende de periode van de vermissing kon worden geconcludeerd dat door het vele water 

het lichaam min of meer was geconserveerd en dat een overlijdensperiode van circa drie maanden 

zondermeer mogelijk was. 

 

Het laatste deel van dit proefschrift behelst de cardiopathologie. Deze subspecialisatie van de pathologie 

zal naar verwachting ook in het strafrecht een steeds grotere rol krijgen, met name op het terrein van de 

jonge hartinfarcten en hartspierontstekingen. Hierbij is vaak overlap tussen de forensische pathologie en 

de klinische pathologie. Dit aangezien pre-existente hartafwijkingen (bijvoorbeeld een recent hartinfarct 

of myocarditis) ten grondslag kunnen liggen aan acuut overlijden tijdens een handgemeen of aanhouding. 

 

In hoofdstuk 6 is een groep overlijdensgevallen onderzocht waarbij in eerste instantie geen duidelijke 

doodsoorzaak kon worden vastgesteld. In deze gevallen waren de standaard kleuringen om een 

hartinfarct aan te tonen op een hartplak en de standaard (immuno)histochemische kleuringen om een  

hartinfarct ouder dan drie uur aan te tonen, negatief. Derhalve hebben we elektronenmicroscopie 

gebruikt om een eventuele vroeg ischaemische schade toch aannemelijk te kunnen maken. In de 

literatuur is namelijk beschreven dat ultrastructurele analyse van mitochondriele deposities een vroeg 

teken van irreversibele hypoxische schade in cardiomyocyten is.  Wij vonden in patiënten die klinisch een 

infarct doorgemaakt hadden waarbij histopathologisch dit nog niet zichtbaar was in 73% een significant 

hoger aantal aangedane mitochondriën in de linker ventrikel vergeleken met de niet geinfarceerde 

rechter ventrikel. Daarna hebben we ook gekeken in patiënten met een recent infarct en LDH ontkleuring. 

Daarin vonden we in 85% van de patiënten die verschillen in deposities. In 15% kon het verschil niet 

aangetoond worden, waarschijnlijk door autolyse of terminale ischemie, aangezien dit ook deposities in 

mitochondriën kan geven . Dit betekent dus dat deze EM diagnostiek duidelijk potenties heeft, maar dat 

het altijd nodig is om een controle deel van het hart mee te nemen om autolyse/ terminale ischemie 

effecten uit te sluiten. 

Het elektronenmicroscopisch onderzoek hebben we ook toegepast in hoofdstuk 7 om te onderzoeken of 

de verdikking van de capillaire basaalmembraan in het hart een predisponerende factor kan zijn voor het 

induceren van een acuut myocardinfarct onafhankelijk van de toestand van de epicardiale coronair 

arteriën. Uit deze studie kwam naar voren dat bij een significant deel van de patiënten met een acuut 

myocardinfarct een wezenlijke verdikking van de basaalmembraan aanwezig was voorafgaande aan het 

infarct. Dit kan een rol spelen bij het induceren van lokale hypoxie aangezien daarmee de diffusie van 

zuurstof negatief beïnvloed wordt.  
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Tenslotte werd ook gekeken naar de rol van de niet-infectieuze myocarditis bij acute dood, namelijk in 

patiënten met longembolieën. We vonden in het hart van patiënten met bewezen longembolieën een 

significante toename van lymfocyten, neutrofiele granulocyten en macrofagen in beide ventrikelwanden. 

Terwijl in patiënten met een chronische drukverhoging van de longen, te weten patiënten met pulmonale 

hypertensie, deze toename niet gezien werd.  

De oorzaak van dit fenomeen is nog onduidelijk. Enerzijds kan dilatatie van de rechter ventrikel een rol 

spelen bij ontstekingsactivatie, anderzijds kan er ook een rol zijn weggelegd voor een catecholamine 

gemedieerde ontstekingsreactie. Het voorkomen van de ontsteking in zowel de linker als de rechter 

ventrikel suggereert een dergelijke, meer centrale oorzaak.  

 

Aldus heeft dit proefschrift geresulteerd in nieuwe inzichten op het terrein van de letseldatering van 

huidwonden alsmede de cardiopathologische diagnostiek bij obdcutie. Deze inzichten zijn niet alleen 

toepasbaar in de forensische maar ook de klinische obductiepathologie. Tevens moge duidelijk zijn dat 

beide takken van de obductiepathologie veel voor elkaar kunnen betekenen bij het verder optimaliseren 

van deze diagnostiek. 
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Wanneer is het begonnen ? 

 

Een vraag die vaak wordt gesteld. Wanneer ben je die forensische pathologie nu leuk gaan vinden ?  

 

Soms klinkt er een bijna bestraffende ondertoon door, zo’n ondertoon van “hoe haal je het in je hoofd om 

zoiets te gaan doen” of “ach jongen, zou je dat nu wel doen ?, en je kon zo goed leren” 

 

Tijdens de opleiding voor Geneeskunde was het mogelijk om in het derde jaar verdiepingsstudies te doen. 

Daar mijn goede oude vader behoorlijk Bijbelvast was en er soms discussie ontstonden die neerkwamen 

op hoe nu precies iets geschreven zou zijn besloot ik om eens een kijkje te nemen in de tijdspanne waarin 

een en ander daadwerkelijk opgeschreven zou zijn. Egyptologie in Leiden en Assyriologie in Amsterdam. 

Tijdens de colleges van Professor Krispijn (Leiden) en Professor van Stol (Vrije Universiteit) kwam ik in  

aanraking met een herkenbaar verhaal. Het zal waarschijnlijk de doodsnee lezer niet echt behagen maar 

ik vond het fascinerend. 

 

Het betrof een passage uit de Gilgamesh Epos waarbij koning Gilgamesh het niet goed kan verkroppen 

dat de Goden zijn vriendje hebben doodgemaakt. 

 

Citaat (vertaling) 

 

He touched his heart but it did not beat, nor did he lift his eyes again. When Gilgamesh touched his heart 

it did not beat. So Gilgamesh laid a veil, as one veils the bride, over his friend. He began to rage like a lion, 

like a lioness robbed of her whelps. This way and that he paced round the bed, he tore out his hair and 

strewed it around. He dragged off his splendid robes and flung them down as though they were 

abominations.  

In the first light of dawn Gilgamesh cried out, ‘I made you rest on a royal bed, you reclined on a couch at 

my left hand, the princess of the earth kissed your feet. I will cause all the people of Uruk to weep over 

you and raise the dirge of the dead. The joyful people will stoop with sorrow; and when you have gone to 

the earth I will let my hair grow long for your sake, I will wander through the wilderness in the skin of a 

lion.' The next day also, in the first light, Gilgamesh lamented; seven days and seven nights he wept for 

Enkidu, until the worm fastened on him. Only then he gave him up to the earth, for the Anunnaki, the 

judges, had seized him. 

 

Gilgamesh hield zijn vriendje bij zich, op zijn kamer totdat de maden echt niet meer te houden waren.  

 

Menigeen reageert met  “Baaaaaah, wat een viezerd”, of “Wat raar,  je ziet toch wel dat ie dood is”, of 

“hoe kan dat nou, dat doe je toch niet ?”. 

 

Deze tekst herbergt echter een herkenbaar fenomeen.  

Klaarblijkelijk was Gilgamesh blind voor de onmiskenbare tekenen van de dood of wìlde hij ze gewoon 

niet zien. Iets dat ook in onze tijd nog wel eens voorkomt. De emotie die er rond een voorval heerst maakt 

waarneming of verwerking dubieus.  

Klaarblijkelijk gaan we dingen anders zien of gaan we er anders mee om als er emotie bij komt kijken. De 

passage zoals boven beschreven is dan ook een klassiek voorbeeld van door emotie beperkte 

waarneming, tunnelvisie. Het is dus geen schande als wij er vandaag de dag ook nog door beperkt 

worden. Het probleem kennen we al duizenden jaren, het is dus iets van alle tijden. 

 

Goed, na een wat wazig begin met een bedroefde koning terug naar 2015. Wat heeft dit nu te maken met 

de aanhef ? Waarom nu toch forensische pathologie ? 

De mate van beschaving van een land of populatie is af te lezen aan de wijze hoe men omgaat met zijn 

misdadigers. Bewust van de beperking die gewone waarneming heeft moet men tot de conclusie komen 

dat een de natuurwetenschappelijke benadering eigenlijk nog de beste wijze is om met deze materie om 

te gaan. In dat geval is forensische pathologie een van de boegbeelden van beschaving. 

 

Ik kan nu ook wel naar alle eerlijkheid opbiechten dat er tijdens het werk aan dit proefschrift momenten 

zijn geweest waarbij de gedachte “ach wat kan het mij ook allemaal schelen, dan maar geen 

proefschrift”, naar boven kwam. Maar dan in iets andere bewoording, niet geheel geschikt om letterlijk uit 

te schrijven.  
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Nu terugkijkend moet ik toch toegeven dat het weliswaar een hele klus was maar zeker ook een zeer 

zinvolle en dankbare klus. Een klus die overigens nooit had kunnen slagen zonder de hulp van vele, vele 

personen. 

 

Ofschoon een wetenschappelijk verband tussen ‘substantieel zorgen maken’ en ‘grijsverkleuring van 

hoofdhaar’ mijns inziens nooit met sluitende zekerheid is gelegd acht ik het toch aannemelijk dat 

tenminste een deel van de haarontkleuring van mijn ouders ergens met de “voorbereiding van, dan wel de 

aanloop naar” mijn uiteindelijke carrière samenhangt. 

 

Laten we zeggen dat tijdens mijn “niet geheel vrijwillige” vertrek van de Waldheim MAVO in Baarn toch 

een basis werd gelegd. Een basis die uiteindelijk sterker blijkt te zijn dan toen ingeschat had kunnen 

worden. Ik werd op de valreep ingeschreven bij Niek Savio, een lagere technische school in Amersfoort, de 

opleiding voor elektromonteur. Mij oude vader heeft gepraat als Brugman om mij er nog tussen te krijgen. 

De arme man, zelf gerespecteerd accountant en dan heb je een zoontje die het allemaal geen ene ruk 

kan schelen. De ene school, de andere school. Who cares ? 

 

Op deze laatste school hadden ze echter de nodige ervaring met “boefjes to be”. Nieuwe regels, nieuwe 

wetten. Op de MAVO werd je aangesproken op gedrag. Op deze LTS deden ze dat natuurlijk ook, maar 

anders. Dan heb je de medestudenten die je maar een rare kwast vinden. Een modern thema, ik weet 

niet hoe het tegenwoordig is maar mijn ervaring is dat bij pesten je gewoon moet terugslaan. Ik ben mijn 

oude makkers van destijds dankbaar dat zij er ook waren, Paul van het Klooster, John van Wijngaarden, 

Laurens Joosten en natuurlijke potdove Pieter Riphagen. Stuk voor stuk jongens met het hart op de goede 

plaats. Zonder die groepscontext was er nooit een vervolg gekomen.  

 

Context of niet, uiteindelijk is er toch soms iets bijzonders nodig en dat bijzonders was de 

maandagochtend waarop ik het praktijklokaal voor electromontage binnenstapte na een week spijbelen 

en wat pseudolegale futiliteiten. Het was docent dhr. Anton Biemans, die altijd weinig woorden nodig had 

om te motiveren. Dat was de eerste schop op een pad dat uiteindelijk bij vandaag is uitgekomen. Het is 

zeer de vraag of ik hier, zonder deze schop en de voorafgaande kortstondige donderpreek waarbij diverse 

vergelijkingen met dierlijke genitaliën elkaar afwisselden, ooit zou hebben gestaan.  

Het is mij dan ook een eer en genoegen om dhr. Anton Biemans, docent electromontage bij LTS Niek 

Savio te bedanken. (ps: heer Biemans, in al die jaren heeft nog nooit iemand de ruitjes uit de buitendeur gehaald.)  

  

Kort na het schopincident werd tijdens het derde jaar van de LTS het idee geboren om richting de  

forensische pathologie te gaan, een minder voor de hand liggende keuze op zo’n moment zou je zeggen.  

Het was dhr. Jan den Hollander,  docent elektrotheorie. Ik zat op het bankje nabij de gang richting de 

directiekamer. Het bankje waar je normaal moest zitten als je iets had uitgevreten. Jan zag mij zitten toen 

hij afdaalde van de groene stenen schooltrap en begon een memorabele dialoog: 

 

“He, van de Goot ! Wat heb jij nu weer uitgespookt ? 

 

“Niets m’neer, maar Ik zit er over te denken om patholoog te worden.”  

 

“Zeik niet vent, wat heb je gedaan ?” 

 

“Niets meneer, echt niet, ik heb alleen zo’n idee, patholoog, wat moet je daar voor doen ?” 

 

Hij fronste de wenkbrauwen  

 

“Vent je bent hartstikke gek, patholoog ? Dan ben je nog tenminste 25 jaar bezig”  

 

Ik was blij dat hij wist wat een patholoog was en blij om te horen dat het op zich nog zou kunnen ook. 

 

 “Waar moet je dan beginnen m’neer ?” 

 

“Je zal eerst naar C. niveau moeten (ik  zat op B. niveau). Er is volgende week een MBO beurs, ga  

daar maar eens heen”.  

 

Hij stond stil en hing tegen de trapleuning waarbij zijn buik tussen de spijltjes door  pruilde.  

 

Er was iets dat zijn aandacht trok. Een klierig puppy dat opeens iets van motivatie toont……….. ? 
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Conform de realiteit kun je wel veel willen maar dat komt niet vanzelf aanvliegen. Wis- en natuurkunde 

zonder cursorisch onderwijs, dat viel niet mee.  

 

Het was Jonkheer drs. ing. L.X. van den Brandeler, een gepensioneerde wis- en natuurkundige die 

bijlessen gaf. Dhr. Van den Brandeler was geen gewone docent. Hij schijnt ooit een blauwe maandag echt 

voor de klas te hebben gestaan maar hij kon geen orde houden. Hij kon alleen werken met studenten die 

zo ver probeerde te komen als dat ze konden komen en als ze vastliepen kon hij je vertellen hoe het wel 

moest. Het was Dhr. van den Brandeler die het mogelijk maakte om gelijktijdig LTS B. en C. niveau en 

MAVO D. niveau examen te doen en het nog te halen ook.  

 

Na het nemen van wis- en natuurkundehobbels lag de weg open naar het middelbaar laboratorium 

onderwijs, zeg maar de laboratorium school in Amersfoort. Daar begon het echte pad richting de  

pathologie. De instroom richting was natuurlijk Medisch en nadien Cyto-Histologisch. 

Bij de opleiding voor cyto-histologisch analist lag toentertijd de nadruk op de cytologie. Er was weinig voor 

nodig om in te zien dat ik de histologie veel leuker vond. Mij stagejaar bij het Pathologielab (Stichting 

Sazinon), vestiging Bethesda ziekenhuis te Hoogeveen was wederom een stap in de goede richting. 

Het was de oude garde pathologen Dhr. Folkert Heida, Dhr. Beng Oei en met name Dhr. Jan van Zeijst die 

datgene waren wat ik ook wilde zijn.  

Het was een sport om als er een tumor was ingesloten een klein stukje zelf alvast te bekijken in een 

poging om aan de patholoog alvast mijn veronderstelde diagnose te geven. Dat enthousiasme werd altijd 

gewaardeerd. Het werd evenwel minder gewaardeerd dat ik ooit een keer een dooie regenwurm in een 

appendix heb gestopt en de coupes als “echt” naar Dhr. Heida heb gebracht. Ik mag ook niets   

 

Toen ik tijdens mijn stagejaar onder begeleiding van Dick Steendam, hoofd van het Histolab en Jan van 

Zeijst de eerste klinische sectie kon bijwonen was er geen weg meer terug. Dick Steendam heeft mij de 

technische vaardigheden van het obduceren bijgebracht. Tevens was hij een kunstnaar met 

reconstrueren. Dick Steendam, bij Iedere sectie die ik nu doe zijn nog steeds een aantal handelingen die 

jij me verteld hebt. Dank daarvoor. 

 

Na het stagejaar moest er een methode zijn om bij de geneeskunde uit te komen. Dat lukt via Hogeschool 

Interstudie OLAN, te Nijmegen. Na het laboratoriumwezen lag de weg naar de universiteit open. 

 

De studie geneeskunde was anders dan voor menig student, denk ik. Het is zondermeer een voordeel als 

je al vroeg weet welke kant je uit wil maar anderzijds is er ook niet veel fantasie voor nodig om te 

beseffen dat het vroeg tot uiting brengen van een interesse voor pathologie niet meteen op waarde wordt 

geschat. Na de geneeskunde was het tijd om voor de eerste keer de pathologie te gaan benaderen. 

Omdat forensische pathologie bij de klinische pathologie zeer sporadisch aan de orde bleek te komen 

achtte ik het een goed idee om eerst maar wat ervaring op te gaan doen in het buitenland.  

 

Het Zentrum fur Rechtsmedizin aan de Johan Wolfgang Goethe Universität in Frankfurt am Main, 

Duitsland reageerde. Aldaar zwaaide prof.dr. Bratzke de scepter. Ik heb daar een jaar gewerkt en 

honderden zaken gedaan. Prof.dr. Bratzke was een gedreven wetenschapper en een  ruimdenkend mens 

die voor het vak leefde maar ook voor zijn werknemers. Zonder schroom kan ik stellen dat prof.dr. 

Bratzke de echte basis heeft gelegd voor alles wat uiteindelijk zou gaan komen.  

 

Liebe Mücke, danke für alles. Ohne dich hätte das alles nicht geklappt. 

 

Nadien ging de route naar de klinische pathologie. In eerste instantie was mijn binnenkomen bij het 

VUMC, afdeling pathologie een beetje bizar. Er waren te weinig assistenten om obductie te doen en Rosita 

ten Berge, zelf toen bezig met promotieonderzoek, had gemeld dat ik werkloos thuis zat met ruimschoot 

obductie ervaring. Van het een kwam het ander en ik kon beginnen als AGNIO om obducties weg te 

werken. Tja, Toen gebeurde er iets waar ik tot de dag van vandaag geen zicht op heb, maar ik ben op een 

ochtend naar Lex van Hattum, ons toenmalige afdelingshoofd gegaan om een dag vrij te vragen voor een 

sollicitatiegesprek in Groningen. Daar waren opleidingsplekken vrij gekomen. Lex zei: Je gaat nergens 

heen en je wacht nog een week. Een week later was ik in opleiding aan het VUMC. 

 

Destijds werd de afdeling pathologie geleid door prof.dr. C.J.M.L. Meijer. Iemand die broodnodig is voor 

het verwezenlijken van ambities.  Chris Meijer was wederom iemand die een schop in de juiste richting 
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wist te geven. Ofschoon ik weinig als promovendus met Chris te maken heb gehad was zijn invloed 

wezenlijk. 

 

Beste Chris, dank voor de gesprekken die we hebben gehad, over eigen bedrijven, marktgericht denken, 

projecten en met name voor de gestage lijn die je continue wist aan te geven als ik weer dreigde te 

verzuipen in wanordelijke dadendrang. 

 

Tijdens de opleiding voor patholoog neemt dan ook de obductie-ervaring toe en door een samenwerking 

met het N.F.I.,  de forensische ervaring. Het was dr. Rob Visser, patholoog bij het N.F.I. die de volgende 

schop in de juiste richting gaf. 

 

Beste Rob, toen als leermeester, nu als copromotor. De forensische manier  van beschrijven heb ik van 

jouw geleerd. Dank voor alles wat je verteld hebt. Als je als jonge patholoog voor de juridische leeuwen 

wordt geworpen is een ervaren rots in de branding onmisbaar. Ik weet alleen tot de dag van vandaag nog 

niet hoe ik “oesters eten in een mergelgrot”, moet classificeren. 

 

Welnu, Het was ook tijdens een dialoog met Rob Visser dat het idee van de letseldatering werd geboren.  

Ik kan mij het gezicht van collega Daan Botter, forensisch geneeskundige bij het N.F.I. nog goed 

herinneren toen ik hem de allereerste versie van een manuscript over letseldatering liet lezen. 

Tjongejongejonge, nou jongen ! Hier wordt ik nou niet echt opgewonden van, was zijn reactie. Een korte 

zin, zelfs nog met een knipoog er bij, maar desastreus. Ik vond het namelijk wèl een goed stuk. Dat kan 

twee dingen betekenen, of hij is hartstikke gek, maar ja, hij zat al jaren in het vak of ik ben hartstikke gek 

en wat erger is, ik heb het zelf niet in de gaten. Optie twee, was behoudens een deuk in het ego, verreweg 

het beste. Ik had hulp nodig bij het opzetten en uitvoeren van dergelijk onderzoek. 

 

En dat was het moment dat prof.dr. J.W.M. Niessen ten tonele verscheen. Een ervaren cardiopatholoog 

die expert was in ontstekingsmechanismen en dan met name bij het dateren van de ouderdom van 

hartinfarcten. Goed beschouwd is het eigenlijk niet veel anders dan het dateren van ontstekingsreacties 

bij huidletsels. Het is en blijft een reactie op weefselschade. 

 

Beste Hans. Het was voor mij een nieuwe ervaring om de onderzoekswereld te betreden. Ik kan me niet 

aan de indruk onttrekken dat de forensische wereld voor jou net zo nieuw was. Ik kan mij nog vele 

discussies herinneren omtrent de toedrachten bij letseldateringen waarbij ik je hoor zeggen: Dat doe je 

toch niet, ik bedoel, maar dat is toch raar! Dit werk had nooit het levenslicht gezien zonder jouw inzet. Ik 

ken geen onderzoeker die zo secuur en systematisch te werk gaat als jij. Dank voor elke duw, por, zet, 

schop of overeenkomende vormen van corrigerende geweldinwerking al dan niet traceerbaar of 

dateerbaar. 

 

In dat licht natuurlijk ook mijn dank aan mijn andere copromotor, Paul Krijnen.   

Beste Paul, dank voor een scherp oog om door die mengelmoes van woorden die ik normaal produceer 

heen te kunnen kijken. Menig artikel zou zonder jouw hulp richting versnipperaar zijn gegaan. 

 

Dan natuurlijk ook mijn dank aan Mark Begieneman en Ibrahim Korkmaz. Jongens, dankzij jullie is 2015 

het jaar geworden. Zonder jullie had het nog jaren kunnen gaan duren. Dan wil ik Rolla Voorhamme nog  

bedanken. Soms is er echt iemand nodig die fris en onbevangen naar ouwe meuk kijkt. 

 

De collegae van Symbiant   

  

Beste Mehdi, dank voor het inbedden van de forensische pathologie in een klinisch laboratorium. Je moet 

het maar durven om een dergelijke vreemde eend te laten zwemmen in de medische bijt. Ik ben je zeer 

dankbaar voor jouw visie op dit idee en ofschoon ik niet weet hoe de wereld zich gaat ontwikkelen zijn er 

nog mooie dingen te doen.   

 

Lieve collegae pathologen. Dankzij jullie hulp heeft dit werk, het forensisch onderzoek,  het 

obductiewezen, het wetenschappelijk onderzoek en dieronderzoek zover kunnen komen.  

Natuurlijk is een bijzondere plek weggelegd voor Judith Fronczek. Beste Judith, jij was eigenlijk mijn 

eerste serieuze “student” en nu een zeer gewaardeerde collega. Ik kan niet wachten op het moment dat 

ik je niet meer kan bijhouden, wetenschappelijk gesproken dan, want gezien Panama ga je bergopwaarts 

nu al sneller.  
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Lieve collegae van het obductie team. Ja ik weet dat er vaste tijden zijn. Ik ga m’n leven proberen (een 

beetje) te beteren. Dank voor jullie inzet en steun. 

Lieve collegae van het secretariaat en het lab, great work om door de chaos heen te breken en er zowaar 

iets van te maken dat werkbaar is ondanks al mijn vreemde fratsen. 

 

De collegae van het NFI  

 

Natuurlijk ben ik, bijna vanzelfsprekend, dank verschuldigd aan vele mensen van het NFI. Onze paden zijn 

wat anders gaan lopen maar linksom of rechtsom, we blijven een soort familie. Dank voor de tijd die we 

gezamenlijk hadden en wellicht kruisen onze paden in de toekomst opnieuw. In het bijzonder natuurlijk 

een woord van dank aan collega Reeza Gerretsen. In goede en minder goede tijden, we’ll meet again, 

Maistro.  Natuurlijk dan tenslotte dank in het bijzonder aan mijn beide para-nymfjes, Eppo van Houten en 

Kees Krijgsman. Staat jullie goed zo’n pak  

 

De collegae van het VUMC 

 

Mijn dank gaat tevens uit naar de collegae van het VUMC. Een dergelijke hoeveelheid kennis en ervaring 

is indrukwekkend. Dank voor jullie hulp bij de opleiding en het onderzoek. In het bijzonder wil ik Rick Paul 

bedanken. Ofschoon je ooit vertelde dat je liever Paul Paul had geheten, (dat zou veel praktischer 

geweest zijn), zal de naam Rick Paul bij mij in het geheugen gegrift staan, Dank voor de steun, de 

adviezen en natuurlijk het materiaal dat ik van je heb gekregen.  

Sprekende over Paul maar dan in de context van pathologie, kan er slechts een Paul de echte zijn. 

Lieve Paul, ook jij hebt al heel wat met mij te stellen gehad. Zonsopgang in Machu Pichu in de stromende 

regen, een feest in Zaandam, een festival in Duitsland, Kerst in Keulen en heel veel moppers tijdens 

festivals als Mol en ik het weer oneens zijn. Ik hoop nog vaak aan je zijde te mogen staan bij wat dan ook. 

Je bent en blijft, voor mij: de PAUL ! Dank voor wie je bent, voor alles. 

  

De collegae van Verilabs en TMFI 

 

Het was met name dankzij Pim Volkers en Sebastiaan Huntjes dat ik het forensisch werk kon blijven doen 

na mijn vertrek bij het NFI. De betrokkenheid van Sebastiaan en Pim bij het forensisch werk, het inzicht, 

alles dat jullie zijn en beleven maakt jullie uniek.  

 

Het dierenspul. 

 

Was het voor menig klinisch patholoog al even wennen dat de forensische pathologie opeens een kantoor 

verderop zat, dat wennen werd naar een hoger niveau gebracht toen er opeens bruinvissen met blauwe 

plekken voorbijkwamen. Ik heb mij wel eens afgevraagd hoe ik in die wereld verzeild ben geraakt en dan 

duikt er eigenlijk maar een naam op: Monique Verkerk.  

Beste Moon. Het was een snelle hap bij de Mac in Zaandam waarbij jij snel wat ideeën opperde voor 

forensisch onderzoek bij dieren. Volgens mij is het zo min of meer begonnen. Zeg maar, met uitzicht op 

een hamburger nadenken over dierenleed. Ik ben blij dat jij die stap destijds hebt gezet en ik weet zeker 

dat we er iets van gaan maken.  

 

Tja, dan hebben natuurlijk de oude garde. De vrolijke brigade (wat een vreselijke naam als je er over 

nadenkt). Maar, ja, lieve mensen, ik zie de 50 in de verte al naderen en spoedig zullen er ook guitige 

kwinkslagers zijn die bij jullie poppen met baarden in de voortuin gaan zetten en dan hopen dat je het erg 

leuk vindt. 

 

Beste Jeroen, dank voor de eindeloze discussies over moeilijke onderwerpen tijdens het doorkruisen van 

bosrijke gebieden op weg naar Merlijn, dan wel het doorkruisen van ijsrijke gebieden ergens in de bergen 

op weg naar een hut.  

Theo en Bernard. We hebben samen de studie doorlopen. Allen in een andere richting. Toch denk ik nog 

vaak aan die tijden met Risk en bier in Hans en Grietje, to be continued.  

Roos. De goede tijden waren goed en nu zijn het wederom goede tijden.  

Louis van Dijk, dit zijn nu al heel wat jaartjes en toch is er eigenlijk niet echt iets wezenlijk veranderd.  

Bij deze ook een gedachte aan jouw vader. Een man met een groot hart en een heldere kijk op het leven. 

Een baken in donkere tijden.  

Gerard Adolfse, ouwe vrijbuiter.  Een goed voorbeeld van wat hard werken echt betekent.  
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Stefan und Sonja aus Berlin. Ohne euch hatte die Welt auch ganz anders ausgesehen und sicherlich nicht 

besser ! Liebe Stefan, du warst mir immer ein Bastion der Effizienz und der Logik. Danke für alles. 

 

Ik wil zeker Inge Anthonisse niet vergeten. Ik hoop dat je de studie flitsend doorkomt. Dank voor al het 

werk dat je hebt verzet, voor je inzet (op een enkele vergeten envelop na dan ) 

 

Junglekruiper Tristan Krap, klaar voor het volgende project, maestro ? Laten we dingen in brand gaan 

steken, of over balkonranden gooien, begraven en daarna weer opgraven of iets wat daar op lijkt. 

 

Ron Otsen, heer, mijn dank voor het ontwerp van de kaft van dit proefschrift. 

 

Tja, en dan hebben we twee vrijbuiters. Twee prachtige mensen die altijd weer de redelijkheid weten aan 

te geven in een chaotische realiteit. Marco & Marieke (en hun twee naaktcavia’s). Tijdens menig festival, 

menig terras-uur, menig “technisch leeg” glas is het besef gegroeid dat je zonder mensen zoals jullie 

nergens bent. M.L.2015 is in aantocht, kijken of en indien zo hoe we het doen op M.L.2050.  

 

Tenslotte het thuisfront.  

 

Dan tijdens alle bezigheden komt er een Mol boven het gazon uit.. 

 

 
 

Kent U het programma: Wie is de Mol ? nou dat is eenvoudig. We gaan de rij met kandidaten even na: 

Gozer met skateboard, nog een gozer maar nu met surfplank, Babe in bikini, nog een Babe in bikini (net ff 

andere kleur), klein zwart harig wezentje met een breiwerkje, alweer een gozer met skateboard. Wie, oh, 

wie zou nu toch de mol zijn ? 

Lieve Mol, het leven met een slakje gaat niet altijd over rozen. Ik ben heel blij dat mol ondanks alle stress 

toch heeft volgehouden. Dankjewel en we houden het vast nog wel een tijdje vol, toch ? En nee, ik hoef 

echt niet te zien hoe mooi je het voorraadkamertje hebt behangen.  

 

Nou moe, is het toch nog wat geworden. Zijn die grijze haren toch nog ergens goed voor geweest. Ik weet 

dat je zelf vaak zit te piekeren over wat in het leven allemaal anders gedaan had moeten worden. Wel, 

laat ik het dan maar eens simpel zeggen: Alles wat je in het leven gedaan hebt heeft er toe geleid dat ik 

hier nu sta, dat ik dit heb mogen bereiken. Ik kan alleen maar blij en dankbaar zijn voor de moeder die je 

bent.  

 

Broer, het is van onschatbare waarde om iets te hebben dat vertrouwd is. Ik in de wurmen, jij in de 

houtwurmen. Verschillen tussen ons, arbitrair, overeenkomsten, legio.  Dank daarvoor. Ik denk en hoop 

dat we nog vaak op stap gaan om ergens valscores bij te werken of zo. In het bijzonder natuurlijk dank 

aan Emma voor het vele typewerk dat je hebt verzet in de laatste paar maanden.  
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En uiteindelijk mijn oude vadertje. Mijn vader was de man die het allemaal mogelijk heeft gemaakt. Een 

hardwerkende man, die vanuit de naoorlogse jaren, Godvrezend zijn leven wist op te bouwen. Op een of 

andere wijze denk ik dat bij leven, je wel weer wat zou hebben aan te merken. Dat het te lang heeft 

geduurd of, dat je maar goed gek moet zijn om zoveel werk te verzetten zonder dat je daarvoor wordt 

betaald. En, om eerlijk te zijn, ik denk dat je dan ook wel weer gelijk zult hebben. Anderzijds ben ik er ook 

zeker van dat als je nog zou leven, je zonder dat we het zouden merken, beretrots zou zijn geweest. En dat 

is wat telt, althans voor mij dan. 

 

Rust zacht ouwe ! 

 

Frank van de Goot (2015) 
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