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Background

Objective

Methods

: Tissue damage caused by decomposition contributes to difficulties
faced by forensic pathologists in medico-legal autopsy. Various studies
have utilized immunohistochemistry in decomposed forensic caseworks,
including myocardial infarction (MI). To date, only few markers have been
studied in decomposed MI specimens. Moreover, there are no researches
that performed in tropical climate areas. This study is the first study to
perform vascular endothelial growth factor (VEGF) immunohistochemistry
in decomposed MI samples. This is also the first paper on performed
immunohistochemistry in tropical climate areas.
: To study whether VEGF immunohistochemistry can be used in decomposed
MI specimens in tropical climate areas. Secondary objective is the longest
decomposition period that it could be used if the primary objective is
possible.
: MI and non-MI specimens from medico-legal autopsy cases were sampled
and stored for 0, 1, 2, 3, and 5 days. When the storage times for each
specimen were reached, the tissues were then processed and stained
by haematoxylin and eosin (H&E) staining, myoglobin (only in fresh
specimens), and VEGF immunohistochemistry.
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Results
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Conclusion
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Comparing VEGF immunohistochemistry staining between MI and
non-MI groups, there were statistically significant difference of staining
between the groups from fresh specimen up to decomposition period of
2 days. Comparing stainability of VEGF among specimens at different
decomposition periods with fresh specimens, there was no statistically
difference between fresh specimens and specimens with decomposition
periods of 1 and 2 days.
In tropical climate, VEGF immunohistochemistry can detect MI until
decomposition periods of 2 days. However, in early MI specimens, VEGF
may still detect MI at decomposition period of 5 days.
Decomposition, myocardial infarction, vascular endothelial growth factor,
immunohistochemistry.
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การตรวจหากล้ามเนื้อหัวใจขาดเลือดในกล้ามเนื้อหัวใจเน่าด้วยการย้อม
vascular endothelial growth factor โดยวิธอี มิ มูโนพยาธิวทิ ยา:
การศึกษาในภูมอิ ากาศ เขตร้อน

ปรัตถ์ ถิราติ, ภาณุวัฒน์ ชุติวงศ์. การตรวจหากล้ามเนื้อหัวใจขาดเลือดในกล้ามเนื้อหัวใจเน่า
ด้วยการย้อม vascular endothelial growth factor โดยวิธีอิมมูโนพยาธิวิทยา: การศึกษาใน
ภูมอิ ากาศ เขตร้อน. จุฬาลงกรณ์เวชสาร 2561 ก.ค. – ส.ค.;62(4): 711 - 23
เหตุผลของการทำวิจัย : การเน่าเป็นอุปสรรคที่สำคัญของการผ่าชันสูตรศพทางนิติเวชศาสตร์
มีการศึกษาในต่างประเทศที่ใช้การย้อมตรวจด้วยวิธีอิมมูโนพยาธิ
วิทยามาใช้ในการวินิจฉัยพยาธิสภาพในศพเน่า รวมทั้งกรณีกล้ามเนื้อ
หัวใจขาดเลือด อย่างไรก็ตามในตัวอย่างกล้ามเนื้อหัวใจขาดเลือด
ที่เน่า การศึกษายังคงจำกัดอยู่ในชนิดการย้อมด้วยวิธีการทางอิมมูโน
พยาธิวิทยาเพียงไม่กี่ชนิด นอกจากนี้ยังไม่มีการศึกษาการใช้วิธี
อิมมูโนพยาธิวทิ ยาในตัวอย่างทีเ่ น่าในภูมอิ ากาศเขตร้อน งานศึกษานี้
เป็นงานศึกษาแรกที่ศึกษาการย้อม vascular endothelial growth
factor (VEGF) ในกล้ามเนื้อหัวใจเน่าและเป็นการศึกษาแรกที่ใช้วิธี
อิมมูโนพยาธิวิทยาในศพเน่าในสภาพอากาศเขตร้อน
: ศึกษาความเป็นไปได้ของการย้อม vascular endothelial growth
วัตถุประสงค์
factor (VEGF) โดยวิธีอิมมูโนพยาธิวิทยาเพื่อตรวจหากล้ามเนื้อหัวใจ
ขาดเลือดในตัวอย่างที่เน่า และระยะเวลาการเน่าที่นานที่สุดที่จะตรวจ
ได้หากสามารถตรวจย้อมได้
: เก็ บ ตั ว อย่ า งกล้ า มเนื ้ อ หั ว ใจจากศพที ่ ผ ่ า นการผ่ า ชั น สู ต รทาง
วิธีการทำวิจัย
นิติเวชศาสตร์โดยแบ่งกลุ่มออกเป็นกลุ่มที่เสียชีวิตจากกล้ามเนื้อหัวใจ
ขาดเลือดและกลุม่ ทีเ่ สียชีวติ จากสาเหตุอน่ื โดยเก็บตัวอย่างไว้ 0,1, 2,
3 และ 5 วัน จากนัน้ นำชิน้ เนือ้ ไปผ่านกระบวนการและตรวจย้อมด้วย
Haematoxylin & Eosin การตรวจย้อมด้วย myoglobin (เฉพาะ
ตัวอย่างทีเ่ ก็บไว้ 0 วัน) และ VEGF
: พบความแตกต่างอย่างมีนยั สำคัญทางสถิตโิ ดยการย้อม VEGF ระหว่าง
ผลการศึกษา
กลุ่มที่เสียชีวิตจากกล้ามเนื้อหัวใจขาดเลือด และกลุ่มที่เสียชีวิตจาก
สาเหตุอื่น ในชิ้นเนื้อสดและชิ้นเนื้อที่เก็บไว้ให้เน่า 1 และ 2 วัน
การเปรียบเทียบการย้อม VEGF ภายในกลุ่มที่เสียชีวิตจากกล้ามเนื้อ
หัวใจขาดเลือด ไม่พบความแตกต่างอย่างมีนัยสำคัญทางสถิติระหว่าง
กล้ามเนือ้ หัวใจสดและกล้ามเนือ้ หัวใจ ทีเ่ ก็บไว้ให้เน่า 1 และ 2 วัน
: ในภูมิอากาศเขตร้อน สามารถใช้การตรวจหา VEGF โดยวิธีอิมมูโน
สรุป
พยาธิวทิ ยาได้จนถึงการเน่าวันที่ 2 อย่างไรก็ตามในตัวอย่างกล้ามเนือ้
หัวใจขาดเลือดระยะแรก ยังสามารถตรวจได้หลังจากการเน่าวันที่ 5
คำสำคัญ

: การเน่า, กล้ามเนื้อหัวใจขาดเลือด, vascular endothelial growth
factor, อิมมูโนพยาธิวทิ ยา.
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Decomposition is one of the most difficult
cases faced by forensic pathologists. Apart from
unsatisfactory conditions of the body and limited of
information about the circumstance of death, partly
due to social isolation (1), decomposition itself also
wreak havoc on much of the body tissues. As a result,
pathological lesions could hardly be examined, and
toxicological specimen could barely be collected for
laboratory analysis.(1,2) Hence, forensic pathologists
could hardly make the diagnosis after performing an
autopsy.
Immunohistochemistry is a pathological
technique that is widely accepted and used in both
anatomical and forensic pathology caseworks.
Multiple studies had performed immunohistochemistry
in decomposed forensic specimens including
anaphylaxis (3) , contusions(4, 5), Alzhemer’s
disease(6, 7), and also, myocardial infarction (MI).(8, 9)
Unfortunately, these publications have been performed
in temperate climateareas. As temperature is one of
the most important factors that affect decomposition
process(2, 10) , there is a need to verify whether
immunohistochemistry could be utilized in
decomposed forensic pathology caseworks in tropical
climate areas, including Thailand. To date, no studies
have explored these possibilities.
Ischemic heart disease is the most common
cause of death in sudden unexpected death of the
adults worldwide.(11) Although diagnosis of MI by
immunohistochemistry has been extensively studied
and it is still an ongoing research topic in forensic
pathology (12 - 14) , detecting MI in decomposed
specimens is still a challenging issue. In decomposed
cases, apart from the atherosclerotic calcification left
in coronary vessels or fibrotic scar of myocardial
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tissue, myocardium could hardly be examined by
routine gross and microscopic examination. (2,15) MI
could only be diagnosed when special pathological
techniques, including immunohistochemistry, are
employed. Ortmann C et al. and Thomsen H et al.
have showed that demonstration of myocardial
infarction lesions is possible in advanced decomposed
specimens. However, only few markers were studied
in their publications.(8,9) Moreover, as previously stated,
no information regarding caseworks in tropical climate
areas is available until now.
The goal of this study is to explore the
possibilities of detecting MI lesions by vascular
endothelial growth factor (VEGF) immunohistochemistry in decomposed specimens in tropical
climate areas. Moreover, if it is possible, the longest
period it could be detected after decomposition sets
in. As VEGF have been showed to be positive in MI
tissues(16,17) and can also be performed in various
anatomical pathology laboratories in Thailand. The
authors decided to utilized VEGF as the studied
immunohistochemistry markers to answer the stated
research questions.
Material and Methods
Ethical considerations
This study was approved by the Institution
Review Board, Faculty of Medicine, Chulalongkorn
University (IRB No.668/59; COA No.046/2017) in
compliance with the international guidelines for human
research protection as in the Declaration of Helsinki,
the Belmont Report, CIOMS guideline and International
Conference on Harmonization in Good Clinical Practice
(ICH-GCP).
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Case selection
All the myocardium specimens were obtained
from the cases that were determined necessary for
medico-legal autopsy according to the Thai Criminal
Procedure Code by forensic pathologists and inquiry
police officers after crime scene investigation. All the
cases were autopsied at the Department of Forensic
Medicine, Faculty of Medicine, Chulalongkorn
University from March 2017 to June 2017. Ten cases
were selected for the MI group and five cases were
selected for the control group.
Inclusion criteria for the MI groups were: (1) Cause
of death (COD) was certified as MI with visible gross
pathology. (2) Microscopic findings of the fresh
specimens were consistent with MI by haematoxylin
and eosin (H&E) staining and immunohistochemistry
staining with myoglobin and vascular endothelial
growth factor (VEGF). (3) Subject was at least 20 yearsold.
Exclusion criteria for the MI group were: (1) History
of blunt force trauma, including cardiopulmonary
resuscitation (CPR), at the chest occurred at the time
of death (2) Postmortem Interval (PMI) at mortuary
arrival was more than 18 hours. (3) Signs of
decomposition were observed at the time of autopsy.
Inclusion criteria for the control group were: (1)
COD was not certified as MI or ischemic heart disease.
(2) MI was not detected by microscopic examination
with haematoxylin and eosin (H&E) staining and
immunohistochemistry staining with myoglobin and
vascular endothelial growth factor (VEGF). (3) Subject
was at least 20 years-old.
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Exclusion criteria for the controls were: (1) The same
exclusion criteria of the MI group were also applied.
(2) At least 20 percent of coronary occlusions in at
least one coronary artery was detected at the autopsy.
(3) Evidence of MI was observed at the autopsy. (4)
Evidence of previous coronary artery bypass graft
(CABG) or percutaneous coronary intervention (PCI)
was presented.
Autopsy and specimen collection
Autopsies were performed as early as
possible. If the body arrived at the mortuary after
working hours, it would be stored in a body refrigerator
(at -2 to 5 C) until autopsy was performed in the next
morning (maximum storage time until autopsy is
20 hours). Informed consent by the next of kin was
obtained in all of the cases in this study. Autopsy
and necessary toxicological investigations were
performed in accordance with the routine standard
protocol. In each case, 5 pieces of myocardium were
sampled and cut into 5 pieces of quadrangles,
measuring approximately 1.0 centimeters in length
and width and approximately 0.3 centimeter in
thickness. In MI groups, myocardium was cut to
include both infarction zone and normal zone. Each
piece of specimens was placed in a plastic tissue
cassette and then was stored in a concealed plastic
container at room temperature.
In each case, one piece of the samples was
immediately stored in 10% neutral buffer formalin (BioOptica; Italy), and was designated as Decomposition
Day (DD) 0 (fresh specimen). After an overnight
incubation, it was then processed and fixed in a paraffin
block before being further stained.
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Since postmortem intervals of decomposed
cases faced by forensic pathologists at our institution
mostly fall between 1 to 5 days, we decided to set
the maximum period of decomposition in this study
at 5 days. Hence, the second, the third, the fourth,
and the fifth pieces of myocardium tissues were stored
at room temperature for 1 day, 2 days, 3 days, and 5
days and were labelled as Decomposition Day (DD)
1, DD 2, DD 3, and DD 5 consecutively. After storage
time of each specimen was reached, the tissues were
then stored and processed in the same way with the
first piece of specimen (DD 0; fresh specimen).
Staining method
H&E staining was performed according to the
routine standard protocol. Myoglobin was only
performed on fresh specimen (DD 0). VEGF was
performed on all pieces of specimens. Samples in
paraffin blocks were sectioned for immunohistochemistry staining on positively charged
microscopic glass slides (Superfrost TM Plus; Thermo
Scientific) on the Leica Microsystems Bond Max
System (Leica Microsystems; Bannockburn, IL). Slides
were incubated for 60 minutes at 60C and treated
with Bond Dewax Solution (Leica Microsystems).
Epitope retrieval was performed by incubating
slides in Bond Epitope Retrieval Solution 2 (Leica
Microsystems) for 30 minutes at 100C. Immunohistochemistry was performed by a 3-step indirect
immunoperoxidase technique using the Bond Polymer
Refine Detection kit (Leica Microsystems). Primary
antibody was applied for 45 minutes at room
temperature followed by 3 consecutive rinses with
Bond Wash Solution. Antibody for VEGF was
monoclonal mouse anti-Human VEGF (Clone VG1,
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Code No. M7273; DAKO) at dilution 1: 200 with
placenta as positive control. Antibody for myoglobin
was polyclonal rabbit anti-human myoglobin (Code
No. A324; DAKO) at dilution 1:10000 with skeletal
muscle as positive control. Post Primary Polymer
(Leica Microsystems) was applied for 8 minutes before
rinsing 3 times with Bond Wash Solution. Polymer
Poly-HRP IgG (Leica Microsystems) was applied for
8 minutes and rinsed 3 times with Bind Wash Solution
and once with deionized water before diaminobenzidine
chromogen was applied for 4 minutes followed by
3 times of deionized water rinsing. Slides were
counterstained with hematoxylin for 5 minutes.
Microscopic examination
H&E staining slides in each case were
examined for evidence of MI, stages of infarction and
changes caused by decomposition. VEGF staining
was qualitatively graded and recorded in the same
way as Sabattaso S, et al. 2016 0 = negative or nonspecific background staining, + = staining of single
cells, ++ = staining of cell groups, and +++ = large/
diffused staining.(13)
Statistical analysis
VEGF staining of tissues between the MI and
control groups at the same DDs were compared with
Mann-Whitney U test. VEGF staining of tissues in the
MI group at different Decomposition Days (DD) and
fresh specimen (DD 0) were compared by Friedman
Test with Wilcoxson- signed rank test was further
employed as post-hoc analysis. P - value < 0.05 was
considered as statistically significant. IBM SPSS
Version 22 was used as the statistical analysis
program.
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Results
Samples
The demographic data, postmortem interval
at the time of crime scene investigation, transportation
time, storage time, stages of MI were as detailed in
Table 1 for the MI group and Table 2 for the control
group.
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Microscopic finding at different days of
decomposition
Microscopic finding of tissues at different DDs
were as illustrated in Figure 1. In general, at DD 1
tissues were still almost as the same as fresh
specimens. Bacterial colonization appeared at
the margins of the specimen. At DD 2, bacterial
colonization was increased and denser than what was

Figure 1. (MI Case No.1) The degree of tissue destruction and the number of bacterial colonies progressed as
decomposition period increased. (A to E) In early MI cases, VEGF staining was strongly positive in fresh
specimen and was also strongly positive despite advanced decomposition (F to J).
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found at DD 1. Architecture of the tissues were still
intact but details of the myocytes, including nuclei
and striations began to be disappeared. Also,
leucocytes and red blood cells could not also be
differentiated. At DD 3, myocytes began to shrink but
the overall architecture of the tissue samples were
still intact. Bacterial colonization was found in multiple
areas of the tissue. At DD 5, the increased degree of
myocardial shrinkage was observed with intact
connective tissue. Bacterial clumps were also
increased.
Immunohistochemistry
Myoglobin staining could demonstrate areas
of negative cytoplasmic staining in all cases in the MI
group, confirming the present of MI (Figure 2). While
in the control group, no area of negative staining could
be detected. VEGF was detected at the cytoplasm of
myocytes at peri-infarction areas (border zones of
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infarction areas) (Figure 1). The details of VEGF staining
in each case were depicted in Table 1 for the MI group
and Table 2 for the control group. Differences of VEGF
stainability between the two groups by Mann-Whitney
U test were statistically significant at fresh specimen
(DD 0), DD 1, and DD 2 (P = 0.002, 0.002, and 0.018
respectively); however, the difference of VEGF staining
at DD 3 and DD 5 could not be detected (P = 0.115
and 0.299 respectively). Freidman test could detect
statistical difference of VEGF staining among the MI
group at different DDs with P <0.001. Post hoc
analysis by Wilcoxson- signed rank test, comparing
VEGF staining of DD 0 with other different DDs in
the group showed that at DD 1 and DD 2, there were
no statistically different of VEGF staining from at
DD 0 (P = 1.000 and 0.083 respectively). However,
comparing VEGF staining between at DD 0 with
staining of DD 3 and DD 5 showed statistically different
staining (P = 0.009 and 0.011 respectively).

Figure 2. Confirmation of myocardial infarction by myoglobin staining. A. Depletion of myoglobin staining in MI
tissue while strong myoglobin staining was observed in normal zone. (MI Case No.2) B. No depletion
was observed in non-infarct myocardium. (Control Case No.4)
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Sex
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No.

Table 1. Details of the MI group.
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Table 2. Details of the control group.
Case Sex Age Cause of death PMI at Time to Storage Heart VEGF VEGF VEGF VEGF VEGF
No.
(yr.)
scene mortuary time
weight Day 0 Day 1 Day 2 Day 3 Day 5
(hr.) (hr.)
(hr.)
(g.)
1
2
3
4
5

F
M
M
F
M

21
19
34
46
40

Hanging
Hanging
GI Bleeding
Hanging
Gunshot Wound

8 - 12
1-2
1-2
1-2
1-2

2
1
6
6
1

Discussion
VEGF is a signaling peptide that promotes
vasculogenesis and angiogenesis, both of which are
crucial for many physiological and pathological
processes; for instance, fetal development, tissue
repair, wound healing, tumor proliferation, necrotizing
enterocolitis, rheumatoid arthritis, macular
degeneration, etc. Abundant researches have studied
the roles of VEGF in pathological processes together
with therapeutic possibilities in various diseases. (18)
VEGF expression is triggered by several
factors such as hypoxia, mechanical force, endotoxin
etc. To date, it is accepted that hypoxia is the most
important factor for VEGF expression. When tissue
hypoxia occurs, hypoxia-inducible factor 1 (HIF-1)
binds to hypoxia response element (HRE) which
then triggering the expression of VEGF and several
other proangiogenic growth factors.(18 - 20) In tissue
restoration process, including MI, angiogenesis and
vasculogenesis of VEGF expression occurred mostly
at the parenchymal cells at the border of injured
tissues and have paracrine effects on endothelial
cells. In MI, the roles of VEGF are to promote
endothelial cell migration, survival, proliferation, and
development.(20, 21) Moreover, Messadi E, et al. also

10
4
8
11
1

275
300
325
250
350

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

suggested that VEGF also improved mitochondrial
respiratory function in ischemic- reperfusion injury in
acute MI.(22) The overall results of VEGF expression
after MI increased myocytes survival, reduced infarct
size, and improved cardiac function. (20 - 22)
The result of this study is correspondence
with previous studies on VEGF expression in MI. VEGF
expression starts within the first 24 - 48 hours after
MI.(16, 17, 23 - 25) Xu XH, et al. and Zhu BL, et al. found that
VEGF immunohistochemistry were strongly positive
in myocytes of the border zone of infarction in early
phases of MI. (16 - 17) In this study, the same result was
observed in the early MI cases of the MI group (Case
1, 6, 7 and 9). On the other hand, VEGF was weakly
stained in the later phases of MI (Case 3, 5, and 8).
Several studies have explored decreased
expression of VEGF in later stages of MI, however, no
consensus has been established on this issue. Siddiqui
AJ, et al. suggested that decreased expression of
VEGF in subacute stages of MI might be related to
decreased myocyte contraction because of MI.(23)
Zhao T, et al. hypothesized that VEGF might be crucial
only in initial stages of post-MI angiogenesis but
not in later phases. Hence, other growth factors are
upregulated while VEGF expression is suppressed in
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the late stages of post-MI angiogenesis.(24) Recent
studies have showed that local copper deficiency is
presented after MI. As copper is among important
elements in the transcription of VEGF and several other
HIF-1 dependent proangiogenic growth factors,
decreased expression of VEGF is due to copper
deficiency secondary to MI. (25, 26)
Considering the result of VEGF staining in this
study, VEGF persistence could be detected in
advanced stages of decomposition in strongly positive
cases; however, stainability began to be negative from
DD 2 onward in some cases. It is possible that the
amount of VEGF on the myocytes was gradually
decreasing with time. Since the initial amount of
VEGF in strongly positive cases was abundant, the
decreased amount of VEGF on myocytes at DD 5
was still higher than the detection threshold of the
performed immunohistochemistry. On the other hand,
the initial amount of VEGF presented in weakly positive
cases was low, as decomposition progressed, the
number of VEGF was deteriorating until it started
to be lower than the detection threshold at DD 2.
Increased dilution of VEGF- antibody might also
improve the study outcome. None the less, it might
be assumed that in appropriately specimens (i.e.
decomposed specimens of early phases of MI), VEGF
could detect myocardial infarction even in advanced
stages of decomposition (as seen in case 1 and 7).
Although the result of this study showed
that VEGF immunohistochemistry could detect MI
in decomposed specimens with no statistically
difference from fresh myocardium until DD 1 and DD
2; until now, this is the first study which examined
the potential of immunohistochemistry in decomposed
forensic pathology specimens in tropical climate
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environment. It can demonstrate that immunohistochemistry can be employed in decomposed
specimens in tropical climate.
One limitation of this study is that only one
piece of myocardium was prepared for microscopic
examination for each DD due to the limited area
of infarcted myocardium on gross specimens. In
routine forensic pathology caseworks, multiple
pieces of myocardium are prepared for microscopic
examination. Hence, if multiple pieces of myocardium
could be studied for each decomposition days, the
result might be different.
Further researches on this topic should
explore in vivo decomposed specimens as all the
studies in this topic, including this study, had
performed on specimens that undergone in vitro
decomposition.(8, 9) As multiple immunohistochemistry
markers should be used in diagnosis of MI, since each
marker is suitable for different stages of myocardial
infarction (12 - 24), more markers should be studied for
decomposed MI specimens. So far, only C5b-9 (m)
and NP57 have been studied (8, 9) and only this study
has been performed on tropical climate environment.
Furthermore, the possibilities of immunohistochemistry
and other pathological lesions in Thailand and other
tropical climate forensic caseworks should be
explored.
Conclusion
This study is the first study which show that
immunohistochemistry can be used in decomposed
forensic specimens in tropical climate areas. Although
VEGF could not be detected with significant difference
from fresh specimen up to decomposition period of
2 days, in strongly positive cases, VEGF still persisted
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ปรัตถ์ ถิราติ และ ภาณุวฒ
ั น์ ชุตวิ งศ์

at decomposition period up to 5 days. Further
researches should explore more markers for
myocardial infarction in decomposed cases together
with the possibilities of immunohistochemistry and
other decomposed forensic caseworks in tropical
climate areas.
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