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Abstract

Objective—Post-mortem examination can provide important information about the cause of 

death and play a significant role in the bereavement process. Autopsies reveal previous unknown 

medical problems approximately 20–30% of the time. A non-invasive MRI-based post-mortem 

examination (PM-MRI) may provide an alternative for families who do not consent to an autopsy.

Study Design—This study was a prospective observational study of recently expired neonates 

and infants. Subjects underwent a full body MRI scan (brain, chest, abdomen and pelvis) followed 

by conventional autopsy if the family desired to have one. MRI results were compared to autopsy 

findings and the ante mortem clinical diagnosis. A follow-up survey was conducted to investigate 

family perceptions of the PM-MRI process.

Result—Thirty-one infants underwent full PM-MRI. 19/31 (61%) of infants had complete 

agreement between the clinician’s impression and PM-MRI. Twenty-four infants also had 

conventional autopsy, with 14/24 (58%) infants having PM-MRI results consistent with autopsy 

findings. PM-MRI was superior at detection of free intraperitoneal/intrathoracic air and hepatic 

iron overload. Whole body PM-MRI did not have the resolution to detect focal/microscopic injury, 

vascular remodeling and some forms of brain injury. Of those families who remembered the PM-

MRI findings, the majority felt that the information was useful.
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Conclusion—PM-MRI studies may provide an important adjunct to conventional autopsy and a 

substitute when the latter is not possible for personal or religious reasons. Clinicians should be 

aware of, and communicate with the family, the resolution limits of the whole body PM-MRI to 

detect certain types of injury.
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INTRODUCTION

Historically, the post-mortem examination or autopsy has provided vital information to 

physicians and families of the deceased about abnormalities in anatomy or pathological 

conditions.1,2 Autopsies allow for the confirmation of the suspected ante-mortem clinical 

diagnosis, an important component of the bereavement process, allowing the family to have 

greater confidence in previous end-of-life decisions.3 Furthermore, autopsies may result in 

unexpected findings in as many as 20–30% of cases,4–7 further justifying the use of this 

valuable clinical tool.8 The autopsy holds particular value in the case of deceased infants and 

children, as detailed understanding of the cause of death may enable a more accurate 

estimation of the risk of recurrence in future children.

Despite the clear potential benefits, rates of autopsy have been declining in the United States 

and other countries over the past several decades.7,9 The reasons for the decline appear to be 

multi-factorial, including a decreased perception of utility by physicians and corresponding 

decline in willingness to request autopsy consent from the family,10,11 concerns from family 

members regarding "disfigurement," conflict with religious beliefs, and a perceived lack of 

benefit.12,13

In light of the declining rates of autopsy, the use of radiologic studies to conduct a “virtual 

autopsy” has been suggested as an adjunct to or substitute for the conventional autopsy3 and 

has even been accepted as legal forensic evidence in some countries.14 Early work 

comparing post-mortem MRI (PM-MRI) findings to conventional autopsy in aborted or 

stillborn fetuses and infants, demonstrated that PM-MRI provided the same or more 

information than the conventional autopsy in 60–80% of cases.15–18 Subsequent case reports 

demonstrated that PM-MRI was able to provide a diagnosis where the conventional autopsy 

was inconclusive19,20 or where conventional autopsy was not performed but the post-mortem 

MRI (PM-MRI) findings lead to a diagnosis which could not have been obtained 

otherwise.21 Additionally, several researchers have investigated acceptance of post-mortem 

MRI from the perspective of the healthcare provider22 and the parents23,24 finding generally 

high acceptance of the PM-MRI approach. These findings lead Thayyil et al. to conduct the 

first prospective, large-scale PM-MRI study, comparing PM-MRI alone, PM-MRI with 

minimally invasive autopsy, and conventional autopsy. They concluded that minimally 

invasive autopsy in combination with post-mortem MRI may be an acceptable alternative to 

conventional autopsy.25

Despite mounting evidence of the value of PM-MRI, there have been no studies dedicated to 

investigating the utility of these scans exclusively in a population of infants admitted to the 
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Neonatal Intensive Care Unit (NICU). The modulating effect of intensive care (e.g. 

prolonged mechanical ventilation, parenteral nutrition, medications) was not evaluated in 

previous studies of terminated and stillborn fetuses or neonates who died in the delivery 

room.

The goal of this study was to determine the degree of agreement between conventional 

autopsy and PM-MRI in a highly-targeted population of neonates. We hypothesized that (i) 

PM-MRI in an exclusive neonatal population would have similar agreement with 

conventional autopsy as has been reported in other patient populations, (ii) PM-MRI 

findings would support the ante-mortem clinical diagnosis at the time of death, and that (iii) 

families of the deceased would, in general, find the PM-MRI results to be useful in 

understanding their child’s cause of death and aid in the grieving process.

METHODS

Study Design and Population

This was a prospective observational study evaluating PM-MRI scans of the brain, chest, 

abdomen and pelvis of neonates or infants who expired while admitted to the Neonatal 

Intensive Care Unit (NICU) at St. Louis Children’s Hospital during the study period of 

November 2011 to July 2013. Eligible cases included any patient that expired during the 

study period while admitted to the NICU, and for whom verbal consent was able to be 

obtained from the parents. There were no exclusion criteria for eligibility to participate in 

the study. The study protocol, verbal consent document, and survey were evaluated and 

approved by the Washington University Human Research Protection Office.

After patient expiration, the clinical team caring for the patient approached the family for 

consent for autopsy, per usual clinical protocol. Once the decision was made whether to 

pursue autopsy, the clinical team then approached the family for consent for post-mortem 

MRI. This sequence of events was standardized in order to minimize the risk that the offer of 

post-mortem MRI would interfere with the decision to pursue a conventional autopsy.

Procedures

All subjects underwent three-dimensional T1 and T2 weighted sequences of the brain, chest, 

abdomen and pelvis without the administration of contrast agents. The MRI scans were 

performed on the clinical scanners at St. Louis Children’s Hospital outside routine hours. 

The scans were performed on either a Siemens 1.5T Avanto or Siemens 3.0T Trio scanner 

(Siemens Healthcare, Erlangen, Germany) by the radiology technologist on duty at the time 

the scan occurred. Total MRI sequence length was 30 minutes (Coronal STIR slice thickness 

3mm, acquisition matrix: 144×256, TR/TE 4000/91 ms; Axial T1 slice thickness 4mm, 

acquisition matrix 256×148, TR/TE 464/8 ms; Axial T2 FS slice thickness 4mm, acquisition 

matrix 256×144, TR/TE 3000/100 ms). The scans were completed as quickly as possible 

after expiration, with all scans occurring less than 24 hours after death. A portion of the 

subjects were placed in a refrigerated holding unit prior to scanning, thus the body 

temperature at the time of scan varied by patient. The body temperature of the patient was 

not recorded at the time of scan.
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MRI images of the chest, abdomen, and pelvis were analyzed by a single pediatric 

radiologist (GK), who reported on each organ system individually. MRI images of the brain 

were analyzed by a single pediatric neuroradiologist (JS). The radiologists were masked to 

autopsy results.

For those patients who underwent either limited or full autopsy, a clinical autopsy was 

performed in the standardized fashion by the Washington University School of Medicine 

Department of Pathology, and included involvement of both pathology faculty and their 

trainees. This procedure includes a review of clinical history, external examination, and open 

dissection with macroscopic examination followed by removal and histological examination 

of organs. In cases without autopsy restrictions on the head, the brain was removed and fixed 

in formalin prior to histological examination. The pathologists were not aware of the PM-

MRI results at the time of the autopsy.

Statistical approach

For all patients, PM-MRI findings were compared to the primary and contributing cause(s) 

of death, as identified on the death certificate. For those patients who also underwent a 

conventional autopsy, PM-MRI findings were compared to the cause(s) the degree in the 

final pathologic diagnosis. In addition, agreement between the two modalities was assessed 

by organ system (respiratory, cardiovascular, gastrointestinal, hepatic, genitourinary, and 

central nervous system). All comparisons were scored as complete, partial, or no agreement.

Follow-up

Per standard clinical practice, the parents of each patient were contacted 30–90 days after 

expiration to arrange a meeting so that the results of the autopsy and PM-MRI could be 

discussed. The meeting occurred by telephone or in-person, according to parental 

preference.

Two researchers (KL, AM) designed and administered a telephone survey to the parents of 

the neonates who underwent PM-MRI between 6 and 24 months after expiration. The survey 

consisted of nine questions which looked to identify whether each family recalled that their 

child had undergone a PM-MRI and if the family recalled being notified of the results of the 

PM-MRI. Of those who recalled the results, further questions were asked to determine how 

useful the results were in understanding their child’s medical condition and whether they felt 

that PM-MRI was a valuable piece of information as they coped with their child’s death.

The contact information for the parents of all 31 subjects was identified via the electronic 

medical record. Multiple attempts were made to reach each parent. If unsuccessful, any 

alternative contact numbers, such as numbers for other family members, were called in an 

attempt to locate the subject’s parents. Once the parent was contacted, an assent document 

was read over the telephone in order to verbally secure informed consent.
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RESULTS

Patient Population

Over the course of the study period, 31 patients were recruited and underwent PM-MRI. Of 

those, 24/31 (77%) also underwent conventional autopsy. A summary of the patient 

population is shown in Table 1. An example of PM-MRI neuroimaging is shown in Figure 1 

while PM-MRI somatic imaging is shown in Figure 2.

Comparison PM-MRI with ante-mortem clinical diagnosis

19/31 (61%) subjects had complete agreement with PM-MRI findings and the cause of 

death. An additional 5/31 (16%) had partial agreement of PM-MRI with the cause of death 

and shared a common finding of pulmonary vascular changes caused by pulmonary 

hypertension that was missed on PM-MRI. 7/31 (22%) had PM-MRI findings that did not 

agree with the cause of death as determined by the ante-mortem clinical diagnosis. These 

included infants with metabolic disturbances such as long-chain fatty acid deficiency, 

complex cardiac anatomy such as truncus arteriosus, kidney or liver failure or sepsis.

Comparison PM-MRI with autopsy results

Of the infants who also had a conventional autopsy, 14/24 (58%) had a complete agreement 

between PM-MRI findings and the cause of death as determined by autopsy. An additional 

4/24 (17%) had similar findings except for the inability of PM-MRI to detect pulmonary 

vascular changes of pulmonary hypertension. Six infants (25%) had PM-MRI findings that 

did not agree with the cause of death.

The extent of agreement across organ systems was quite variable, ranging from 83% 

complete and partial agreement for findings in the cardiovascular system to 57% complete or 

partial agreement in the hepatic system. PM-MRI was superior to conventional autopsy in 

finding free air, both in the thoracic and peritoneal cavities. Five infants were noted to have 

pneumothorax on PM-MRI but it was only noted in a single case on conventional autopsy. 

Similarly, five other infants were noted to have pneumoperitoneum with only a single case 

detected on conventional autopsy. PM-MRI was also superior at detection of hepatic iron 

overload, detecting 4/4 cases, all of which were missed on conventional autopsy.

Conventional autopsy was superior to PM-MRI in detection of injury in a number of 

different organ systems including focal bowel necrosis and perforation (PM-MRI missed 3/4 

cases), focal pulmonary hemorrhage and consolidation (PM-MRI missed 5/18 cases), medial 

hypertrophy in the pulmonary vascular bed (PM-MRI missed 5/14 cases), microscopic 

changes of acute tubular necrosis, focal microscopic white matter injury (PM-MRI missed 

5/8 cases), and hypoxic-ischemic injury (PM-MRI missed 2/8 cases).

The agreement between PM-MRI findings and cause of death identified by ante-mortem 

clinical diagnosis and autopsy are shown in Table 2 and agreement of PM-MRI with autopsy 

broken down by organ system is shown in Table 3.
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Family survey

Twenty (65%) families were able to be contacted for the follow-up survey, two (6%) of 

which declined to participate in the survey. For those lost to follow-up, the universal reason 

was changed or inactive phone numbers. Median time to follow-up was 479 days (range 

258–728 days).

Ten of the eighteen families who completed the survey (56%) remembered that their child 

had undergone PM-MRI and recalled the results, 5/18 (28%) remembered that their child 

underwent PM-MRI but could not recall the results, and 3/10 did not remember that their 

child had undergone PM-MRI.

Of those who recalled the PM-MRI, the responses from the families were positive. 70% of 

parents found the results helping to relieve, in some way, the burden of responsibility that 

they felt regarding their child’s death. Another parent stated that the results helped to 

confirm that the medical team truly treated her child to the best of its ability. 80% of parents 

felt that the combination of PM-MRI results and the autopsy results provided vital 

information, and that the combination of the two was preferred over either one alone. 

Importantly, all 18 (100%) of the respondents stated that obtaining the PM-MRI did not 

delay their memorial services or interrupt the time spent with their child after he or she died. 

The survey results are shown in Table 3.

DISCUSSION

Our results demonstrate that PM-MRI studies have a high level of agreement with 

conventional autopsy, in complete agreement in 60% of cases and partial agreement an 

additional 20% of the time. In addition, of those parents who recalled the results of the PM-

MRI, the majority felt that the information was valuable to their understanding and all 

agreed that the PM-MRI process did not interfere with memorial arrangements.

The results of this study highlight the logistical feasibility of PM-MRI. We were able to 

utilize the ancillary staff in the NICU to obtain the PM-MRI quickly, with the only factor 

delaying the scan being the availability of the clinical MRI scanner and the technologist. The 

design of this study is one that can be equally replicated by physicians who work in an 

academic or community hospital setting with utilization of clinical MRI scanners. However, 

access to interpretative services by pediatric radiology/neuroradiology is important.

PM-MRI is superior to the conventional autopsy in two key scenarios: detection of free air 

and hepatic iron overload. The enhanced detection of free air may be the results of the 

proximity of the MR study to the time of death (10 hours, on average) and that much of the 

gas may diffuse out of the intraperitoneal or intrathoracic spaces by the time the 

conventional autopsy was performed, making recognition more difficult. Although, hepatic 

iron overload can be detected on microscopic examination by use of special stains, such as 

Perl’s iron stain, this is not routinely performed unless there is an a priori suspicion of iron 

disorders. However, given the physics involved, it requires no special effort for an MRI scan 

to detect ferrous metal.
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Given the lower resolution and nature of the whole body MRI, it is unable to detect focal or 

microscopic injury (such as bowel necrosis or vascular remodeling), functional changes and 

some focal forms of brain injury. This is an expected finding as full body MR studies, even 

on a 3T scanner, will never approach the resolution of microscopic tissue examination at 50 

or 100× magnification. Dedicated imaging sequences, focused on a particular region or 

organ system may provide more detailed information, such as the high-resolution three-

dimensional cardiovascular approach suggested by Taylor et al26 or the sub-millimeter 

sequences suggested by Norman et al.27 These sequences, however, come at a significant 

time and logistical cost. As the aim of this study was to evaluate a clinically feasible 

approach to the PM-MRI, these advanced imaging techniques were beyond the scope of this 

study.

There are also important caveats to the use of PM-MRI to detect brain injury. Although, PM-

MRI correctly identified pathology associated with structural or anatomic changes (IVH 

with ventricular dilation, agenesis of the corpus callosum) it failed to detect hypoxic-

ischemic injury. Two of the eight patients with hypoxic injury known ante mortem and 

identified on pathologic examination of the brain, had no corresponding findings noted on 

PM-MRI. Given that T1 and T2 changes relating to hypoxic injury may develop over the 

first week or so after injury, the PM-MRI may have been obtained during this window when 

MR imaging may appear normal despite evolving injury.

These results suggest the potential role for PM-MRI in the NICU. If offered to the family, 

the potential shortcomings of the approach should be clearly outlined to the family in 

advance, and it should not be offered as a replacement for the conventional autopsy. 

However, in certain circumstances where pediatric autopsy services are unavailable or 

conventional autopsy is not desired by the family for personal or religious reasons, the PM-

MRI has the potential to provide a reasonable surrogate.

While autopsies are typically provided free of charge to the family by most academic 

pathology departments, whole body MRI scans are not inexpensive, and although these are 

limited exams compared to a regular MRI study, they can cost between one and several 

thousand dollars with some of the cost possibly being passed on to the families as a “co-

payment.” For the purpose of this study, the cost of the MRI was waived for the families. 

Given the value of the information to many families, individual institutions may consider a 

mechanism by which this service is provided at “no-cost” to the families.

The family survey results highlight many of the common struggles of post-discharge 

communication with families. Although our institutional goal is to provide long-term follow-

up for all families, the contact information in the medical record is often incorrect or quickly 

becomes invalid as phone numbers change or families move to new addresses. The social 

support provided while the infant is alive, facilitating transportation and/or communication, 

quickly evaporates after the infant dies, making it difficult or even impossible to ever find a 

family again in some cases. Furthermore, even when the family could be contacted, the 

survey demonstrated a significant shortcoming in communicating diagnostic information to 

families in ways that are memorable; nearly half of respondents could not remember the key 

findings of the post-mortem MRI. Although the majority of those who remembered the 
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results found the PM-MRI to be helpful, there remains an enormous gap in the post-

mortality care of the family.

Future directions

One potential future line of inquiry may be the investigation of a “hybrid autopsy” where a 

PM-MRI is used as a screening tool to guide the pathologists. The approach could allow an 

autopsy to be performed in “minimally invasive” fashion, where only organs with MRI 

abnormalities are examined or could enhance the yield of a conventional autopsy, allowing 

informed decision making about which regions of the tissue to sample for microscopic 

examination.

In conclusion, the results of this study suggest that the PM-MRI can be implemented in any 

institution with pediatric radiology services without the need for substantial changes in 

infrastructure or logistical support and that it does not interfere with memorial services. It 

may serve as a viable alternative to conventional autopsy, as long as the diagnostic 

limitations are understood by the clinicians and family members.
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Figure 1. 
Postmortem neuroimaging findings. A- Increased T1 signal intensity in bilateral posterior 

cortical ribbon consistent with ischemic injury. B- Periventricular white matter injury 

(arrow). C- Increased T1 signal intensity in bilateral occipital, parietal and frontal lobes 

consistent with extensive ischemic injury. D- Wallerian degeneration in descending 

corticospinal tract 28 (arrow). E- Bilateral IVH with T1 hyperintensity in basal ganglia 

suspicious for ischemic injury.
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Figure 2. 
Postmortem somatic imaging findings. A- Large left tension pneumothorax, small right 

pneumothorax (arrow) and extensive pulmonary interstitial emphysema. B- Large pericardial 

effusion containing predominately water (top- T2 coronal, bottom- T1 axial). C- Moderate 

pericardial effusion and pulmonary edema. D- Bladder outlet obstruction as evidenced by 

bladder hypertrophy (top arrow) and marked renal parenchymal loss.
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Figure 3. 
Matching images of ischemic white matter injury in the periventricular white matter as seen 

on gross examination (left image), T1 (middle) and diffusion imaging (right image).
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Table 1

Characteristics of the study population

Characteristic

Gestational age at birth, M ± SD, weeks 32 ± 5.5

Male sex, n (%) 16 (51.6)

Race, n (%)

  White 20 (64.5)

  Black 9 (29)

  Hispanic 2 (6.5)

Postnatal age at death, median (range), days 9 (0.13–180)

Elapsed time between death and PM-MRI, M ± SD, hours 10 ± 6.6

Autopsy, n (%)

  Full autopsy 21 (67.7)

  Partial autopsy to exclude brain 3 (9.7)

  Partial autopsy to include heart only 1 (3.2)

  No autopsy 6 (19.4)
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Table 4

Family Survey Results

Question Answered yes Answered no Not sure/did not recall

Do you remember that
your child had a PM-MRI?
n (%)

15 (83) 3 (17) 0 (0)

Do you recall the results
of the PM-MRI? n (%)

10 (56) 8 (44) 0 (0)

Did you understand PM-
MRI results well enough to
describe to someone
else? n (%)

9 (50) 1 (6) 8 (44)

Was the PM-MRI helpful
in understanding your
child’s medical condition?
n (%)

8 (44) 2 (11) 8 (44)

Did the PM-MRI aid in
your grief process? n (%)

7 (38) 3 (17) 8 (44)

Would you recommend a
PM-MRI for the child of a
friend? n (%)

10 (56) 0 (0) 8 (44)

Did the PM-MRI interrupt
the time spent with your
child after death? n (%)

0 (0) 18 (100) 0 (0)

Did the PM-MRI interfere
with funeral/memorial
plans? n (%)

0 (0) 18 (100) 0 (0)
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