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About the NMDID Case Study Guides

The New Mexico Decedent Image Database (nmdid.unm.edu) provides access to whole body
postmortem computed tomography (PMCT) images of more than 15,000 decedents, and a rich body of
associated metadata, in support of research and education.

The PMCT scanning was conducted in the course of death investigation and research at the Office of the
Medical Investigator (OMI) at the University of New Mexico, from 2010 to 2017.

These study guides each feature one or two cases from the NMDID. The study guides include a case
description and summary of notable imaging, pathology, and/or anthropology findings, with examples of
findings shown in a few selected CT images. For many cases, corresponding autopsy or anthropology
photos are also shown. Literature references and/or suggested articles for further reading are also
included.

To get the most benefit from each case study guide, the user can request a user account for NMDID
(nmdid.unm.edu/how-to-use), which enables searching of the database. The full image data for a given
case can then be requested from NMDID and (after the request is approved) downloaded to the user’s
computer, allowing the user to scroll through full image sets using a DICOM viewer installed on the
user’s local computer. Viewing the full image dataset will allow the user to get a better idea of the
PMCT appearance of the findings featured in the guide and will also enable the user to view many other
findings that are mentioned (but not illustrated/discussed) in the guide.

(Detailed instructions for accessing NMDID and downloading and viewing images are provided in the
New Mexico Decedent Image Database Webinar Series, archived here: https://forensiccoe.org/nmdid-
webinar-series/.)

There are four Case Study Guides that feature anthropology cases, and four devoted to the topic of
decomposition/post-mortem change at different stages. The remainder of the guides are medical
examiner cases representing a variety of case types (homicide, suicide, accident, and natural) with a
wide variety of findings, many commonly encountered in the medical examiner setting, and some
unusual findings.

For forensic pathologists, radiologists, anthropologists, and other forensic practitioners who are
interested in learning more about the use of PMCT in death investigation and anthropological analysis,
we hope these guides will provide a starting point for learning about the way PMCT may be used for
various case types and the PMCT appearance of some common and some unusual findings.

The following individuals contributed to these study guides: Dr. Yi-Li (Grace) Wong, M.D. (forensic
radiologist), Kethery Haber, MHA RT(R)(CT)(M)(MR) (radiologic technologist), Roberto Maselli, M.D.
(forensic pathologist), Heather J. H. Edgar, Ph.D. (forensic anthropologist), Phoebe Nichols (medical
student), Nicollette Appel (anthropology Ph.D. candidate), Paige Lynch (anthropology Ph.D. candidate),
and Natalie L. Adolphi, Ph.D. (medical physicist).

Natalie L. Adolphi, PhD

Director, Center for Forensic Imaging

New Mexico Office of the Medical Investigator
2022
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NMDID 100017, 100035
Anthropological analysis of a homicide with animal predation

Case Description: Two decedents, one male and one
female, were found in a home.

The male decedent (NMDID 100017) was on top of
the female decedent, supine, fully dressed, between
the wall and a wood stove. There were multiple,
small lacerations on the chest and abdomen of the
male. The fingers and hands were in the early stages
of mummification. The lower abdomen was in the
early stages of decomposition.

The female decedent (NMDID 100035) was supine,
under the male decedent. The body of the female
was intact and fresh from the torso down. The
upper torso was torn away with multiple bone
fragments near the body, and the cranium was near
the stove. The skull was clean with no soft tissue
present. Dog feces were collected from the scene
due to the impression that the dog had eaten some
of the remains.

Autopsy Findings: The pathological diagnosis for the
male decedent is suicide by gunshot wound to the
head. The pathologic diagnosis for the female
decedent is homicide by unspecified means.

There was significant animal predation to the
female’s remains, specifically to the upper half of
the thorax and neck. There was blunt force trauma
to the head with focal contusion and subarachnoid
hemorrhage of the left temporal lobe.

Anthropology Findings: Anthropological trauma
analysis was performed on the cranium, C1, C2, and
additional bone fragments of NMDID 100035. This
analysis determined that there was no observable
evidence of skeletal trauma to these elements
around the time of death.

Imaging Findings: PMCT was performed to examine
dog feces, recovered from the home, in search of
additional bone fragments or other possible
evidence, such as bullet fragments. After review of
the images, feces suspected of containing human
skeletal remains were retained.

Figure 1. Scout image from PMCT of dog feces. Bone
fragments and feces recovered from the scene are on the
left; additional bags of feces received from animal control are
on the right.



X Summary: In this unique case, imaging
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’\' -~ § s fecal material that contained no
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screening only the material that
appeared to have remnants of skeletal
remains.

Figure 2. Skeletal remains from the
female decedent.

Contributors: Nicollette Appel, Heather Edgar, Kethery Haber, and Natalie L. Adolphi



NMDID 100107

Skeletal remains: an unusual case of bilateral fractured fibulae without tibial injury

Case description: A male decedent was found partially buried and wrapped in a blanket. The area was excavated, and
soil was screened as part of the process of collecting the remains. The body within the blanket was in a flexed position

with the legs not completely in the blanket.

Figure. A. Red circles indicate regions of
healed/healing fractures on the right and left
fibulae. B. Thick-slab coronal multi-planar reformat
of the PMCT imaging shows the presence of a bony
callus and incomplete healing of a fibular fracture.

Anthropology Findings: No autopsy was performed due to the
extent of decomposition and skeletonization of remains.
Anthropological analysis was performed for biological profile
and trauma. The individual was estimated to be male, 36-80
years old, 65.5-73.3 inches, and Hispanic or Native American.
There was evidence of perimortem trauma to the cranium.
There was evidence of antemortem trauma to the left and
right fibulae. There were healed fractures on the proximal
portions of the diaphysis. It appeared that the fractures
occurred at the same time and at least six weeks prior to
death, based on the amount of healing. There were no
associated signs of trauma to either the left or right tibiae.
The cause and manner of death remain undetermined.

Imaging Findings: PMCT was used to try to better understand
and interpret the healed fractures of the fibulae. Questions to
address included how long antemortem did these fractures
occur, did they happen at the same time, are there any signs
of infection, and what was the direction of force? Based on
the CT scans it was confirmed that the fractures occurred at
least six weeks prior to death. However, the bilateral
involvement and lack of tibial fractures make this case
atypical. The lack of tibial fractures indicate that the direction
of force was lateral. Additionally, there were no signs of
infection.

Comments: The antemortem trauma present in this case was
quite puzzling due to the trauma to the fibulae being bilateral,
likely simultaneous, and with no tibial involvement. Typically,
when fractures are seen in the lower leg, the tibia and fibula
will have associated trauma or only the tibia will be involved,
because of how the elements are anatomically positioned and
because the tibia is larger. If and when the fibula is fractured
with no tibial involvement, it is likely due to the force coming
from a lateral direction causing the fibula to be in contact with
the force first, and the force not being great enough to also
damage the tibia. Here, since both fibulae are involved, at
approximately the same location, and have the same amount
of healing, the anthropologists were interested to see if any
further information could be gathered using CT imaging. The
bony callus that surrounds a fracture during the process of
healing in turn obscures the original fracture. The CT images
allowed the anthropologists to see the original fracture lines on
both the right and left fibulae. Although this did not ultimately



provide any additional information on the cause of these fractures, it did confirm our previous assumptions on the
timing of the fractures.

Contributors: Nicollette Appel, Heather Edgar, and Natalie L. Adolphi



NMDID 100202

Skeletonized remains with possible tumor

Case Description: A forensic anthropological analysis was performed on human skeletal remains discovered in eastern
Arizona. The investigator reported that a skull, vertebrae, hip, and ribs were found on a property that had not been
occupied in more than two years. The skull was found in the roadway going to the residence. Approximately 15 feet
from the roadway was a shallow grave about 18-24 inches deep. The remains were sealed in a box and transported to
the Office of the Medical Investigator. Additional remains were located 8 months later. The purposes of the
anthropological analysis were to estimate a biological profile of the individual and describe any evidence of trauma to
the skeleton.

Figure: Pathological features of the lower limbs.
A. Anterior surface of the right femur, showing
evidence of a possible tumor; B. Anterior view of
the fused right tibia and fibula; C. Posterior view
of the fused right tibia and fibula. D. CT slice
showing possible tumor on femur highlighted by
the red arrow. Note disruption of the cortex and
lobulated bone in area of expansion. Scale does
not apply to CT slice.

Scientific Findings:

Decedent

The items retrieved from the first scene
response included human hair, three human
cervical vertebrae, one partial human
manual phalanx, and several other small
fragments of human bone. Additional items
included non-human bone. No human
cranium, mandible, or components of the
pelvis were present in the initial analysis. The
remains located later included the skull,
mandible, ossa coxae, sacrum, right femur,
left tibia, right and left fibulae. The remains
were partially skeletonized, and therefore
did have some soft tissue present that
required removal.

Findings

The decedent was estimated to be a male,
probably Hispanic American or Native
American, between 24-60 years old. He was
edentulous, and had skeletal fusion of his
spine, pelvis, and left ankle. There was
evidence suggesting that the decedent may
have had a tumor in the shaft of his right
femur and carnivore scavenging, such as
gnawing and puncture marks, on the ossa
coxae, femur, and tibia. There was no
skeletal evidence of perimortem trauma.

Imaging:

A disruption to the cortex of the right femur in the proximal
third, on the anterior surface, may have been related to a bony
tumor (see Figure). The skeletal element shows only an ovoid
area of cancellous bone that appears superimposed to the
cortical surface. However, the PMCT, obtained prior to
processing the bones, shows an area of bony expansion with
lobulated (rings and arcs) interior and possible disruption of the
cortex.



Comments: The PMCT allowed for a deeper understanding of what was occurring pathologically underneath the surface
of the bone that otherwise would not have visible through visual examination of the physical specimen after processing.

Contributors: Paige Lynch, Heather Edgar, and Natalie L. Adolphi



NMDID 100271, 100609

Human remains (dismembered, charred, encased in concrete) recovered from two sites

Case Description: A forensic anthropological analysis of human skeletal remains was performed. The Office of the
Medical Investigator (OMI) was contacted by law enforcement regarding the location of human remains, which had
been disclosed by a defendant in another case. Based on this information, this set of remains, NMDID 100271, was
suspected to be related to a prior case, NMDID 100609, which had included burned skeletal elements that had not been
identified. In the earlier case, NMDID 100609, the OMI was initially contacted after an unnamed source provided the
location of the remains to law enforcement. The first set of remains was located in a rural area, buried on a hillside near
a forest access road. The field investigator noted that the remains appeared dismembered and that there was a strong
smell of a flammable liquid in the remains, and that only 5-7% of the complete skeleton was recovered. The second set
of remains (NMDID 100271) was located some years later, in a different location, roughly 300 yards from a rural, single
lane highway, in a forested area near a river. At the second site, law enforcement officials had excavated a hole two to
three feet deep and uncovered a plastic, wheeled tool box, tied with wire. Cement was visible inside the tool box
through some cracks. The box was brought in, as-recovered, from the scene. The anthropological analysis was
conducted to recover elements that might be useful in radiographic comparison for identification, to determine whether
NMDID 100271 represented the same individual as NMDID 100609, and to describe evidence of trauma and taphonomic
treatment that occurred as the remains were disposed.

Scientific Findings:
Decedent
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were described as left in the original report. examined to identify areas of the concrete mass

that included voids and unusual shapes,



including a ring shape, in a single portion of the concrete (Figure 2). The CT image data was used to map where these
shapes were located within the concrete mass. Upon further physical examination of this portion of concrete, a single
fibula fragment was found, as well as several objects that accounted for the unusual shapes seen on the CT scans,
including an aluminum grommet in a tarp (which accounted for the ring-shape) and a wrapped cord with adhering
gravel.

In addition, PMCT scans were performed
on a single bone (the right scapula) with
concrete adhered to it, which also came
from the tool box of NMDID 100271.
That CT scan (not shown) indicated the
presence of a round metallic object in
the concrete, possibly a projectile,
adhered to the posterior surface of the
bone. The pathologists and the
anthropologist further broke up the
concrete, using a hammer and chisel, to
enable the smaller fragments to be x-
rayed and scanned again using PMCT
(not shown). The smaller concrete
fragments that appeared to contain

Void around Metacarpal  Bone-shaped void Metal fragments by imaging were
the ring or transferred as evidence.
metatarsal

Viewed with edge enhancement

Figure 2. A CT scan of the concrete mass highlighting voids, including a ring shape, metacarpal or metatarsal, and an
unidentified bone shape.

Comments: When human remains are fragmented, they may also be mixed with, or encased in, other materials, e.g.,
soil, rocks, concrete, broken glass, metal, plant materials, cloth, plastic, or even feces (in cases involving animal
predation of remains). PMCT can be helpful in these cases by providing a means to document the remains and other
materials gathered from the scene in their “as-received” state, and imaging can help guide the process of physically
searching through large quantities of mixed debris, a process which may be destructive. In this case, the large amount
of concrete in the toolbox was particularly challenging, due to the size, and weight, requiring the tool box to be emptied
prior to scanning the contents. Using CT to screen the large concrete chunks, and determine where objects of potential
interest were located within, was helpful in reducing the time and physical labor involved in recovering remains and
evidence from this difficult material. Even after breaking select regions of the concrete chunks into even smaller pieces,
all of the fragments were still coated with mortar, and imaging proved useful for differentiating mortar-coated metal
fragments from rock, as they could not be distinguished visually.

We note that the CT reconstructions were performed with the extended Hounsfield Unit (HU) option selected. This
option extends the CT gray scale up to a maximum value of 32,000, rather than the conventional maximum of 3000. The
extended HU scale, combined with using a higher than normal window level setting in the image viewer, were utilized to
improve the image contrast between the densest materials, in this case bone, concrete, rocks, and metal fragments.!

Reference:
1. Paulis LE, Kroll J, Heijnens L, Huijnen M, Gerretsen R, Backes WH, Hofman PAM. Is CT bulletproof? On the use of
CT for characterization of bullets in forensic radiology. Int J Legal Med. 2019 Nov;133(6):1869-1877. doi:
10.1007/s00414-019-02033-0. Epub 2019 Mar 26. PMID: 30911839; PMCID: PMC6811383.

Contributors: Paige Lynch, Heather Edgar, and Natalie L. Adolphi



NMDID 193948
Progression of decomposition on PMCT Part 1: No decomposition (fresh)

Case Description: A 30-year-old male with a known past medical history of illicit drug abuse was found lying face-down
on a bed in a motel. A possible injection site on the left antecubital fossa with no other external signs of trauma were
noted.

Imaging Findings: Livor mortis shown on PMCT as areas of higher attenuation (bright). High attenuation present due to
increased hemoconcentration in the aortic wall and major vessels of the heart. High attenuation present in the superior
sagittal sinus and transverse sinus. Thickening and increased attenuation of the dependent skin and subcutaneous fat.
No other postmortem changes noted.

CT Figures: (A) and (B) High attenuation due to fluid settling
(arrows) in the heart and large caliber venous system. (C)
Abdomen has not yet distended from putrefaction, showing no
decompositional changes. (D) Lungs and heart are in place with no
signs of decompositional changes. (E) High attenuation present in
the superior sagittal sinus (red arrow) and transverse sinus (blue
arrow); ventricles of the brain visible (green arrow). (F) Abdominal
organs and tissues in place, with no signs of decompositional
change.

Pathology Findings: Autopsy revealed the body of a male with no signs of decompositional changes save for Tardieu
spots on the neck, upper chest, and upper arms. Rigor mortis was receding with fixed purple livor mortis extending over
the anterior and posterior aspects of the body except for areas exposed to pressure. No injuries or significant natural
disease were noted, but there was a recent needle puncture wound of the left antecubital fossa with a surrounding %
inch contusion noted that corresponded to the history of illicit drug abuse. Toxicology of the blood showed the
metabolic products of heroin and cocaine.



(G)

Autopsy Figures: (G) and (H) Fixed purple livor mortis extending over anterior portions of the face, neck, chest, and
abdomen (blue arrows) with areas of blanching (red arrows) due to pressure. (I) Tardieu spots present on the upper
right chest (red arrow)

Comments: In just minutes after death, the body begins the process of decomposition, the gradual breakdown of the
body via various mechanisms, such as autolysis, putrefaction, insect activity, and animal predation. Rigor mortis
(stiffening of skeletal muscles) and algor mortis (equilibration of the body’s temperature with the ambient temperature)
are not evident on PMCT, but they can help interpret time of death. Livor mortis, the settling of blood in gravity-
dependent portions of the body, is the earliest postmortem change that occurs throughout the entire body, including
the tissues and organs, appearing as reddish-purple cutaneous patches that become fixed and unmovable over time.
Distribution of livor mortis is dependent upon positioning of the body, and the patches blanch with pressure. On PMCT,
livor mortis appears as areas of increased attenuation (bright) in organs, vasculature, and tissues due to differences in
hemoconcentration as blood separates into serum and erythrocytic components through the hematocrit effect. This
attenuation, and potential fluid-fluid level, are easily observed in gravity-dependent portions of large caliber
arteries/veins, the cardiac chambers, the posterior dural sinuses, and the lungs. The dependent subcutaneous fat and
dermis also show increased attenuation as well as thickening. In autopsy, the color, fixation, and distribution of livor
mortis can help determine if the body was repositioned after death, and coloration should always be differentiated from
bruising or hemorrhage. Livor mortis may be mistaken for thrombosis in the vasculature or as pulmonary consolidation
in the lungs, so evaluation of supportive findings and abnormalities from autopsy and CT scans, which help visualize
anatomic structures, injury patterns, and foreign bodies, will be helpful to differentiate pathologic processes from livor
mortis.

Further Reading/Reference:

Levy AD, Harcke HT, Mallak CT. Postmortem imaging: MDCT features of postmortem change and decomposition. Am J
Forensic Med Pathol. 2010 Mar;31(1):12-7. doi: 10.1097/PAF.0b013e3181c65ela. PMID: 20010292.

Contributors: Phoebe Nichols, Yi-Li Grace Wong, Roberto Maselli, and Natalie L. Adolphi



NMDID 174675 (Case A) and 119043 (Case B)
Progression of decomposition on PMCT Part 2: Early Decomposition (bloat)

Case Description A: A 31-year-old male paralyzed from the waist down from a past car accident was found cold and
unresponsive in bed with his hands above his head and bloody purge coming from his mouth and nose. He had been
hospitalized approximately 1 month prior for a possible bowel obstruction. Oxycodone, marijuana, and alcohol were
present in his room. The decedent was last known alive 9 hours prior.

Imaging Findings Case A: PMCT displays early signs of decomposition. Evidence of cerebral autolysis present with gas
present in the vasculature, a decrease in the grey-white matter junction, and a decrease in cerebral attenuation (bright).
Putrefactive gas present in the intestines and intestinal walls with abdominal distension is noted. Intravascular gas is
noted in the heart and systemic vasculature.

Fig. 1 (Case A): (1A) Distension of intestines and intestinal walls due to putrefactive gas (red arrow). (1B) Intravascular
gas present in the systemic vasculature (red arrows). (1C) Gas present in the heart chambers (red arrow). (1D) Cerebral
autolysis with putrefactive gas present in the vasculature (red arrows), decrease in cerebral attenuation (blue arrow).
(1E) Purple livor mortis present over the back with areas of blanching due to pressure (red arrows). Abdomen is
distended due to putrefactive gas present in the intestines (blue arrow).

Pathology Findings Case A: Autopsy revealed the body of a male in a mild state of decomposition with fixed rigor mortis.
Purple liver mortis was present, but no major decompositional changes were noted to the body or organs save for
abdominal and genital distension. Mild fatty infiltrations of the liver were noted, and postmortem toxicology studies
revealed a toxic to lethal concentration of oxycodone along with moderate concentrations of caffeine, diazepam with its
metabolites, and marijuana.

Case Description B: A 30-year-old male with a past medical history of Hepatitis C, obesity, and illicit drug use was found
face-down in his bedroom. He was found on his knees with his face and upper chest pressed into the floor. Decedent
was released from jail approximately 2 weeks before death and was last known alive approximately 1 day prior. Drug
paraphernalia was found at the scene.



Imaging Findings Case B: PMCT displays putrefactive gas present in the intestines and intestinal walls with abdominal
distension noted. Diffuse intravascular gas noted in the portal venous system and systemic vasculature.

Fig. 2 (Case B): (2A) Distension of intestines and intestinal walls due to presence of putrefactive gas (arrow). (2B)
Intravascular gas noted in the portal venous system (red arrow) and systemic vasculature (blue arrow). (2C) Purple-pink
livor mortis extending over the chest, arms, and abdomen, with areas of blanching due to pressure (arrows).

Pathology Findings Case B: Autopsy revealed the body of a male in a mild state of decomposition with rigor mortis
present. Fixed purple-pink livor mortis was noted to extend over the anterior surfaces of the body except in areas
exposed to pressure. Evidence of splenomegaly, chronic hepatitis C, pulmonary edema/congestion, scarring over veins
of the left arm, and a recent needle puncture mark of the left hand correspond to the history of acute/chronic injection
drug use. Cardiomegaly, hypertension, and obesity were also noted. No decompositional changes were noted to the
body or organs. Toxicology of the femoral blood showed the presence of morphine and ethanol.

Comments: In the early stages after death, the body begins to undergo its first structural changes that are visible on CT
with correlates in autopsy. The first sign of decompositional change is usually cerebral autolysis (the progressive self-
destruction of the brain) which begins within 24-48 hours after death. On CT, cerebral autolysis appears as an overall
decrease in attenuation of the brain with blurring/loss of definition of the grey-white matter junction and effacement of
the sulci and ventricles; in autopsy, this change is correlated with brain tissue that is soft but macroscopically normal
upon examination. As the body continues to decompose, the intestinal bacteria begin to break down the intestines,
leading to putrefactive gas accumulation in the tissues and vasculature. On CT, this gas is observed first in the intestinal
wall (intramural gas) and the portal venous systems (intravascular gas), which can be identified on CT images as areas of
lucency (dark; decreased attenuation) in normally attenuated areas. In autopsy, the accumulation of this putrefactive
gas within the intestines is often grossly visible in the abdomen and is correlated to focal changes in the color of the skin.
Putrefactive gas may be mistaken for pathologic gas collections, such as air embolisms or pneumothorax. While
asymmetric/focal gas collections correlate to pathology, injury, or focal/asymmetric decomposition, putrefactive gas is
correlated to symmetrical gas accumulation throughout the entire body. Focal areas of accelerated or decelerated
decomposition are not uncommon as the rate of decomposition is affected by many variables, including body size,
ambient temperature, trauma, location of the body, clothing, and insect activity or animal predation, so careful analysis
of the CT scans, investigative reports, and autopsy findings will help to differentiate between normal decompositional
changes and pathological changes.

Further Reading/References:

Levy AD, Harcke HT, Mallak CT. Postmortem imaging: MDCT features of postmortem change and decomposition. Am J
Forensic Med Pathol. 2010 Mar;31(1):12-7. doi: 10.1097/PAF.0b013e3181c65ela. PMID: 20010292.

Contributors: Phoebe Nichols, Yi-Li Grace Wong, Roberto Maselli, and Natalie L. Adolphi.



NMDID 107508
Progression of decomposition on PMICT Part 3: Moderate Decomposition (active decay)

Case Description: A 30-year-old male in a state of moderate decomposition found prone in the bathroom with one leg
on either side of the toilet and bloody purge present. A note was found, but no past medical history of depression or
thoughts of suicide were noted. He was identified using dental records as he was not able to be visually identified due to
discoloration, bloating, and skin slippage.

Imaging Findings: PMCT displays cerebral settling to the dependent portion of the calvarium with diffuse putrefactive
gas present in the non-dependent calvarium and vasculature. Gaseous distension of the facial soft tissues is noted.
Visceral and subcutaneous gas is present through all tissue planes, vasculature, and visceral organs. Small amounts of
cavity fluid and gas are present. The lungs and heart have partially collapsed into the gravity-dependent portions of the
chest.

Fig.1 PMCT Images: (A) Visceral and subcutaneous gas
present (red arrows) with a small amount of gas/fluid in
retroperitoneal spaces (blue arrows). (B) Collapsed lungs and
heart with gas filling the chest cavity. (C) Visceral and
subcutaneous gas present in all tissue planes and visceral
organs (arrows). (D) Cerebral settling (red arrow) in the
dependent portion of the calvarium and putrefactive gas
present in the non-dependent portions of calvarium (blue
arrows).

- IHF.

- B

Pathology Findings: Autopsy revealed the body of a male in a moderate state of decomposition with no rigor mortis
present. Livor mortis was dark red in color and fixed to the anterior surfaces of the body. Evidence of moderate
decomposition changes includes bloating of the face, torso, and genitalia; green/purple discoloration of the skin with
focal skin slippage, and malodorous purge present in the mouth and nose. The abdomen was notably distended due to
intestinal gas buildup. Organs were noted to be soft and partially autolyzed with decompositional changes noted to all
organs. No injuries or significant natural disease were noted, and toxicology of the liver revealed no ethanol or drugs of
abuse.



Fig. 2: (E) Bloating of the face with green-purple discoloration (red arrow) of the skin and focal skin slippage (blue
arrow). (F) Livor mortis present to the distal fingers and palm with discoloration of the hand. (G) Bloating of the torso
(green arrow) with focal skin slippage (red arrows) and marbling of the skin of the left arm (blue arrows).

Comments: In the moderate stages of decomposition, the body begins to display signs of decomposition throughout the
tissues and organs, and due to external changes, the decedent becomes harder to visually identify. As cerebral autolysis
continues, the softening brain begins to settle into the gravity-dependent portion of the calvarium while the non-
dependent portions fill with gas. On CT, the brain will display decreased attenuation, the grey-white matter junction is
no longer visible, and the sulci and ventricles have become further effaced. In autopsy, the brain will be soft and partially
autolyzed, and will often display visual discoloration. As putrefactive decomposition continues, gas will enter all vascular
structures, anatomic spaces, and body cavities, and body cavities may also contain small amounts of putrefactive fluid or
liqguefied fat. Subcutaneous and visceral gas becomes more prominent as time after death increases. On CT, the gas
accumulations are normally symmetrically distributed throughout the body and are identified as areas of lucency (dark)
in normally attenuating (light) areas. In autopsy, all organs will be soft and partially autolyzed, but the visceral organs
will be recognizable as they will be normal in shape and contour. Externally the decedent will have become harder to
visually identify due to decompositional changes such as bloating of the face, torso, and genitalia; skin slippage;
discoloration of the skin (usually green and/or purple in coloration); and cutaneous marbling (greenish-blue
discoloration of the skin due to the putrefaction of erythrocytes in the superficial vasculature). Focal areas of
accelerated or decelerated decomposition are not uncommon as the rate of decomposition is affected by many
variables, including body size, ambient temperature, trauma, location and positioning of the body, clothing, and insect
activity or animal predation; therefore, careful analysis of the CT scans, investigative reports, and autopsy findings will
help to differentiate between normal decompositional changes and pathological changes. In addition, decomposition
can obscure relevant soft tissue findings, such as wounds or injuries from trauma, limiting the utility of CT scans for
assessing these findings.

Further Reading/References:

Levy AD, Harcke HT, Mallak CT. Postmortem imaging: MDCT features of postmortem change and decomposition. Am J
Forensic Med Pathol. 2010 Mar;31(1):12-7. doi: 10.1097/PAF.0b013e3181c65ela. PMID: 20010292.

Contributors: Phoebe Nichols, Yi-Li Grace Wong, Roberto Maselli, Natalie L. Adolphi



NMDID 158907
Progression of decomposition on PMICT Part 4: Advanced Decomposition (skeletonization)

Case Description: A 28-year-old male was found in an advanced state of decomposition lying face-down on a dirt road in
the desert. His clothing was found scattered around the area, and he was unable to be visually identified due to
advanced decomposition.

Imaging Findings: PMCT displays cerebral liquefication with a fluid level and putrefactive gas filling the non-dependent
space of the calvarium. Gas present through all tissue planes. Diffuse subcutaneous, mediastinal, and visceral gas noted
with visible organ collapse present in the chest and abdomen. Fluid and gas noted in the dependent recesses of the
peritoneum with gas in all peritoneal and retroperitoneal organs and tissues. Partial skeletonization noted to the right
face.

Fig. 1: PMCT Images (A), (B), and (C) Diffuse subcutaneous, mediastinal, and visceral gas (red arrows) throughout all
tissue planes with visible organ collapse in the chest and abdomen (blue arrows). (A) Fluid and gas in the
retroperitoneum (yellow arrows). (B) and (C) Gas filled chest cavity (green arrow). (D) Cerebral liquefaction and settling
to the dependent portion of the calvarium (red arrow) to create a fluid-level (green line) with gas filling the non-
dependent portions of the calvarium (blue arrow). (E) Loss of soft tissue to the right face (red arrows) with decomposing
tissue attenuation (blue arrows).

Pathology Findings: Autopsy revealed the body of a male in an advanced state of decomposition with partial
mummification of the left face, body, and extremities, and skeletonization of the right face. The skin of the anterior
portion of the upper legs, chest, and abdomen displayed a white-green, waxy appearance while the anterior right upper
arm, hand, and left forearm displayed maceration. Multiple smooth defects ranging from 1/4 to 4-1/2 inches were
present in the tissue of the left upper arm that exposed the underlying humerus. Maggots and beetles were present
with evidence of increased activity in the tissue of the neck, anterior right shoulder, left abdomen, left hand, anterior
lower legs, and scalp. Visceral organs able to be identified showed extensive decomposition and postmortem change,
most having lost significant mass and attained a paste-like consistency; the eyes are missing due to postmortem change.



Toxicology testing of the femoral blood showed no evidence of drug use, but a low ethanol level was detected. No
evidence of significant natural disease or injuries was present to explain death.

Figure 2: Autopsy Photos (F) Skeletonization of the right face (red arrow) and partial mummification of the left face
(blue arrow). (G) Partial mummification of the torso and extremities (red arrows). (H) Exposure of the left humerus (red
arrow) due to smooth defects (blue arrows). (l) and (J) Decomposed visceral organs of the abdomen and chest cavities
(red arrows).

Comments: In the advanced stages of decomposition, the body displays signs of decomposition throughout the entire
body, and visual identification is nearly impossible due to significant external changes, such as skeletonization. At an
advanced stage of cerebral putrefaction, the brain reaches complete cerebral liquefaction, creating a fluid-level within
the calvarium. On CT, the brain will display a fluid-level in the gravity-dependent portions of the calvarium with
attenuation (bright) like that of water, and the rest of the calvarium will be filled with putrefactive gas. In autopsy, the
brain will be completely liquefied with no recognizable anatomical features and has gained a paste-like consistency.
Putrefactive gas is present throughout all tissue planes as connective tissues and organs collapse. The abdominal and
chest cavities fill with gas as the organs lose their recognizable shapes and appearances, collapsing and liquefying in the
gravity-dependent portions of the body, and putrefactive fluid is often seen in the dependent portions of the body. On
CT, the gas accumulations are symmetrical throughout the body and are identified as areas of lucency (dark) in normally
attenuated areas. In autopsy, the collapse of the organs makes them difficult to identify, and the breakdown of tissue
can obscure soft tissue findings, such as wounds or injuries from trauma that may have contributed to the cause of
death, limiting the diagnostic utility of CT scans for visualizing anatomic structures, injury patterns, and foreign bodies.

Insect activity and animal predation can provide further information about the location of the body at death, if the body
has been moved after death, and narrow down time of death, but these external changes can be easily mistaken for



pathology or injury when interpreting CT scans. Maggots are attracted to moist areas of decomposing bodies, such as
mucous membranes, and on CT they are visualized as linear/curvilinear soft tissue or surface irregularities. They are
often found in the face or head of decomposing bodies, or in open wounds where they can obscure injury patterns.
Animal predation can cause increased postmortem injuries to the body and obscure antemortem injury patterns, but
animal predation makes identification especially challenging in cases where the body has become skeletonized due to
increased scattering of the remains. Complete and partial skeletonization is common in most bodies, and this can further
obscure injuries or evidence for cause of death as well as limit identification as the tissue disappears. On CT,
skeletonization is identified by areas of bone without surrounding attenuation due to advanced tissue decomposition,
and in autopsy the skeletonized areas will have bone open to the air and can have some desiccating tissue present.
Rather than undergoing decomposition/skeletonization, in dry environments mummification (drying and preservation of
the skin) can occur due to decreased bacterial growth. In moist environments, including graves, vaults, and crypts, a
body may undergo adipocere formation (fat in the body coalesces into a waxy substance that preserves subcutaneous
tissues and portions of internal organs) rather than decomposing and becoming skeletonized. On CT, adipocere has low
attenuation and often coexists with normal putrefactive decomposition, so scans can show partial or fully decomposed
organs surrounded by adipocere. In autopsy, adipocere is often grey-white in color and has a waxy appearance, often
occurring in the subcutaneous fat of the body, but it can be seen in other fat deposits. Mummification and adipocere
formation can preserve injuries due to preservation of the soft tissues, but as mummification, adipocere formation, and
skeletonization are not uniform, these changes may also make interpretation of CT scans and autopsy findings more
difficult.

Further Reading/References:

Levy AD, Harcke HT, Mallak CT. Postmortem imaging: MDCT features of postmortem change and decomposition. Am J
Forensic Med Pathol. 2010 Mar;31(1):12-7. doi: 10.1097/PAF.0b013e3181c65ela. PMID: 20010292.

Contributors: Phoebe Nichols, Yi-Li Grace Wong, Roberto Maselli, and Natalie L. Adolphi



NMDID 100467

Sigmoid malignancy on PMCT

Case description: An 88-year-old female with multiple comorbidities (hypertension, hyperlipidemia, atherosclerotic
cardiovascular disease, end stage renal disease, anemia, and remote cervical cancer) had a fall resulting in left chest
hematoma and hip fracture, the latter surgically repaired. She was discharged to a rehabilitation facility but developed
joint infection and lower extremity deep vein thrombosis treated with anticoagulants. After initiation of treatment, her
left chest swelling became acutely worse, and she developed abdominal discomfort. She was later found unresponsive in

her hospital bed.

Imaging Findings: A short segment, eccentric sigmoid colon wall thickening up to 1.2 cm with intraluminal narrowing was
seen with surrounding pericolonic fat stranding, representing either inflammation or infiltration. There were no enlarged
regional pericolonic nodes seen in this study. Other findings included a left chest wall hematoma, cerebral atrophy,
coronary, aortic and major branch calcifications, renal cysts, bilateral pleural collections, and an IVC filter.

Fig 1: PMCT images in (a) axial and (b) sagittal planes showing short segment, sigmoid colon wall
thickening corresponding to the sigmoid adenocarcinoma found at autopsy.

Fig 2: Autopsy shows abundant frank blood
and melena and an ulcerated mass with
surrounding induration in the sigmoid colon

Pathology Findings: In addition to a large left chest wall hematoma
and natural disease concurring with her medical history, there was
also evidence of significant gastrointestinal blood loss from
numerous ulcers and advanced stage colon carcinoma. A2 x 1.5 cm
ulcerated mass with surrounding induration in the sigmoid colon
with abundant intraluminal frank red blood and melena were
present. Approximately 1 L of blood intestinal contents were found
in the small and large intestine combined. Microscopic examination
confirmed invasive adenocarcinoma with chronic inflammation and
desmoplastic stromal response within the bowel wall. The cause of
death was combined effects of chest wall hematoma and acute
gastrointestinal hemorrhage, and the manner of death categorized
as accident.

Comments: In clinical radiology, CT and MRI are used for staging of
colon carcinoma. In this case, the sigmoid tumor is shown as a short

segment irregular sigmoid bowel wall thickening causing luminal narrowing which corresponded to autopsy findings.
However due to limited soft tissue contrast, the intraluminal hemorrhage was not well visualized on PMCT. The lack of



distension of bowel can also cause these tumors to be overlooked. Pericolonic fat stranding can either represent adjacent
edema, inflammation, or extramural extension with an accuracy range between 60-80%. Regional nodal evaluation may
not be as reliable on PMCT as compared to PMMR.

Further Reading:

Liu LH, Lv H, Wang ZC, Rao SX, Zeng MS. Performance comparison between MRI and CT for local staging of sigmoid and
descending colon cancer. Eur J Radiol. 2019 Dec;121:108741. doi: 10.1016/j.ejrad.2019.108741. Epub 2019 Nov 10.
PMID: 31743882.

Contributors: Yi-Li Grace Wong, Kethery Haber, Roberto Maselli, and Natalie Adolphi



NMDID 101358

Perforating Gunshot Wound of the Head on PMCT

Case description: A 21-year-old male was found dead in a motor home with a large pool of blood on and around the body
and a handgun found under his body. There was a note expressing suicidal intent on a table inside the motor home.

Imaging Findings (Fig 1):

Fig 1: PMCT (a) 3D-volumetric reconstruction, (b) Sagittal view, bone reconstruction, (c) Axial view,
bone reconstruction, demonstrating the entrance wound with internal beveling (red arrows) and exit
wound (blue arrows) with external beveling and skull fragments displaced externally. (d) Axial view,
brain window shows associated injuries of the gunshot wound, i.e. pneumocranium (orange) and
hyperdense subarachnoid hemorrhages (yellow arrow). The trajectory of the bullet track can be
inferred by following the linear path of air pockets and intracranial bone fragments back to front,
slightly upwards and slightly towards the right.

Pathology Findings (Fig 2): A contact range gunshot wound with entrance at the midline occipital scalp, consisted of a
1/4-inch round defect with a circumferential, 1/8-inch, dark red marginal abrasion and radiating lacerations extending

from the 2 o'clock (1/2 inch), 8 o'clock
(1/2 inch), 9 o'clock (1/4 inch), and 10
o'clock (1/2 inch) positions. The
underlying skull showed internal
beveling. The exit was on the right
frontal scalp, centered approximately
3/4 inches below the top of the head
and 1 inch right of anterior midline,
with a 1x1 inch stellate laceration
without  marginal abrasion. The
underlying skull showed external
beveling, and 3 irregular skull
fragments laid within the laceration.
Associated injuries included radiating
skull fractures extending from the

f
O

Fig 2: Autopsy photos showing the (a) entrance wound & the (b) exit
wound.

entrance and exit defects and lacerated brain matter. The wound track travelled from back to front, left to right, and
upward. There was a small amount of fine blood spatter on the dorsal aspect of the right hand. Cause of death was a
perforating gunshot wound of the head. Manner of death was classified as suicide.

Comments: PMCT complements autopsy findings with documentation of salient findings of gunshot wounds such as the
identifications of entry and exit wounds, bullet pathways, bullet/fragments clouds, and associated fractures and injuries.
Entry and exit sites are particularly identifiable in gunshot wounds of the head, characterized by internal and external



beveling of bones respectively; however, superficial findings and range of fire are best assessed through physical external
examination. Three-dimensional techniques further enhance the ability of imaging to reconstruct the likely mechanism of
death, which may influence the determination of the manner of death, e.g., homicide vs. suicide. Note, however, that
large retained metallic projectiles can cause streak artifacts on PMCT, obscuring assessment of surrounding soft tissues.

Further reading:

1. Peschel O, Szeimies U, Vollmar C, Kirchhoff S. Postmortem 3-D reconstruction of skull gunshot injuries. Forensic
Sci Int. 2013 Dec 10;233(1-3):45-50. doi: 10.1016/j.forsciint.2013.08.012. Epub 2013 Aug 18. PMID: 24314500.

2. Kirchhoff SM, Scaparra EF, Grimm J, Scherr M, Graw M, Reiser MF, Peschel O. Postmortem computed tomography
(PMCT) and autopsy in deadly gunshot wounds--a comparative study. Int J Legal Med. 2016 May;130(3):819-26.
doi: 10.1007/s00414-015-1225-z. Epub 2015 Jul 9. PMID: 26156451.

Contributors: Yi-Li Grace Wong, Kethery Haber, Roberto Maselli, and Natalie Adolphi



NMDID 101843
Traumatic hemothorax, hemopericardium, and hemoperitoneum on PMCT

Case description: An 82-year-old male with unknown medical history was involved in a high-speed motor vehicle accident.
Upon arrival to emergency department, he was in an agitated state, sedated and resuscitated, but decompensated with
cardiac arrest and died 1 hour after the accident. The PMCT was performed 15 hours after death.

Imaging Findings: Other than bilateral anterolateral displaced rib fractures, possibly due to resuscitation efforts, no other
fractures were seen. PMCT revealed hemopericardium causing cardiac tamponade, bilateral hemothoraces, and
hemoperitoneum at the perihepatic and perisplenic regions and pelvis. There was evidence of natural disease with
generalized brain atrophy, atherosclerotic calcifications along large- and medium-sized arteries, and perinephric fat
stranding with renal cysts.

Axial slices of the (a) Lung bases showing hemopericardium (green arrow), bilateral hemothoraces (red arrow) and
anterolateral rib fracture (orange arrow); Postmortem intravascular layering is also noted in the larger vessels, such
as the descending thoracic aorta in this image (b) Hemoperitoneum at perihepatic and perisplenic regions and (c)
Hemoperitoneum at the pelvis with hypodense layering at the non-dependent areas and hyperdense layering at the
dependent areas.

Pathology Findings: External examination revealed abrasions and contusions of the face, trunk, and extremities. There
was evidence of resuscitation. Livor and rigor mortis were fully fixed. There were no signs of decomposition otherwise.
The cause of death was blunt trauma, and the manner of death was accident.

Comments: Hypodense and hyperdense fluid layering are seen in both antemortem and postmortem cases and represent
serum (at non-dependent areas) and denser cellular elements of blood (at dependent areas) respectively. In living
patients, this is described as the “hematocrit effect” which is often associated with coagulopathy or anticoagulation
therapy. Layering can also be interpreted as re-bleeding into an older bleed in certain cases, such as in brain subdural
hemorrhages, but does not fit the history, timeline and the pattern of blood collections in this case, i.e. pericardial, thoracic
and peritoneal cavities with evidence of external injuries at these areas. Resuscitation efforts likely caused the
anterolateral rib fractures. In postmortem CT, intravascular layering can often be found as a result of post mortem
sedimentation due to gravity dependent hemoconcentration when circulation stops, most prominent in larger vessels
such as the pulmonary arteries and aorta. Loss of osmotic pressure support within the vascular system causes serum and
and electrolytes to leak out into extravascular spaces with increased hematocrit at dependent areas.

Further reading:

1. Hematocrit effect:https://radiopaedia.org/articles/haematocrit-effect?lang=us

2. Lubner M, Menias C, Rucker C, Bhalla S, Peterson CM, Wang L, Gratz B. Blood in the belly: CT findings of
hemoperitoneum. Radiographics. 2007 Jan-Feb;27(1):109-25. doi: 10.1148/rg.271065042. PMID: 17235002.

3. Cox M, Bisangwa S, Herpich F, Crudele A, Pineda C. Fluid levels in the bleeding brain: a marker for coagulopathy and
hematoma expansion. Intern Emerg Med. 2017 Oct;12(7):1071-1073. doi: 10.1007/s11739-017-1604-1. Epub 2017
Jan 13. PMID: 28091838.



4. Jackowski C, Thali M, Aghayev E, Yen K, Sonnenschein M, Zwygart K, Dirnhofer R, Vock P. Postmortem imaging of
blood and its characteristics using MSCT and MRI. Int J Legal Med. 2006 Jul;120(4):233-40. doi: 10.1007/s00414-005-
0023-4. Epub 2005 Nov 19. PMID: 16328426.

Contributors: Yi-Li Grace Wong, Kethery Haber, Roberto Maselli, Natalie L. Adolphi



NMDID 104091

Dilated ventricles: Cerebral atrophy v. normal pressure hydrocephalus (NPH)

Case description: A 61-year-old female with a past medical history of diabetes mellitus was found unresponsive on the
floor of her residence with potted plants knocked over. No foul play was suspected.

Imaging Findings: Coronary artery, aorta, and mitral valve calcifications were seen. In the brain, there were prominent
ventricles proportionate to sulcal prominence. No large segmental infarcts, intracranial bleed, skull nor facial bone
fractures were seen. There was a healed left posterolateral 10*" rib fracture, but otherwise no acute bone fractures.

PMCT Brain (a) Axial and (b) Coronal - views demonstrated symmetrically dilated
bilateral lateral ventricles proportionate to sulci prominence. Evan’s Index (A/B) was
0.32 (blue arrows), callosal angle was 148° (red lines) and there was minimal
periventricular hypoattenuation (green arrows).

Pathology Findings: External examination revealed an obese woman with body mass index of 31 kg/m?, few minor
abrasions and contusions at the left cheek, forehead, and lower extremities. Correlating scene investigations, medical
history, PMCT and external examination findings, the cause of death was certified as atherosclerotic cardiovascular disease
and the manner of death, natural.

Comments: Cerebral atrophy is commonly seen in asymptomatic elderly people, Alzheimer’s disease or the sequelae of
brain insults, e.g., stroke or traumatic injuries. Compensatory dilatation of ventricles (also termed hydrocephalus ex-
vacuo) occurs due to loss of brain volume, but intracranial pressure and cerebrospinal fluid (CSF) flow are constantly
normal. Normal pressure hydrocephalus (NPH) is characterized by the clinical triad of gait disturbance, dementia, and
urinary incontinence. NPH is a misnomer because there are intermittent increases in CSF in the ventricular system due to
flow impairment distal to the 4™ ventricle’. 50% are idiopathic but other causes include meningitis, subarachnoid
hemorrhages and cranial trauma. If left untreated, NPH can progressively worsen and directly or indirectly cause death.
Deaths due to cerebrovascular disease or dementia are more common in NPH patients compared to controls?. Mortality
in operated NPH patients was found to be 1.8 times higher compared to general population?. Imaging features of NPH
that differentiate it from cerebral atrophy include ventricular enlargement disproportionate to cerebral atrophy (Evan’s
index > 0.3 cm), callosal angle between 40-90°, enlarged Sylvian fissures and basal cisterns, and ballooning of frontal
horns®. In this case, Evan’s index was slightly above the normal cut-off value, but the callosal angle was still normal.
Ventricular prominence was proportionate to sulci prominence, and there was not significant periventricular hypodensity,



i.e., acute CSF, seen in this case. Hence, this case was more likely to be compensatory ventricular dilation due to cerebral
atrophy. To note, MRI more accurately defines the extent of periventricular CSF compared to CT, in addition to
demonstrating other detailed features of NPH, such as corpus callosal thickening and elevation, hippocampal atrophy, and
aqueductal/4t" ventricular flow void.

Further reading and references:

1. Damasceno BP. Neuroimaging in normal pressure hydrocephalus. Dement Neuropsychol. 2015 Oct-Dec;9(4):350-355.
doi: 10.1590/1980-57642015DN94000350. PMID: 29213984; PMCID: PMC5619317.

2. Andrén K, Wikkelsg C, Sundstrom N, Israelsson H, Agerskov S, Laurell K, Hellstrom P, Tullberg M. Survival in treated
idiopathic normal pressure hydrocephalus. J Neurol. 2020 Mar;267(3):640-648. doi: 10.1007/s00415-019-09598-1.
Epub 2019 Nov 11. PMID: 31713102; PMCID: PMC7035239.

Contributors: Yi-Li Grace Wong, Kethery Haber, Roberto Maselli, Natalie L. Adolphi



NMDID 112978

Large intraparenchymal, intraventricular, and subarachnoid hemorrhages

Case description: A 59-year-old male with history of hypertension and dysphagia did not show up at work and was found
dead on the floor of his residence.

Imaging Findings: PMCT demonstrated a large left intraparenchymal hemorrhage with the epicenter at the left basal
ganglia [size: 10.4 x 4.4 x 6.5 cm (anteroposterior x width x craniocaudal length) extending to frontal, parietal, and
temporal lobes, with intraventricular and subarachnoid extensions]. There were surrounding perilesional edema and mass
effect as evidenced by midline shift of 1.2 cm to the right, and effacement of left lateral ventricles and surrounding sulci.
The 3™ ventricle was also compressed causing right lateral ventricle dilatations with hemorrhage within. There were no
PMCT signs of head trauma nor fractures elsewhere. Additional natural findings included abundant calcifications of the
aorta, coronary arteries, and Circle of Willis.

|

PMCT Brain in (a) Axial and (b) Coronal views demonstrated a large left basal ganglia
intraparenchymal hemorrhage (green arrows) with intraventricular (blue arrows) and
subarachnoid (red arrows) extensions of bleed, diffuse cerebral edema and mass effect with
midline shift to the right (yellow arrows), compression of third and left lateral ventricles
causing dilatation of the right ventricles with blood product (blue arrows) within.

Pathologist Findings: External examination showed no traumatic injuries that contributed to death. The cause of death
was certified as hypertensive intracerebral hemorrhage. The manner of death was classified as natural.

Comments: PMCT clearly demonstrated the location, size/volume, extension, and mass effect of the large
intraparenchymal hemorrhage (IPH) as a direct cause of death. There were no subgaleal hematomas or skull vault fractures
that indicated trauma. Other conditions to consider in intraparenchymal hemorrhages include bleeding disorders, cerebral
amyloid angiopathy, anticoagulant medications and chronic alcoholism®. Classical locations for hypertensive bleeds
include the basal ganglia, thalamus, pons, and cerebellum. There was also subarachnoid hemorrhage characterized by
hyperdensities along the sulci on PMCT in close vicinity to the IPH; caused by bleeding between the pia and the arachnoid
membranes, as well as intraventricular hemorrhage, both of which can be associated with aneurysmal (often at
perimesencephalic location) or arteriovenous malformation ruptures, more common in non-hypertensive and/or younger
patients 23. When these are highly suspected, PMCTA (angiography) can be considered to enable visualization of
intracranial vessels.



Further reading and references:

1. Ritter MA, Droste DW, Hegedis K, Szepesi R, Nabavi DG, Csiba L, Ringelstein EB. Role of cerebral amyloid
angiopathy in intracerebral hemorrhage in hypertensive patients. Neurology. 2005 Apr 12;64(7):1233-7. doi:
10.1212/01.WNL.0000156522.93403.C3. PMID: 15824353.

2. Naidech AM. Intracranial hemorrhage. Am J Respir Crit Care Med. 2011 Nov 1;184(9):998-1006. doi:
10.1164/rccm.201103-0475CI. PMID: 22167847; PMCID: PMC3361326.

3. Herbstein DJ, Schaumburg HH. Hypertensive Intracerebral Hematoma: An Investigation of the Initial Hemorrhage
and Rebleeding Using Chromium Cr 51-lLabeled Erythrocytes. Arch  Neurol. 1974;30(5):412—-414.

doi:10.1001/archneur.1974.00490350070013
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NMDID 113505

Ingested magnets causing streak artifacts on PMCT

Case description: A 38-year-old male, last seen 2 days prior with no complaints, was found dead, face down on his kitchen
floor. He had no known medical comorbidities and no primary care physician, preferring to treat any illnesses with
"homeopathic remedies." Numerous herbal supplements were found in his house. Empty anti-freeze containers were
seen in the trash.

Imaging Findings: A large volume of high-density material (mean attenuation value of 2975 HU) was visualized within the
stomach causing significant streak artifact, suggestive of metallic content. There were no PMCT signs of viscus perforation
or surrounding mesenteric fat inflammation or fluid to suggest acute peritonitis. There were also no signs of trauma or
significant natural disease.

(a) PMCT: High density material within the stomach causing significant streak artifact, suggestive of metallic
content. (b) Autopsy: Magnets were discovered in the stomach.

Pathology Findings: Magnet ingestion with multiple clumped magnets found in the stomach during internal examination.
However, the cause of death was determined to be acute methanol toxicity. There were no signs of trauma or significant
natural disease at autopsy.

Comments: There are several CT artifacts that cause image degradation, potentially obscuring or mimicking true
pathologies and hampering accurate interpretation. In this case, unlike the definitive findings in autopsy, the high density
seen on PMCT was consistent with metallic material but not confirmative of the type of material causing the streak
artifacts, i.e., linear bands of high and low density. Concentrated barium and iodinated contrast used in clinical imaging
investigations can also be highly attenuating; hence correlation with history is pivotal in strengthening differentiation.
Techniques for reducing metal artifact include increasing the tube voltage or using metal artifact reduction algorithms if
available.

Further reading:

1. Barrett JF, Keat N. Artifacts in CT: recognition and avoidance. Radiographics. 2004 Nov-Dec;24(6):1679-91. doi:
10.1148/rg.246045065. PMID: 15537976.



2. Triche BL, Nelson Jr JT, McGill NS, Porter KK, Sanyal R, Tessler FN, McConathy JE, Gauntt DM, Yester MV, Singh SP.
Recognizing and minimizing artifacts at CT, MRI, US, and molecular imaging. RadioGraphics. 2019 Jul;39(4):1017-8.

Contributors: Grace Yi-Li Wong, Kethery Haber, Roberto Maselli, and Natalie L. Adolphi



NMDID 130715
Hyoid and thyroid cartilage fractures, often subtle and easily missed on PMCT

Case description: A 37-year-old male was found deceased and nude, except for a sock, in the backyard of an abandoned
house. He had bruising and abrasions at different stages of healing all over his body.

Imaging Findings: PMCT demonstrated a hyoid (right cornu) fracture, thyroid (right cornu) cartilage fractures, rib
fractures, a hepatic laceration, and hemoperitoneum.
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Fig 1: PMCT hyoid (bone window) (a) a more superior and (b) more inferior CT axial slice: Because the head was tilted,
the hyoid bone was visualized in different thin (1 mm) axial slices. (c) Three dimensional PMCT volume rendering
allowed reconstruction of the hyoid bone, demonstrating the fracture more clearly.

(a)

Fig 2: (a) Autopsy & (b) Radiograph demonstrating clear delineation of the right hyoid cornu
fracture.

Pathologist Findings: Autopsy revealed evidence of blunt force trauma of the head and neck, trunk, and extremities;
multiple abrasions and contusions on body surfaces; and scalp and neck soft tissue hemorrhages. Autopsy confirmed
PMCT findings of hyoid and thyroid cartilage injuries, rib fractures, and liver lacerations causing hemoperitoneum. There
was periosteal and soft tissue hemorrhage surrounding the right side of the hyoid bone and fracture of the right greater
cornu of the hyoid. The right superior thyroid cornu was deformed and showed pericartilagenous hemorrhage.
Postmortem toxicology revealed the presence of ethanol in femoral blood. The cause of death was attributed to blunt
trauma, and the manner of death was certified as homicide.

Comments: In this case, the scene investigation and the manner of discovery raised suspicion for homicide. Without this
salient history, it could have been easy to overlook the subtle hyoid and thyroid cartilage injuries when viewing whole
body postmortem PMCT in a “blinded” fashion. Hyoid and thyroid fractures are more often found in cases of hanging or
manual strangulation. Due to their small size, it is recommended to view thin slices of the head & neck, i.e. 0.5 - 1.0 mm,
reconstructed using a bone algorithm, as these injuries may not be seen using thicker slices or a smoother (e.g., soft tissue)



reconstruction. Complimentary radiographs also provide a more focused and high-resolution overview of the fracture
patterns of these small, ossified cartilages. Another challenge when assessing for small cartilage fractures includes
differentiating them from normal incomplete cartilage ossifications that vary in timing and pattern. In this case, the thyroid
cartilage was not completely and asymmetrically ossified. Cartilaginous soft tissue injuries can easily be missed while
stippled cartilage ossifications may mimic fractures. The disadvantage of PMCT is also difficulty visualizing small muscle or
pericartilagenous hemorrhages as indirect imaging signs of injury, which were observed during autopsy in this case.

Fig 3: PMCT axial images of the incompletely ossified thyroid cartilage in (a) Bone window:
Asymmetrical stippled ossification patterns may be mistaken as fractures and in (b) Soft tissue
window: Injuries at the non-ossified segments of the thyroid cartilage are easily missed on
PMCT.

Further Reading

1. JehngYM, Lee FT, Pai YC, Choi WM. Hyoid bone fracture caused by blunt neck trauma. Journal of Acute Medicine.
2012 Sep 1;2(3):83-4.

2. Reed MH. Ossification of the hyoid bone during childhood. Can Assoc Radiol J. 1993 Aug;44(4):273-6. PMID:
8348355.

3. Mupparapu M, Vuppalapati A. Detection of an early ossification of thyroid cartilage in an adolescent on a lateral
cephalometric radiograph. Angle Orthod. 2002 Dec;72(6):576-8. doi: 10.1043/0003-
3219(2002)072<0576:DOAEO00>2.0.CO;2. PMID: 12518951.
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NMDID 132080

Severe cerebral edema in a case of iatrogenic viscus perforation and septic shock

Case description: A 20-year-old female, suspected of ectopic pregnancy, underwent diagnostic laparoscopy, which was
converted to minimal laparotomy with salpingostomy. Pathology confirmed a tubal pregnancy with associated
hemorrhage. Two days after surgery, she developed intractable nausea and vomiting coffee ground emesis. She was
septic, in shock, and suspected of gastrointestinal hemorrhage given a distended, tender, rigid abdomen with foul smelling
discharge from her umbilical port wound. She underwent emergency laparotomy and was found to have extensive
peritonitis and a 1 cm perforation of the small intestine and an edematous right fallopian tube with oozing, resulting in
total salpingectomy. Post-surgery, she required inotropes and mechanical ventilation but suffered neurologic decline with
massive cerebral edema observed on antemortem imaging. Clinical tests were consistent with brain death and her family
requested withdrawal of care.

Imaging Findings: A midline abdominal scar was seen in keeping with surgery. There were ascites, generalized mesenteric
and abdominal fat stranding, either edema or inflammation, and high intraluminal densities in her small and large bowel,
suggestive of blood product correlating with her history. Bilateral lungs were hepatized and consolidated with bilateral
pleural and pericardial effusions. There was generalized subcutaneous fat stranding, i.e., anasarca, representing sepsis,
multiorgan failure, and/or fluid overload. The brain was severely edematous with loss of grey/white matter differentiation,
generalized hypoattenuation, sulci effacement, and tonsillar herniation.

Fig 1: PMCT Brain in (a) Axial, (b) Sagittal and (c) Coronal views demonstrated loss of grey white
matter differentiation, generalized hypoattenuation of brain parenchyma, effacement of sulci and
slit like ventricles (green arrows). There was also tonsillar herniation (blue arrow) inferior to the
foramen magnum (red line), which indicated severe cerebral edema (d & e). Autopsy images of the
brain also showed flattening of sulci and effaced ventricles.

Pathology Findings: Autopsy revealed an open midline laparotomy incision with a right salpingectomy and an incompletely
closed small intestinal defect with surrounding purulent mucosal exudate. There was widespread peritonitis. The brain
was edematous with flattening of sulci and ventricles. Histology revealed acute damage to the lungs, liver, kidneys, and
heart. Abdominal cultures during the emergency exploratory laparotomy revealed Clostridium and mixed bacteria.
Postmortem blood culture revealed no growth. Postmortem culture from the abdominal cavity was positive for mixed



flora. The cause of death was peritonitis following bowel perforation during diagnostic laparoscopy for the ectopic
pregnancy, and the manner of death was classified as natural.

Fig 2: (a) PMCT Thorax and Abdomen (Coronal view) showed consolidated lungs (red arrow), mesenteric fat
stranding (yellow arrow), bowel intraluminal high densities suspicious of blood (green arrows) and generalized
subcutaneous fat stranding (blue arrows) representing anasarca. (b) Autopsy images showed extensive yellow
tan, fibrinous adhesions of the peritoneal cavity, on rectum, bowel loops, spleen, diaphragmatic surfaces of
bilateral lungs and bilateral subdiaphragmatic recesses.

Comments: Mild postmortem cerebral edema is a common, normal postmortem CT finding, characterized by loss of grey/
white matter differentiation and relative hypoattenuation of the brain. This is a result of hypoxia due to reduced
circulation and oxygenation during agony 1. Studies have also confirmed that there is an increase in brain volume due to
postmortem edema?. Differentiation from antemortem cerebral edema can thus be difficult. However, in this case, PMCT
was performed 16 hours after death, and the severe degree of cerebral edema with evidence of tonsillar herniation,
effaced sulci, and ventricles were not expected of a “normal” postmortem cerebral edema. The history and clinical
presentation of septic shock were highly suggestive that these findings were due to antemortem pathology, and PMCT
findings were subsequently confirmed during autopsy examination.

Further reading and references:

1. Zech WD, Hottinger AL, Schwendener N, Schuster F, Persson A, Warntjes MJ, Jackowski C. Post-mortem 1.5 T MR
quantification of regular anatomical brain structures. International journal of legal medicine. 2016 Jul;130(4):1071-80.



2. Boon BDC, Pouwels PJW, Jonkman LE, Keijzer MJ, Preziosa P, van de Berg WDJ, Geurts JIG, Scheltens P, Barkhof F,
Rozemuller AJM, Bouwman FH, Steenwijk MD. Can post-mortem MRI be used as a proxy for in vivo? A case study.
Brain Commun. 2019 Oct 24;1(1):fcz030. doi: 10.1093/braincomms/fcz030. PMID: 32954270; PMCID: PMC7425311.
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NMDID 124687
Retained projectile: Old or new?

Case description: A 60-year old male was found unresponsive, upside down, with his seatbelt fastened, in his overturned
vehicle. He was already deceased upon extraction.

Imaging Findings: PMCT showed a left nasal bone and manubrial fracture. There were healed right posterior rib fractures.
There was also a metallic projectile embedded in the right sacral ala, but no surrounding acute fractures of the pelvis
bone, surrounding pelvic muscle, or internal organ nor hollow viscus injuries, nor obvious entry or exit sites along the
thoracic, abdomen and pelvis subcutaneous tissue.

Fig 1: PMCT (axial images) of (a) Bone window and (b) Soft tissue window showing the
retained projectile embedded within the right sacral ala. Metallic content caused streak
artifact, causing image degradation. There was, however, no surrounding soft tissue
hematoma, edema or enlargement, no obvious trajectory, cavitations, or entry or exit sites,
indicating an old gunshot injury.

Pathology Findings: Autopsy examination revealed an obese man with relatively minor blunt injuries to his head, torso,
and extremities, with linear bruises of the neck and across the thighs, consistent with seatbelt injuries. There was a skin
tear of the scalp with underlying bleeding in the deep tissues of the scalp. There were scattered scrapes and bruises of the
arms, legs, and torso, but no fresh gunshot wounds. Femoral blood ethanol was 0.288g/100mL indicative of acute ethanol
toxicity. There was evidence of background chronic ethanol abuse with chronic active hepatitis, mild hepatic steatosis,
atherosclerotic, hypertensive cardiovascular disease, obesity, and bilateral hydroceles. A remote retained silver projectile
was recovered from the right pelvis. There was evidence of previous laparotomy and repair. The cause of death was
mechanical asphyxia, with acute ethanol toxicity and blunt trauma as contributing conditions. The manner of death was
classified accident.

Comments: PMCT is the primary imaging modality used in gunshot fatalities to identify the location of projectiles,
patterns of associated bone fractures, and soft tissue injuries, which may indicate mechanism of death, bullet trajectories,
and support manner of death. Incidental findings of projectiles without complete background histories may raise
suspicion of foul play contributing to death. Hence, the other less described role of PMCT is to help differentiate if the
projectile is from a recent or old gunshot injury, as illustrated in this case. In addition to that, if it is indeed an old gunshot
injury, it is also pertinent to actively look for PMCT signs of chronic complications of prior gunshot injury, e.g., intestinal
obstructions, urosepsis, spinal deformities, and decubitus ulcers. These appear like “natural” disease on imaging.
However, if the old gunshot wound was inflicted by another, careful review of the previous gunshot history will be
required, as chronic sequelae of remote injuries may result in classification of manner of deaths as “delayed homicide.”



Further reading:

1. Gitto L, Arunkumar P, Segovia A, Filkins JA, Formica MK, Serinelli S. Anatomical distribution and autopsy features of
gunshot injuries to support the manner of death. J Forensic Leg Med. 2021 Apr;79:102135. doi:
10.1016/j.jflm.2021.102135. Epub 2021 Feb 23. PMID: 33662899.

2. SodagariF, Katz DS, Menias CO, Moshiri M, Pellerito JS, Mustafa A, Revzin MV. Imaging Evaluation of Abdominopelvic
Gunshot Trauma. Radiographics. 2020 Oct;40(6):1766-1788. doi: 10.1148/rg.2020200018. PMID: 33001782.

3. Lin P, Gill JR. Delayed homicides and the proximate cause. Am J Forensic Med Pathol. 2009 Dec;30(4):354-7. doi:
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