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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

POSTMORTEM COMPUTED TOMOGRAPHY AND 
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By 

SAIFUL NIZAM BIN ABDUL RASHID 

September 2020 

Chairman :   Profesor Datin Hajjah Rozi binti Mahmud, MBBS, MMed, PhD 

Faculty :   Medicine and Health Sciences  

Introduction Post-mortem computed tomography (PMCT) acts as an adjunct to autopsy 

but with limitations in vascular and organs diagnosis. This is alleviated using 

postmortem computed tomography angiogram (PMCTA).  Current PMCTA approaches 

and protocols are not based on Asian population. Whole-body PMCTA uses femoral 

approach while selective PMCTA uses neck approach. Whole body PMCTA using neck 

approach is more feasible in our mortuary. Sudden natural death is the commonest cause 

of natural death (COD) in Malaysia. A modified whole-body PMCTA scanning and 

infusion protocol based on body weight for the Asian population using the neck approach 

was derived and tested.  

Methodology A prospective, double-blinded, cross over randomized control trial study 

was conducted. Each subject underwent PMCT, PMCTA and finally autopsy. Water-

soluble contrast media combined with Polyethylene Glycol 200 was used. The reliability 

of the modified protocol in terms of diagnostic value for organ and vascular pathology 

in comparison to autopsy, diagnosing and comparing the COD as well as complications 

were documented. The confidence level (CL) in formulating the COD, PMCTA helps in 

the final COD compared to PMCT and decision on autopsy based on PMCT/PMCTA 

findings were assessed.   

Results and Discussion 60 cases recruited with 46 males and 14 females (22-75 of age, 

mean of 45.6). 32 Malaysian and 28 non-Malaysian with Asian ethnicities, majority were 

Muslim. The "embalming effect" due to excessive amount of contrast media, higher 

infusion rate and pressure using the recommended protocol was documented at the initial 

stage of the study. This was eliminated by decreasing the amount of CM based on body 

weight and gradually increasing the rate and pressure during infusion. The whole body 

was analyzed based on anatomical systems and PMCT/PMCTA findings were 
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comparable to autopsy. Similarity coefficient (SC) value of 0.876 for all 3660 variables 

analyzed and statistically significant showed a strong correlation. The vascular system 

has the strongest correlation. The commonest COD was cardiovascular death. 78.3% 

matched, 15.0 % minor and 6.67% major COD discrepancies between radiologists and 

pathologists. Strong relationship for both radiologists (SC :0.867 to 0.883) but slightly 

lower when compared to pathologists (SC value: 0.767). Hypothesis testing revealed 

significant results and concluded that there is relationship or similarity conclusion on 

COD between radiologists and pathologists. Radiologists CL was generally lower 

compared to pathologists. Highest CL was in diagnosing vascular pathologies. PMCTA 

increased their CL and helped in their COD compared to PMCT alone. Majority still 

needs full or limited autopsy.  

Conclusion The new modified PMCTA protocol for the Asian population using the neck 

approach has been proven scientifically and statistically with high diagnostic value and 

promising results. Radiologists COD based on PMCT/PMCTA was comparable to 

autopsy especially in vascular-related pathology. The role of Forensic Imaging in 

Malaysia stays as an adjunct to autopsy and not to completely replace it with high 

potential for limited autopsy in the future. 
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TOMOGRAPHI COMPUTED POSTMORTEM DAN ANGIOGRAM 

TOMOGRAFI TERKOMPUTERAN POSTMORTEM DI DALAM KEMATIAN 

SEMULA JADI SECARA TIBA-TIBA 

Oleh 

SAIFUL NIZAM BIN ABDUL RASHID 

September 2020 

Pengerusi :   Profesor Datin Hajjah Rozi binti Mahmud, MBBS, MMed, PhD 

Fakulti :   Perubatan dan Sains Kesihatan  

Pengenalan Tomography computed post-mortem (PMCT) bertindak sebagai tambahan 

untuk bedah siasat tetapi dengan batasan diagnosis vaskular dan organ. Ini dikurangkan 

dengan menggunakan angiogram tomografi terkomputeran postmortem (PMCTA). 

Pendekatan dan protokol PMCTA semasa tidak berdasarkan populasi Asia. PMCTA 

seluruh badan menggunakan pendekatan femoral dan PMCTA selektif menggunakan 

pendekatan leher. PMCTA seluruh badan menggunakan pendekatan leher lebih sesuai 

untuk bilik mayat kami. Kematian semula jadi secara tiba-tiba adalah penyebab kematian 

semula jadi @ cause of death (COD) yang paling banyak di Malaysia. Protokol imbasan 

dan infusi PMCTA seluruh badan yang diubahsuai berdasarkan berat badan untuk 

populasi Asia menggunakan pendekatan leher diperoleh dan diuji.  

Metodologi Satu kajian percubaan kawalan prospektif, double blinded, cross over 

dilakukan secara rawak. Setiap subjek menjalani PMCT, PMCTA dan akhirnya autopsi. 

Media kontras larut air yang digabungkan dengan Polyethylene Glycol 200 telah 

digunakan. Kebolehpercayaan protokol yang diubah dari segi nilai diagnostik untuk 

patologi organ dan vaskular dibandingkan dengan autopsi, mendiagnosis dan 

membandingkan COD serta komplikasi didokumentasikan. Tahap keyakinan @ 

confident level (CL) dalam merumuskan COD, PMCTA membantu dalam COD akhir 

berbanding PMCT dan keputusan autopsi berdasarkan penemuan PMCT / PMCTA 

dinilai.  

Keputusan dan perbincangan 60 kes direkrut dengan 46 lelaki dan 14 wanita (umur 22-

75, min 45.6). 32 orang Malaysia dan 28 bukan warganegara Malaysia dengan etnik 

Asia, majoriti adalah beragama Islam. "Kesan pembalsuan @ "Embalming effect " 

kerana jumlah media kontras yang berlebihan, kadar infusi dan tekanan yang lebih tinggi 

menggunakan protokol yang disyorkan didokumentasikan pada tahap awal kajian. Ini 
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dihapuskan dengan menurunkan jumlah CM berdasarkan berat badan dan secara 

beransur-ansur meningkatkan kadar dan tekanan semasa infus. Seluruh badan dianalisis 

berdasarkan sistem anatomi dan penemuan PMCT / PMCTA berbanding dengan autopsi. 

Nilai koefisien persamaan @ similarity coefficient (SC) 0.876 untuk semua 3660 

pemboleh ubah yang dianalisis dan signifikan secara statistik menunjukkan korelasi 

yang kuat. Sistem vaskular mempunyai korelasi terkuat. COD yang paling banyak 

adalah kematian kardiovaskular. 78.3% sepadan, 15.0% kecil dan 6.67% perbezaan 

COD utama antara ahli radiologi dan ahli patologi. Hubungan yang kuat bagi kedua ahli 

radiologi (SC: 0,867 hingga 0,883) tetapi lebih rendah sedikit jika dibandingkan dengan 

ahli patologi (nilai SC: 0,767). Ujian hipotesis menunjukkan hasil yang signifikan dan 

menyimpulkan bahawa terdapat kesimpulan hubungan atau kesamaan pada COD antara 

ahli radiologi dan ahli patologi. CL untuk ahli radiologi pada umumnya lebih rendah 

berbanding dengan ahli patologi. CL tertinggi adalah dalam mendiagnosis patologi 

vaskular. PMCTA meningkatkan CL mereka dan membantu dalam COD mereka 

berbanding dengan PMCT sahaja. Majoriti masih memerlukan autopsi penuh atau 

terhad. 

Kesimpulannya Protokol PMCTA yang baru diubah suai untuk penduduk Asia yang 

menggunakan pendekatan leher telah terbukti secara saintifik dan statistik dengan nilai 

diagnostik yang tinggi dan hasil yang menjanjikan. COD ahli radiologi berdasarkan 

PMCT / PMCTA adalah setanding dengan autopsi terutamanya dalam patologi berkaitan 

vaskular. Peranan pengimejan forensik di Malaysia, kekal sebagai tambahan untuk 

autopsi dan tidak menggantinya sepenuhnya dengan potensi tinggi untuk autopsi terhad 

pada masa akan datang. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the Research 

Postmortem computed tomography (PMCT) was introduced in our mortuary in 2009 as 

an adjunct to autopsy but with limitation in vascular and organs opacification. Therefore, 

postmortem computed tomography angiography (PMCTA) was introduced to overcome 

these limitations. However, the reliability and effectiveness of PMCTA has never been 

tested in our center especially on Asian population as previous PMCTA protocol was 

designed for larger and heavier Western population.  

Whole body PMCTA commonly used groin or femoral approach and neck approach was 

only used for selective PMCTA. However, it is more feasible to use neck approach in 

our center as the cut down was conducted by forensic pathologists with no additional 

incision on the body. Whole body PMCTA using neck approached on large scale study 

has never been done or proven scientifically. Sudden natural death (SND) was chosen 

as it is the commonest cause of death (COD) in our mortuary and research in this area is 

limited. 

The purpose of this study was to design a new PMCTA protocol dedicated for Asian 

population based on body weight and test its reliability in terms of diagnostic value for 

organ and vascular pathology in comparison to autopsy, assess its potential in diagnosing 

the possible COD in comparison to pathologist’s COD and documented complications 

and pitfalls. The radiologists and pathologists’ confident level (CL) in formulating their 

COD, decision on whether autopsy is needed or not, PMCTA helps in their COD and if 

PMCTA increased their confident level compared to PMCT alone were assessed. 

1.1.1 Sudden natural death 

A death by natural causes, as recorded by authorities and on death certificates and 

associated documents, is one that is primarily attributed to an illness or an internal 

malfunction of the body not directly influenced by external forces. Sudden death (SD) 

or sudden unexpected death is defined as sudden death of an individual who appears 

healthy and dies suddenly within a few minutes or several hours due to pre-existing 

disease or functional disorder. The official definition of SD as described by World 

Health Organization (WHO) is that an individual die of natural diseases within 24 hours 

since symptoms appear (ICD-10; code No. 96).  
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Diseases of any physical systems may lead to sudden unexpected death. In Malaysia, SD 

with medico-legal implications subjected to a postmortem request by the Police 

Department can be categorized into three major categories such as accidental, homicide 

/suicide and natural death. Sudden Natural Death (SND) is defined as non-trauma 

associated deaths where there is evidence or not of previous illnesses. 

Cardiovascular disease (CVD) is the most frequent culprit behind the occurrence of SND 

cases worldwide and in Malaysia which include coronary artery disease, hypertensive 

heart disease and primary myocardial disease (Amplavanar et al., 2010; KKM Health 

Facts, 2019). The other causes are central nervous system ailments (ruptured berry 

aneurysm and cerebral hemorrhage) and respiratory system diseases (pulmonary 

embolism and bleeding from tumour or pulmonary tuberculosis). The least common 

causes are gastrointestinal system diseases which include bleeding peptic ulcers and 

Genitourinary/Reproductive system diseases like acute pyelonephritis with sepsis and 

ruptured ectopic pregnancy (Nagata et al., 2013) ( refer Table 1.1). 

The principal cause of death in Malaysia released by World Health Organization – Non-

communicable Diseases (NCD) Country Profiles, (2016 ) was cardiovascular diseases 

(35.8%) for both gender and population aged from 15 years old and beyond (KKM 

Health Facts, 2019) The main cause of SND in Ministry of Health (MoH) hospitals 

(2019) was ischemic heart disease with 15.6 % (KKM Health Facts, 2019). In Hospital 

Kuala Lumpur (HKL), 744 autopsies were done in 2017 from a total of deaths 3470 

(21.44%) with 480 cases (64.52 %) were SND cases.  

Table 1.1 : 5 principle cause of sudden natural death in Malaysian Hospital (2019) 

based on KKM Health Facts, 2019 

 

No. Type of Disease Percentage (%) 

1 Ischemic heart diseases  15.9 

2 Pneumonia 11.5 

3 Cerebrovascular diseases 7.3 

4 Transport accidents 3.5 

5 Malignant neoplasm of trachea, bronchus and lung 2.6 

 

 

1.1.2 Postmortem Computed Tomography in Malaysia 

Public objection to autopsy due to cultural and mainly religious beliefs especially among 

the Muslim community is well known not just in Malaysia but also worldwide (Nadesan, 

1997). There is an increasing awareness and demand by the Malaysian public for a 

minimally invasive alternative to autopsy.  
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Forensic radiology is a fusion of radiological imaging utilizing radiographic, computed 

tomography, angiography and magnetic resonance imaging (MRI) techniques with post-

mortem pathology (O'Donnell & Woodford, 2008). Forensic radiology is relatively new 

in Malaysia with only three (3) radiologists have proper forensic radiology training but 

fortunately they are supported by a strong team of radiographers and with a dedicated 

64-slice, multislice computed tomography (MSCT) within the mortuary complex at the 

National Institute of Forensic Medicine (NIFM) or Institut Perubatan Forensik Malaysia 

(IPFN), Hospital Kuala Lumpur (HKL). This center was established in 2009 as a 

research center with Universiti Putra Malaysia (UPM) and Universiti Institut Teknologi 

Malaysia (UITM) collaboration to study the implication and prospect of Forensic 

Radiology in our mortuary system. In 2017, 744 cadavers were scanned prior to autopsy 

and 576 cadavers in 2018. Majority of these cases are SD cases including natural, 

trauma, motor vehicle accidents (MVA), gunshot wound, stab wound, suicide, asphyxia, 

drowning, burn and poisoning. There are also cases related to drug mules and 

intoxication (Rashid et al., 2013) . 

Currently in NIFM (HKL), PMCT has been used as an adjunct to autopsy since 2009. 

Each corpse which requires autopsy will be admitted to the mortuary and scanned. The 

PMCT will be reviewed by the forensic radiologist and findings will be discussed with 

the forensic pathologist prior to autopsy.  Although PMCT role as an adjunct to 

conventional autopsy is well established and accepted especially in traumatic death 

(Hoey et al., 2007), yet the extent of the role as potential replacement to the invasive 

autopsy remains unclear due to its limitation in the diagnosis of natural death, especially 

in SND (Roberts et al., 2012; Le Blanc-Louvry et al., 2013; Chevallier C et al., 2013)  

The scanning protocols were adapted from Victoria Institute of Forensic Medicine 

(VIFM) Australia and Virtopsy® Team, Institute of Forensic Medicine, University of 

Zurich, Zurich, Switzerland. These scanning protocols have never been tested or 

validated in Malaysia. In VIFM, the bodies are scanned in two blocks, head and neck, 

and upper thorax until the toe with the upper limbs by the side (Amplavanar et al., 2010 

;Grabherr et al., 2008)  while the Virtopsy® Team scanned the bodies in a single block 

(head to toe) with the upper limbs elevated (Flach et al., 2014).  No large-scale study has 

been done in Malaysia to validate the effectiveness and reliability of these PMCT 

scanning protocols in the cause of death particularly in sudden natural death.  

Furthermore, despite the advantages of PMCT in terms of its performance simplicity, 

data acquisition and cost effectiveness, this technique has the disadvantage of limited 

organ parenchyma and vascular system visualization (Le Blanc-Louvry et al., 2013; 

Roberts et al., 2012; Chevallier C et al., 2013).  
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1.1.3 Postmortem Computed Tomography Angiography in Malaysia 

PMCTA techniques have been developed to overcome the limitations and increase the 

diagnostic value of PMCT (Grabherr et al., 2008; Ross et al., 2008; Grabherr et al., 

2010). There are numerous publications on comparison between PMCT and PMCTA 

findings with conventional autopsy. However, majority of these publications were on 

based on single case study (Abdul Rashid, Bouwer & O’Donnell, 2012; Bott, O’Donnell 

& Burke, 2013; Rashid et al., 2013) or small sample population(Levy et al., 2007; Rutty 

& Swift, 2004; Thali et al., 2003; Grabherr et al., 2018). There are many different 

PMCTA techniques described in literature but there is no single technique appears to be 

the gold standard. They vary from selective single organ system to whole body 

angiography (Robinson et al., 2013). Femoral artery and vein approach is an established 

and well accepted approach for PMCTA cannulation. Some centers prefer oil-based 

contrast solution over water-based contrast solution but each with its own advantages 

and disadvantages  (Grabherr et al., 2008; Ross et al., 2008; Ampanozi G et al., 2020). 

Furthermore, majority of PMCT and PMCTA researches and publications were based 

on western population. Currently, there are limited numbers of research and publications 

focusing on Asian population (Kasahara et al., 2012) and most publications were based 

on single case study or reviews (Abdul Rashid et al., 2012; Hoey et al., 2007; Le Blanc-

Louvry et al., 2013; Rashid et al., 2013; Roberts et al., 2012). The current scanning 

protocol for both PMCTA was adapted from Virtopsy® Team, Institute of Forensic 

Medicine, University of Zurich, Zurich, Switzerland and VIFM, Australia. Therefore, 

researches and publications using Asian population particularly Malaysian samples need 

to be done in order to assess the feasibility of both PMCT and PMCTA as either an 

adjunct, limited and even if possible, to replace autopsy.   

Although the ‘groin approach’ using femoral artery and vein is the established and well 

accepted approach for PMCTA cannulation in whole body postmortem angiogram, there 

could be cultural or religious issues related to the additional incision made on to the groin 

region of the deceased in our country. Therefore, an alternative approach was 

considered. ‘Neck approach’ using Carotid Artery (CA) and Internal Jugular Vein (IJV) 

was used by Prof Guy Rutty and his team (Robinson et al., 2013)  but this was for 

selective cardiac angiogram. The effectiveness of this method in whole body postmortem 

angiogram has never been tested scientifically in a large-scale study. Therefore, this 

approach is preferable over the groin approach as the catheters can be inserted via the 

‘Y’ incision of the neck with no additional incision needed. Some forensic radiology 

centers prefer oil-based contrast solution over water-based contrast solution but each 

with its own advantages and disadvantages (Grabherr et al., 2008; Ross et al., 2008; 

Grabherr et al. 2010). Water based contrast solution is used in both Virtopsy ® and 

VIFM.  For the purpose of this research, their scanning and PMCTA protocol will be 

adapted. Furthermore, water-based contrast solution is cheaper, and widely available in 

Malaysia compared to oil-based contrast solution. There is an established and well 

accepted PMCTA protocol available based on previous studies (Grabherr et al., 2008; 

Ross et al., 2008; Grabherr et al. 2010). However, the ratio and amount of solution used, 

the rate and pressure of the infusion was based on western population and using groin 

approach. The feasibility of this PMCTA protocol for neck approach and on Asian 
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population was studied.  The pitfalls and complications related to this approach were 

observed and evaluated. 

Further research needs to be done in order to prove the reliability and validity of PMCT 

and PMCTA in the diagnosis of cause of SD, particularly SND in Malaysia. Based on 

these facts, the diagnosis of the cause of SND based on PMCT and PMCTA and its 

correlation to autopsy were assessed and validated.  

1.2 Statement of the problem  

In NIFM (HKL), PMCT currently acts as an adjunct to autopsy since 2009. PMCTA is 

relatively new technique in the field of forensic radiology and has never been practiced 

in Malaysia. The diagnostic value of the PMCT and PMCTA in terms of scanning 

protocol, angiographic procedure, images and findings  in the diagnosis of SND has 

never been tested and proven scientifically in Malaysia. The validity of PMCT alone or 

together with PMCTA in identifying the pathologies and organs involved and the 

correlation with  autopsy in the diagnosis of SND in a predominantly Asian population 

has never been done previously. Furthermore, the effectiveness of current PMCTA 

protocol and neck approach in whole body post mortem angiogram and the used of water 

based contrast solution in Asian population have never been tested scientifically. The 

assessment of confident level and problems encountered with PMCT alone or together 

with PMCTA among the forensic radiologists and forensic pathologists in the diagnosis 

of cause of death (COD) for SND need to be assessed scientifically.  

1.3 Research Questions 

Could the modified PMCTA protocol dedicated for Asian population based on body 

weight and using neck approach helps radiologists in formulating their COD in SND 

which are comparable to autopsy?  

1.4 General objective 

The goal of this study was to determine the reliability and effectiveness of 

PMCT/PMCTA in the COD of SND in comparison to autopsy. 
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1.5 Specific objectives 

1. To test and validate the current scanning protocol of PMCT and PMCTA. A 

new scanning protocol will be derived at the end of the study. 

2. To assess the effectiveness and reliability of the ‘neck approach’ in whole 

body postmortem angiogram using recommended ‘groin approach’ PMCTA 

protocol as well as documenting possible pitfalls and complications related to 

neck approach. A new PMCTA cut down and infusion protocol will be 

derived at the end of the study. 

3. To identify the possible pathologies and organs involved and contributed to 

the COD of SND based on PMCT/PMCTA and their correlation to autopsy. 

4. To determine the concordance/discordant of COD of SND diagnosed on 

PMCT/ PMCTA and autopsy. 

5. To determine the interobserver agreement between radiologists and to assess 

their confident level in the diagnosis of COD of SND based on 

PMCT/PMCTA findings. 

6. To assess the forensic pathologist’s confident level in the diagnosis of COD 

of SND based on autopsy and to document any problem related to the 

utilization of PMCTA contrast media encountered during autopsy. 

 

 

1.6 Research hypothesis 

The null hypothesis is: There is no relationship between the radiologist’s COD of SND 

based on PMCT/PMCTA and forensic pathologist’s COD of SND based on autopsy. 

The alternative hypothesis is: There is relationship between the radiologist’s COD of 

SND based on PMCT/PMCTA and forensic pathologist’s COD of SND based on 

autopsy. 

1.7 Significance of the study 

Results from this study would be important to the cultural, religious and legal system as 

it will determine whether PMCT alone or PMCT together with PMCTA will increase 

the diagnostic value in the diagnosis of the COD of SND and could completely replace 

autopsy or at least complement a limited autopsy.  It will possibly determine its capacity 

as evidence in the court of law in Malaysia. If the outcomes of the study if fruitful and 

excepted by the forensic pathologists and our legal system, this will definitely lead to 

change in the conduct of death investigation and improve the quality of mortuary 

services in not only in NIFM, HKL but in the whole nation. I would like to prove 

scientifically that PMCT together with PMCTA using ‘neck approach’ and a modified 

PMCTA infusion protocol as well as scanning protocol based on body weight could be 

introduced and practiced in Malaysia’s mortuaries or even introduced to other countries. 

The outcomes of this research will enhance further research in the field of forensic 

radiology in Malaysia and across its borders. 
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1.8 Limitation of research 

Some of the limitations of our study included pediatric population is excluded, only fresh 

sample of less than 24 hours and cases with suspected contagious disease, example; 

Pulmonary Tuberculosis, HIV and Hep B are excluded.      

1.9 Thesis outline 

In this research, the chapter arrangement will be as follows: 

Chapter 1: The first chapter introduces the subject matter, the background to of the 

research, problem statement, the research objectives, scope of the research and the 

significance of the research. 

Chapter 2: The second chapter will discuss the previous studies done on the research. 

There will be a summarized tabular presentation of previous research on this subject. 

Chapter 3: This chapter will explain and describe the procedure and methods used in 

this study.  

Chapter 4 & 5: This chapter will display and discuss the results of the analysis obtained 

in chapter 3. The results obtained here will be compared the results of some of the 

previous studies and inferences will be drawn. 

Chapter 6: This last chapter will end the study with a brief discussion of the conclusion, 

contributions of the study and some recommendations for further research on the topic. 
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Figure 1.1 : Conceptual Framework of RCT 
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