
Chapter 1

General Introduction
&

Outline of the Dissertation

Proefschrift Final 19-3-2024.indd   11Proefschrift Final 19-3-2024.indd   11 19-3-2024   11:53:5219-3-2024   11:53:52



Chapter 1

12

History

The term “autopsy” derives from the Greek words “autos” (self ) and “opsis” (eye), meaning 
“to see with one’s own eyes.” It is a medical procedure with a long history. 

Hippocrates (approximately 460 - 370 BC), a prominent figure in the establishment 
of Western medicine, played a pivotal role in the development of autopsies. Departing 
from earlier animistic and supernatural beliefs, he based his understanding of symptoms, 
diseases, and treatments on a morphological understanding of the natural substrate.

In Alexandria, about a century later, Herophilos (approximately 335 - 280 BC) and 
Erasistratos (304 - 250 BC) conducted the first autopsies. Despite prohibitions imposed by 
Church father Augustine (354 - 430), knowledge in the realm of pathological abnormalities 
continued to expand. The Byzantine physician Aëtius of Amida, author of the “Sixteen 
Books of Medicine”, drew from writings in the library of Alexandria to describe the solid 
consistency of tumors and cachexia as clinical symptoms of uterine carcinoma.

By the 12th century, written references to autopsies emerged, and in 1209, Pope 
Innocentius III decreed that unexplained deaths should be further investigated by 
experienced physicians. Antonio Benivieni (1443 - 1502) was one of the first to underscore 
the importance of autopsies in determining the cause of illnesses. More than 150 years 
later, Théophile Bonnet (1620 - 1689) published the seminal work “Sepulchretum sive 
anatomia practica ex cadaveribus morbo denatis,” which compiled a comprehensive 
collection of disease-related abnormalities known at that time.

Subsequent years witnessed an increase in autopsies and an improved understanding of 
disease mechanisms. Herman Boerhaave (1668 - 1738) in the Netherlands emphasized, 
among other things, the significance of comprehensive clinical histories, while Giovanni 
Battista Morgagni (1682 - 1771) in Italy solidified the acceptance of the connection 
between morphological organ abnormalities and diseases through his work “De Sedibus et 
Causis Morborum per Anatomen Indagatis.” Maria Theresa (1717 – 1780), the sovereign 
of the Austro-Hungarian Empire, ascended to power during the mid-18th century. Under 
the influence of Gerard van Swieten, a long-time student of Herman Boerhaave, Maria 
Theresa signed a decree, mandating autopsies for every hospital death. Although the 
decree’s strict adherence has waned over time, it theoretically is still in effect in Austria. 
It is conceivable that these practices influence the relatively high autopsy rate in nations 
previously affiliated with the Austro-Hungarian Empire.
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1Matthew Baillie (1761 - 1823) contributed to the field with “The Morbid Anatomy of Some 
of the Most Important Parts of the Human Body,” expanding knowledge of macroscopic 
abnormalities. Concurrently, Marie Francois Xavier Bichat (1771 - 1802) discovered the 
existence of tissues within organs. Johannes Müller (1801 - 1858) in Berlin delved into the 
microscopic level of diseases, advancing the understanding that diseases could arise at the 
tissue level. Pathologist Carl von Rokitansky (1804 - 1878) integrated assessments of both 
macroscopic and microscopic abnormalities.

The refinement of autopsy procedures, standardization, and various dissection methods 
were further developed by Rudolf Ludwig Carl Virchow (1821 - 1902) and Francis Delafield 
(1841 - 1915). In subsequent years, autopsies continued to contribute significantly to the 
progression of medicine. It can be said that the foundational work of these individuals and 
others was indispensable for the development of Western medicine as we know it today. 
[1].

By performing autopsies and closely examining organs and tissues, pathologists have helped 
to identify and classify various diseases, establish diagnostic criteria and refine disease 
classification systems. Autopsies have provided indispensable deeper understanding into 
the underlying mechanisms of diseases, which in turn have helped to identify potential 
targets for intervention and development of new treatments. Even now, the autopsy is 
a great source to investigate tumor heterogeneity, and new diseases such as COVID-19 
[2-6]. Autopsies have been instrumental in medical education and training by offering 
a unique opportunity for medical students and staff to enhance their understanding of 
anatomy, disease processes and clinical correlations through real-life cases [7]. Investigating 
real-life cases allows for verification of clinical diagnoses and treatment outcomes, helping 
to improve patient care via quality control [8, 9]. Furthermore, autopsies have contributed 
to epidemiological studies by providing valuable data on disease prevalence, incidence and 
risk factors. Finally, in the case of young patients, certain deaths may be attributed to an 
inherited genetic disorder, and understanding this information could provide valuable 
benefits to the deceased person’s family members.
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Laws and regulations

While international medical guidelines exist for classifying deaths, the laws and regulations 
surrounding death vary between countries.

In the Netherlands, when someone passes away from natural causes, the attending physician 
is responsible for completing the necessary death administration (Wet op de Lijkbezorging, 
Art. 7). This includes a form for the registrar of births, deaths, and marriages, as well as a 
form for the cause of death registry. A natural death is defined as a death resulting from 
an illness or occurring during properly conducted medical treatment. In hospitals, it is 
typically the attending physician who fills out the forms, while outside of the hospital, it is 
usually the family physician. If the attending physician is unavailable, the acting physician 
may complete the paperwork.

The death of an individual does not necessarily mark the end of medical care. While the 
deceased person cannot be helped any further, the impact of the death extends to loved 
ones, and there may be lessons to be learned. The clinical autopsy serves as the final and 
most comprehensive medical examination performed on a deceased person. It is not merely 
a favor to the next of kin; it is their right. Consent from the next of kin or the deceased is 
required to conduct this examination, which can be obtained verbally or in writing (Wet 
op de Lijkbezorging, Art. 72). The autopsy needs to be performed by a medical doctor 
(Wet op de Lijkbezorging, Art. 75). Next of kin may have to consider ethical, religious, 
and financial aspects when deciding on consent for performing an autopsy. Hospitals 
typically have a budget allocated for autopsies, but if the body needs to be transported 
to the hospital, the costs are often borne by the next of kin. After all, health insurance 
coverage ceases upon death in the Netherlands, including reimbursement for postmortem 
medical procedures.

In the past, certain clinics and training programs used to adhere to a minimum autopsy rate 
as a quality criterion. However, this requirement has gradually diminished in some clinics. 
Nonetheless, several hospitals in the Netherlands recognize the significance of conducting 
a “death review,” whether or not it includes autopsy findings, as a quality measure. For 
instance, at Maastricht University Medical Center+, a Committee on the Investigation 
of Deceased Persons (Commissie Onderzoek Overleden Patientën, COOP) reviews all 
deaths. Additionally, open publication of standardized hospital death rates, known as 
the Hospital Standardized Mortality Ratio (HSMR), promotes transparency and quality 
control.
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1Non-natural cause of death

If the attending physician in the Netherlands has doubts about a natural death, they 
should promptly contact a forensic physician. The forensic doctor will then arrive at the 
scene to personally examine the body. In cases of deaths occurring outside of healthcare 
facilities, tactical investigators and forensic specialists typically aid in the investigation. All 
non-natural deaths are discussed with the prosecutor, although further investigations are 
usually initiated only if there is evidence of a criminal offense, and occasionally if a realistic 
criminal scenario can not be excluded. One such follow-up investigation is a forensic 
autopsy (Wet op de Lijkbezorging, Art. 73). 

A forensic autopsy necessitates the expertise of a forensic pathologist, as clinical 
pathologists are typically not trained to investigate non-natural causes of death. In addition 
to determining the cause of death, a forensic pathologist is involved in securing forensic 
evidence and interpret findings to answer forensic relevant questions. In the Netherlands, a 
forensic autopsy employs similar techniques to its clinical counterpart but also includes the 
examination of additional body parts, such as the neck. Furthermore, forensic pathologists 
commonly utilize postmortem imaging techniques and toxicology analysis.

Although this dissertation primarily focuses on clinical autopsies, some insights can be 
applied within a forensic context.

The autopsy procedure

During a clinical autopsy, the procedures and techniques may vary depending on guidelines 
and preferences. In the Netherlands, a complete clinical autopsy typically involves the 
following steps:

1.	 External Inspection: After a minor external inspection, the body is prepared for 
further examination.

2.	 Incision: A large Y-shaped incision is made, running from the shoulders to the base 
of the sternum and continuing across the midline to the pubic bone. The location for 
this incision ensures it is not visible during burial, unlike some other countries where 
the incision is made from the symphysis up to the chin. Next, the skin and muscles are 
peeled back to expose the underlying organs.
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3.	 Dissection Techniques: There are several dissection techniques used, depending on 
the pathologist’s preference and the case at hand: 
a. Virchow’s Technique: This technique involves removing each organ separately 
from the body for individual examination. 
b. Ghon’s Technique: The organs are removed in three “blocks” - the thoracic, 
abdominal, and cervical block. 
c. Letulle’s Technique: All organs are removed as a single block. 
d. Rokitansky’s Technique: This technique involves assessing the organs in situ 
without their removal. It is less commonly used but may be advantageous for cases 
involving infectious agents.

4.	 Organ Examination: The pathologist examines each organ individually, noting their 
size, color, texture, and any abnormalities. 

5.	 Histopathological examination: In the Netherlands, it is standard practice to take 
small tissue fragments from most abdominal and thoracic organs for histopathological 
analysis. These tissue samples are processed, embedded in paraffin blocks, thinly sliced 
into sections, and stained for microscopic examination. The pathologist examines these 
slides under a microscope to identify cellular changes, diseases, or other microscopic 
abnormalities. 

6.	 Additional Investigations: During the autopsy, other tissues and fluids may be collected 
for additional microbiological, genetic, or cytological investigations. This allows for 
a comprehensive investigation of the deceased individual. In the Netherlands, it is 
common procedure to ask relatives for additional consent to examine the skull and 
the brains.

7.	 Organ Replacement: At the end of the autopsy, the organs are returned to the body 
as much as possible. However, in certain cases, organs may need further processing, 
evaluation by an expert, or preservation for educational purposes. The goal is to keep 
the number and duration of organ removal to a minimum, respecting the wishes of the 
next of kin. Lastly the body is carefully closed.

8.	 Documentation and Report: Throughout the autopsy process, the pathologist 
meticulously documents their findings, observations, measurements, and test results. 
They compile this information into a detailed report, which includes the cause of 
death, contributing factors, and any significant findings. The attending physician 
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1receives the report and discusses the results with the family members.

Discrepancies between clinical diagnosis and autopsy results

As discussed before, autopsies allow for verification of clinical diagnoses and treatment 
outcomes, helping to improve patient care via quality control. Goldman et al. have been 
important pioneers, showing major discrepancies (Class I and II) between the clinical cause 
of death and the autopsies results in multiple eras from 1960 [10]. According to Goldman, 
Class I discrepancies refer to diagnostic errors that could have altered clinical management 
and potentially resulted in longer patient survival, whereas Class II discrepancies would not 
have influenced the treatment and survival. His results have been reproduced throughout 
the last 35 years in various settings [11-19], but with similar results: despite medical 
advances, important discrepancies between clinical diagnosis and the autopsy remain. 
These discrepancies were investigated in the Netherlands up to 2013 [20]. 

Decline of autopsies

The autopsy rate in the Netherlands is exceptionally low, even compared to other European 
countries experiencing a decline [21]. Worldwide there has been a decline of the autopsy 
rate [22-27]. The reason for this declining autopsy rate is probably multifactorial [28-31]. 

Firstly, the decision-making process involving the attending physician and the next of kin 
is crucial [32]. A study in the Netherlands showed that for physicians in 51.5% of cases, 
the decision not to request an autopsy was based on the conviction that the cause of death 
was already known [33]. Similarly, this was the most common reason (51.0%) cited by 
next of kin for not granting consent. Another significant factor for both physicians and 
next of kin was the perception that the deceased had a lengthy history of illness (9.6% 
and 29.5% respectively). Contrary to popular belief, the fear of mutilation of the body 
was not the primary reason for avoiding autopsies. Religious objections are also often not 
insurmountable, as neither the Koran nor the Bible explicitly forbid autopsies [34]. In 
practice, obtaining consent from next of kin for an autopsy, when sensitively explained by 
a caring doctor, generally presents few difficulties [35].

Secondly, the role of the pathologist, who carries out the autopsy, is essential. The outdated 
notion of pathologists working in the hospital basement is far from reality. Pathology 
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encompasses the scientific study of diseases, their causes, processes, and effects, focusing 
on understanding disease origins and potential treatments. Dutch clinical pathologists in 
general allocate less than 1% of their time to performing autopsies. Instead, they fulfill a 
vital and active role in diagnosing diseases and providing essential information for possible 
treatment. This involves the meticulous examination of tissues (organs, excisions, biopsies, 
fluids) through macroscopic and microscopic assessments, as well as conducting additional 
investigations such as (immuno)histochemical staining, immunofluorescence, electron 
microscopy, and molecular diagnostics. Although their work is often unseen by patients, 
pathologists regularly engage with physicians in various settings, including Multidisciplinary 
Meetings, where their presence is a training requirement for some medical specialties. 
It is worth noting that within the field of pathology, there are several subspecialties like 
hematopathology and dermatopathology, but autopsy pathology is not currently one of 
them. Consequently, it is highly likely that within a pathology department, there are few or 
no pathologists who possess a strong passion for and experience in performing autopsies. 
Furthermore, with the declining number of autopsies and an increasing workload in 
other areas, conducting an autopsy often becomes an additional task on top of their daily 
diagnostic responsibilities. As a result, long turnaround times occur, which can diminish 
the clinic’s interest and learning opportunities, ultimately leading to a downward trend. 
This cycle results in pathologists being unable to provide adequate support to practitioners 
due to limited resources and a shift in focus, which in turn reduces the likelihood of autopsy 
requests from practitioners [36].

Financial aspects may further support the decline in autopsies. Since health insurance 
coverage ends upon a person’s death, there is no reimbursement available for autopsies, as 
they are performed after death. Instead, autopsies are regarded as a service provided by the 
hospital to the deceased person’s next of kin. In practical terms, hospitals allocate a budget 
from which the pathology department receives reimbursement for conducting autopsies. 
From a direct financial standpoint, hospitals have limited motivation to actively encourage 
or prioritize autopsies. Furthermore, the overall cost of performing an autopsy, excluding 
facility maintenance and site expenses, surpasses the reimbursement received from the 
hospital by the pathology department, which typically amounts to several hundred euros. 
Consequently, the pathology department also lacks financial incentives to promote 
autopsies. Note, however, that the above reasoning fails to acknowledge the significant 
value that postmortem examinations may bring to the overall quality of healthcare.

Another factor contributing to the lower autopsy rates compared to neighboring 
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1countries is the consent regulations. As described before, an old law allowing autopsies 
to be conducted on any deceased individual in a hospital without requiring consent from 
the next of kin may have resulted in higher autopsy rates in Austria, Hungary, the Czech 
Republic, and parts of Poland. 

Some decline in autopsy rates may be due to the emergence of postmortem imaging 
techniques. Postmortem imaging techniques provide a non-invasive investigation, which 
can easily be reassessed. Among the various techniques explored [37-52], post mortem 
coronary tomography (PMCT) has shown particular promise due to its cost-effectiveness, 
efficiency, and widespread availability in modern hospitals [53-56]. The addition of 
contrast agents may further increase the effectiveness of PMCT. However, it is important 
to note that many publications on this topic primarily focus on forensic cases, which may 
limit their applicability to clinical cases [57-77]. In forensic settings, PMCT is commonly 
utilized to investigate bone abnormalities (e.g. fractures), abnormal air configurations (e.g. 
pneumothorax), and the presence of foreign objects (e.g. bullets). A large systematic review 
and meta-analysis concludes that distinct postmortem imaging modalities can achieve 
high sensitivities for detecting various findings and causes of death, which should lead to a 
reasoned use of each modality [78]. 

The final possible reason for the decrease in autopsies relates to the lack of education about 
autopsies in basic medical training and continuing medical education. Each year, numerous 
newly graduated physicians complete their training without ever having witnessed 
an autopsy. In many cases, they have never even had any contact with the pathology 
department. Subsequently, their training usually pays little to no attention to autopsies 
and their value. Consequently, these physicians are expected to engage in a procedure that 
they are unfamiliar with in terms of both the procedure itself and its significance. The 
significance of autopsies in modern medicine can only be truly appreciated by ensuring that 
the next generation of doctors have the opportunity to personally experience the valuable 
educational benefits of examining the body after death [79].

Aim and outline

The primary objective of this dissertation was to enhance our understanding of the value, 
the current state and potential future of the clinical autopsy. To accomplish this task, we 
aimed to understand the factors influencing the autopsy rate, the added value of medical 
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autopsy as well as novel methods. 

The study in Chapter 2 addresses the development of the autopsy rate in the Netherlands 
over a span of 25 years in different age categories and by sex. In this study, data was used 
from the nationwide network and registry of histo- and cytopathology in the Netherlands 
(PALGA), along with death statistics provided by Statistics Netherlands (CBS). We 
investigated the overall autopsy rate, as well as the influence of sex and age on the autopsy 
rate.

The study in Chapter 3 was conducted to delve deeper into factors influencing the autopsy 
rate. The relation between the clinical cause of death, a diagnosis of cancer and the autopsy 
rate, within an elderly population, will be presented utilizing a large cohort study (NLCS).

Chapter 4 aims to investigate whether the decrease in autopsy rates can be attributed to 
the diminishing relevance of autopsies due to improved medical care, focusing on the 
occurrence of major discrepancies between clinical diagnoses and autopsy findings, using 
the Goldman criteria. It will be demonstrated that Class I discrepancies have not decreased, 
despite technological advancements.

The study in Chapter 5 aims to determine the proportion of discrepancies in clinical 
diagnoses and postmortem findings in a specific patient population: patients with sepsis 
and septic shock who died within 48 h after admission to the Intensive Care Unit (ICU).

As post-mortem computed tomography (PMCT) offers a non-invasive method to examine 
a deceased, it might overcome reluctance of next of kin to give consent for post-mortem 
examination. Therefore, it might be a solution for the declining autopsy rate. On the other 
hand, it might even further decrease the need for an autopsy. To investigate whether new 
modalities such as PMCT enhance the number of significant clinical findings, the study in 
Chapter 6 was conducted. 

The effectiveness of PMCT determining the cause of death in a clinical population was 
addressed in Chapter 7. Both chapter 6 and 7 highlight the possibilities, as well as the 
limitations, of PMCT when compared to the autopsy.

By incorporating histological examination to PMCT through needle sampling, a potential 
limitation of PMCT to autopsy may be negated. Therefore, in Chapter 8 the sensitivity and 
specificity of needle sampling, when compared to autopsy derived tissue, was investigated.

Lastly, in an effort to enhance the overall quality of medical autopsies, Chapter 9 proposes 
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1international guidelines put forth by the autopsy working group of the European Society 
of Pathology. Only by looking at ourselves, we may be able to revive the medical autopsy.

Chapter 10 summarizes our main findings in the general discussion. It explores future 
perspectives and discusses the impact of this dissertation on medical and forensic science, 
healthcare and the society.

Lost in Time

“Lost in time” generally refers to something or someone that has been forgotten or 
disconnected from the present, often implying a sense of irretrievability, fading relevance 
or disconnection from the current context.

“Lost in time” may refer to people, customs, events, or ideas that were once significant 
but have been disregarded or no longer hold significance in the present day. To describe 
something as “Lost in time” suggests that it has faded from memory or relevance over the 
years, becoming obscured or overlooked. Underlying causes may be the passage of time, 
changing societal values, or shifts in cultural norms.

The phrase “Lost in time” can evoke a sense of yearning for what once was, nostalgia even, 
as if something valuable has been abandoned.

Do autopsies belong to a bygone era, lost in time? Have they gradually diminished in 
relevance, been overlooked, and forgotten? Are our societal values and cultural norms 
shifting, rendering the autopsy a relic of the past? Over the years, a number of publications 
have portrayed the decline of autopsies while underscoring their enduring significance. Are 
these authors driven by nostalgia, or do their arguments hold some truth? And if indeed 
true, does our society still place importance on this? 

Proefschrift Final 19-3-2024.indd   21Proefschrift Final 19-3-2024.indd   21 19-3-2024   11:53:5219-3-2024   11:53:52



Chapter 1

22

References

1.	 van den Tweel JG, Taylor CR. The rise and fall of the autopsy. Virchows Arch. 2013;462(4):371-80.
2.	 Calabrese F, Pezzuto F, Fortarezza F, Hofman P, Kern I, Panizo A, et al. Pulmonary pathology and 

COVID-19: lessons from autopsy. The experience of European Pulmonary Pathologists. Virchows 
Arch. 2020;477(3):359-72.

3.	 Maiese A, Manetti AC, La Russa R, Di Paolo M, Turillazzi E, Frati P, et al. Autopsy findings in 
COVID-19-related deaths: a literature review. Forensic Sci Med Pathol. 2020.

4.	 Pomara C, Li Volti G, Cappello F. COVID-19 Deaths: Are We Sure It Is Pneumonia? Please, Autopsy, 
Autopsy, Autopsy! J Clin Med. 2020;9(5).

5.	 Hanley B, Lucas SB, Youd E, Swift B, Osborn M. Autopsy in suspected COVID-19 cases. J Clin 
Pathol. 2020;73(5):239-42.

6.	 Carsana L, Sonzogni A, Nasr A, Rossi RS, Pellegrinelli A, Zerbi P, et al. Pulmonary post-mortem 
findings in a series of COVID-19 cases from northern Italy: a two-centre descriptive study. Lancet 
Infect Dis. 2020;20(10):1135-40.

7.	 Burton JL, Underwood J. Clinical, educational, and epidemiological value of autopsy. Lancet. 
2007;369(9571):1471-80.

8.	 Huber J. [Truth after death; autopsies as an important indicator for quality control]. Ned Tijdschr 
Geneeskd. 2000;144(28):1375-6.

9.	 van Venrooij NA, Lenders JJ, Lammens MM, van Krieken JH. [Autopsy are a useful quality instru-
ment because of unexpected clinical relevant findings and the answering of clinical questions; a retro-
spective study]. Ned Tijdschr Geneeskd. 2003;147(27):1318-22.

10.	 Goldman L, Sayson R, Robbins S, Cohn LH, Bettmann M, Weisberg M. The value of the autopsy in 
three medical eras. N Engl J Med. 1983;308(17):1000-5.

11.	 Battle RM, Pathak D, Humble CG, Key CR, Vanatta PR, Hill RB, et al. Factors influencing discrepan-
cies between premortem and postmortem diagnoses. JAMA. 1987;258(3):339-44.

12.	 Ermenc B. Comparison of the clinical and post mortem diagnoses of the causes of death. Forensic Sci 
Int. 2000;114(2):117-9.

13.	 Shojania KG, Burton EC, McDonald KM, Goldman L. Changes in rates of autopsy-detected diagnos-
tic errors over time: a systematic review. JAMA. 2003;289(21):2849-56.

14.	 Roulson J, Benbow EW, Hasleton PS. Discrepancies between clinical and autopsy diagnosis and the 
value of post mortem histology; a meta-analysis and review. Histopathology. 2005;47(6):551-9.

15.	 Pinto Carvalho FL, Cordeiro JA, Cury PM. Clinical and pathological disagreement upon the cause 
of death in a teaching hospital: analysis of 100 autopsy cases in a prospective study. Pathol Int. 
2008;58(9):568-71.

16.	 Tavora F, Crowder CD, Sun CC, Burke AP. Discrepancies between clinical and autopsy diag-
noses: a comparison of university, community, and private autopsy practices. Am J Clin Pathol. 
2008;129(1):102-9.

17.	 Schwanda-Burger S, Moch H, Muntwyler J, Salomon F. Diagnostic errors in the new millennium: a 
follow-up autopsy study. Mod Pathol. 2012;25(6):777-83.

Proefschrift Final 19-3-2024.indd   22Proefschrift Final 19-3-2024.indd   22 19-3-2024   11:53:5219-3-2024   11:53:52



General Introduction & Outline of the Dissertation

23

118.	 Winters B, Custer J, Galvagno SM, Jr., Colantuoni E, Kapoor SG, Lee H, et al. Diagnostic errors in 
the intensive care unit: a systematic review of autopsy studies. BMJ Qual Saf. 2012;21(11):894-902.

19.	 Wittschieber D, Klauschen F, Kimmritz AC, von Winterfeld M, Kamphues C, Scholman HJ, et al. 
Who is at risk for diagnostic discrepancies? Comparison of pre- and postmortal diagnoses in 1800 
patients of 3 medical decades in East and West Berlin. PLoS One. 2012;7(5):e37460.

20.	 Kuijpers CC, Fronczek J, van de Goot FR, Niessen HW, van Diest PJ, Jiwa M. The value of autopsies 
in the era of high-tech medicine: discrepant findings persist. J Clin Pathol. 2014;67(6):512-9.

21.	 Blokker BM, Weustink AC, Hunink MGM, Oosterhuis JW. Autopsy rates in the Netherlands: 35 
years of decline. PLoS One. 2017;12(6):e0178200.

22.	 Gaensbacher S, Waldhoer T, Berzlanovich A. The slow death of autopsies: a retrospective analysis of 
the autopsy prevalence rate in Austria from 1990 to 2009. Eur J Epidemiol. 2012;27(7):577-80.

23.	 Turnbull A, Osborn M, Nicholas N. Hospital autopsy: Endangered or extinct? J Clin Pathol. 
2015;68(8):601-4.

24.	 Grassow-Narlik M, Wessolly M, Friemann J. [Autopsy rates in Germany]. Pathologe. 2017;38(5):422-
9.

25.	 Raut A, Andrici J, Severino A, Gill AJ. The death of the hospital autopsy in Australia? The hospital 
autopsy rate is declining dramatically. Pathology. 2016;48(7):645-9.

26.	 Felipe-Silva A, Ishigai M, Mauad T. Academic autopsies in Brazil--a national survey. Rev Assoc Med 
Bras (1992). 2014;60(2):145-50.

27.	 Loughrey MB, McCluggage WG, Toner PG. The declining autopsy rate and clinicians’ attitudes. Ul-
ster Med J. 2000;69(2):83-9.

28.	 Charlton R. Autopsy and medical education: a review. J R Soc Med. 1994;87(4):232-6.
29.	 Petros K, Wittekind C. [Autopsy-a procedure of medical history?]. Med Klin Intensivmed Notfmed. 

2014;109(2):115-20.
30.	 Stempsey WE. The Penetrating Gaze and the Decline of the Autopsy. AMA J Ethics. 2016;18(8):833-

8.
31.	 Lindstrom P, Janzon L, Sternby NH. Declining autopsy rate in Sweden: a study of causes and conse-

quences in Malmo, Sweden. J Intern Med. 1997;242(2):157-65.
32.	 Hull MJ, Nazarian RM, Wheeler AE, Black-Schaffer WS, Mark EJ. Resident physician opinions on 

autopsy importance and procurement. Hum Pathol. 2007;38(2):342-50.
33.	 Blokker BM, Weustink AC, Hunink MG, Oosterhuis JW. Autopsy of Adult Patients Deceased in an 

Academic Hospital: Considerations of Doctors and Next-of-Kin in the Consent Process. PLoS One. 
2016;11(10):e0163811.

34.	 Gatrad AR. Muslim customs surrounding death, bereavement, postmortem examinations, and organ 
transplants. BMJ. 1994;309(6953):521-3.

35.	 Burton EC, Phillips RS, Covinsky KE, Sands LP, Goldman L, Dawson NV, et al. The relation of autop-
sy rate to physicians’ beliefs and recommendations regarding autopsy. Am J Med. 2004;117(4):255-
61.

36.	 Nederlandse Vereniging voor Pathologie. Adviesrapport Postmortem diagnostiek. 2020
37.	 Arthurs OJ, Guy A, Thayyil S, Wade A, Jones R, Norman W, et al. Comparison of diagnostic 

Proefschrift Final 19-3-2024.indd   23Proefschrift Final 19-3-2024.indd   23 19-3-2024   11:53:5219-3-2024   11:53:52



Chapter 1

24

performance for perinatal and paediatric post-mortem imaging: CT versus MRI. Eur Radiol. 
2016;26(7):2327-36.

38.	 Arthurs OJ, Guy A, Kiho L, Sebire NJ. Ventilated postmortem computed tomography in children: 
feasibility and initial experience. Int J Legal Med. 2015;129(5):1113-20.

39.	 Weustink AC, Hunink MG, van Dijke CF, Renken NS, Krestin GP, Oosterhuis JW. Minimally inva-
sive autopsy: an alternative to conventional autopsy? Radiology. 2009;250(3):897-904.

40.	 Avrahami R, Watemberg S, Daniels-Philips E, Kahana T, Hiss J. Endoscopic autopsy. Am J Forensic 
Med Pathol. 1995;16(2):147-50.

41.	 Farina J, Millana C, Fdez-Acenero MJ, Furio V, Aragoncillo P, Martin VG, et al. Ultrasonographic 
autopsy (echopsy): a new autopsy technique. Virchows Arch. 2002;440(6):635-9.

42.	 Krentz BV, Alamo L, Grimm J, Dedouit F, Bruguier C, Chevallier C, et al. Performance of post-mor-
tem CT compared to autopsy in children. Int J Legal Med. 2016;130(4):1089-99.

43.	 Sieswerda-Hoogendoorn T, van Rijn RR. Current techniques in postmortem imaging with specific 
attention to paediatric applications. Pediatr Radiol. 2010;40(2):141-52; quiz 259.

44.	 Morgan B, Biggs MJ, Barber J, Raj V, Amoroso J, Hollingbury FE, et al. Accuracy of targeted post-mor-
tem computed tomography coronary angiography compared to assessment of serial histological sec-
tions. Int J Legal Med. 2013;127(4):809-17.

45.	 Robinson C, Barber J, Amoroso J, Morgan B, Rutty G. Pump injector system applied to targeted 
post-mortem coronary artery angiography. Int J Legal Med. 2013;127(3):661-6.

46.	 Robinson C, Biggs MJ, Amoroso J, Pakkal M, Morgan B, Rutty GN. Post-mortem computed tomog-
raphy ventilation; simulating breath holding. Int J Legal Med. 2014;128(1):139-46.

47.	 Eriksson A, Gustafsson T, Hoistad M, Hultcrantz M, Jacobson S, Mejare I, et al. Diagnostic accuracy 
of postmortem imaging vs autopsy-A systematic review. Eur J Radiol. 2017;89:249-69.

48.	 Roberts IS, Benamore RE, Benbow EW, Lee SH, Harris JN, Jackson A, et al. Post-mortem im-
aging as an alternative to autopsy in the diagnosis of adult deaths: a validation study. Lancet. 
2012;379(9811):136-42.

49.	 Westphal SE, Apitzsch J, Penzkofer T, Mahnken AH, Knuchel R. Virtual CT autopsy in clinical pa-
thology: feasibility in clinical autopsies. Virchows Arch. 2012;461(2):211-9.

50.	 Wichmann D, Heinemann A, Weinberg C, Vogel H, Hoepker WW, Grabherr S, et al. Virtual au-
topsy with multiphase postmortem computed tomographic angiography versus traditional medical 
autopsy to investigate unexpected deaths of hospitalized patients: a cohort study. Ann Intern Med. 
2014;160(8):534-41.

51.	 Rutty GN, Morgan B, Robinson C, Raj V, Pakkal M, Amoroso J, et al. Diagnostic accuracy of 
post-mortem CT with targeted coronary angiography versus autopsy for coroner-requested post-mor-
tem investigations: a prospective, masked, comparison study. Lancet. 2017;390(10090):145-54.

52.	 Rutty GN, Morgan B, Germerott T, Thali M, Athurs O. Ventilated post-mortem computed tomogra-
phy–a historical review. Journal of Forensic Radiology and Imaging. 2016;4:35-42.

53.	 Blokker BM, Wagensveld IM, Weustink AC, Oosterhuis JW, Hunink MG. Non-invasive or minimal-
ly invasive autopsy compared to conventional autopsy of suspected natural deaths in adults: a system-
atic review. Eur Radiol. 2016;26(4):1159-79.

Proefschrift Final 19-3-2024.indd   24Proefschrift Final 19-3-2024.indd   24 19-3-2024   11:53:5319-3-2024   11:53:53



General Introduction & Outline of the Dissertation

25

154.	 Robinson C, Deshpande A, Richards C, Rutty G, Mason C, Morgan B. Post-mortem computed 
tomography in adult non-suspicious death investigation-evaluation of an NHS based service. BJR 
Open. 2019;1(1):20190017.

55.	 Sonnemans LJP, Kubat B, Prokop M, Klein WM. Can virtual autopsy with postmortem CT improve 
clinical diagnosis of cause of death? A retrospective observational cohort study in a Dutch tertiary 
referral centre. BMJ Open. 2018;8(3):e018834.

56.	 Rutty J, Morgan B, Rutty G. Managing transformational change: Implementing cross-sectional imag-
ing into death investigation services in the United Kingdom. 2015.

57.	 de Bakker HM, Roelandt GHJ, Soerdjbalie-Maikoe V, van Rijn RR, de Bakker BS. The val-
ue of post-mortem computed tomography of burned victims in a forensic setting. Eur Radiol. 
2019;29(4):1912-21.

58.	 de Bakker HM, Soerdjbalie-Maikoe V, Kubat B, Maes A, de Bakker BS. Forensic imaging in legal 
medicine in the Netherlands: Retrospective analysis of over 1700 cases in 15 years’ experience. Journal 
of Forensic Radiology and Imaging. 2016;6:1-7.

59.	 Thali MJ, Yen K, Schweitzer W, Vock P, Boesch C, Ozdoba C, et al. Virtopsy, a new imaging horizon 
in forensic pathology: virtual autopsy by postmortem multislice computed tomography (MSCT) and 
magnetic resonance imaging (MRI)--a feasibility study. J Forensic Sci. 2003;48(2):386-403.

60.	 Aghayev E, Staub L, Dirnhofer R, Ambrose T, Jackowski C, Yen K, et al. Virtopsy - the concept of 
a centralized database in forensic medicine for analysis and comparison of radiological and autopsy 
data. J Forensic Leg Med. 2008;15(3):135-40.

61.	 Bolliger SA, Filograna L, Spendlove D, Thali MJ, Dirnhofer S, Ross S. Postmortem imaging-guided 
biopsy as an adjuvant to minimally invasive autopsy with CT and postmortem angiography: a feasibil-
ity study. AJR Am J Roentgenol. 2010;195(5):1051-6.

62.	 Bolliger SA, Thali MJ. Imaging and virtual autopsy: looking back and forward. Philos Trans R Soc 
Lond B Biol Sci. 2015;370(1674).

63.	 Bolliger SA, Thali MJ, Ross S, Buck U, Naether S, Vock P. Virtual autopsy using imaging: bridg-
ing radiologic and forensic sciences. A review of the Virtopsy and similar projects. Eur Radiol. 
2008;18(2):273-82.

64.	 Christe A, Flach P, Ross S, Spendlove D, Bolliger S, Vock P, et al. Clinical radiology and postmortem 
imaging (Virtopsy) are not the same: Specific and unspecific postmortem signs. Leg Med (Tokyo). 
2010;12(5):215-22.

65.	 Flach PM, Egli T, Bolliger SA, Berger N, Ampanozi G, Thali MJ, et al. “Blind spots” in forensic au-
topsy: Improved detection of retrobulbar hemorrhage and orbital lesions by postmortem computed 
tomography (PMCT). Legal Medicine. 2014;16(5):274-82.

66.	 Ross S, Spendlove D, Bolliger S, Christe A, Oesterhelweg L, Grabherr S, et al. Postmortem 
whole-body CT angiography: evaluation of two contrast media solutions. AJR Am J Roentgenol. 
2008;190(5):1380-9.

67.	 Ross SG, Thali MJ, Bolliger S, Germerott T, Ruder TD, Flach PM. Sudden death after chest pain: fea-
sibility of virtual autopsy with postmortem CT angiography and biopsy. Radiology. 2012;264(1):250-
9.

Proefschrift Final 19-3-2024.indd   25Proefschrift Final 19-3-2024.indd   25 19-3-2024   11:53:5319-3-2024   11:53:53



Chapter 1

26

68.	 Ruder TD, Thali MJ, Hatch GM. Essentials of forensic post-mortem MR imaging in adults. Br J Ra-
diol. 2014;87(1036):20130567.

69.	 Magnin V, Grabherr S, Michaud K. The Lausanne forensic pathology approach to post-mortem imag-
ing for natural and non-natural deaths. Diagnostic Histopathology. 2020;26(8):350-7.

70.	 O’Donnell C, Rotman A, Collett S, Woodford N. Current status of routine post-mortem CT in Mel-
bourne, Australia. Forensic Sci Med Pathol. 2007;3(3):226-32.

71.	 O’Donnell C, Woodford N. Post-mortem radiology--a new sub-speciality? Clin Radiol. 
2008;63(11):1189-94.

72.	 de Bakker HM. Forensic radiology in the Netherlands: Results of a symbiotic collaboration in the 
pathological-radiological field: Universiteit van Amsterdam; 2020.

73.	 Grabherr S, Baumann P, Minoiu C, Fahrni S, Mangin P. Post-mortem imaging in forensic investiga-
tions: current utility, limitations, and ongoing developments. Res Rep Forensic Med Sci. 2016;6:25-
37.

74.	 Hueck U, Muggenthaler H, Hubig M, Heinrich A, Guttler F, Wagner R, et al. Forensic postmortem 
computed tomography in suspected unnatural adult deaths. Eur J Radiol. 2020;132:109297.

75.	 Wijetunga C, O’Donnell C, So TY, Varma D, Cameron P, Burke M, et al. Injury Detection in Trau-
matic Death: Postmortem Computed Tomography vs. Open Autopsy. Forensic Imaging. 2020;20.

76.	 Jalalzadeh H, Giannakopoulos GF, Berger FH, Fronczek J, van de Goot FR, Reijnders UJ, et al. 
Post-mortem imaging compared with autopsy in trauma victims–a systematic review. Forensic science 
international. 2015;257:29-48.

77.	 Grabherr S, Heinemann A, Vogel H, Rutty G, Morgan B, Wozniak K, et al. Postmortem CT Angiog-
raphy Compared with Autopsy: A Forensic Multicenter Study. Radiology. 2018;288(1):270-6.

78.	 Ampanozi G, Halbheer D, Ebert LC, Thali MJ, Held U. Postmortem imaging findings and cause of 
death determination compared with autopsy: a systematic review of diagnostic test accuracy and me-
ta-analysis. Int J Legal Med. 2020;134(1):321-37.

79.	 Ayoub T, Chow J. The conventional autopsy in modern medicine. J R Soc Med. 2008;101(4):177-81.

Proefschrift Final 19-3-2024.indd   26Proefschrift Final 19-3-2024.indd   26 19-3-2024   11:53:5319-3-2024   11:53:53


