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Abstract: The focal point of this study is on the statistical reliability based on the real medical data of post mortem computed tomography and computed
angiogram in the cause of sudden death on the external examination and head and neck injuries. Post Mortem Computed Tomography (PMCT) currently
acts as an adjunct to autopsy since 2009. Post Mortem Computed Tomography Angiogram (PMCTA) is relatively new technique in the field of forensic
radiology and has never been practiced 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. In this study, a
statistical descriptive was done on the validity, reliability and effectiveness of PMCT/PMCTA on the student death. This study is very important to the
cultural, religious and legal system as it will determine whether PMCT alone or PMCT together with PMCTA will increased the diagnostic value in the
diagnosis of the Cause of Death (COD) of Sudden Natural Death (SND) and could completely replace autopsy or at least complement a limited autopsy.
Based on the result, it shows that there is a high percentage of validity, reliability and effectiveness of PMCT/PMCTA on the student death and definitely
lead to change in the conduct of death investigation and improve the quality of mortuary services.
Index Terms: Descriptive Statistics, Medical Data, Sudden Death, Computed Tomography, Computed Tomography Angiogram.

——————————  ——————————

1. INTRODUCTION
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). 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 [1, 2]. 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 [3]
(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 (35.0%) for both gender and population aged from
15 years old and beyond [2]. The main cause of SND in
Ministry of Health (MoH) hospitals was ischemic heart disease
with 13.91% [2]. 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. This
paper aims to conduct statistical studies on the sudden death
through post mortem by computed tomography and angiogram
based on the real data that been collected from the specialist
hospital in Malaysia.

2 LITERATURE REVIEW
2.1
Autopsy in the Malaysian legal system
Traditional autopsy has changed little in the past century,
consisting of external examination and evisceration, dissection
of the major organs with identification of macroscopic
pathologies and injuries, and histopathology if needed [4].
Forensic autopsy is not just the act of anatomical dissection. It
encompasses a wide variety of specialist investigations
including histology, microbiology, toxicology, biochemistry,
DNA analysis, dentistry, anthropology, evidence collection, and
photography. The objective of a forensic autopsy is to
determine not only the cause of death, but to fulfill
requirements of all interested parties in the investigation of
circumstances surrounding death [5]. In the English legal
system, the person who conducts an inquest is called a
Coroner. The Coroner system is one of the oldest offices in
England. Many countries and colonies that were historically
associated with England adopted the Coroner's system of
inquiry into deaths. In these situations, the authority which
conducts the inquest will order a doctor to perform a medicolegal autopsy. In such a circumstance, consent from the
relatives of the deceased is not required [4]. Though the
systems may vary from country to country, their basic
objectives to a large extent remain the same. In Malaysia, a
modified version of the English Coroner's system exists. Here
the Magistrate plays the role of the Coroner. In sudden,
natural, unnatural and violent deaths the police institute the
inquest and also execute the power to order a postmortem
examination by issuing the form Police [4]. This research is an
extension of some other previous researches that have been
done by combining medical or hospital data with statistics and
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mathematics [6, 7].
2.2
Public objection to autopsy
Different traditions, beliefs, and practices surrounding death
are common to all cultures and religions and have resulted in
conflict regarding autopsy. Certain religions outright object
(e.g. Islam and Judaism) in that bodily intrusion violates beliefs
about the sanctity of keeping the human body complete,
although religious doctrine does not in of itself strictly forbid
autopsies [8]. The main issues in Islam involving autopsies are
not different from other religions: autopsies delay burials,
cause harm to the body, and remove body parts [9]. In
Malaysia, during the 73rd Muzakarah (Conference) of the
Fatwa Committee of the National Council for Islamic Religious
Affairs Malaysia held on 4th-6th April 2006 it has been
discussed the ruling on virtual autopsy as an alternative for
postmortem [9]. The Committee has decided that if the virtual
autopsy meets the intended objective, it should be given
priority compared to the current postmortem practice.
2.3
Forensic radiology
Necro-radiology is still a ‗young‘ and growing new field of
radiology [10]. It is a fusion of radiological imaging and postmortem pathology. These are aimed to assist pathologists in
their use of these technologies, as well as introduction to the
new terminology, such as virtopsy, necro-radiology, forensic
radiology or even postmortem radiology [11, 12, 13, 14].
Some named it as virtual autopsy, which is an autopsy without
scalpels that demonstrates the cutting edge of pathology.
There are an increasing numbers of forensic centers with
dedicated Post Mortem Computed Tomography (PMCT), Post
Mortem Computed Tomography Angiogram (PMCTA) or Post
Mortem Magnetic Resonance (PMMR) scanners in their
mortuary. The well-established forensic centers with
postmortem imaging include Victoria Institute of Forensic
medicine (VIFM), Melbourne, Australia and Institute of
Forensic Medicine or Virtopsy ®, University of Zurich, Zurich,
Switzerland. Forensic pathologists in centers with access to
post-mortem imaging are increasingly relying on radiology in
the formulation of their reports [16]. However, in most cases,
post-mortem imaging alone cannot answer all of the questions
important to a forensic investigation, but can provide the
forensic pathologist with some information leading to those
answers [14]. PMCT is not an alternative approach, but rather
complementary to conventional autopsy. In other words, the
combination of these two approaches facilitated integrative
investigation of each case. The weighing and interpretation of
the findings as they relate to the cause of death should always
be done together with the forensic pathologist at all time.
There is increasing numbers of general radiologists with a
background in general or trauma radiology with an interest in
the area of forensic medicine [17]. The advantage of having
radiologists in forensic medicine would be their ability to assist
the forensic pathologist by providing relevant information prior
to autopsy based on the post-mortem imaging findings and
suggesting additional imaging sequences, procedures or
modalities like post mortem angiography, biopsy or Magnetic
Resonance Imaging (MRI) whenever needed in solving a
case. This is especially true when there are relevant antemortem clinical findings detected on the post-mortem imaging
or when comparison between ante-mortem and post-mortem
imaging are needed or even if a retrospective forensic analysis
of only clinical data is required. However, radiologists
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embarking in forensic medicine must be trained to the
standard of an expert witness, have a full working knowledge
of medico-legal casework as necro-radiology is different from
clinical radiology [15]. They must have in place appropriate
data storage and continuity of evidence processes that meet
the requirements of digital images and reports for the criminal
justice system. Production of guidance documents and training
programs with accreditation of experts within this new field is
therefore crucial. In every forensic setting, it is important to
establish certain quality standards in order to guarantee the
correct use of post-mortem imaging as high quality standards
are the fundament of medico-legal investigations, from crime
scene inspections to autopsy reports and they are vital to the
credibility of forensic expert witnesses in court [18]. Incorrect
statements or false claims from forensic experts in court may
be ruinous for a case and for credibility.

3 METHODOLOGY
3.1 Study Location
The study was conducted at the National Institute of Forensic
Medicine (NIFM) or Institut Perubatan Forensik Negara (IPFN)
situated in Hospital Kuala Lumpur (HKL), Malaysia. There are
two main teams in this center which consist of the mortuary
and the radiology teams. The mortuary team is headed by a
Senior Forensic Pathologist and supported by forensic
pathologists, forensic pathology trainees, medical officers,
science officers, mortuary assistants, mortuary attendants and
support staff. The mortuary is a well-equipped and complete
mortuary in concordance with the Malaysia and International
standards. The radiology team consists of three dedicated
forensic radiologists and a pediatric radiologist with special
interest in forensic radiology and supported by a strong team
of radiographers and a dedicated 64-slice MSCT within the
mortuary complex. The other teams involved are the dental
forensic, information technology (IT) and engineering teams.
3.2 Study Design
This study is a prospective, double blinded Randomized
Control Trial (RCT). All subjects recruited into this study will be
divided into two (2) groups as a cross over study RCT or a
―within-subject‖ study will be applied. Therefore, each subject
receives more than one intervention and each subject serves
as her own control. Generally, all subjects admitted to NIFM
will undergo plain PMCT and followed by external examination
and internal examination (autopsy) in accordance to the
current standard operating procedure (SOP) of the mortuary.
In our study, group 1 will undergo PMCT and followed by
external examination and based on these two initial
examination findings, the pathologist and radiologist in charge
of the case will decide on the needs for additional PMCTA and
followed by autopsy. Group 2 will undergo external
examination and contrasted PMCTA followed by autopsy but
cross-over will be applied (PMCT will be done as control prior
to PMCTA). Period of study will be from the 1st January 2014
until 30th January 2017.
3.3 Analysis of Image and Radiology Reporting Procedure
Imaging findings of PMCT and PMCTA will be evaluated in by
two (2) radiologists independently. Information reveals to
radiologists would include the Computed Tomography (CT)
scan images, clinical history and circumstances of death from
form 61 and body tag. Images will be available from the
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picture archiving and communication system (PACs) and
OSIRIX systems. Reporting will be done using a Data
Collection Sheet (DCS) and findings will be return back to the
principal investigator for data compilation manually and via
email. Primary image review and three-dimensional
reconstructions were carried out independently by each
radiologist using:
1.
Picture archiving and communications system (PACS)
workstation (INFINITT Database Version 3.0.10.2
(2010) from INFINITT HEALTHCARE (Phillipsburg
NJ).
2.
OsiriX version 5.7.1 (2013) DICOM viewer from
Pixmeo, Bernex, Switzerland.
Data in diacom format, generated after each scan will be
transferred into the main server and burn into DVD to be
archived and analyzed. Dicom images will be transferred to
supervisor to be discussed.

Superiority.

3.4 Data Collection Sheet
The data will be collected by using pro-forma or DCS 1. The
pro-forma consists of seven sections, which are (Cause of
Death (COD) and Sudden Natural Death (SND):
1.
Socio-demographic data (age, gender, ethnicity,
religion).
2.
Time of death, mechanism of death and
circumstances of death.
3.
PMCT findings (pathologies and organs involved that
could have contributed to the COD of SND) as well as
pitfalls and complications.
4.
Details of PMCTA procedures in term of timing,
cannulation technique, infusion of contrast solution
and documentation of problems and complications.
5.
PMCTA findings (pathologies and organs involved that
could have contributed to the COD of SND) as well as
pitfalls and complications.
6.
Autopsy findings (pathologies and organs involved
that could have contributed to the COD of SND) as
well as pitfalls and complications.
7.
Radiologist‘s cause of death - Formulation of COD of
SND,
radiologist
confident
level,
whether
PMCT/PMCTA helps in the diagnosis of SND and
improves their confident level and whether an autopsy
is needed based on the PMCT/PMCTA findings.
8.
Pathologist‘s cause of death - Formulation of COD of
SND, forensic pathologist confident level, whether
PMCT/PMCTA help and improve their confident level
in the final cause of SND and whether an autopsy can
be omitted based totally on the PMCT/PMCTA
findings and reports.
9.
Discrepancies between the radiologists and
pathologists final COD of SND.

control (  2 ))).

3.3 Sampling Method
Subjects recruited will be screened to exclude those with one
or more exclusion criteria prior to the commencement of the
study. Prospective and cross over RCT study will be applied.
To ensure randomization, a systemic random sampling
method will be used where every other SND cases of the day
will be selected. A double blinded technique would be
employed with the radiologists not knowing the autopsy
findings and the pathologists not knowing the PMCT finding.
The sample size would be calculated using the formula;
Two Parallel-Sample Proportions. Hypothesis: One-Sided-

H 0 : 1   2  
n1

z




versus
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H : 1   2  

 z    r1 1  1    2 1   2  
2

1   2   

2

where
 : The probability of type I error (significance level) is
the probability of rejecting the true null hypothesis.
 : The probability of type II error (1 – power of the test) is
the probability of not rejecting the false null hypothesis.

1   2 :

The difference between the true mean response

rates of a group1 (i.e., a test drug ( 1 ) and group2 (i.e., a

r : The allocation ratio n2 / n1 . i.e., r  1 for equal allocation.

 : The superiority for   0

or non-inferiority for

  0.

When   0 , the rejection of the null hypothesis indicates the
superiority of the test drug over the control. When   0 , the
rejection of the null hypothesis indicates the non-inferiority of
the test drug against the control where:

1  .65* (autopsy findings detected by PMCT)
2  .80.9* (autopsy findings detected by

PMCT and

PMCTA)

  0.1 (90% of power)
  0.05 at 95% CI
r  0.01
n1  35

n2  35
N  70  [10% for attrition = 7.7 (8.0)] = 78

Total N : 78 2  39 for each group
For better results, a sample size of 120 would be used (60 for
Group 1 and 60 for Group 2). Based on the study by
Chevallier in 2013, the proportion rate with autopsy was 65.0%
for PMCT and proportion rate of PMCTA with autopsy was
80.9% [19].

4 RESULT AND DISCUSSION
Total number on cases enrolled in this study was 60 with 46
males (76.67%) and 14 females (23.33%). The age of the
deceased ranges from 22 to 75 years old, mean of 45.8. (refer
Figure 4.1 and Figure 4.2)
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Figure 4.4. Demographic distribution by nationalities.
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Figure 4.1. Gender distribution.
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Religions For 60 Cases
[CATEGORY
NAME]
20

Figure 4.2. Age distribution.
There were 32 Malaysian and 28 Non-Malaysian subjects.
Distributions by race for Malaysian were 12 Chinese, 8
Indians, 7 Malays and 5 Others (4 Sikh and 1 Pakistani) (refer
Figure 4.3). The nationalities for the Non-Malaysian were 8
Indians, 7 Indonesians, 4 Myanmaris, 3 Bangladeshi, 2 for
Nepalese and Thais as well as one national from Vietnam and
China (refer Figure 4.4). Majority of them is Muslim (20)
followed by Buddhism (17), Hindus (13), Sikhs (4) and 6
subjects whom religion was unknown (refer Figure 4.5)
4.1
Death history
There were 57 sudden death related (SDR) natural cases
(95.00%) and only 3 SDR traumatic cases (5.00%).
Forty-seven brought in dead (BID) cases by the police (78.33
%) and 4 BID cases from the Accident & Emergency (A&E)
Department, HKL (6.67%). Seven cases (11.67%) died in A&E
and 2 died at the Intensive Care Unit (ICU), HKL (3.33%).

Malaysian and Non-Malaysian For
60 Cases Malaysian
[CATEGORY
NAME]
28

[CATEGORY
NAME]
5 Malsysian: Malay
Malaysian: Indian

Malay
7

[CATEGORY
NAME]
8
Malaysian: Chinese

[CATEGORY
NAME]
12

Malaysian: Others

Non Malaysian

Figure 4.3. Malaysian distribution by races.

[CATEGORY
NAME]
13
Islam

Budhism

[CATEGORY
NAME]
17
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Figure 4.5. Distribution by religions.
4.2
Time management
There are few components consist in the time management
and will be discuss in the next subsections.
4.2.1
Time of death
The timing noted in this study appears random with no pattern
or specific distribution noted as death can happen at any time
of the day. The determination of TOD is of crucial importance
for forensic investigation. The time elapsed from the moment
of death until a corpse is discovered is also known as the postmortem interval (PMI). Both the TOD and the PMI cannot be
determined with 100% accuracy as they are affected by
multiple factors, for example decomposition process.
4.2.2
Arrival at the mortuary
The timing noted in this study appears random with no pattern
or specific distribution. The average time taken for the body to
arrive at the mortuary is 5 hours (H) and 35 minutes (mins)
(min: 21 mins, max: 17 H).
4.2.3
Post-mortem computed tomography
Plain PMCT was done as soon as the body arrived at the
mortuary. In relation to the TOD, on average the body will be
scanned 10 H and 34 mins after death (1H and 45 mins, 69 H
and 24 mins). After completion, the body will be kept in the
freezer while waiting for external examination process.
4.2.4
External examination
External examination of the corpse is the initial part of the full
autopsy procedure and it is done in the autopsy room. It will be
conducted after every PMCT and before angiogram
procedure. On the average external examination was
conducted as early as 15 mins after PMCT and latest as 24H
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and 42 mins with average of 4 H and 31 mins.

issues and data storage problems).
radiographer‘s experience and training.

4.2.5
Post mortem computed tomography angiogram
PMCTA was only done after successful insertion of the
catheters at the neck. The cannulation process was performed
during the external examination process. The time difference
between the initial PMCT and PMCTA ranges from 45 mins to
29 H and 57 mins with average of 5 H and 36 mins. In relation
to TOD, the time difference ranges in between 2 H and 50
mins to 72 H and 9 mins with average of 15 H and 47 mins.
4.2.6
Autopsy
The body will be pushed back to the autopsy room after
completion of the PMCTA for full conventional autopsy.
Autopsy was carried out as soon as 9 mins after PMCTA and
latest by 1 H and 45 mins with average of 39 mins. In relation
to TOD, on average, the time difference between TOD and
autopsy is 16 H and 26 mins (3 H and 30 mins, 72 H and 40
mins). The external examination was conducted earlier before
the full autopsy but done on the same day with time difference
ranges from 45 mins to 4 H and 30 mins (average of 1 H and
45 mins).
4.2.7
Realeased to family
After completion of the autopsy, the body will be prepared for
released to the family members as soon as possible so that
the burial process could take place. This is particularly
important for the Muslim community. The time taken to
release the body back to the family ranges from 1 H and 15
mins to 3393H and 40 min @ 141 days with mean of 153.06 H
and mode of 2.3 H. Majority of the bodies were released within
2 to 3 hours after completion of autopsy. This huge variation
was due to a 5 outliers who include unknown or unclaimed
bodies were only released to the family, government or
religious organization for proper burial. These 5 cases were
released only after 500 H or 20 days after autopsy. The
longest was an unclaimed Muslim body that was only buried
by JAKIM 5 months later.
4.2.8
Total time with and without PMCTA
One of the aims of this study was to evaluate the amount of
time taken to perform PMCTA and weather if would affect the
waiting time for released to family members. We noted that the
total amount of time from arrival at the mortuary until the
released of the body ranges for both with and without PMCTA
shows no significant different. The total amount of time with
PMCTA ranges from 6 H and 30 mins to 4006 H and 20 mins
(average time of 169 H and 52 mins). The total amount of time
minus the time taken for the whole PMCTA procedure ranges
from 5 H and 20 mins to 4004 H (average of 167 H and 55
mins). The average time taken for PMCTA was 1 H and 45
mins (45 mins, 4 H and 30 mins). A T-test statistical analysis
was done and showed the t-value is 0.01736. The p-value is
0.493089. The result is not significant at p < 0.05. This
concluded that there is no significant difference in the waiting
time for family members to retrieve the deceased even with
application of PMCTA into the system.
4.3
Post mortem computed tomography scanning
duration
The duration ranges from 5 to 140 minutes with average of
32.65 minute. This variation was due to a few factors.
Technical difficulty and problems (tube warming, software
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Others

include

4.4
Post mortem computed tomography angiogram
There are few components in the post mortem computed
tomography angiogram and will be discuss in the next
subsections.
4.4.1
Cannulation and cut down time
From the 60 cases, only 1 groin approach (using the right
femoral artery and vein) was performed and the rest used
neck approach (Common carotid artery and Internal jugular
vein). Thirty-one right sided cannulation (including one using
groin approach) and 29 left sided cannulations were
performed. The decision to use either right or left side was
done randomly. Cannulation was performed by forensic
medical officers and forensic pathologists with the average
time for cut-down of 31.4 mins (10 to 60 mins). We noted that
the time taken for each cannulation improves with experience.
The more exposure or experience they have, the shorter time
taken for cannulation. A few problems encountered during
cannulation process, for example accidentally cut vessels,
normal variant and fragile vessels. Standard Y-incision of the
neck was performed (Figure 4.6 a). Access to the CCA and
IJV initially involved an oblique incision to the neck laterally,
approximately 5 cm above the clavicle. The cannulation can
be made on either side of the neck. The subcutaneous tissue
was blunt dissected, and the soft tissue was divided down
inferior to the sternocleidomastoid muscle. The soft tissue was
dissected inferiorly and medially until the CCA was located
and exposed. It is then elevated by means of, for instance an
aneurysm hook. Once raised, a piece of string was passed
under the artery and used to tie off the most superior aspect of
the artery to prevent flow of contrast from the head. A second
piece of string was threaded under the artery and pulled
inferiorly and loosely tied to act as a sling or a marker for the
lower aspect of the artery. The artery was held in place during
this process by threading the aneurysm hook underneath the
artery (refer Figure 4.6). The IJV was later exposed and pulled
laterally (a string sling can be used to facilitate this). Once
raised, a piece of string was passed under the vein and used
to tie off the most superior aspect of the vein. A second piece
of string was threaded under the vein and pulled inferiorly and
loosely tied to act as a sling or a marker for the lower aspect of
the vein. A small horizontal cut was made across the anterior
wall of the artery. The posterior wall was left intact, to prevent
retraction of both ends of the artery. The lower cut aspect of
the CCA wall was held with toothed forceps, and the catheter
inserted into the CCA and pushed through the brachiocephalic
trunk on the right or straight through the arch of the aorta on
the left. The aim was to place the catheter tip in the ascending
aorta, just above the aortic valve and adjacent to the coronary
ostia. A small horizontal cut was made across the anterior wall
of the vein. The posterior wall was left intact, to prevent
retraction of both ends of the vein. The lower cut aspect of the
IJV wall was held with toothed forceps, and the venous
catheter inserted into the IJV and pushed through the
brachiocephalic vein. The aim was to place the catheter‘s tip
just above the SVC/right atrial junction, irrespectively of the
site of cannulation. Both the catheters were connected to the
embalming machine for the angiographic procedure. In difficult
cannulation procedure, we recommend the use of a
hydrophilic guide wire as an introducer to cannulate both the
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Table 4.2: Similarity coefficient (SC) on therapeutic marks
between Radiologist 1, Radiologist 2 and Pathologist.

CCA and IJV as commonly used in clinical radiology.
4.4.2
Arterial, venous and dynamic phases
The average scanning time for arterial phase (AP) was 2.25
minutes (range 1.00-5.00 minutes), venous phase (VP) was
2.25 minutes (0.00-6.00 minutes) and dynamic phase (DP)
was 1.03 minutes (0.00-2.00 minutes). The average amount of
contrast infusion arterial phase (AP) was 1.18 L (range 0.8 to
1.0 L), venous phase (VP) was 1.43 L (0.0-2.0 L) and dynamic
phase (DP) was 1.03 L (0.0-1.0 L).
4.7
Descriptive analysis and similarity coefficient for
external examination radiologist.
Now, let us discuss on the descriptive analysis and similarity
coefficient for better statistical exploratory associated with
external examination radiologist.
4.7.1
Therapeutic Marks
This referred to all external intervention done on the deceased
during resuscitation. Examples; intravenous line, endotracheal
tube and nasogastric tube.

Similarity Coefficient (SC)

Value

R1&Path

0.933333

R2&Path

0.933333

R1&R2

1

All 3 Cases

0.933333

Based on table 4.1 and 4.2, both shows that there is a very
good correlation noted with very high SC values between
radiologist 1 (Rad 1) and radiologist 2 (Rad 2) findings based
on PMCT/PMCTA when compared to autopsy findings by
pathologist (Path). Through table 4.7.1.1a, we can see that
both result shows 93% of the outcomes are similar between
Radiologist and Pathologist while both Rad 1 and 2 yield the
same result. Rad 1 and 2 stated the same result as
Pathologist up to 93%. As we can see in table 4.7.1.1b, the
radiologists reported the same findings in all cases with
Similarity Coefficient (SC) value of 1.0 and 0.9333 for SC
between both radiologist and pathologist.
All external
interventions are easily picked up even on plain PMCT as they
are predominantly radiopaque devices. Furthermore,
deceased were scanned as they arrived at the mortuary and
removal of all medical devices or interventions is only done
during internal examination or autopsy.
4.7.2
Marks of injury
All the superficial or external injuries like laceration and
abrasion wounds were recorded and reported.
Table 4.3. Descriptive analysis on marks of injury between
Rad 1, 2 and Path.
Case

Figure 4.6. (a) Cut down procedure for left sided cannulation
showing the standard Y incision of the neck. (b) The
subcutaneous tissue was blunt dissected, and the soft tissue
was divided down inferior to the sternocleidomastoid muscle.
(c) Further dissection of the soft tissue to expose the left CCA
(black arrow head) and IJV (white arrow head) with strings
threaded under them to act as a sling or a marker. (d) The IJV
was cannulated with an 18 Fr venous catheter as shown by
the white asterisk. (e) The CCA was then cannulated with a 16
Fr arterial catheter and both were anchored by strings (white
and black arrows) to prevent them from slipping out.

Rad 1 and
Path
Rad 2 and
Path
Rad 1 and
Rad 2
Case
All Rad 1, 2
and Path

Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(Exist /
Exist)
20%
20%

False
(None /
Exist)
7%
7%

False
(Exist /
None)
0%
0%

100%
100%

80%

20%

0%

0%

100%

Different Conclusion

Total

93%

7%

100%

*(TRUE = same conclusion, FALSE = different conclusion)

False
(None /
Exist)

False
(Exist /
None)

Total

73%

5%

22%

0%

100%

73%

5%

22%

0%

100%

95%

5%

0%

0%

100%

Identical Conclusion

Different Conclusion

Total

78%

22%

100%

Table 4.4. SC on marks of injury between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.783333

R2&Path

0.783333

R1&R2

Total

Identical Conclusion

True
(Exist /
Exist)

*(TRUE = same conclusion, FALSE = different conclusion)

Table 4.1: Descriptive analysis on therapeutic marks between
Radiologist 1, Radiologist 2 and Pathologist.
True
(None /
None)
73%
73%

True
(None /
None)

All 3 Cases

1
0.783333

Based on Table 4.3 and 4.4, we can see that the result shows
78% of the outcomes are similar between Radiologist and
Pathologist while both Rad 1 and 2 give the same result. Rad
1 and 2 stated the same result as Pathologist up to 78%. Both
radiologists reported only 3 positive findings which were
confirmed by autopsy. They were a periorbital hematoma and
2 large laceration wounds cases. The forensic pathologist
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reported 13 positive findings which were not reported by the
radiologists and mainly involving small and superficial
laceration, abrasion wounds as well as bite marks on the skin
which are not well seen and can easily be missed on CT. This
can be overcome by using Three-dimensional volume
rendering and display of skin and subcutaneous tissues using
the ―shaded‖ variant of the volume-rendering technique (VRT).
However, autopsy is still superior as there is direct
visualization of the lesion. Overall, there is very good
correlation between the two radiologists with Similarity
Coefficient (SC) score of 1.0 but slightly lower but still good
correlation between both the radiologists and the pathologist
(0.783) due to the 13 false negative cases.
4.7.3

External genitalia

Table 4.5. Descriptive analysis on external genitalia between
Rad 1, 2 and Path.
Case
Rad 1 and
Path
Rad 2 and
Path
Rad 1 and
Rad 2
Case
All Rad 1, 2
and Path

True
(None /
None)

True
(Exist /
Exist)

False
(None /
Exist)

False
(Exist /
None)

Total

95%

2%

0%

3%

100%

98%

2%

0%

0%

100%

95%

2%

0%

3%

100%

Identical Conclusion

Different Conclusion

Total

97%

3%

100%

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.6. SC on External Genitalia between Rad 1, 2 and
Path.
Similarity Coefficient (SC)

Value

R1&Path

0.96667

R2&Path

1

R1&R2

0.96667

All 3 Cases

0.96667

Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2

False
(None /
Exist)
7%
7%
0%

False
(Exist /
None)
0%
0%
0%

Total

7%

100%

Table 4.8. SC on rigor mortis between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.933333

R2&Path

0.933333

R1&R2

1

All 3 Cases

0.933333

Rigor mortis is part of post-mortem changes documented in
both forensic radiology and autopsy examination. It is defined
as stiffening of the joints and muscles of a body a few hours
after death and more of a clinical then radiological diagnosis.
We also looked at other post-mortem changes which includes
intravascular air, pleural effusion, periportal oedema,
distended intestines, post-mortem clotting, hyperdense
cerebral vessels, subcutaneous oedema, fluid in the abdomen
and internal livores of the liver. The relation between PMCT
changes and its correlation to autopsy in relation to post
mortem interval is out of scope of this study. We only
documented their present and classified them as not present,
partially and fully established. There is very good correlation
between Rad 1 and Rad 2 with good correlation with
pathologist‘s findings in establishing Rigor mortis and postmortem changes. The 4 cases missed by both radiologists
were the partially rigor mortis changes which are not easily
differentiated from fully established rigor mortis on PMCT
(refer Table 4.7 and 4.8)

Table 4.9. Descriptive analysis on physical deformities
between Rad 1, 2 and Path.
Case

Table 4.7. Descriptive analysis on rigor mortis between Rad 1,
2 and Path.
True
(Exist /
Exist)
0%
0%
0%

Different Conclusion

93%

*(TRUE = same conclusion, FALSE = different conclusion)

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

Total

True
True
(None /
(Exist /
None)
Exist)
100%
0%
100%
0%
100%
0%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
0%
0%
0%
0%
0%
0%
Different Conclusion

100%
100%
100%
Total

93%

7%

100%

Total

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.10. SC on Physical Deformities between Rad1, 2 and
Path.

Rigor mortis and post mortem changes

True
(None /
None)
93%
93%
100%

Identical Conclusion

4.7.4.1 Physical deformities

Table 4.5 demonstrated 97% of the outcomes are similar
between Rad 1 and Path while Rad 2 give the same result as
Pathologist. Rad 1 and 2 stated the same result as Pathologist
in 97%. Both radiologists reported only 1 true positive finding
of a gross scrotal hernia which was confirmed by autopsy. Two
scrotal hydrocele (one unilateral and one bilateral) cases were
reported by the radiologists but was missed or not reported by
the pathologists as the findings was irrelevant to the case. As
Rad 2 did not report the hydrocele cases, therefore there is
100% correlation between Rad 2 and pathologist (SC score of
1) but slightly lower for Rad 1 and pathologist (0.967). Overall,
there is still very good correlation between the two radiologists
(0.967) (refer Table 4.6)
4.7.4

Case
All Rad 1, 2 and
Path

ISSN 2277-8616

Similarity Coefficient (SC)

Value

R1&Path

1

R2&Path

1

R1&R2

1

All 3 Cases

1

There was no physical deformity documented by both groups.
Therefore, the SC value was 1.00 or 100% matched (refer
Table 4.9 and 4.10.

100%
100%
100%
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4.7.4.2 Others
Table 4.11. Descriptive analysis on others between Rad1, 2
and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

True
True
(None /
(Exist /
None)
Exist)
100%
0%
100%
0%
100%
0%
Identical Conclusion
93%

False
False
(None /
(Exist /
Exist)
None)
0%
0%
0%
0%
0%
0%
Different Conclusion
7%

Total
100%
100%
100%
Total
100%

(c)

(d)

(e)

(f)

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.12. SC on others between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.6

R2&Path

0.6

R1&R2

0.966667

All 3 Cases

0.583333

In this section, we looked for secondary or additional findings
noted on forensic imaging. These include general condition of
the body, superficial lymph nodes, sinusitis and froth in the
airway. Based on Table 4.11 and 4.12, there is good
correlation between Rad 1 and Rad 2 with SC of 0.967.
However, these findings could be relevant or irrelevant to the
case as shown by the moderate correlation between Rad 1 &
Rad 2 with Path (0.583). Most of the findings reported on
PMCT/PMCTA but not confirmed by autopsy were sinusitis
and mastoditis as these areas are some of the hidden areas in
autopsy and furthermore irrelevant to the COD. On the other
hand, there were a few findings noted on autopsy but no
recorded or well visualized on imaging. The commonest
observation missed on imaging was skin tatoos (5 cases),
followed by small and superficial hematoma, healed wound or
scars (3 cases) and facial congestion and skin discolouration.
These findings are poorly visualized on imaging; especially
skin tattoos, even on the 3D reconstruction images and VRT.
Therefore, we labelled it as one of the limitations or
disadvantages of Imaging. This explained the moderate
correlation between the radiologists and the pathologists with
SC values 0.583-0.60.
4.7.4.3 Further analysis on external examination
radiologist through descriptive analysis
Based on the data, we can illustrate the finding through charts
for better understanding and interpretation in Figure 4.7.

(g)
(h)
Figure 4.7 (a)-(h). Pie chart for further analysis on external
examination.
4.7.4.4 Further analysis on external examination
radiologist through similarity coefficient
Through Table 4.13, the radiologists reported the same
findings in all cases with very high SC value of 0.87 for
Radiologist 1 and Pathologist, 0.88 for Radiologist 2 and
Pathologist, 0.99 for Radiologist 1 and Radiologist 2 and 0.87
for all 3 cases.
Table 4.13. SC on further analysis between Rad 1, 2 and
Path.
Similarity Coefficient (SC)

Value

R1&Path

0.869444

R2&Path

0.875

R1&R2

0.988889

All 3 Cases

0.866667

4.7.5
Descriptive analysis and similarity coefficient on
head and neck
We have discussed on the descriptive analysis and similarity
coefficient for external examination radiologist. Now let us
move on to the descriptive analysis and similarity coefficient
for head and neck injuries.
4.7.5.1 Scalp
Table 4.14. Descriptive analysis on scalp between Rad 1, 2
and Path.

(a)

Case

(b)

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case

True
True
(None /
(Exist /
None)
Exist)
87%
5%
87%
5%
95%
5%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
8%
0%
8%
0%
0%
0%
Different Conclusion

Total
100%
100%
100%
Total
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All Rad 1, 2 and
Path

92%

8%

100%

*(TRUE = same conclusion, FALSE = different conclusion)

Value

R1&Path

0.916667

R2&Path

0.916667

R1&R2

Case

1

All 3 Cases

0.916667

Through table 4.14, the result shows a very good correlation
(92% of the outcomes are similar) between radiologists and
pathologists while both Rad 1 and 2 give the same result. Rad
1 and 2 stated the same result as Pathologist up to 92%. As
shown in table 4.15, the radiologists reported the same
findings in all cases with very high SC value of 1.0 and 0.917
between the two groups. The 5 cases missed by radiologists
were again superficial and small abrasion/ laceration wounds
of the scalp, petechia spots and infective skin lesions. The
commonest positive findings were subgaleal hematoma.
However, small bleed is not easily seen and can be missed on
PMCT/PMCTA. It is better seen on autopsy.
4.7.5.2 Skull
Table 4.16. Descriptive analysis on skull between Rad 1, 2
and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

True
True
(None /
(Exist /
None)
Exist)
93%
5%
93%
5%
95%
5%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
2%
0%
2%
0%
0%
0%
Different Conclusion

100%
100%
100%
Total

98%

2%

100%

Total

*(TRUE = same conclusion, FALSE = different conclusion)

Value

R1&Path

0.983333

R2&Path

0.983333

R1&R2

1

All 3 Cases

0.983333

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(None /
None)
96%
96%

True
(Exist /
Exist)
2%
2%

98%

2%

False
(None /
Exist)
2%
2%

False
(Exist /
None)
0%
0%

100%
100%

0%

0%

100%

Total

Identical Conclusion

Different Conclusion

Total

92%

8%

100%

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.19. SC on meninges between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.983333

R2&Path

0.983333

R1&R2

1

All 3 Cases

0.983333

In this subsection, we searched for tentorium tear, epidural or
subdural
haemorrhage
(SDH)
and
signs
of
inflammation/infection. Again, there is a very good correlation
noted with very high SC values between Rad 1 and Rad 2
findings when compared to Path. As we can see in table 4.19,
the radiologists reported the same findings in all cases with
SC value of 1.0 and 0.9833 for between both radiologist and
pathologist. The only true positive case in this study was a
large SDH that was diagnosed on PMCT with no added value
noted on PMCTA. Similarly, with subgaleal hematoma, small
SDH can be missed on PMCT, which is quite difficult to
differentiate from blood stasis on plain CT.
4.7.5.4 Brain

Table 4.17. SC on skull between Rad 1, 2 and Path.
Similarity Coefficient (SC)

4.7.5.3 Meninges
Table 4.18. Descriptive analysis on meninges between Rad 1,
2 and Path.

Table 4.15. SC on Scalp between Rad 1, 2 and Path.
Similarity Coefficient (SC)

ISSN 2277-8616

Table 4.20. Descriptive analysis on brain between Rad 1, 2
and Path.
Case

In this subsection we looked for skull fractures and bone
lesions (congenital, acquired or iatrogenic). There is very good
correlation as evidence by the very high SC values between
Rad 1 and Rad 2 findings based on PMCT/PMCTA when
compared to autopsy findings by Path. As we can see in table
4.7.2.2b., the radiologists reported the same findings in all
cases with SC value of 1.0 while the SC value between both
radiologist and pathologist yield 0.983. Skull fractures were
well visualized on PMCT, but the associated soft tissue and
vascular injuries were better demonstrated on PMCTA. A case
of previous burr hole was seen on PMCT and confirmed by
autopsy. A false negative case was a fractured mandible
diagnosed on PMCT but was not documented on autopsy as it
was not opened and irrelevant to the case (refer Table 4.16
and 4.17).

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

True
True
(None /
(Exist /
None)
Exist)
53%
30%
55%
27%
55%
36%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
3%
14%
7%
11%
2%
7%
Different Conclusion

100%
100%
100%
Total

78%

22%

100%

Total

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.21. SC on brain between Rad1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.833333

R2&Path

0.816667

R1&R2

0.916667

All 3 Cases

0.783333

This is the most important subsection under head & neck as
majority of the relevant findings related to the COD were
documented. There were 5 intracranial bleed (ICB) cases with
2 ruptured aneurysm, 2 haemorrhagic stroke and 1 extensive
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SAH with unknown cause. The ruptured aneurysm was well
visualised with PMCTA, especially during the arterial phase
and findings were confirmed by autopsy. We were able to
point the exact location of the ruptured aneurysm by
demonstrating extravasation of contrast media and abnormal
out-pouching at the circle of Willis (COW). The extensive
subarachnoid bleeding as well as the rest of the intracranial
bleed were well visualised even on plain scan. However, we
noted the extravasation of contrast media on PMCTA was very
minimal due to the increased intracranial pressure and the
tamponade effect of the bleeding itself. Intracranial lesion or
mass on the other hand was well pacified with contrast study
(refer Figure 4.8) Other findings were generalized cerebral
oedema and generalized cerebral atrophy with 8 and 6 cases
respectively. A single case of hydrocephalus case and a
suspicious arteriovenous malformation (AVM) that was seen
on PMCT and PMCTA but not reported on autopsy as findings
were not relevant to the COD. Based on table 4.20 and 4.21,
there is a good correlation noted with good SC values
between Rad 1 and Rad 2 findings based on PMCT/PMCTA
when compared to autopsy findings by Path. Through table 1,
we can see that 78% of the outcomes are similar between
Radiologist and Pathologist but the SC value is slightly lower
(0.783) but still good. Rad 1 and path show 83% true cases
while Rad 2 and path show true 82% cases. As we can see in
table 2, the radiologists SC values ranges from 0.817 to 0.833
when compared to path and can be classified as good
correlation.

ISSN 2277-8616

R1&Path

0.983333

R2&Path

0.983333

R1&R2

1

All 3 Cases

0.983333

There is a very good correlation noted with very high SC
values between Rad 1 and Rad 2 when compared to Path. As
we can see in table 4.22. the radiologists reported the same
findings in all cases with SC value of 1.0 and 0.9833 for SC
between both radiologist and pathologist. The single false
negative case was a tooth imprint marks at the tip of the
tongue which was almost impossible to be detected on either
PMCT or PMCTA. There was no other significant abnormality
of the tongue noted on PMCT/PMCTA and was confirmed by
autopsy.
4.7.5.6 Carotids
Table 4.24. Descriptive analysis on carotids between Rad 1, 2
and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

True
True
(None /
(Exist /
None)
Exist)
52%
26%
53%
17%
62%
27%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
10%
12%
20%
10%
0%
11%
Different Conclusion

100%
100%
100%
Total

68%

32%

100%

Total

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.25. SC on carotids between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.783333

R2&Path

Figure 4.8. Case 10 demonstrating the present of extensive
ICB on PMCT at the frontal region with ruptured aneurysm
noted at segment A1 of the right ACA on PMCTA.
4.7.5.5 Tongue
Table 4.22. Descriptive analysis on tongue between Rad 1, 2
and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad 2
Case
All Rad 1, 2 and
Path

True
True
(None /
(Exist /
None)
Exist)
98%
0%
98%
0%
100%
0%
Identical Conclusion

False
False
(None /
(Exist /
Exist)
None)
2%
0%
2%
0%
0%
0%
Different Conclusion

100%
100%
100%
Total

98%

2%

100%

Total

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.23. SC on tongue between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

0.7

R1&R2

0.883333

All 3 Cases

0.683333

The common carotid arteries (CCA) are very important is this
study as they were used for catherization for PMCTA
procedure. The plain scan is crucial as pre angiogram
planning for the PMCTA cur down procedure. Both the CCA
was examined in plain and post contrast study for calcified
plaque and stenosis as well as traumatic changes and
dissection related to the cut-down procedure. From table 4.24,
we noted that although the true positive values are high for
both Rad 1 and Rad 2 when compared to Path (78% and 70%
respectively), the false negative values are also higher
compared to the other subsection under Head & Neck (22%
and 30% respectively). This is mainly because both
radiologists tend to over report calcified plaque which are
irrelevant to the pathologists because CCA and IJV is not part
of the common dissection area in an autopsy. No significant
stenosis of the CCA noted on PMCTA in our study. A few
traumatic changes to the CCA and dissection due to technique
as mentioned in PMCTA section. The low SC value of 0.683
for both radiologists when compared to pathologist as
explained above showed fairly good correlation but when
comparing Rad 1 and Rad 2 to path individually, the
correlation is slightly better (0.783 and 0.7). The correlation
between both radiologists is very good with SC value of 0.883
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(refer Table 4.25).
4.7.5.7 Hyoid bones
Table 4.26. Descriptive analysis on hyoid bones between Rad
1, 2 and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(None /
None)
100%
100%

True
(Exist /
Exist)
0%
0%

False
(None /
Exist)
0%
0%

False
(Exist /
None)
0%
0%

100%
100%

100%

0%

0%

0%

100%

Total

Identical Conclusion

Different Conclusion

Total

100%

0%

100%

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.27. SC on hyoid bones between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

1

R2&Path

1

R1&R2

1

All 3 Cases

1

Table 4.28. Descriptive analysis on thyroid cartilage
between Rad 1, 2 and Path.
Case
True
True
False
False
Total
(None / (Exist / (None
(Exist /
None)
Exist)
/ Exist)
None)
Rad 1 and
100%
0%
0%
0%
100
Path
%
Rad 2 and
100%
0%
0%
0%
100
Path
%
Rad 1 and
100%
0%
0%
0%
100
Rad 2
%
Case
Identical
Different
Total
Conclusion
Conclusion
All Rad 1, 2
100%
0%
100
and Path
%
*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.29. SC on thyroid cartilage between Rad 1, 2 and
Path.
R1&Path

1

R2&Path

1

R1&R2

1

All 3 Cases

1

4.7.5.9 Thyroid gland
Table 4.30. Descriptive analysis on thyroid gland between
Rad 1, 2 and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(None /
None)
82%
85%

True
(Exist /
Exist)
3%
3%

False
(None /
Exist)
0%
0%

False
(Exist /
None)
15%
12%

100%
100%

82%

15%

0%

3%

100%

Total

Identical Conclusion

Different Conclusion

Total

85%

15%

100%

Table 4.31. SC on thyroid gland between Rad 1, 2 and
Path.

4.7.5.8 Thyroid cartilage

Value

pathologists in suspected cases of hanging or strangulation.
These cases were excluded in our study. Based on Table 4.28
and 4.29, there was no abnormality of the hyoid bone
documented by both groups in this study. Therefore, the SC
value was 1.00 or 100% matched.

*(TRUE = same conclusion, FALSE = different conclusion)

Hyoid and thyroid cartilages are usually assessed by the
pathologists in suspected cases of hanging or strangulation.
These cases were excluded in our study. There was no
abnormality of the hyoid bone documented by both groups in
this study. Therefore, the SC value was 1.00 or 100% matched
(refer Table 4.26 and 4.27).

Similarity Coefficient (SC)

ISSN 2277-8616

Hyoid and thyroid cartilages are usually assessed by the

Similarity Coefficient (SC)

Value

R1&Path

0.85

R2&Path

0.883333

R1&R2
All 3 Cases

0.966667
0.85

In table 4.30, only 2 positive cases reported by both
radiologists and confirmed by pathologist. These cases were
multinodular goiter and a thyroid abscess. 51 normal cases
reported by radiologists and confirmed by autopsy. There were
9 and 7 false positive cases reported by Rad 1 and Rad 2
respectively which included cystic and solid nodules as well as
benign calcification which were just too small or irrelevant to
the pathologist as they were not reported in the autopsy
report. In table 4.31, there is extremely good correlation and
agreement between Rad 1 and 2 when it comes to reporting
thyroid findings with SC of 0.967. The correlation between
both radiologists and the pathologist are still very good ranging
from 0.85 to 0.883. Overall correlation in diagnosing thyroid
findings and their correlation to autopsy is still good with SC of
0.85.
4.7.5.10 Larynx and pharynx
Table 4.32. Descriptive analysis on larynx pharynx
between Rad 1, 2 and Path.
Case
True
True
False
False
Total
(None / (Exist / (None
(Exist /
None)
Exist)
/ Exist)
None)
Rad 1 and
96%
2%
2%
0%
100
Path
%
Rad 2 and
96%
2%
2%
0%
100
Path
%
Rad 1 and
98%
2%
0%
0%
100
Rad 2
%
Case
Identical
Different
Total
Conclusion
Conclusion
All Rad 1, 2
98%
2%
100
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and Path
%
*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.33. SC on larynx pharynx between Rad 1, 2 and
Path.
Similarity Coefficient (SC)

Value

R1&Path

0.983333

R2&Path

0.983333

R1&R2

1

All 3 Cases

0.983333

hematoma from central line insertion during resuscitation
procedure. Table 4.35 showed very high SC values as 1.0 for
correlation and agreement between both radiologists and 0.95
when comparing them individually. Overall correlation is very
good with SC value of 0.95.
4.7.5.12 Cervical Spine
Table 4.36. Descriptive analysis on cervical spine between
Rad 1, 2 and Path.
Case

Only 1 true positive case in this subsection, which is was a
lethal oesophageal abscess secondary to foreign body
ingestion case. The plain CT findings showed dense foreign
body and most likely a bone (later confirmed as chicken bone)
with swollen neck and air pockets. PMCTA showed rim
enhancing abscess formation causing narrowing of the
airways. These findings were confirmed by autopsy the final
COD was agreed by all (refer Table 4.32). There other 59
cases were reported as normal by both radiologists and
confirmed by autopsy. Therefore, the SC values in this
subsection are very high as illustrated in Table 4.33.

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(Exist /
Exist)
7%
7%
10%

Identical Conclusion
95%

False
(None /
Exist)
2%
2%
0%

False
(Exist /
None)
3%
3%
0%

Different Conclusion
5%

Total
100%

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.35. SC on cervical muscles between Rad 1, 2 and
Path.
Similarity Coefficient (SC)

Value

R1&Path

0.95

R2&Path

0.95

R1&R2
All 3 Cases

1
0.95

From 60 cases, 53 were true negative cases and only 4 true
positive cases. The commonest abnormality detected was
hematoma with soft tissue swelling. 3 cases were due to
catherization technique for PMCTA and a single iatrogenic
case from traumatic insertion of a central line. A case of
multiple neck lymphadenitis with reactive inflammatory
changes to the cervical muscles was also documented.
Findings were all confirmed by autopsy (refer Table 4.34). Two
cases reported as hematoma at the base of the neck from
PMCTA procedure but were not documented in the autopsy
report by the pathologist, as the findings were minimal and not
relevant to the case. Only 1 false negative case reported as
normal by both radiologists, but autopsy revealed small

False
(None /
Exist)
0%
0%

False
(Exist /
None)
40%
22%

100%
100%

60%

22%

0%

18%

100%

Total

Identical Conclusion

Different Conclusion

Total

60%

40%

100%

Similarity Coefficient (SC)

Value

R1&Path

0.6

R2&Path

0.783333

R1&R2
All 3 Cases

Total
100%
100%
100%

True
(Exist /
Exist)
0%
0%

Table 4.37. SC on cervical spine between Rad 1, 2 and
Path.

Table 4.34. Descriptive analysis on cervical muscles
between Rad 1, 2 and Path.
True
(None /
None)
88%
88%
90%

True
(None /
None)
60%
78%

*(TRUE = same conclusion, FALSE = different conclusion)

4.7.5.11 Cervical muscles

Case

ISSN 2277-8616

0.816667
0.6

This is one of the hidden areas of autopsy as only the anterior
aspect of the spine was visualised during autopsy (refer Figure
4.9). Pathologist would not dissect the whole spine unless
indicated by PMCT/PMCTA findings or if there is any suspicion
of fracture. As demonstrated in this study, there was no
positive finding documented in this subsection by the
pathologist. On the other hand, both radiologists reported
congenital anomaly and degenerative changes in their reports,
as they would normally do in clinical radiology. The
commonest finding reported was spondylosis of the cervical
spine. Rad 1 reported 11 cases of spondylosis (even in
mild/early changes) more than Rad 2. Therefore, there were
36 true negative cases, 11 false positive cases (from Rad 1)
and 13 false negative cases (from Rad 2). The correlation
between Rad 1 and path is moderate with SC value of 0.6
while slightly better for Rad 2 and path (SC:0.783). The overall
correlation is also moderate with 0.6 (as explained above) but
the correlation and agreement between both radiologists are
good (0.817) (refer Table 4.36 and 4.37).

Figure 4.9. Cervical spine in sagittal plane and VRT
images showing spondylosis.
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4.7.5.13 Others

ISSN 2277-8616

(c)

(d)

(e)

(f)

Table 4.38. Descriptive analysis on others between Rad1,
2 and Path.
Case
Rad 1 and Path
Rad 2 and Path
Rad 1 and Rad
2
Case
All Rad 1, 2 and
Path

True
(None /
None)
88%
83%

True
(Exist /
Exist)
0%
0%

False
(None /
Exist)
7%
7%

False
(Exist /
None)
5%
10%

100%
100%

87%

2%

8%

3%

100%

Total

Identical Conclusion

Different Conclusion

Total

80%

20%

100%

*(TRUE = same conclusion, FALSE = different conclusion)
Table 4.39. SC on others between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.883333

R2&Path

0.833333

R1&R2
All 3 Cases

(g)
(h)
Figure 4.10 (a)-(h): Pie chart for further analysis on head
and neck.

0.883333
0.8

In this section, we looked for secondary or additional findings
in the head and neck region. 6 cases of cervical
lymphadenopathies were recorded by Rad 2 but Rad 1 only
reported 3 as they were less than 1 cm in short axis and
therefore deemed not significant. Rad 1 recorded the rest as
normal. However, these findings were not documented during
autopsy, as there were irrelevant findings to the cases and
COD in this study. There is good correlation between Rad 1
and Rad 2 with SC of 0.883 and there is still good correlation
between Rad 1 & Rad 2 with Path (0.883 and 0.833
respectively). The overall correlation between the radiologists
and the pathologist (48 similarity and only 12 differences) is
still good with SC values of 0.8. There were 4 false negative
cases of froth in the mouth and nostril (2 cases), facial
congestion and blackish discharge from the mouth. However,
these findings were very minimal and were poorly visualized
on imaging, even with 3D reconstruction (refer Table 4.38 and
4.39).
4.7.5.14 Further analysis on head and neck radiologist
through descriptive analysis
Based on the data, we can illustrate the finding through charts
for better understanding and interpretation in Figure 4.10.

(a)

(b)

4.7.5.15 Further analysis on head and neck radiologist through
similarity coefficient
Through Table 4.40, the radiologists reported the same
findings in all cases with very high SC value of 0.90 for
Radiologist 1 and Pathologist, 0.91 for Radiologist 2 and
Pathologist, 0.96 for Radiologist 1 and Radiologist 2 and 0.89
for all 3 cases.
Table 4.40. SC between Rad 1, 2 and Path.
Similarity Coefficient (SC)

Value

R1&Path

0.903846

R2&Path

0.908974

R1&R2

0.958974

All 3 Cases

0.885897

5 CONCLUSION
For external examination analysis, overall we noted a very
strong correlation between Rad 1 and Rad 2 for all 360
variables analysed. This shows a very strong agreement
(0.989) between the radiologists and it is statically
significance. Rad 1 and path showed strong relationship or
correlation with SC of 8.694 and statistically significance. Rad
2 and path also showed strong relationship and correlation
with SC of 0.8750 and statistically significance. The overall
relationship and correlation for all 3 groups when compared
showed high SC value of 0.8887 (312 matched and only 48
unmatched variables). In conclusion, the external examination
assessment and evaluation based on PMCT/PMCTA is reliable
and almost comparable to autopsy findings. The limitation of
Imaging is the skin or superficial subcutaneous findings like
tattoo, superficial abrasion or laceration wounds which are
better seen during autopsy. For head and neck analysis,
overall we noted a very strong correlation between Rad 1 and
Rad 2 for all 780 variables analysed. This shows a very strong
agreement (0.958) between the radiologists and it is statically
significance. Rad 1 and path showed strong relationship or
correlation with SC of 0.904 and statistically significance. Rad
2 and path showed slightly strong relationship and correlation
with SC of 0.909 and statistically significance. The overall
relationship and correlation for all 3 groups when compared
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showed high SC value of 0.886 (691 matched and only 89
unmatched variables). In conclusion, the head and neck
assessment and evaluation based on PMCT/PMCTA is reliable
and almost comparable to autopsy findings.
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