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Preface

Every 5 years or so, another paper is published reaffirming the continuing clinical
value of the autopsy in uncovering unsuspected clinical diagnoses, many of which
could, if treated, have altered the course of the patient’s care. It is somewhat intrigu-
ing that there appears to be a need to continue to “make the case” for the existence
of the autopsy on a relatively regular basis. There is, of course, the pervasive sense
among clinical colleagues that modern diagnostic techniques are so advanced that
patients no longer die with undiagnosed or misdiagnosed disease — yet the data
clearly and consistently show otherwise. In many settings, pathologists also con-
tinue to shy away from this important clinical activity. As practice models have
begun to focus on physician productivity and directly link that to compensation, the
time it takes to do an autopsy well is viewed as time away from RVU-generating
activities. Training of future pathologists in the performance of autopsies has also
come under examination. As the volume of the material pathology residents need to
learn during their relatively short training period continues to grow (e.g., molecular
pathology, informatics, whole slide imaging, in vivo microscopy, participation in
patient safety initiatives), program directors are looking for ways to make space in
the schedule for these growing areas, and it has been suggested that perhaps the 50
autopsy requirement to sit for the board examination in anatomic pathology needs
to be reconsidered.

Despite these “attacks” on seemingly multiple fronts, the autopsy remains the
cornerstone of quality assurance in medicine. The 2015 Institute of Medicine report
“Improving Diagnosis in Heath Care” identifies postmortem examination as a key
data source for detecting and monitoring diagnostic errors and further encourages
(Recommendation 4C) that the Department of Health and Human Services provide
funding for this medical procedure. The Autopsy Working Group of the Association
of Pathology Chairs has also recently endorsed the importance of maintaining
autopsy instruction as a key component of pathology residency training, recom-
mends that the current minimum requirement of 50 autopsies not be reduced (at this
time), and further urges such programs to have a dedicated Autopsy Service Director
to assure adequate instruction in autopsy techniques. This stance is based on the
simple reality that the autopsy continues to fulfill an important diagnostic role in
the current practice of medicine. As new treatments become available, use of the
autopsy remains vital in assessing the effectiveness and consequences of those
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therapies. For example, much of what we are learning about the side effects of the
new immunotherapies has come from autopsy investigations.

But the autopsy of today is not the same as it was even a decade ago. Ongoing
evolution is clearly necessary to maintain the utility and value of the autopsy. New
techniques are available to augment the traditional gross and microscopic examina-
tions, and there is a greater call to use data obtained from autopsies for purposes
beyond simply answering unanswered questions about individual cases. These
“new frontiers” for the autopsy are a major focus of this book. Advanced imaging
modalities and molecular testing are becoming routine components of the autopsy
in many settings. The value of tissue, often rapidly obtained after death, is becoming
increasingly appreciated both for research projects and for building annotated banks
and repositories. Data collection, aggregation across cases, and analysis are now
being used to advance the role for the autopsy in quality management and support-
ing efforts in population-based healthcare. Realizing this potential will require stan-
dardization in data collection and recording.

This book provides both a historical perspective on the autopsy and plots a path
forward. It discusses ways to increase the value of the autopsy, both locally and on
a larger scale. It addresses not only what the autopsy is, but what it could be. Any
pathology department with an autopsy service should seriously consider the ideas
developed in this book, based on the real experiences of the authors at their own
institutions. Readers will undoubtedly find ways to improve autopsy practices at
their own institutions.

New Haven, CT, USA John Sinard
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A Short History of Human Dissection
and the Autopsy

Stephen A. Geller

Introduction

The term “autopsy” implies “seeing for oneself” and derives from the Greek — auto
for self and opsy for seeing — and, later, in Latin, as autopsia, “a seeing with one’s
own eyes” [1-14]. Originally used literally in the sense of self-examination or self-
inspection by Galen, it later was employed to refer to an examination of “the body
itself” [14]. Its application as the term for a postmortem examination of a human
being (in animals, “necropsy” is generally employed) has been said to have been
first used in the case of the Empress Feodorovna of Russia in 1829 [8, 14] although
it was probably used as early as the sixteenth century in France (autopsie) and the
seventeenth century in England, as shown in a 1651 portrait of two physicians,
Charles Scarborough and Edward Arris, performing an autopsy [15]. Human dissec-
tions, driven by insatiable curiosity about human structure and disease, have been
carried out for at least as long as recorded history.

The Development of Anatomy

No one knows when the actual first dissection of a human being for the purpose of
obtaining knowledge took place. Susruta, in India during the Brahmin period, in
approximately 5000 BCE, is the first person credited with performing such a proce-
dure [1]. In Babylonian times, dissections on both humans and, especially, animals
were performed, most likely only for the purpose of predicting the future. It is worth
noting, however, that the Talmud of this time includes the first detailed listing of
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human bones (Mishnah, Nid. 24b), the correct number of lobes of the human lung
(Tomid 50a), and the structure of the esophagus (Hul. 43a) [2, 8, 16—18]. The Talmud
also indicates that pig anatomy is similar to human anatomy (Ta’anit 21b) [8].

Early Greek and Roman Contributions

Homer (c. 900 BCE) and Hesiod (c. 750 BCE) each made a few anatomic observa-
tions, but the first person known to devote himself to the study of anatomy was
Alemaeon (c. 500 BCE), a native of the Greek colony of Croton in southern Italy;
only a few fragments of his writings survive [1-3, 19, 20]. Pliny described
Herophilus (335-280 BCE) [20], a student of the pragmatist Praxagoras of Cos (c.
400 BCE), as the “first man to search into the causes of disease” by human dissec-
tion. Herophilus described abdominal organs, the female genital tract, and the pros-
tate gland, among other anatomic structures, and was the first to systematically
study the brain and spinal cord [1]. By the third century BCE, dissection was prac-
ticed in Alexandria, Egypt, and both the Edwin Smith papyrus and the Ebers papy-
rus record a knowledge of anatomy [8].

Erasistratus of Chios (c. 310-250 BCE) recognized cirrhosis and the associated
ascites. Son of a physician and disciple of the school of Cnidus, Erasistratus aban-
doned the humoral theory prevalent at the time and is the first physician recorded as
performing what we would now call an autopsy: deliberately searching for the ana-
tomic causes of pleurisy and pericarditis [1, 13].

Celsus (the first century), although probably not a physician, was a man of vast
culture, well learned in the natural and medical sciences [1, 3]. He was one of the
greatest contributors to medical knowledge, defining, among other things, the cardi-
nal signs of inflammation. He may not have performed many human dissections
himself but reportedly said, “...to open the bodies of the dead is necessary for
learners....”

Galen of Pergamon (138-201) dissected the bodies of a few Roman gladiators
and wrote about correlating the patient’s signs and symptoms with a particular part
of the body but performed most of his studies of anatomy on Barbary apes and pigs
[1,3, 8, 19]. The first to demonstrate arterial pulsations, the function of the recurrent
laryngeal nerve [21], the function of the ureters, and other aspects of anatomy and
physiology, Galen’s writings on anatomy influenced and simultaneously impeded
the development of medicine because of the contained dogmatic assertions based on
animal anatomy, accepted almost universally for more than 13 centuries [22-25].

Dark Ages and Early Middle Ages

During the next approximately thousand years, there were isolated accounts of
human dissections in Norway and Italy. A fourth-century fresco in a Christian cem-
etery in southeast Rome, uncovered in 1956, showing what appears to be the dissec-
tion of a woman’s body, suggests that autopsies were condoned in early Christian
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times [26]. However, a tenth-century manuscript cites a physician friend of the
Church Father Augustine as saying: “It pleased the ancient anatomists to examine
the viscera of the dead to learn in what way they died, but for us humanitas prohibits
this” [13, 27, 28]. In 1299, Pope Boniface VIII forbade the boiling of bodies to sepa-
rate the flesh from the bones, a procedure performed to make it easier to bring the
bones of crusaders back to Catholic burial grounds [8]. This may have led to the
erroneous opinion that Catholicism does not allow autopsies. In the thirteenth cen-
tury, the chronicle of the Franciscan monk Salimbene of Parma (1221-1290) alludes
to a human dissection during the pestilence of 1286 [13]. Other isolated reports of
dissections from that time exist and, during the renaissance, it is clear that they were
allowed; a number of fourteenth- and fifteenth-century French, German, and Italian
woodcuts are extant demonstrating human dissections in academic settings, with
clear representation of teachers and students (Fig. 1.1) [8]. A number of Popes were
autopsied, and Pope Sixtus IV (1471-1484) issued an edict permitting studies on
human bodies by students at Bologna and Padua [8]. The first law authorizing
autopsies was issued two centuries before by Frederick II (1194-1250), Emperor of
the Holy Roman Empire [11].

Renaissance Contributions

In 1316 Mondino de Luzzi (Mundinus) (1270-1326) published a seminal anatomy
textbook, Anathomia, which, in parts of Europe, became the primary source for
learning about the structure of the human body (Fig. 1.2) [1-3, 8, 9]. This anatomi-
cal text, heavily influenced by Galen’s writings, was widely used until the sixteenth
century. It is of interest that the frontispiece to Anathomia shows a young, long-
haired prosector, perhaps representing Alessandra Giliani (1307-1326), the first
known female anatomist who, in addition to assisting Mundinus and even correcting
some Galenic concepts, developed a method for draining blood from the corpse and
replacing it with colored dyes to better demonstrate arteries and veins [29-31].
Leonardo Da Vinci, in the fifteenth century, dissected many human bodies and
may have been the one to first apply the term “coronary” to the cardiac vessels,
likening them to a king’s crown [4]. Despite his extraordinary observational skills,
Da Vinci was influenced by Galenic teachings. He described two autopsies, one
performed on a hundred-year-old man who had died peacefully and the other on a
child of 2 years, where “I found everything contrary to what it was in the case of the
old man.” Michelangelo (1475-1564) also performed a few dissections, one of
which he documented in a sketch, but his greatest interest was in surface anatomy.
In this period, autopsies were performed mostly on the bodies of criminals, but
Alessandro Benedetti (1460—-1525), who described gallstones, malrotation of the
heart, and other entities, pointed to the necessity of performing autopsies on all
people who died [24]. In 1507, Antonio Benivieni (1440—-1502) published the first
collection of autopsy reports. He was also the first physician known to have asked
permission of relatives for performance of an autopsy, and his attempts to make
clinical-pathologic correlations may have set the stage for Morgagni. Although
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Fig. 1.1 Fifteenth-century Italian woodcut showing dissection/autopsy being performed, perhaps
in the setting of a university. Note that the professor sits above the group reading to them from a
standard text, most likely Galen. (Courtesy of the National Library of Medicine)
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Fig. 1.2 Frontispiece of Mundinus’ Anathomia. Note that Mundinus is not himself performing
the dissection which is being carried out by an assistant, perhaps Alessandra Giliani. (Courtesy of
the National Library of Medicine)
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there is neither a definite time nor person that can be identified as having altered the
focus of dissections from the discovery of anatomic structures to the revealing of the
morphologic basis of disease, Benivieni and his work are an early example of that
change.

The University of Padua became the great seat of learning for anatomy and
pathology [22-25]. In 1341, Gentile da Foligno (1280-1348) carried out a public
dissection at Padua. Subsequently the popularity of dissections increased. Soon
after this public postmortem examinations were being carried out in Siena, in 1348,
in Montpelier in 1366, Venice in 1368, Florence in 1388, and Paris in 1478, where
dissections became a requirement for faculty members [1, 6]. At Padua, which
accepted students from all nations and of all religions, the student body included
Nicolaus Copernicus (1473-1543), who formulated the modern view of our uni-
verse (De revolutionibus orbium coelestium, published in 1543, the year of
Copernicus’ death and the year Vesalius published De fabrica); William Harvey
(1578-1657), who went on to explain the circulation of the blood (De motu cordis,
1628) and also performed autopsies on many of his patients, including the ostensi-
bly 152-year-old Thomas Parr in 1635; and Galileo (1564—-1642), one of the great-
est scientists of all time. Galileo went on to be a faculty member at Padua; his
lecture platform is still preserved [23].

Legions of great physicians devoted themselves to discovering anatomic struc-
tures, including Gabriele Falloppio (“Fallopius™) (1523-1562), one of the first to
challenge the teachings of Galen, who described many of the structures of the
female and male genital tracts; Girolamo Fabrizio d’Acquapendente (“Fabricius”)
(1533-1619), whose identification of the bursa that bears his name was vital in the
development of modern immunology; Giulio Cesare Aranzio (Aranti) (1530-
1589), who described the ductus arteriosus, the corpora arantii of the heart, and
pioneered studies of the fetus; and Bartolomeo Eustachio (1500-1574), originally
an ardent Galenist who became an enthusiastic Vesalian and who discovered the
auditory tube that bears his name, the thoracic duct, and the adrenal glands. Others,
at Padua and elsewhere, whose names are engraved in the lexicon of medicine,
flourished in this era (e.g., Marco degli Oddi (1526-1591), who identified the duo-
denal sphincter of the common bile duct; Adriaan van den Spiegel (“Spigelius”)
(1578-1625), who wrote about the muscles and fasciae of the abdominal wall as
well as the caudate lobe of the liver (“Spiegel lobe”); Antonio Valsalva (1666—
1723), whose name is associated with the Valsalva maneuver, a test of circulatory
function, and who made various anatomic contributions, as well as many others
who practiced medicine and studied human structure [1, 6, 23, 26].

Andreas Vesalius Corrects Galen

It was Andreas Vesalius (1514-1564) who provided the first and most important
step in establishing medicine as a scientific discipline [22-24]. His monumental De
humani corporis fabrica libri septem (“the structure of the human body in seven
books; De fabrica”) corrected the many errors and misinterpretations of Galenic
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anatomy. It was illustrated in part by Vesalius himself but mostly by Stephen von
Calcar, a student of Titian. In contrast to generally accepted practice reflected in
many illustrations of the time, in which a teacher directed someone else, Vesalius
performed the dissections himself. Vesalius came to Padua after being in Paris and
Louvain. His epochal achievements overthrew the more than 1000 years of Galenic
influence on medicine. William Osler (1849-1919) later described Vesalius’ 1543
De fabrica as the greatest medical book ever written and the start of modern medi-
cine (Fig. 1.3). In addition to the original Latin, De fabrica was published in
German, allowing for its use in many countries. Ambroise Paré (1510-1590), the
greatest Renaissance surgeon, read the translated version and immediately recog-
nized the importance of De fabrica. Paré became a significant force in spreading
Vesalius’ teaching [1, 21].
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Fig. 1.3 Frontispiece of De fabrica (1543) showing Vesalius himself dissecting a human body.
(https://commons.wikimedia.org/wiki/File: Vesalius_Fabrica_fronticepiece.jpg)


https://commons.wikimedia.org/wiki/File:Vesalius_Fabrica_fronticepiece.jpg

10 S. A. Geller

In the next four centuries, human dissections were increasingly employed in
Europe and in the New World. Indeed, the first recorded human dissection in the
western hemisphere was performed 10 years before the publication of De fabrica in
what is now the Dominican Republic, on the bodies of conjoined twins [8].

The Coming of Age of The Autopsy

Morgagni Shows that Disease Is Founded
in Morphologic Alterations

It remained for Giovanni Battista Morgagni (1682-1771) (Fig. 1.4), a student of
Valsalva at Bologna before he came to Padua, to transform human dissections from
anatomic exercises to a vital component of the medical care of the patient who has
died. At the age of 79, in 1761, Morgagni recorded the observations of a lifetime in
his great work De sedibus et causis morborum per anatomen indagatis (De sedibus)
(the sites and causes of disease established by anatomic investigations) confirming
once and for all the principle that human diseases are founded in morphologic alter-
ations. A profound and tireless student of disease, given the chair of anatomy at
Padua at the age of 33, Morgagni differed from his predecessors in applying logical
reasoning to groups of cases, rather than only collecting isolated observations. Fully
entitled to a preeminent position in the history of medicine for establishing post-
mortem examinations as the scientific basis of medical study to identify pathogen-
esis and the course of diseases, he was also one of the greatest contributors to
clinical medical practice and diagnosis, describing a host of diseases and condi-
tions, including cirrhosis, various tumors, brain abscess as a sequel to otitis media,
hemiplegia as a sequel to contralateral brain injury, pneumonic “hepatization,”

Fig. 1.4 Images of Giovanni Batista Morgagni, Karl von Rokitansky, and Rudolf Virchow.
(https://commons.wikimedia.org/wiki/File:G._B._Morgagni,_%?22De_sedibus...%22, _1761;_
title_page_Wellcome_L.0000576.jpg)
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pulmonary tuberculosis, aortic syphilis, gummata of the liver and brain, vegetative
endocarditis, aneurysm, tetralogy of Fallot, Stokes-Adams syndrome, Turner-
Albright syndrome, gastric carcinoma, colonic carcinoma, probably Crohn’s dis-
ease, and literally dozens of others, as well as many anatomic structures.

Modern medicine owes its development to Padua, with the foundations set
by Vesalius, the anatomist, Harvey, the physiologist, and Morgagni, the pathol-
ogist [25].

The Nineteenth Century

In the early nineteenth century, building on the firm foundation established by
Morgagni, great contributions to medical knowledge were made through autopsy by
many physicians: Herman Boerhaave (1668—1738), regarded as the founder of
clinical teaching and of the modern academic hospital; Joseph Lieutaud (1703-
1780), who eventually became physician to Louis X VI of France; Matthew Baillie
(1761-1823), author of the first English language pathology text; Marie-Francois
Xavier Bichat (1771-1802), who demonstrated the variability of tissues and has
been called “father of histology”; Bichat’s student René Theophile Hyacinthe
Laennec (1781-1826), a great pulmonary pathologist who invented the stetho-
scope; P.C.A. Louis (1787-1872), who brought statistical studies to medicine; and
Thomas Hodgkin (1798-1865), a great educator and humanitarian who described
the disease that bears his name and also delineated the features separating inflam-
mation from neoplasia. Diseases were, for the first time, recognized, and their
pathogenesis began to be understood. Hodgkin created one of the first pathology
specimen museums (now known as the “Gordon Museum” at Guy’s Hospital,
London) organized by systems for student and physician education. He was an
important proponent of the autopsy and one of the first physicians to devote himself
almost entirely to autopsy performance [32]. Hodgkin might well be regarded as the
first full-time pathologist, although that appellation could as well be applied to
Erasistratus, Benivieni, Morgagni, or Karl Rokitansky (1804—1878).

Karl Rokitansky: Expanding on Morgagni

Karl Rokitansky, in Vienna in the mid-nineteenth century, performed more than
30,000 autopsies himself and examined another 60,000 (Fig. 1.4) [1, 2, 8§-12, 33,
34]. Most importantly he was the first to study the pathologic changes he found at
autopsy in a systematic manner, carefully correlating the morphologic observations
with the clinical events. He expanded the Morgagni principle, permanently estab-
lishing the tradition of clinical-pathologic correlation and confirming the key role of
the pathologist in the study of human disease. Founder of the great Viennese school
of Pathology, Rokitansky was a brilliant observer with an extraordinary breadth and
depth of experience. Despite this, Rokitansky inexplicably held to the primitive
theory that diseases were due to either “crasias” or “dyscrasias.” To his credit,
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Rokitansky, perhaps the most renowned physician in the world in the mid-nineteenth
century, publicly abandoned this outdated concept after learning the work and theo-
ries of Rudolf Virchow (1821-1902) in Berlin.

Rudolf Virchow and Cell Theory

Rudolf Virchow (Fig. 1.4), certainly one of the greatest figures in the history of
pathology and of medicine, developed the seminal concept that disease begins in the
cell and not with mysterious humors (“omnis cellula e cellula”; all cells (come)
from cells) [35, 36]. A scientist, teacher, anthropologist, and social revolutionary,
Virchow initiated the transformation of medicine from art to modern science, set-
ting the stage for the development of surgical pathology and, in a sense, even molec-
ular pathology, because of his insights about the origins of diseases. Although he
was not the first to use the microscope in studying human tissues, his teachings were
instrumental in altering the approach to the autopsy, which had been principally
based on macroscopic observations. Virchow emphasized the need for standardiza-
tion of procedures [37], in 1876. Four years previously, in 1872, Francis Delafield
(1841-1915), at New York’s College of Physicians and Surgeons, founder of the
first pathology laboratory in the United States, published his autopsy text, empha-
sizing the same need [38].

The understanding of Virchow’s cell theory opened the doors to the molecular
studies of the twenty-first century, just as Vesalius, Harvey, and Morgagni opened the
doors to the great diagnostic and therapeutic advances of the twentieth century [39].

The great medical thinkers over the past 2500 years and their contributions to the
development of human dissection and to the autopsy are listed in Table 1.1.

Table 1.1 Key figures in the history of human dissection and of the autopsy

Time Country/

Key figure | period Region Major contribution

Herophilus | 335- Greece First person to search into causes of disease through
280 BCE human dissection

Galen 138-201 Rome Detailed descriptions of anatomic structures; first to

demonstrate arterial pulsations, function of laryngeal
nerve, ureters, and many other aspects of anatomy
Vesalius 1514-1564 | Padua/ Established medicine as a scientific discipline and
Paris/ corrected the many errors and misinterpretations of
Louvain | Galenic anatomy

Morgagni 1682-1771 | Padua/ Confirmed once and for all the principle that human
Bologna | diseases are founded in morphologic alterations
Rokitansky | 1804-1878 | Vienna Expanded on the Morgagni principle by correlating
morphologic observations with clinical events and
confirmed the role of the pathologist in the study of
human disease

Virchow 1821-1902 | Germany | Developed the seminal concept that disease begins in
the cell rather than with mysterious humors and
transformed medicine from art to modern science
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The Twentieth Century

The twentieth century saw the greatest expansion in the use of the autopsy world-
wide, reaching its peak of development in Vienna and Berlin before World War I and
in the United States in the years before and after World War II. A list of the disorders
understood in the twentieth century on the basis of autopsy includes influenza, sys-
temic lupus erythematosus and other collagen-vascular diseases, rheumatic fever,
Legionnaire’s disease, the nature and behavior of most tumors including brain
tumors, and acquired immunodeficiency syndrome (AIDS), to name just a few. The
many autopsies performed, and their recording in the medical literature, greatly
advanced medical knowledge and scientific investigation, improved the quality of
medical care, and benefited society in terms of forensics and environmental control.
The autopsy improved understanding of the efficacy and deleterious effects of ther-
apies, including radiation and chemotherapy. Information provided to family mem-
bers about possible genetic and infectious implications proved invaluable to them
and, as studies have shown, also helped to relieve guilt, lessen the pain of grieving,
and shorten the mourning period.

By the end of the twentieth century, the numbers of autopsies performed through-
out the world declined, despite the continuing documentation of its usefulness and
also despite the fact that as many as 15-40% of patients still die without an estab-
lished correct clinical diagnosis, even when the most sophisticated techniques have
been applied [40—45]. The 1983 hallmark article by Goldman and co-workers about
discrepancies between the most significant clinical diagnoses and the most signifi-
cant autopsy findings showed that “advances in diagnostic technology have not
reduced the value of the autopsy” [46]. This conclusion has, more than three decades
later, been again confirmed: “despite intensive modern clinical investigations,
autopsies continue to reveal major antemortem diagnostic errors in a significant
number of cases” [47]. It is not possible to calculate the enormous amount of infor-
mation about human disorders, particularly, about the pathogenesis of disorders,
that has been lost in recent years because of the failure to perform autopsies in more
than 95% of people who die in hospitals. Many reasons can be cited for this trou-
bling decline, including economic factors, decline of emphasis of autopsy in medi-
cal schools, fear of litigation among clinicians, misplaced confidence in the degree
of reliability of modern diagnostic methods, and lack of complete understanding
about social and religious customs that may affect the autopsy [48-55].

Observations on The Future of The Autopsy

With renewed and increasing recognition of the continuing value of a thoughtfully
performed and reported autopsy, efforts are being made to restore the autopsy to an
appropriate level of utilization for the benefit of humankind.

As the sciences of molecular medicine and molecular pathology become increas-
ingly sophisticated and specific, there may be a time when diagnostic markers for
every known condition are determined and all currently known diagnostic
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approaches, both invasive and noninvasive, become unnecessary. It is no longer
beyond the realm of imagination to expect that a tiny sample of blood or other bio-
logic material could be studied to reveal all abnormalities in the body. It is even
conceivable that some handheld scanning device similar to that used by Dr. Leonard
McCoy (“Bones”) in the science fiction series Star Trek will be available. When that
time will be is impossible to determine, but it is highly unlikely to occur in the next
20 years. Until that time, and probably longer than that, the autopsy remains an
invaluable component of medical care as study after study demonstrates significant
diagnostic discrepancy rates of 10-25% even in the best-equipped medical centers
[47, 56, 57].

Unfortunately, it may well be that the well-performed, “complete” hospital
autopsy will cease to exist in the coming decade, even in academic centers, because
of a combination of clinician and pathologist disinterest, lack of effectiveness of
individual pathologists and their organizations in explaining to both the medical
profession and lay public the continuing benefits of autopsy, and economic factors
such as health insurers not paying for autopsy and hospital administrators not sup-
porting autopsy. Although many currently practicing pathologists understand well
the high value of the autopsy and are skilled in its performance [58—60], increasing
numbers of young pathologists may not be capable of performing complete autop-
sies [61]. New pathologists, at the beginning of their careers, typically have per-
formed only the minimum required number of autopsies when they complete their
residency. There are examples throughout the country where hospital autopsies are
performed by forensic pathologists who, though highly qualified to investigate
death, may not approach the hospital autopsy in the traditional way. For many years,
there has been the suggestion that regional autopsy centers be established to allow
for autopsy performance by committed and experienced pathologists and some
centers currently exist [62].

Suggestions for improving and reviving the autopsy have been made in recent
years [58, 63] and employing these and other new ideas can further add to the autop-
sy’s value. However, efforts to “modernize” the autopsy will still require consider-
able effort on the economic and political fronts to ensure that the autopsy continues
to serve the medical profession and the public at large.
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Introduction

Quality management (QM) as a distinct profession has its origins in industry, par-
ticularly manufacturing, in the early 1900s. Since then quality management tech-
niques have been applied to almost every field of human endeavor, including
medicine. Medical quality management (MQM) has become its own subspecialty
with several professional societies, each with its own certification program, peer-
reviewed journal, and annual meeting. The first section of this chapter will provide
a basic introduction to QM history, terminology, and concepts. Several historical
vignettes will be provided to illustrate a few relevant key concepts. Perhaps the most
crucial concept to bear in mind for our purposes is that rational quality management
is impossible without measurement.

QM is part of the everyday life of most laboratory professionals who are accus-
tomed to assuring that freezers are cold, controls are within range, new procedures
are validated, frozen section diagnoses correlate with final diagnoses, and lab staff
is proficient. Meticulous records are kept and held ready for inspectors from a vari-
ety of oversight organizations. These familiar activities, which ensure the integrity
of the process and quality of results, fall under the general heading of quality assur-
ance (QA). Quality improvement (QI) is a cyclical, ongoing process.

It involves continuously evaluating policies and procedures, devising ways to
improve them, implementing the proposed changes, and evaluating their effects.
Intradepartmental QI projects are also part of the ongoing work of the laboratory.
Autopsy data can also be used as part of hospital-wide QI initiatives. The second
section of this chapter will discuss autopsy QA and the use of autopsy as part of
institutional QI.
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Finally, autopsy results have the proven potential to impact patient outcomes
when applied to QI projects beyond an individual hospital. This last application of
autopsy results is the most challenging and potentially the most important. Recent
years have seen an increased national interest in improving patient care by reducing
medical errors and improving the diagnostic process. The third section of this chap-
ter will discuss the role that the autopsy can play in a broad national effort to improve
patient outcomes. The autopsy is an indispensable tool for obtaining the measure-
ments needed to monitor and ultimately improve the clinical diagnostic process.

Quality Management

Quality management was created to further the financial interests of its practitio-
ners. It evolved under the selective pressure of industrial and military competition.
New management approaches both succeeded and proliferated because they yielded
financial success or failed because they did not. Even the emphasis on the customer
(or in the case of medicine, the patient) can be viewed, in part, through a business
lens. In short, QM is not window dressing. QM is an essential ingredient in the suc-
cess of any large organization that operates in a competitive environment, and QM
is not possible without measurement. A brief review of the history of the field will
serve to illustrate this (more comprehensive reviews can be found in the reference
section) [1-4].

Quality Management History

Medieval trade guilds were influential commercial organizations that strove to cre-
ate local monopolies on their goods and services. One key ingredient in that effort
was the reliably high quality of their products. The guilds maintained high standards
for raw materials (with thorough inspections and severe penalties for shoddy suppli-
ers) and workmanship (through a detailed apprenticeship program). Master crafts-
men inspected the finished goods and only affixed their seal of approval to those that
met their standards. This was not just a matter of professional or civic pride. The
quality of the finished product ensured their reputation, and their reputation assured
their livelihood.

The dramatic technical advances of the Industrial Revolution changed the speed
and scale of production. Factories consumed raw materials in quantities too large to
be completely inspected. Finished goods were produced at high speed in large vol-
umes, and mistakes in the production process became very expensive to address.
Qualitative standards were no longer adequate. The entire manufacturing process
was subjected to minute quantitative analysis. Measurements were taken and bench-
marks and standards were created.

This approach created a demand for trained managers and efficiency specialists.
Frederick W. Taylor’s Principles of Scientific Management (published in 1911) was
the start of industrial engineering and made Taylor the first management consultant.
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The cost of QM and efficiency experts was more than offset by the savings in waste
and the improvement in the quality of the finished product.

The success of Taylor’s approach to eliminating waste and inefficiency generated
interest in applying similar techniques to other sectors of society. Reforms in medi-
cal education (e.g., the Flexner Report) and hospital administration were heavily
influenced by the movement [5].

In the 1920s, Western Electric engineer Walter Shewhart revolutionized the
approach to QM by developing the concept of statistical process control and intro-
ducing control charts. Shewhart followers like W. Edwards Deming would promote
and expand on his work. The power of the statistical approach to QM was demon-
strated in the US manufacturing effort in World War II and in the miraculous rise of
Japanese manufacturing in the 1950s, 1960s, and 1970s.

Modern Quality Management

The late 1960s also saw the beginnings of medical quality management (MQM) as
a separate discipline [6] driven in part by the demands of sprawling new federal
programs like Medicare and Medicaid. Physician researchers analyzed health-care
delivery as a system, identified opportunities for improvement, and proposed mea-
sures (performance monitoring, peer review, improvements in medical and profes-
sional education) to address deficiencies. Among the earliest influential work was
that of Avedis Donabedian [7].

In the 1980s Motorola developed a program called Six Sigma to dramatically
decrease product defects and improve customer satisfaction. The goal was to reduce
defects to 3.4 defects per million opportunities (3.4 DPMO) through QI projects
that were data driven, time bound, and supported by management. Central to the
success of these QI projects was the application of a process, DMAIC: define, mea-
sure, analyze, improve, and control. Simplistically, the target defect and expected
improvements are defined, validated data is measured to establish a baseline, the
data is analyzed to identify vital few root causes of defects, a program is designed
to improve the outcomes, and when improvements are achieved, the process is con-
trolled to lock in gains. The initial investment in training and planning was docu-
mented to be more than offset over several years by substantial savings in production
costs, improvements in customer satisfaction, and increases in profit. This approach
has been adopted beyond the manufacturing industry and has been increasingly
applied to hospital administration and health care.

Quality Management Vignettes

A well-designed, thoroughly integrated QM program provides an organization with
tangible benefits and more than justifies the associated costs. A poorly designed,
halfheartedly applied program can be disastrous. In this subsection, several exam-
ples (medical and otherwise) of successful and unsuccessful applications of
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management principles are offered to illustrate several important points that will be
applied later to a consideration of the use of autopsy data in QM.

Vignette #1: The Ford Pinto

In the 1970s the Ford Motor Company responded to a flood of fuel-efficient com-
pact imports by designing the Pinto. Product development was proceeding at record-
setting pace until crash tests revealed potentially dangerous design flaws in the
rear-mounted gas tank. Against the advice of engineers, Ford decided to continue
with production and to absorb the costs of litigation resulting from any injuries and
deaths. What followed was a horrendous toll in human suffering, enormous civil
lawsuits, and the first criminal charges ever brought against an American company
for faulty product design [8].

Lessons: Emphasizing speed and short-term profits over the interests of the cus-
tomer (or patient), in addition to being unconscionable, is ultimately bad for the orga-
nization. The cost and inconvenience of instituting and sticking to a sound QM program
are ultimately much less than the cost of not having one or circumventing one.

Vignette #2: Commercial Cytology Laboratories

The 1970s and 1980s saw the advent of large commercial cytology laboratories
which were able to offer lower costs than hospital labs because of larger volumes
and an inexpensive workforce. Cytotechnologists were paid on a piecework basis in
a system that incentivized speed and volume. Professional societies expressed their
alarm, but commercial laboratories countered that they had quality assurance mea-
sures in place, complied with state statutes, and passed state inspections.

Print and television journalism [9] exposed the harsh working conditions and
highlighted missed diagnoses that led to tragic outcomes. The federal government
responded with the Clinical Laboratory Improvement Amendments (CLIA) in 1988
and a program of mandatory annual proficiency testing for all pathologists who
reviewed Pap smears. The Pap smear remains the only anatomic specimen type that
is subjected to targeted proficiency testing. There is no data to indicate that the test-
ing has led to improved diagnoses.

Lessons: Simply having a nominal QM program does not ensure quality results.
Failure to regulate the quality of medical care from within the system can lead to
well-meaning but ineffective (and onerous) external regulation.

Vignette #3: Ignaz Semmelweis and Ernest Codman [10]
In the 1840s, Ignaz Semmelweis published his work showing that handwashing

dramatically lowered the rate of postpartum sepsis and maternal mortality at a pres-
tigious Vienna hospital [11, 12]. The European obstetric community was
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unconvinced despite Semmelweis’ impassioned (and later vitriolic) advocacy sup-
ported by what seemed like irrefutable evidence. Semmelweis died in obscurity in
an asylum at the age of 47.

Born 4 years after Semmelweis’ death, Ernest Amory Codman was a respected
Boston orthopedic surgeon at the Massachusetts General Hospital. He developed an
ambitious QI program which involved following up on all of his patients after dis-
charge to assess the accuracy of diagnosis and the effectiveness of therapy. He urged
hospitals to follow his example and use the resulting data to monitor quality and
make decisions about promotions. He was largely ignored. Nevertheless, he advo-
cated zealously (and stridently) for his program [13]. As a result he lost his position
at the hospital, his professional standing suffered, and he ended life buried in an
unmarked grave.

Lessons: Neither the weight of evidence, nor expert opinion, nor zealous indi-
vidual advocacy is sufficient to change entrenched opinions and challenge vested
interests.

Vignette #4: The Tissue Committee

Part of the response to the shortage of hospital beds in the 1940s and 1950s was
utilization review. Reviews of medical records and pathology reports had made it
clear that certain low-risk surgical procedures (hysterectomies, oophorectomies,
appendectomies, tonsillectomies) were often performed without compelling indica-
tions and produced surgical specimens that were free of discernible pathology.

Tissue committees provided an extremely effective solution. Typically composed
of surgeons, pathologists, and administrators, the committee reviewed preoperative
records, operative notes, and pathology reports and made determinations on the
appropriateness of a procedure. Statistics were compiled for individual surgeons
and for the hospital. When needed, focused corrective plans were devised.

Tissue committees were a very cost-effective means of reducing the rates of
unnecessary procedures. Some of the first influential literature reports on tissue
committees came from small community hospitals [14—16].

Lessons: Medical quality management can produce significant improvements in
patient outcomes. This can be accomplished in hospitals of any size with modest
investments of staff time and hospital funds. Active participation of stakeholders
across clinical departments and the administration is crucial. Pathologists can (and
should) play a central role.

Autopsy Quality Assurance and Quality Improvement

With the historical underpinnings and general principles of quality management
discussed in the previous section of the chapter, this section serves to outline the
practical considerations for assuring the quality of a medical institution’s autopsy
service.
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As mentioned earlier, the federal government enacted the Clinical Laboratory
Improvement Amendments of 1988 (CLIA) to regulate all laboratory testing (with
the exception of research) performed on humans in the USA. Presently the Centers
for Medicare & Medicaid Services (CMS) oversees the implementation of
CLIA. Laboratories can be directly inspected by CMS to attain a Certificate of
Compliance with CLIA. However, the CMS also offers a Certificate of Accreditation
to laboratories that are accredited with a CMS-approved accreditation organization.
The College of American Pathologists (CAP) is one such organization. The CAP
represents the largest organization of pathologists certified by the American Board
of Pathology and is considered a world leader in laboratory accreditation and profi-
ciency testing. As such, many laboratories associated with hospitals have chosen to
become CAP accredited in order to show compliance with CLIA.

CAP Accreditation

The CAP’s accreditation program is carried out through the use of several checklists
which are updated yearly to reflect advancements in laboratory medicine. The CAP
includes regulations regarding the practice of autopsy within its Anatomic Pathology
Checklist. Given the substantial number of laboratories adhering to the CAP accred-
itation standards to achieve CLIA compliance (as well as the comprehensive nature
of the CAP’s attention to autopsy), this section will heavily reference the CAP
checklist when discussing best practices for autopsy. Please note that, at the time of
writing, the most current CAP checklist was released in August 2017 and a more
updated version may now be available.

Figure 2.1 is a visual representation of the current CAP accreditation standards
for autopsy proceedings. The checklist items most vital to maintaining a suitable
work environment provide the foundation for the autopsy quality assurance pyra-
mid. Each element of the pyramid is dependent on all the elements that lie below it
in order to be incorporated into a successful autopsy service.

CAP arranges its checklist items according to “phase.” The phase designation
reflects the dangers posed if an institution is deficient in that checklist item. The
phase also outlines how an institution must remediate should it be found to be defi-
cient during an inspection. Phase 1 items do not have much of an effect on quality
of care, and lack of compliance does not endanger the safety of personnel.
Deficiencies in Phase 1 items require laboratories not only to correct the issue but
also submit a written response to CAP outlining the changes made. No supportive
documentation is required to back up said claims of remediation. Phase 2 items
could have potentially significant impacts to both patient care and the well-being of
staff. As such, institutions found to be deficient in Phase 2 items must submit an
action plan to CAP as well as provide documentation to support the implementation
of the proposed changes.

The CAP standards are clearly articulated, but what actually constitutes adequate
evidence of compliance is left open to interpretation. Oftentimes “representative”
autopsy cases will be chosen to highlight compliance with case-specific checklist
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Hierarchy of Autopsy Quality Management
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Fig. 2.1 Autopsy quality management evaluation pyramid

items, such as preliminary and final autopsy report turnaround times. However, this
method may introduce significant bias as the few cases examined may not accu-
rately reflect the service’s performance as a whole.

It is the authors’ opinion that documentation of compliance should be as thor-
ough as possible, not only for the purposes of maintaining accreditation during
inspections but to allow individual institutions to be able to apply the documentation
toward quality improvement of the autopsy service itself. In this vein, we have
included a series of logs and checklists at the end of this chapter that can be down-
loaded along with instructions for their intended uses. They can easily be incorpo-
rated into virtually any autopsy service’s QA program. They serve as both
comprehensive documentation of compliance and a means for an institution to
quickly and accurately document improvement on deficient checklist items.

Autopsy Quality Specifications

First and foremost, the safety of the autopsy suite must be maintained. The
entrance(s) to the autopsy suite must display signs warning of potential exposures
to hazardous materials along with the need for universal precautions. The suite must
also include appropriate personal protective equipment to protect skin and mucosal
surfaces from both direct and aerosolized exposures. This equipment should either
(1) be reusable with procedures in place for proper cleaning or (2) be single use with
a method for disposal. Autopsy staff must have readily available and appropriate
containers for contaminated waste and hazardous chemicals as well as written
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policies for their disposal present within the suite. The suite must contain written
procedures for daily cleaning, cleaning following each autopsy, disposal of tissues,
and handling of highly infectious cases. Written procedures are also required for
cases where the patient’s weight may pose an occupational hazard to autopsy staff.
Finally, written procedures must also be present describing the proper handling of
cases where prion diseases such as Creutzfeldt-Jakob disease are suspected. In order
to properly store bodies, institutions must also have adequate refrigeration capabili-
ties (with temperature logs showing temperatures maintained between 34 and 40 °F
or between 1.1 and 4.4 °C) or embalming procedures.

Although designated as Phase 1, CAP outlines other requirements for the autopsy
suite’s physical layout and contents. The space available within the suite should be
large enough to accommodate the average workload of the service, and the suite
should be dedicated solely to the practice of autopsy and related endeavors (such as
storage of tissues, teaching, etc.).

The space should also remain clean, maintain a comfortable ambient tempera-
ture, have adequate lighting, and provide adequate ventilation to control for air-
borne infectious agents. The suite should contain scales and/or balances that are
calibrated periodically and that are appropriate for the types of cases performed in
the suite (e.g., adult or fetal autopsy). Lastly the suite must have readily available
photographic equipment to accurately document gross anatomy and pathology.

Autopsy Consent Procedures

Once safety of autopsy staff is assured, one must consider the consent procedure in
place for requesting autopsy cases. The information that should be included in the
consent document is a matter of much debate, and significant heterogeneity exists
regarding when and how to approach next of kin for autopsy consent. Regardless of
the method chosen, the minimum standards set forth by CAP require a written pro-
cedure for obtaining consent that details who may give consent. The order of prece-
dence as to who is considered next of kin is subject to state statutes and thus may
differ slightly from one institution to another. CAP standards also require clear
guidelines for medical examiner or coroner jurisdiction and the assessment of
whether a case should be treated as a medical or forensic autopsy. This will also be
largely determined by state and local statutes or regulations.

Autopsy Performance

With appropriate safety and consent measures well-established, one can now con-
sider the method in which the autopsy itself is conducted and the process of submit-
ting reports detailing the autopsy findings.

A thorough autopsy must always begin with a review of the decedent’s clinical
records when available. Accurate and reliable information about the patient in life
will direct both the questions that the autopsy can be expected to answer and the
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safety precautions that should be taken. Indeed, ignorance of the medical record can
leave staff susceptible to exposure to any number of infectious agents, foreign bod-
ies, hazardous chemicals, or sources of radioactivity [17]. The exact mechanism for
obtaining the decedent’s medical history can vary depending on what is available.
Review of electronic health records or paper charts will often be the quickest method
for obtaining necessary information. However, when possible, one should also “sign
out” the case with a clinician who was directly involved in the care of the patient up
to the point of death. Discussing the clinical course with an attending, fellow, or
resident physician can offer a more comprehensive view of the decedent’s health
issues as well as open a dialogue between pathologist and clinician. Establishing
such a line of communication has profound implications for the autopsy service. It
targets the autopsy toward answering specific clinical questions and streamlines the
reporting of findings to a clinician who knows to expect them.

Once the clinical history is well-understood, the autopsy practitioner should
positively identify the body to be examined. Verification of the deceased should be
confirmed using at least two independent identifiers prior to the first incision. A
written procedure for identity verification must also be in place. The autopsy must
either be performed or directly supervised by a pathologist who is certified by the
American Board of Pathology in anatomic pathology (or who possesses equivalent
qualifications).

Autopsy Documentation

A written preliminary anatomic diagnosis (PAD) should accompany the gross
examination of the body. This report must be available to the attending clinician in
charge of the decedent’s care at the time of death within a reasonable timeframe.
The expected turnaround time will vary depending on the extent of the autopsy. The
CAP recommends a turnaround time of two working days for the majority of pre-
liminary reports relying on gross examination only. This recommended timeframe
is extended to four working days if the dissection is particularly complicated or if
the PAD requires rush histology. If the case is limited to a single organ or a slide
consultation, the preliminary report may be waived.

The final report must then be produced within 60 working days for 90% of cases.
This timeline may be extended in particularly complex cases, especially when the
need for outside consultation arises. However, if the final report does indeed require
more than 60 days to complete, then the reason should be recorded, and the autopsy
service director must document continued review of such cases. The content of the
final report ought to be sufficiently comprehensive and well-organized such that a
clinician can interpret the major disease processes present and identify the likely
cause of death. Gross descriptions must be clear with detailed descriptions of any
pathology identified. Assuming that microscopy is performed, the microscopic
descriptions must be present in the final report. A key must also be included that
details the blocks or slides from which the described microscopic findings are
derived. The preliminary and final reports should be organized into a readily
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available database that allows for retrieval of cases by diagnosis. The specific type
of database (electronic or otherwise) used can be chosen by the institution depend-
ing on its needs.

The retention of autopsy records represents the last consideration in this section.
The CAP outlines its own required retention periods, which vary from one record
type to another. Federal, state, and local laws may demand more or less stringent
timeframes. Laboratories should maintain updated records of these laws and imple-
ment written policies that abide by whichever is the longest retention time for each
record type.

Institutional Quality Management

The final aspect of the autopsy service to examine from a QA perspective is the use
of autopsy results in the quality management efforts of the hospital at large. This
involves not only the dissemination of information gleaned from autopsy to all rel-
evant interested parties but also the multitude of ways in which this information can
be used to improve the care of living patients.

As mentioned earlier, establishing a line of communication between autopsy
staff and the clinicians who were treating the patient at the time of death can provide
numerous advantages. By doing so clinical staff can be kept aware of the progress
being made with an autopsy of interest. Even more importantly, the final autopsy
results can be more readily shared (especially when significant or unexpected find-
ings are noted) and incorporated into clinicopathological correlation conferences
and other interdepartmental teaching opportunities.

Reporting significant and unexpected findings to clinicians and presenting said
findings at clinicopathological conference (CPC) both present opportunities to
showcase the utility of the autopsy as a measure of patient care quality. However,
the use of autopsy reports in these settings often ends at the level of academic inter-
est or resident education without taking the next step: instituting systems-level
change within the hospital. The true power of the autopsy rests in its direct applica-
tion to established quality management programs in other departments of the hospi-
tal. As such, CAP accreditation requires that hospitals document the methods by
which autopsy reports are used for institutional QM projects.

Even in institutions with low numbers of autopsies, individual cases can be very
significant. For example, one might report an infectious disease that was diagnosed
at autopsy to the infection control committee. Aggregate autopsy data has the poten-
tial to be even more useful and can be obtained with modest expenditures of time
and effort. Most pathology information systems include a method of flagging cases
for QA purposes (e.g., autopsies which have interesting or clinically unexpected
findings). These cases can be retrieved electronically at year’s end (or even more
frequently for institutions with a large relative number of autopsies, such as hospi-
tals with pathology residency programs), and a rate of unexpected or interesting
findings can be established. The analysis of flagged cases could include the input of
appropriate clinicians and the application of the Goldman system [18] to
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unexpected findings in order to determine their clinical impact. The resulting
conclusions can be reported to the hospital QM office. If followed over a span of
years, the rates and types of unexpected findings can reveal trends in patient out-
comes categorized by diagnosis. The potential result is an interdepartmental pro-
spective program of QA that has the potential to identify future QI projects.
Unfortunately, a frighteningly large number of hospital systems struggle to ade-
quately incorporate autopsy data into their QM activities. Autopsy QA and institu-
tional QI are intertwined processes such that a successful QA program also
emphasizes quality improvement; that is why CAP and other accreditation bodies
recognize institutional QI as an integral part of proper quality assurance in autopsy.

The Autopsy, Clinical Diagnosis, and Patient Outcomes

This section will review the past use and continued effectiveness of the autopsy as a
QI tool. This will be followed by a discussion of clinical outcomes in the USA and
the growing interest in improving the rate of medical errors generally and diagnostic
errors in particular. The role of autopsy data in a national program of improving
diagnostic accuracy will be discussed.

The Autopsy and Clinical Medicine

The examination of human remains has a long and convoluted history which has
been well covered in an earlier chapter in this book and elsewhere [19], but a few
points are worth mentioning in the present context. In 1844 when Carl Rokitansky
became a full professor of pathology, he was perhaps the first career academic
pathologist. He had never had a clinical practice. For hundreds of years before
that, most autopsies had been performed as part of an ongoing clinical practice.
Physicians performed autopsies to check their clinical impressions against the
anatomic findings. That is to say, the autopsy served as QC on their diagnoses. Of
course, there were other benefits for the medical profession, medical trainees, and
society, but academic clinicians used autopsies to make themselves better
diagnosticians.

The process worked. After centuries of stifling subservience to expert opinions,
physicians gradually developed an objective standard against which to judge their
diagnoses. It would be hard to overstate the impact on medical training and practice.
As academic hospitals in France, Austria, and Germany became larger and pro-
moted increasing specialization, most clinicians (with notable exceptions) concen-
trated on their patients and left autopsies to specialty-trained pathologists. However,
close connections remained between hospital physicians and pathologists. Autopsies
remained a sought-after means of putting nagging clinical doubts to rest. CPCs
remained a valuable QM and educational tool. Hospital autopsy rates were seen as
an indicator of an institution’s commitment to patient care and medical education.
In the 1950s about 50% of patients who died in US hospitals came to autopsy.
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The dramatic decline in hospital autopsy rates in the USA and around the world
has been noted, and the medical literature has offered a wide variety of explanations
[20, 21]. What will not be found in the literature is any evidence that the autopsy has
lost its power as a QM tool. Richard Cabot’s landmark paper in 1912 [22] reaches
substantially the same conclusions as the exhaustive review by Shojania, Burton,
and Goldman [23] 90 years later and numerous other papers in between [18, 24, 25]:
(1) autopsies reveal unsuspected, clinically important diagnoses in a significant
fraction of cases and (2) physicians cannot reliably predict which of their cases will
yield unexpected results. This remains true despite dramatic advances in laboratory
medicine and diagnostic imaging. The authors are not aware of any data that contra-
dicts these conclusions.

The Role of Autopsy in Improving Clinical Outcomes

It might be argued that patient outcomes in American hospitals have already
improved to a point that the routine performance of autopsies is unnecessary. The
USA is indeed a world leader in health-care technology and innovation, and there is
much to be proud of. However, no matter how impressed Americans may be with
our system of health care, it does not hold up well to comparison against other
industrialized nations. In comparisons of individual markers of health-care quality
(such as maternal and infant mortality), the USA ranks behind much of the rest of
the developed world. On measures of overall health-care system performance, the
USA ranks last in a comparison of 11 developed countries [26]. This is true despite
the fact that the USA spends more on health care as a percentage of gross domestic
product than any other country in the world.

In recent years, increasing attention has been focused on the quality of health
care in the USA. In 2000, the Institute of Medicine (IOM), part of the National
Academy of Sciences, published an influential report on deaths due to medical
errors entitled 7o Err is Human. The report concluded that more than 90,000 people
per year in the USA die as a result of medical errors that occur in hospitals [27].
Some authors have questioned the methodology used to arrive at this figure and sug-
gest that the IOM figure may be an overestimate [28], but no one argues that the
problem is much too large to ignore. The topic of errors and self-regulation has
traditionally been a sensitive one for the medical profession. As Blumenthal puts it
in his 1994 paper, “Concerning medical error and its prevention, the profession has,
with rare exceptions, adopted an ostrichlike attitude. Mistakes have been treated as
uncommon and atypical, requiring no remedy beyond the traditional incident reports
and morbidity and mortality conferences” [29].

To Err is Human concentrated on treatment errors in the hospital. More recently
the IOM released Improving Diagnosis in Health Care [30], a report that specifi-
cally focused on the diagnostic process. The authors found that diagnostic errors are
distressingly common and that most people will experience at least one such error
in their lives with potentially devastating effects. But while the authors agreed that
diagnostic errors represent a large problem, they also recognized that there was no
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way to get an accurate sense of the scope of the problem. Any rational program of
QI begins with a reliable baseline measurement, but baseline information about
diagnostic errors is difficult to come by (Fig. 2.2).

Most hospitals have systems in place for identifying, reporting, and tracking
treatment errors. Most do not have similar systems for identifying and tracking
diagnostic errors. There is no evidence to suggest that physicians as a group are a
reliable source of information on medical errors. Voluntary systems for physician
reporting of adverse events have a very low yield [31, 32]. In a review of reporting
systems by Levtzion-Korach, only 2.5% of reports of adverse advents were initiated
by physicians. The IOM panel thoroughly and systematically searched for other
potential sources of information on diagnostic error and came to two conclusions:
(1) only three of the methods they examined met their criteria for providing useful
information on diagnostic accuracy, medical record review, review of malpractice
claims, and autopsies, and (2) none of the three was reliable enough to be used
alone.

Improving diagnostic accuracy nationwide is an ambitious project, and the
design of such a project is beyond the scope of this chapter and the expertise of its
authors. However, a few general statements seem appropriate. If we approach this
question as a QI project and apply the Six Sigma DMAIC approach (see above),
the first step has largely been completed: the problem has been identified and
defined. The next step would be to measure validated data in order to establish a
baseline. If we accept the IOM’s conclusions about methods for assessing diag-
nostic error, then this would involve using some combination of record review and
autopsy data to measure regional and national diagnostic error rates. A baseline
estimate for diagnostic error could be established. Data analysis could then yield
root causes for error, and programs of improvement could be implemented and
assessed for their ability to improve the diagnostic error rate as compared to the
baseline. At the moment, however, the process seems firmly arrested at the “M”
step.

Record Review vs. Autopsy Data

How best to use record review and autopsy data to measure error? There are advan-
tages to both methods (Table 2.1). Record review is clearly easier to perform than
an autopsy, and it has the additional advantage of including a much broader group
of patients. This is particularly important since the IOM has noted that most diag-
nostic errors occur in an outpatient setting, which is largely beyond the reach of a
hospital autopsy service. Autopsy data alone would be insufficient to establish an
accurate estimate of diagnostic error.

There are, however, several important advantages to autopsy data. First, while it
is true that hospital autopsies can only review a small subset of medical encounters,
that subset is crucial. Hospital autopsies thoroughly review the management of seri-
ously ill patients and provide feedback on critical diagnostic decisions. Second,
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Table 2.1 Hospital autopsies and record reviews as sources of information on diagnostic error

Evaluation

factor Hospital autopsy Record review

Health Risks of infection, sharp injuries, None

hazards chemical exposures

Ease of use | Performed in the autopsy suite and Performed in an office environment
labor intensive

Breadth of | Restricted to in-hospital deaths, Virtually all records are potentially

cases permission of next of kin needed, reviewable — inpatient and outpatient,
excludes forensic cases no special permission usually required

Cost of Comparatively expensive Comparatively inexpensive

review (professional time, disposable (professional time, maintenance of
material, maintenance of morgue and | medical records)
equipment)

Quality of Objective findings (gross and Data supplied by the providers being

data microscopic) at autopsy reviewed, wholly dependent on

reviewed completeness and accuracy of charting

Yield Established record of demonstrating Variable but low, yield of random chart
clinically significant unexpected review demonstrating clinically
findings in estimated 10-20% of significant unexpected findings
autopsies estimated at 1%

autopsy review does not depend heavily on input from the care team. Record reviews
depend heavily on the completeness, accuracy, and trustworthiness of the records,
all things that cannot be assured. Pathologists depend on the medical record for
orientation and direction, but the gross and microscopic autopsy findings are appre-
hended without any intermediaries. They are measurable and objective. Finally, it
bears repeating that, as reviewed above, the autopsy yields clinically significant
unexpected diagnoses in roughly 10-20% of cases. The yield of random chart
review varies but has been estimated at as low as 1% [33]. In short, autopsy data
provides an indispensable complement to the information obtained by record review.
The question is whether the additional effort and expense of obtaining autopsy data
are justified.

Cost-Effectiveness of the Autopsy as a Ql Measure

In 1996, Dennis O’Leary, then president of the Joint Commission, addressed the
issue of the cost-effectiveness of the autopsy as a QI measure [34, 35]. While
acknowledging the benefits derived from autopsies, O’Leary stated that “The
autopsy won’t return to what it was in the 1950s. Ultimately, in a resource-
constrained environment, the autopsy is going to have to justify itself as not only
being good for quality improvement but better than other quality improvement
tools” [36]. As discussed above, the autopsy is different from and complementary to
other QI tools, but the question of cost-effectiveness is a valid one. The answer
depends on how one examines the question.
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From the point of view of the family member, the autopsy is remarkably cost-
effective. At most hospitals there is no charge to the family for an autopsy. On the
other hand, the autopsy, as it is currently perceived by medical insurers, is decidedly
not cost-effective for the pathologist. For the purposes of medical insurance, a per-
son ceases to be a patient at the moment of death. This means that an autopsy, in a
sense, is a medical procedure performed without a patient. Private medical insurers
have no interest in providing reimbursement for autopsies. Medicare and Medicaid
currently consider autopsies part of the administrative mission of the hospital. As a
result, reimbursement for autopsies is part of the lump sum that pathologists receive
for their laboratory management duties (part A payments). This means that a pathol-
ogist will receive the same part A payment whether she performs 1 autopsy per year
or 100. Compare this situation to surgical and cytology specimens for which com-
munity pathologists receive a per-case fee for professional interpretation.

Autopsies require a considerable investment in time and effort. In a survey of
autopsy pathologists, Sinard concluded that the average full autopsy on an adult
patient required professional work equivalent to 5.5 large, complicated surgical
resections with gross and microscopic examination (CPT code 88309-26) [36].
Examination of the brain and the composition of a detailed clinical-pathologic cor-
relation added another 1.5 x 88,309 each. The authors are aware of no other medical
procedure of this magnitude that is performed in a hospital at no fee.

If looked at in the short term, the autopsy is also not cost-effective for the hospi-
tal. Again, the hospital receives no additional payment from any source for perform-
ing autopsies. There are, however, expenses: the disposable items (personal
protective equipment, blades), durable items, chemicals, the cost of maintaining an
autopsy suite, storing tissue and blocks, and maintaining credentialing. Faced with
this stark situation, some community hospitals have understandably chosen to close
their autopsy services and refer autopsy cases to larger institutions.

The evolution of QM techniques has clearly shown that there is a financial ben-
efit to organizations that invest time and resources in QI and enormous potential
expenses for organizations that do not. Using autopsies sporadically to examine
small numbers of selected cases of interest is valuable as a teaching tool, but of
limited utility as a statistical management tool. The goal from a QI perspective is not
to find out what might have gone wrong in an individual case, valuable as that infor-
mation may be. Rather the function of collecting and monitoring autopsy data in a
QM setting is similar to that of a control chart in the clinical laboratory. The idea is
to monitor performance, detect trends and deviations from the expected as early as
possible, and intervene to correct potential problems. That is to say that from a QM
perspective, the goal is not to retrospectively inspect any particular case (an exercise
in QC), but rather to use data as part of an ongoing program to improve the perfor-
mance of the entire system (QI). At an institutional and national level, autopsies are
an indispensable part of a prospective, ongoing program of diagnostic error reduc-
tion. History and the manufacturing experience suggest that the identification and
reduction of errors will lead to improved care, improved patient satisfaction, overall
reduced expenses, and ultimately increased profits.
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Quantity and Quality of Autopsies

In order to maximize the potential of autopsies as part of a QM program, they must
be of high quality (see above section on autopsy QA), and, equally importantly, they
must be done in sufficient quantity. It is difficult and statistically invalid to draw
conclusions about the accuracy of diagnoses based on a sample of a few percent of
hospital deaths. Authors disagree on what an appropriate minimum acceptable hos-
pital autopsy rate is or whether or not such a number even exists. That argument is
valid for considerations of medical education and training, but not for a QM pro-
gram. A rational program of QI would begin by deciding on the level of confidence
required of the results followed by a statistical calculation of the sample size needed
to achieve that level of confidence. The authors claim no expertise as statisticians, but
it is clear that most current hospital autopsy rates do not approach a statistically sig-
nificant sample size. It is also worth noting that for the autopsy, as for any medical
procedure, quantity is a crucial ingredient in quality. As the system is currently con-
figured, hospital autopsies are done in greatest numbers by pathology residents and
pathologist assistants. If we set aside forensic autopsies, only pathologist assistants
perform a significant number of autopsies after they complete their training. Current
hospital autopsy rates make it difficult for pathologists to maintain their proficiency.

An often expressed argument by pathologists against a minimum hospital
autopsy rate is that there is no utility in performing autopsies in cases in which the
cause of death is clear and no educational benefit will be derived. Doing autopsies
just to meet an arbitrary target number, these pathologists argue, is pointless. From
their individual standpoint, that argument seems valid, but ignores several crucial
points. First, as shown in repeated studies over the last hundred years (see above),
physicians cannot predict which autopsy cases will yield significant unexpected
results. Second, those unexpected results historically comprise 10-20% of autop-
sies. This means that 80-90% of autopsies will yield no surprises. Put more bluntly,
not every autopsy needs to be a case report. The value to the hospital of finding
significant results more than offsets the time and trouble involved in obtaining the
data. The clinical laboratory does not stop monitoring the results of its automated
instruments simply because they rarely find problems.

It may be argued that no matter how great the theoretical benefits, from a practi-
cal perspective, the costs associated with increasing the hospital autopsy rate and
centralizing the resulting data are prohibitively high. But there are a few examples
of systems which maintain statistically significant hospital autopsy rates, compile
national autopsy data for use in vital statistics and research, and do so with com-
paratively modest expenditure. The health-care system in Cuba is a good example
[37]. Over 50% of patients who die in Cuban hospitals come to autopsy. Just as in
the USA, hospital autopsies require the consent of next of kin. Autopsies in teaching
hospitals in Cuba are a regular part of education and professional development, and
the data from autopsies is maintained in a national database. The results of autopsies
can be used to update and correct information on death certificates. Autopsies in
Cuba are one component of a system that results in health-care outcomes that are
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comparable to large industrialized nations obtained at a small fraction of the cost,
the very definition of cost-effectiveness.

The Future of Autopsy in Ql and of Ql in Autopsy

As the vignettes discussed above demonstrate, there are benefits to a conscientious
QM program. The US government made liberal use of QM experts like Deming to
improve the manufacturing output under the pressure of World War II. Once that
pressure was removed, US manufacturers relaxed their efforts. Their Japanese coun-
terparts did not. The rise of Japanese manufacturing again demonstrated the power
of QM techniques and the risks of ignoring them. QI prevents problems, improves
the quality of the finished product, engages the workforce, and is ultimately good
for the bottom line. It is not sufficient to do just enough to pass inspections and
remain accredited. Pathologists still feel the consequences of the 1987 exposé€s of
commercial cytology laboratories, all of which were accredited and had at least
nominal QA programs. Failure of medical professionals to effectively regulate
themselves and control the quality of their work can result in external regulation,
regulation which is often reactive, hastily conceived, onerous, and ineffective.

The autopsy as a QM tool does have short-term disadvantages compared to
record review. But as the Ford Pinto incident illustrates, emphasizing expedience
and short-term profits over the long-term quality of the product and safety of cus-
tomers is not only unethical but also bad for business. The success of tissue commit-
tees in the 1950s in modifying surgical practice is a model of the sort of
multidisciplinary, collaborative effort that can improve patient outcomes and can be
done at hospitals of any size. It also showed that pathologists can and should play a
crucial role in QI. Finally, the examples of Semmelweis and Codman show that even
well-designed, well-intentioned QI projects can fail without the appropriate col-
laboration and institutional support.

The publication of Improving Diagnosis in Health Care has started an important
conversation about improving clinical diagnoses and patient outcomes. The specif-
ics of the design and implementation of a national program to improve clinical
diagnosis are still in development, but several aspects of that plan are clear and
germane to the present discussion. The authors of that report, after careful review of
all available options, have concluded that autopsies should be one part (along with
medical record review and review of malpractice claims) of the data collection nec-
essary to establish a current baseline of diagnostic accuracy, monitor future perfor-
mance, and assess the effectiveness of interventions. If autopsy data collection is
going to succeed as part of an effort to improve clinical diagnosis by applying sound
statistical QM principles, then the program must have several features:

1. It must be sufficiently broad in scope, i.e., the sample size must be large enough
and representative enough to allow for statistically sound inferences.

2. Autopsy technical performance and reporting must be of high quality. There is
currently no mechanism for training and certifying the expertise of non-forensic
autopsy pathologists after residency.
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3. The data from across the country must be standardized and comparable. (See
sections on standardized reporting elsewhere in this book.)

4. The data must be easy to access and readily available to reviewers and
decision-makers.

This will require a collaborative effort on the part of individual pathologists and
clinicians as well as the vocal support of their professional societies. MQM experts
should be involved in the planning phases and in the ongoing data collection and
analysis. Any plan, no matter how well conceived or data driven, will fail without
the administrative and financial support of hospital administrators, private insurers,
government insurance, and health-care policy-makers.

The success of the autopsy phase of this program will require careful examination
and rethinking of the autopsy performance and reporting processes. Generating the
necessary volume and quality of autopsies may require the creation of regional
autopsy centers. Coordinating the large volume of data needed will require innovative
information technology solutions. Finally, there will have to be frank discussions of
the costs involved. Other chapters in this book address some of these important issues.
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The Future of Autopsy Reporting: Data
Repository and Research Support

Dylan V. Miller and Billie Fyfe-Kirschner

A Brief History of Autopsy Reporting

Over the millennia that postmortem examinations have been conducted, the manner
of reporting autopsy findings has no doubt evolved. Little is known about the early
history, although extant records from European centers such as Padua and Vienna
dating back several centuries provide a glimpse into the western tradition. In a recent
review, it was noted that reports were written in Kurrentschrift (an archaic form of
German language handwriting based on late medieval cursive writing) until the early
1800s and then in Latin script until the 1920s when typewriters revolutionized
reports. Their study was possible due to storage of reports in the Vienna Municipal
Archives, making the reports available for study and investigation in perpetuity [1].

In the United States, autopsy reporting was impacted dramatically by the
“Flexner report” in 1910, which underscored clinicopathologic correlation as a key
tenet of modern medical education. Autopsy pathology was a cornerstone of this
correlative process, and the formatting of reports made accessible findings that con-
firmed or refuted physical examination findings and antemortem diagnoses. This
was further bolstered by the Joint Commission on Hospital Accreditation requiring
that at least 20% of hospital deaths be autopsied (from 1951 to 1970).

In the last quarter of the twentieth century, autopsy reports evolved to follow a
fairly standard format with conserved report sections and relatively uniform content
across different cases and different institutions. Increasingly, the report assumed the
role of a medicolegal document. This was in part the product of standardization
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efforts by the National Association of Medical Examiners, the College of American
Pathologists, and other pathology organizations [2, 3]. The reports were entirely
narrative, with rhetoric and language finding a balance between the intended audi-
ences of physicians, family members, and their attorneys.

The more recent evolutionary leaps in autopsy reporting have been occasioned
by (1) increasing time demands on autopsy pathologists in both the forensic- and
hospital-based settings and (2) a data-centered shift across medicine in general.
Almost without exception, less time is being allotted to the practice of autopsy
pathology, and pathologists are being asked to accomplish more but being given less
support and fewer resources. Pathologists have had to be creative and find ways to
economize in autopsy reporting. This evolution mirrors what has occurred in surgi-
cal pathology reporting, as well. As will be discussed in detail in this chapter, the
emphasis is now on producing concise and “actionable” reports that possess the
ability to aggregate and search data on a population level. In surgical pathology, this
manifests as templated or synoptic (checklist)-based reports. The degree to which
this trend will translate into autopsy reporting remains to be seen. Examples of nar-
rative versus synoptic reporting, as applied to autopsy, are shown in Table 3.1.

Essential Elements of Autopsy Reporting

Autopsy reports are unique among all the formal communications issued by pathol-
ogists. Distinguished by their length, complexity, and exhaustiveness, these reports
are the product of at least as much “art of medicine” as science. Viewed by many as
the pillar of prose in the pathology laboratory and a time-honored tradition taught at
great pains as part of the initiation of new pathology trainees, the construction of
autopsy reports is a serious matter in this field and one invoking no shortage of
opinions as to its proper execution.

The autopsy report has not been immune, however, to trends affecting surgical
pathology and other reports issued by pathologists. These include a general shift toward
brevity (e.g., eliminating microscopic descriptions), at-a-glance readability, and format-
ting compatible with digital interfaces that connect to electronic health record systems.

What the future holds for autopsy reporting is open to conjecture, but some of the
salient issues pertaining to ways the autopsy report may evolve over the coming
decades are the focus of this chapter.

Familiarity with the basic structure and content of present-day autopsy reports is
assumed here. Readers are referred to recent excellent summaries on this topic by
Koponen [3] and Fligner [4] for further contextual information on this subject.

The Narrative Versus Synoptic Report Debate
Over the past decade or so, there has been a movement in surgical pathology report-

ing (championed by the CAP Cancer Protocols) toward a more tabular format of
“synoptic” reporting [5]. The advantages to this approach in terms of
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Table 3.1 Synoptic vs narrative autopsy reports using the heart as an example

Narrative | Heart

The heart weighs 485 g (expected 280-480 g). The pericardium is smooth. The
coronary arteries are widely patent without evidence of atherosclerosis, except for
focal grade 3 (of 4) narrowing in the proximal LAD with plaque calcification.
There is also focal narrowing (grade 2) of the RCA. The left ventricle is mildly
hypertrophied (1.7 cm, septum 1.8 cm). The right ventricle is normal thickness
(0.4 cm). Cut surface shows no evidence of scar, fibrosis, or hemorrhage. The
tricuspid (12.5 cm), pulmonic (7.7 cm), mitral (10.3 cm), and aortic (7.9 cm) valves
are all unremarkable. The oval foramen is fused.

Synoptic | Heart

Weight (in g): 485 Expected weight (in g): 280—480

Chamber sizes:

Right atrium: normal

Right ventricle: normal

Left atrium: mild enlargement

Left ventricle: mild hypertrophy, no dilatation

Ventricle wall thicknesses (in cm)
Left (freewall): 1.7
Septum: /.8
Right: 0.4

Myocardial scarring: none

Myocardial mottling: none
Coronary stenosis (grade, out of 4) (extent, location):
LMA: ]
LAD: 3 (focal, proximal)
LCX: 1
RCA: 2 (focal, mid)
Coronary calcification: focal, LAD
Coronary stents, grafts: none

Valve circumferences (in cm):
Pulmonary: 7.7
Aortic: 7.9
Mitral: 10.3
Tricuspid: /2.5
Valve leaflets:
Thin and pliable
No vegetations
Oval foramen: fused

communicating key pathology findings include standardization, consistency,
completeness, and clarity. These translate into more “user-friendly” reports that, for
example, improve oncologist efficiency in finding the parameters in the report that
may guide their decision-making. They also are a boon to the creation and mainte-
nance of registries and other clinical databases, improving the reliability and accu-
racy of data entry from pathology reports and even enabling the automatic export
and querying of data fields, obviating the need for manual data entry altogether.



42 D. V. Miller and B. Fyfe-Kirschner

While autopsy reports are fundamentally different from surgical pathology reports,
drawing analogies to this kind of transformation to a synoptic reporting style is
almost unavoidable in considering the future of autopsy reporting.

Still, there are proponents of the narrative reporting style, and their arguments are
sound. In contemporary (synoptic era) surgical pathology, pathologists already lament the
constraints of synoptic reporting in terms of the ability to convey nuance and nonstandard
aspects of a given pathology specimen. Furthermore, it is easy for important information
to become buried in the “sea of data,” especially when synoptic reports are lengthy, dense,
and juxtapose minor/trivial and more impactful pathology findings. Both of these limita-
tions are amplified tremendously in the extrapolation to autopsy reporting.

Truly, no two autopsies are the same, and a synoptic reporting approach to
autopsy findings could jeopardize the pathologist’s ability to characterize the idio-
syncrasies and potentially important interplay of synergistic disease processes in a
given patient. There is also the fact that it may not be possible to capture the entirety
of the spectrum of possible pathologies affecting any given organ in a tidy list that
is amenable to synoptic reporting. Moreover, by canonizing a list of potential com-
mon findings, pathologists may over time either forget or lose the ability to recog-
nize other rare conditions not included in the list. Overarching this argument is a
general (and justified) concern that the role of the pathologist in synoptic reporting
more closely resembles that of a technician rather than a physician.

Striking the balance between efficiency gains afforded by synoptic reporting and
the need for a mechanism that allows for clear communication of subtlety and com-
plexity will be the central challenge for future autopsy reporting.

Trend Toward Uniformity Within Institutions

Like it or not (for better or worse), there has been an “organic”” movement in pathol-
ogy programs across the country toward adoption of dictation templates, macros,
and boilerplate language in autopsy reporting. This may be an effect of the premium
placed on time in pathology training, as expanding rotations and increased elective
time often come at the cost of time on the autopsy service in many programs.
Residents have more to do and more to learn but less time for either task. So,
whether in a standardized fashion (such as macros built into information systems or
official dictation templates) or through a more ad hoc approach (macros, copy-paste
files, or unofficial dictation templates passed from one trainee to another), there is
clearly a move toward repetition and abbreviation and away from free text or real-
time narrative dictation through a microphone in the autopsy suite.

Electronic Health Records and the Drive to Data

Part of the efficiency and utility realized by electronic charting, besides eliminating
illegible penmanship, is the capacity for automated note authoring assistance includ-
ing prepopulating certain fields with data from other electronic health information
sources. Coding and documentation of medical necessity can also be facilitated by
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building certain rules into report authoring and allowing digital extraction of infor-
mation entered into appropriate data fields.

The possibility and potential for the future of autopsy reporting in this context is
discussed in a separate heading below, but needless to say, the move toward next
generation Electronic Health Records (EHRs) must be part of any conversation
about the autopsy report’s future.

Capturing Clinical History

Certainly, a trying aspect of autopsy report writing is the accurate portrayal of the
patient’s past medical history and clinical events preceding death (including vital
signs, imaging findings, and laboratory values [both baseline and antemortem]).
This portion of the autopsy report is typically informed by other notes and reports
in the patient’s chart but is presented as a more concise synopsis. Because there are
so many variables in play, this is also perhaps the greatest challenge in devising a
synoptic or tabular format for these data in the autopsy report.

The clinical summary serves as a critically important lens through which the
more objective organ-specific findings at autopsy are interpreted. For example, a
history of hypertension leads to certain expectations about cardiac and renal find-
ings, and a history of alcoholism anticipates certain potential changes in the liver,
brain, and portal circulation. So, uncoupling the clinical history data from the
autopsy findings data would be problematic to say the least.

At the same time, in constructing a list of possible conditions to include in the
clinical history summary, it is hard to avoid redundancy with ICD-10 and other clini-
cal coding schemes already developed for this purpose. In some future state of EHR
integration, it may be possible to rely entirely on clinical documentation and ICD
coding for the information that would otherwise be re-summarized in the autopsy
report clinical history section. In this scenario there may no longer be a need for a
separate clinical history summary as part of the autopsy report but tying this data to
the autopsy findings would still be considered critical to autopsy reporting.

One additional feature captured in some hospital autopsy reports is the explicit
indication for autopsy and specific questions to be addressed. This information
helps shape the clinicopathologic correlation section (if included in the report). This
kind of data is theoretically amenable to codifying, since the reasons for requesting
postmortem examination are relatively finite. Tracking trends in these indication
data could be incredibly valuable to hospital quality programs and understanding
hospital autopsy trends at a macro level.

External and Internal Autopsy Findings

Organ weights and measures are easily captured in data fields, and perhaps the most
direct application of templated reporting deals with these data. As mentioned before,
there is a generally conserved set of descriptive gross and histologic findings, organ
by organ, that could be captured in a synoptic autopsy template. Likewise, the



44 D. V. Miller and B. Fyfe-Kirschner

possible findings on external examination (similar to physical examination in living
patients) could be reduced to a checklist of options. Indeed, the existing templates
and dictation scripts in frequent use as part of clinical progress reports across the
country reflect efforts at achieving this simplification.

Almost invariably, there is a need for an “other” category or natural language text
field to capture the rare exceptions. This is important for accuracy and “free expres-
sion” of pathologists even though it may also be a potential liability to the data-
oriented utility of tabular reporting, especially in the creation of registries.

Adding complexity to this is the fact that for any given gross or microscopic
descriptive finding, there also exists a severity hierarchy. That is, when a finding is
present, how is it best quantified? This has major implications for determining
which processes were likely to be clinically significant (i.e., contributing to the
mechanism of death).

While the order in which autopsy findings are reported may not be important
(ultimately arbitrary and customizable in a digital environment), there may be con-
ventions ingrained in institutions that would be important to maintain in the descrip-
tive section of the autopsy report. These approaches include organization (1) by
anatomic compartment (often in the order in which they are encountered during the
postmortem procedure, for example, head and neck, thorax, abdomen, pelvis, brain,
and spinal cord); or (2) by organ system, for example, neurologic, circulatory, respi-
ratory, digestive, genitourinary, endocrine, etc.; or (3) from cranial to caudal, for
example, brain, head-eyes-ears-nose-throat, neck, breast, lungs, mediastinum, heart,
etc. Further details of new templates for autopsy reporting are discussed in a sepa-
rate section below.

The Future of Autopsy Reporting: Why Change?

If autopsy examination is to remain an important source of data for clinicians, next
of kin, communities, and institutions, it is clear that change is mandatory.
Preservation of the autopsy may need a perception change as fundamental as that
following publication of Morgagni’s treatise “De Sebidus et causis morborum
per anatomen indagatis” [6, 7]. This publication is credited with establishing mod-
ern medical practice through the identification of anatomical cause of disease and
introducing anatomic-clinical correlation.

Declining Autopsy Rates

Decreased interest in this previously groundbreaking advance in medical thought
and practice (the autopsy) is attributed to many factors: ability of noninvasive imag-
ing methods to identify anatomic and some physiologic alterations, clinician confi-
dence in these tools, elimination of minimum autopsy rate for hospital accreditation
(1971), fear of litigation among clinicians, and lack of pathologist and family inter-
est [8]. Current hospital autopsy rates are variable but average less than 10% [8].
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However, the value of autopsy has not declined, with studies demonstrating that at
hospital autopsy rates of even 5%, a major pre- and postmortem diagnostic discrep-
ancy rate of almost 25% is identified. In almost 7% of these cases, identification of
the missed diagnosis prior to death would have changed management and perhaps
prolonged survival (class 1 missed diagnosis — Goldman criteria) [9, 10]. These data
derive from reviews of 53 autopsy series over a 40-year period.

From studies like this, the statistical value of a nationwide database compiling
uniformly and accurately codified autopsy data becomes readily apparent. Such
data could and should drive nationwide healthcare quality metric data and
research funding. In the era of quality-based medical care, the role of autopsy
cannot be overemphasized. Graber argues that although autopsy is capable of
identifying diagnostic errors, and indeed the impact of diagnostic errors (identi-
fication of class I errors), it is not always capable of identifying why the error
was made [11]. One could argue, however, that the autopsy as a trigger for root
cause analysis in cases of class I missed diagnoses should be able to supply such
data at least in a significant subgroup. Performance of such a root cause analysis
should be included as part of any autopsy quality assurance plan and plays a key
role in patient safety.

Advancing Information Technology

For all of the aforementioned to happen, autopsy data needs to be of high quality
(quality controlled), temporally relevant, and reported in a manner compatible with
electronic medical records and data management systems. The narrative portable
document format (pdf) files copied into a patient’s electronic medical record at
some temporal distance following death are not providing the ability to search rel-
evant data fields, use data to more globally measure quality, and regionally and
nationally share data [8]. Synoptic reporting using standardized and accepted for-
mats as described in preceding paragraphs will clearly facilitate such processes.

The ADASP (Association of Directors of Anatomic and Surgical Pathology) rec-
ommends quality metrics for surgical and autopsy pathology [12]. Pre- and post-
analytical and analytical variables are noted, as is the importance of having a quality
assurance/quality improvement (QA/QI) plan with assessment of minimum quality
standards as well as benchmarks set for improvement and a committee to oversee its
implementation. It is imperative to emphasize the application of such practice to
autopsy pathology. However, in the modern era of decreased autopsy rate and lack
of direct monetary support for autopsy performance, many institutions do not even
have a designated Director of Autopsy Pathology who can ultimately be tasked with
such responsibility. National standards and synoptic reporting of autopsy would
facilitate coordination of quality improvement measures across larger hospital sys-
tems as well as perhaps even nationally, in part addressing this problem. One can
envision peer review of autopsy reports happening more readily in the situation of a
synoptic reporting system with a separate, non-charted synoptic field dedicated to
this purpose.
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Impact on Education/Quality Metrics

Improving quality autopsy performance and reporting is mandatory to facilitate cli-
nician, resident, and medical student education. Part of the decrease in autopsy rate
is attributed to a decrease in pathologist interest in autopsy [8]. Some of this relates
to resident autopsy exposure and education during training. The American Board of
Pathology (ABP) mandates that a resident wishing to take the certification examina-
tion in anatomic pathology or anatomic and clinical pathology performs a minimum
of 50 autopsies. Residents must report age group, gender, primary pathologic diag-
nosis, and the postgraduate year (PGY) in which they completed the autopsy [13].
This oversight assures 50 unique autopsy exposures of differing age groups (and
presumably with a large enough exposure to many diagnostic categories), but the
quality of such autopsy experience is much more difficult to ascertain. Nationally
adopted uniform reporting standards should at least help to begin to set the mini-
mum standard for autopsy performance and reporting and might be one way that
certifying agencies such as the ABP can begin to survey quality. In addition, this
move to future templated reports lends itself nicely to a coordinated and stepwise
progression in assessing competency, helps clearly define the scope of what skills
are necessary for residents to show independence, and documents milestone pro-
gression as residents gain more autopsy experience.

Another way to envision templated reports facilitating nationwide autopsy per-
formance standards is to potentially tie them to quality metrics for practicing
pathologists. CAP-derived physician quality measures for Medicare reimbursement
incentives recommend adherence to synoptic reports as one of their quality metrics.
One could envision a time when such adherence to synoptic autopsy reports is simi-
larly proposed [14].

Development of New Templates for Autopsy Reporting
Logistical Considerations

A detailed description of the intricacies of designing database architecture is beyond
the scope of this chapter, but some basic principles are helpful to review. In an elec-
tronic synoptic reporting system, a number of data field types would be needed to
capture the relevant parameters. These would include defined lists (as in drop-down
menus), free numeric data, free alphanumeric data, and binary selections (present/
absent). The data entry interface must be customized with an eye toward ease of use
and have built-in quality checks. This interface may be separate from the main
report structure or may be integrated into the report itself. An example of one pos-
sible design for capturing gross data from kidney examination is presented in
Table 3.2. This is constructed following principles of autopsy reporting set forth by
Hanzlick et al. [2].

Once the data fields are established and populated, they may be reassorted in
customized report (output) formats. These would include stylistic preferences and
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Table 3.2 Synoptic data design model for autopsy gross kidney findings

Kidneys

Right kidney weight: [Numeric] g; Size: [Numeric] x [Numeric] x [Numeric] cm
Left kidney weight: [Numeric] g; Size: [Numeric] x [Numeric] x [Numeric] cm
Kidney capsule strips: [Defined list] easily/with difficulty/others: [Free text]

Kidney surfaces show: [Defined list] persistent fetal lobulation/depressed infarcts/coarse
granularity/smooth granularity/smooth texture/others: [Free Text]

Kidney cut surface cortex is: [Defined list] brown/red-brown/pale brown/others: [Free Text],
and [Numeric] cm thick

Kidney cut surface medulla is: [Defined list] light brown/red-brown and the corticomedullary
junction [Defined list] distinct/indistinct/others: [Free Text]

Pelvicalyceal system: [Defined list] normal/others: [Free Text]

Cysts: [Binary] present/absent; [Defined list] medullary cysts/cortical cysts/both; [Defined list]
right/left/bilateral; ranging from [Numeric] to [Numeric] cm in greatest diameter
Stones: [Binary] present/absent; Stone Location: pelvis/ureter/others: [Free Text]

Tumors: [Binary] present/absent; Description: [Free Text]

Renal artery and vein: [Defined list] Single/Dual/Multiple artery system; [Defined list] Renal
artery patent bilaterally/ostial stenosis/atherosclerosis/fibromuscular dysplasia/others: [Free
Text]

Ureters: [Defined list] Slender and patent bilaterally/other: [Free Text]; [Defined list] Single/
Dual ureters; [Defined list] right/left/bilaterally

perhaps grouping findings by organ systems or anatomic compartment, as men-
tioned previously. Reports compiled solely for quality efforts, research, or monitor-
ing purposes could also be developed using autopsy data fields. Examples could
include trending lung weights (normalized to body weight) in intensive care unit
deaths over time, or tricuspid valve annular diameters in patients with pulmonary
hypertension compared to a reference group (or untreated cohort).

Another critical consideration for electronic autopsy reporting is the potential
alterations to the report structure and format that may occur as data pass through an
electronic interface to the EHR. There are generally established standards that help
ensure successful passage through this process, but some validation of that protocol
and careful examination of reports as viewed through the clinical EHR portal are
important in ensuring success in this aspect of autopsy reporting.

One novel approach to ‘“next-generation” autopsy reporting is detailed by
Wittekind et al. [15]. They propose restructuring the elements of a conventional
autopsy report into a modular format, making each section self-contained and sepa-
rate. An example of how such a report might look is shown in Table 3.3. Although
not their initial intent, this approach could lend itself well to database architecture.

Potential Benefits to Pathology Departments
Autopsy reports are labor intensive. The time involved in collecting and organizing

the necessary information, and then in dictation, transcription, and proofing, is con-
siderable and costly. The potential for ease of data entry and time efficiency for
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Table 3.3 Complete example of a modular autopsy report format with content

Module 1: Patient Module 2: Clinical cause of death determination and clinical
demographic information | history
Autopsy accession #: la. Acute pneumonia
AU18-0024 b. Etc.
Name: Jane Q. Doe This 84-year-old woman was admitted from her care center with
Birthdate: 01/02/1934 dyspnea and increasing oxygen demands. Sepsis protocol was
Date/Time of Death: initiated, but she became progressively unstable
07/30/2018/23:14 hemodynamically and died later that evening
Place of Death: Thoracic
ICU
Date/Time of Autopsy:
08/02/2018
Ordering Physician:
D. Doctor, MD
Autopsy Pathologist:
R. Virchow, MD

Module 3: Autopsy cause of death and sequence of events leading to death
la. Pulmonary embolism
b. Hypercoagulable state
c. Pancreatic carcinoma
2. Hypertension
The cause of death in this case is pulmonary embolism from a deep venous clot in the left leg.
The underlying cause of death was pancreatic carcinoma, which is often associated with a
paraneoplastic hypercoagulable state (“Trousseau” phenomenon). No evidence of acute
pneumonia was seen.
Module 4: Final autopsy diagnoses
1. Acute pulmonary embolism:
(a) Multiple thromboemboli, distal artery branches, bilateral lungs
(b) Adherent nonocclusive thrombus in left femoral vein
2. Pancreatic adenocarcinoma, poorly differentiated:
(a) Spiculated 3.2 cm mass in the pancreatic head
(b) Multiple liver metastases, all lobes, 0.2-2.3 cm
(c) Multiple peripancreatic lymph nodes
3. Right ventricular enlargement (etc.)
Module 5: Tissue sections | Module 6: Ancillary test samples taken

taken Blood (R groin) — red top, filter spot, freezer
Lungs — RUL, RML Urine (aspirated) — freezer (etc.)

(triangular) (A1), LUL

LLL (A2)

Heart — LV-I (A3), RV-L
(Ad), LAD (A5)
Esophagus and stomach —
stock bottle (etc.)
Module 7: Summary of microscopic findings

Block Stains Findings
Al1-2.Lung |H&E, Gram | Thromboemboli, congestion, no inflammation
A3. Heart H&E Mild myocyte hypertrophy, no ischemic changes (etc.)

Adapted from Wittekind et al. [15]
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pathologists and autopsy staff in a future state of electronic autopsy reporting is
great. Savings would also be realized by eliminating transcription costs and poten-
tially integrating images into reports (rather than handling them separately).

Quality efforts could also be bolstered by the potential for standardization and
uniformity in autopsy reporting across providers as well as across different case
types. The error reduction that could result from this would also save downstream
time and expense correcting reports and clearing up confusion. Peer review would
also be easier to perform.

Potential Benefits to Hospitals, Providers, and Families

Error prevention (or at least reduction) has been mentioned as a benefit to pathology
departments already, but this also translates to improved clarity in the communica-
tion of autopsy findings to clinicians. Of course, the foremost concern of most clini-
cians, turnaround time, could also be improved by more real-time electronic and
synoptic autopsy reporting.

Data availability for quality efforts based on autopsy report parameters could
also be of tremendous benefit to clinical programs and hospital quality teams. These
could be diagnosis-specific or procedure-based (e.g., complication rates). As insti-
tutions make the move toward becoming high-reliability organizations, such data
could become part of a templated autopsy report under quality assurance (diagnos-
tic error classification, safety event classification) that may or may not be a chart-
able component of the report but could also be searchable. Another potential benefit
to institutions would be to include the results of root cause analyses and interdepart-
mental presentations (e.g., morbidity and mortality conferences) in portions of an
electronic autopsy report that may be searchable but not reportable.

Potential Benefits to Society

Autopsy reports, collectively, contain a wealth of information that could augment
and dramatically improve public health statistics, disease trend tracking, and other
measures in the interest of societal good. Most current data is based on death certifi-
cate reports only and therefore is deeply flawed due to the variability and inaccura-
cies inherent to those resources. Death certificate data are used, despite their flaws,
because they are easily accessible through computer registries. If future autopsy
reporting practices were more amenable to digital codification and registry con-
struction, the quality of information available for public health analysis would be
remarkable and have potential for remarkable societal good. Some specific exam-
ples are provided in the next section and summarized in Table 3.4.
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Table 3.4 Potential benefits for stakeholders from synoptic/searchable autopsy data

Expectations from autopsy data

Potential benefits of synoptic/

Stakeholder (select examples) searchable reports
Next of kin Identify COD COD in separate field
Understandable identification of | Decrease autopsy TAT, highlight
disease important to NOK COD and NOK in understandable
lay language
Clinicians Identify COD in timely fashion | COD in separate field, decrease

autopsy TAT

Identify patient safety issues/
sentinel events

Separate portion of report from
EMR but searchable

Highlight clinically unsuspected
findings and clinical relevance

Clinically unsuspected findings in
separate field and codified as to
patient impact

Pathology residents/
pathology
departments

Education

Facilitates resident competency/
milestone assessment

May lead to increase in autopsy
rate and increased educational
opportunities for residents

Ease of searching may promote
clinical research projects by
residents

Increases resident exposure to
informatics

Quality

Ease of peer review

Clinically unsuspected findings
help identify cases for RCA/M and
M

Cost

Potential cost savings

Institutions/
healthcare systems

Timely reports

Decrease TAT

Identify sentinel events for
interdisciplinary investigation

Separate portion of report from
EMR but searchable

Highlight clinically unsuspected
findings as quality metric

Clinically unsuspected findings in
separate field and codified as to
patient impact, trends followed over
time

Identify trends in healthcare-
associated infections

Easier to do with searchable fields

Ensure accurate final diagnosis
coding for billing purposes

Final diagnoses can be linked to
ICD10 coding for billing purposes

Researchers/ Searchable diagnoses/ Links to ICD10
biobanks demographics
Searchable PMI/tissue storage Separate fields for PMI/tissue
storage easy to implement
Public health National statistics for accurate Searchable COD statements make

COD (research funding)

statistics in a national registry easier
to create

Patient safety (accurate
identification of sentinel events
and trends)

National database of sentinel events
highlights trends and national
measures to improve patient safety

Quality care

Autopsy reporting can be linked to
physician quality metrics
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Templated Reporting and Cross-Institutional Research
Accurate and Up-to-Date Normal Organ Weight Data

The use of templated, high-quality autopsy data in a searchable format has many
advantages for institutional as well as national health quality. Even something as
apparently simple as normal organ weights in any given population at any given
period of time may be difficult to define with certainty. Most autopsy reports cite
references that are decades old and in need of updating [16, 17]. A national database
of high-quality data would be invaluable for this as well as other vital quantitative
measures.

Public Health/Patient Safety

Even more importantly, qualitative data such as cause of death and vital statistics
are more easily validated using easily searchable data fields such as cause of death.
Variable interpretation of narrative reports has been demonstrated as a cause for
error in death certification. Clear and concise communication of cause of death is a
vital component of any autopsy report. Similarly, disease burden statistics, which
help guide national research funding, can be made more precise with searchable
fields.

The autopsy plays a vital role in our national movement toward patient safety.
Since the Institute of Medicine report in 1999 To Err is Human citing a potential
98,000 patient deaths per year related to safety errors, the emphasis on error reduc-
tion has become a major focus at all healthcare institutions, promoted by the Joint
Commission [18]. The Joint Commission is focused on patient safety and making
hospitals highly reliable organizations, as well as learning organizations in which
individuals learn continuously, enhancing creativity and innovation. Five compo-
nents of a learning institution include team learning, shared visions and goals, simi-
lar models of thought, systems thinking, and individual commitment to lifelong
learning [19]. Highlighting patient safety events as opportunities for learning and
process improvement is a vital part of healthcare institutions becoming learning
institutions. Autopsy examination plays a vital role in the identification and classifi-
cation of the most severe category of patient safety event, a sentinel event. Patient
safety events are defined as an event, incident, or condition that could have resulted
in or did result in harm to a patient. A sentinel event is a subcategory: a patient
safety event (not primarily related to the natural course of the patient’s illness or
underlying condition) that reaches a patient and leads to death or permanent harm.
By definition, autopsy plays a vital role in the identification of such events, and
these events may only come to light following a complete autopsy. The autopsy
report can assist in identifying sentinel events and should contain enough informa-
tion to facilitate the multidisciplinary investigation that should follow such an event,
and it should also promote institutional learning from the event. Formalized report-
ing that directs pathologists to think along the lines of patient safety events and to
immediately recognize and report such events is vital to public health. If we do not



52 D. V. Miller and B. Fyfe-Kirschner

accurately codify such events and gather precise institutional and national statistics
on them, it will be impossible to identify the effects of patient safety measures at
institutional and national levels. This can only be done with uniform searchable
reporting models.

Translational and Other Research

Translational research can be augmented with the use of well-annotated, searchable,
de-identified autopsy reports linking to tissue resources. Collaboration for access to
tissue resources for rare diseases will be easier. Use of de-identified but searchable
high-quality autopsy data in support of tissue repositories will be an unprecedented
resource for research.

The use of standardized autopsy data when evaluating clinical trials will aug-
ment the quality of the clinical trial data. A collective review of treatment-related
mortality (serious adverse events) from Europe revealed clinical-pathologic dis-
crepancy in 46% of autopsied cases. The autopsy rate was only 10% of treatment-
related deaths, attributed in large part to the lack of requirement for autopsy
following death of a patient in a clinical trial [20]. Renewed interest in obtaining
autopsy on study patients, combined with well-performed, searchable autopsy-
derived data, should increase the quality of clinical trial data.

When national organizations, institutions, and individuals see the benefit of high-
quality, uniformly reported, and searchable autopsy data, there is hope for a new era
of excitement for autopsy performance similar to that precipitated by the work of
Morgagni in the 1700s.

Biorepository Partnering

Laboratories faced with logistic impediments to archiving autopsy materials (slides
and blocks) beyond 10 years may consider partnering with local or regional tissue
biorepositories. The potential value of these materials, including to family members
with possible heritable diseases, extends well beyond the 10-year regulatory time
frame for storage. While preservation of nucleic acid and proteins in autopsy tissue
is a valid concern (addressed elsewhere in this text), most autopsy tissues are ame-
nable to research assays. A highly annotated tissue source (tissue linked to compre-
hensive autopsy reports, especially with templating) would be an attractive resource
to biorepositories.

Thoughts on Next-Generation Autopsy Reporting

Utilizing information technology to take autopsy practice and reporting to the next
generation is vital to the preservation of autopsy practice in the modern healthcare
system. Templates/synoptic reporting/EMR linking/searchability and database
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sharing are all important means to this end. Templates that are well-vetted and uni-
formly utilized can help direct the focus of modern autopsy practice to include
patient safety/public health (sentinel events, patient safety issues), quality of care
(COD statements, codified clinically unsuspected findings, peer review of autopsy
findings), multimodal resident education (system-based education/informatics edu-
cation/scholarly activity, ease of competency assessment/milestone progression),
and research (shared databases, tissue storage data).

The modern autopsy report needs to incorporate the rules of the R’s to maintain
its viability in the current healthcare system; it needs to be rapid, reliable, and rel-
evant. Rapidity is imperative to maintain the relevance of the individual report and
to maximize the usefulness of the results to institutional learning models. Reliability
of reports is vital to maintain the status of autopsy results as the “gold standard.”
Autopsies performed superficially without an understanding of the wealth of vital
information that can be shared with all stakeholders do not promote family, clini-
cian, or institutional interest in autopsy performance. Autopsies need to be of rele-
vance to all stakeholders. Modifying how cases are reported, with what language,
and what vital data is included can be directed via nationally vetted and shared
autopsy synoptic reports and databases. Considering autopsy in this fashion is also
vital to maintaining its role in resident education. With so many demands on resi-
dent educational time, creatively using an autopsy service to give residents experi-
ence in informatics, system-based practice, quality assurance, and synoptic reporting
is a way to increase the relevance of this practice to these younger practitioners,
hopefully creating a group of forward-thinking practitioners who continue to take
autopsy practice and reporting to the next generation.

As alluded to earlier, “modernizing” the autopsy report, particularly with an eye
toward synoptic formatting and data extraction, represents a double-edged sword.
Potential advantages are clear, but there is clearly also potential to dilute the value
and utility of these reports in the practice of medicine.

Autopsy reports are inherently subjective. Standardization using templated or
synoptic fields may help improve the completeness of reporting, but autopsy find-
ings entered by pathologists are still subject to their own medical judgment. Given
their length and complexity, autopsy reports are also inherently prone to errors (par-
ticularly typographic and clerical). Limiting input to a predetermined set of options
has potential to improve the overall error rate. However, since there may still be a
reliance on manual entry the possibility of miscoding or inadvertently selecting the
wrong option also remains.

In terms of efficiency, opportunities should be sought to streamline the reporting
process and eliminate barriers to its timely and accurate completion. As an example
of this, the autopsy program at Seattle Children’s Hospital has published their expe-
riences using a “LEAN” approach. Not surprisingly, given the focus of this kind of
analysis, they identified delays in transfers (getting tissue to histology lab, getting
slides to pathologists, etc.) as well as document approvals (signing permissions or
reports). Importantly they also addressed “finding time for the autopsy” by provid-
ing dedicated schedule time to pathologists and set milestone deadlines for complet-
ing provisional diagnoses, examining the brain, reviewing slides, and producing a
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clinical-pathologic correlation [21]. Finding additional time may not be possible in
every department, but through their approach they were able to eliminate extra
steps, improve report timeliness, and enhance communication with clinical teams.
“Next-generation” autopsy reporting will need to be streamlined and efficiency-
focused. Finally, there is valid concern that in a synoptic format report, there is no
opportunity to convey the “big picture” or overall message to the family and care
team. This is particularly critical when the findings could affect the health of surviv-
ing relatives or possibly alter a practice or policy in the healthcare system. There are
certainly other ways for this panoramic view to be communicated besides the
autopsy report, but this implication is important to consider in the future of autopsy
reporting.
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Evolving Autopsy Practice Models 4

Alex K. Williamson

Regional Autopsy Centers

The concept of a regional autopsy center (RAC) — a center of excellence staffed by
dedicated and experienced autopsy pathologists who perform and report non-
forensic autopsies for hospitals, private clients, and decedents’ families within a
geographic region — has been advocated for since at least 1974, when Dr. Joseph
Freeman addressed an audience gathered at a symposium on “The Autopsy and the
Geriatric Patient” at the annual meeting of the American Geriatrics Society.
Especially in geriatrics where the autopsy is vitally important in delineating physi-
ologic aging changes from pathologic processes, the procedure’s decline was (and
likely remains today) a serious concern to geriatricians. Dr. Freeman pointed to the
rising costs associated with autopsy and the fact that they are not reimbursed by
third-party insurance payers as together representing “an outstanding factor in the
neglect of the autopsy.” Furthermore, as fewer individual hospitals or institutions
could likely afford to maintain their autopsy services moving forward, he proposed
forming RACs which “could serve the surrounding institutions with greater compe-
tence and economy” [1].

Since the time Dr. Freeman addressed his audience of geriatricians, the manner
in which healthcare is delivered in the USA has drastically shifted. Relatively sim-
ple, individual interactions between patients and physicians occurring in offices or
hospitals have given way to more complex interactions between patients and vari-
ous specialists in regionalized healthcare systems that serve populations of people.
It is reasonable to assume, then, that non-forensic autopsy services should have
undergone — or should now undergo — a similar transition from many independent
autopsy pathologists working in different hospitals to fewer centralized autopsy
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pathologists serving populations of people and the health systems that care for
them. RACs that are affiliated with academic medical institutions and staffed by
independent, competent, and enthusiastic autopsy pathologists can provide a cost-
effective way to sustain the autopsy as healthcare evolves [2].

Examples of RACs

Medical examiner offices located within or affiliated with academic pathology
departments, such as presently exist in Vermont, North Carolina, and New Mexico,
for example, represent some of the earliest RACs. Recently, the University of
Alabama at Birmingham (UAB) published its experience developing a hybrid
hospital-forensic RAC through contractual arrangements with the US Department
of Veterans Affairs, the Alabama Department of Forensic Sciences (ADFS), local
correctional facilities and community hospitals, and decedents’ families [3]. Over
the course of 10 years, the RAC performed between 215 and 374 autopsies each
year and brought in nearly $2 million of income from the various contracted enti-
ties. UAB noted the following benefits of developing its RAC in association with an
academic pathology department: (1) being able to expand rather than having to
newly develop the requisite infrastructure necessary to run such a service, (2) being
situated in a larger population center by nature of the affiliated university, and (3)
maintaining access to a department of pathologists with subspecialty expertise who
can provide diagnostic support in challenging cases.

Other than occasional articles advocating for RACs [4] or rare articles reporting
experiences forming RACs [2, 3], there is little guidance on how to actually go about
consolidating autopsy services among various practice settings in a geographic
region. The College of American Pathologists in its 2003 Autopsy Performance &
Reporting publication provided an overview of the non-forensic RAC, highlighting
advantages such a center would bring to the referring institutions, the autopsy center
itself, and the region the center serves, and it also summarized practical consider-
ations that should be kept in mind when establishing a RAC [5].

The Northwell Experience

In 2011 Northwell Health (formerly North Shore-LIJ Health system) — one of the
largest, nonprofit, secular healthcare systems in the USA — consolidated its ana-
tomic pathology services including autopsy pathology into one Department of
Pathology and Laboratory Medicine, with an integrated service line that spanned
the health system [6]. Zucker School of Medicine at Hofstra University has been
affiliated with Northwell Health since it welcomed its first class in 2011, as well.
Presently, the Northwell Regional Autopsy Service (subsequently referred to in this
chapter as a RAC for consistency purposes) is centralized at one of the system’s
largest hospitals and provides postmortem care to 16 hospitals within or affiliated
with Northwell Health. The RAC is led by a pathologist with interest and expertise
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in autopsy pathology who is board-certified in anatomic, pediatric, and forensic
pathology. Almost all of the department’s nearly 30 attending anatomic patholo-
gists, including its chairman, participate in the RAC, and 16 residents each rotate
through the RAC for 3 months during their 4 years of pathology training.
Additionally, premedical and medical students, clinical residents, fellows, attend-
ings, various allied health students and professionals, and healthcare administrators
regularly attend autopsies at its centralized location. Four pathologists sign out all
postmortem neuropathology. All autopsies are performed by one resident working
with an autopsy assistant.

Presently, about two-thirds of autopsies are performed on adult decedents of all
ages, most pediatric cases are perinatal cases including third-trimester fetal losses
and neonatal deaths, most autopsies include neuropathology examination, and about
three-quarters of the center’s case volume is referred to the central hospital from
other institutions. Currently, autopsies are only performed on decedents who were
affiliated with the health system, and consequently, only the technical costs associ-
ated with body transportation, autopsy performance by assistants, supplies, and his-
tology processing are charged to the referring sites. However, a fee schedule that
will include fee-for-service pricing for private clients, other institutions, and
research programs is being developed as the RAC continues to grow.

The potential benefits of a RAC associated with an academic medical center,
drawn upon the Northwell experience and ideas expressed in the literature [2-5,
7-9], are summarized in Table 4.1. Standardization of processes through all phases
of the autopsy — from obtaining consent to incorporating autopsy results into insti-
tutional quality management programs — is perhaps the most salient benefit of con-
solidating a region’s autopsy services in one center of excellence. The high-quality
and relevant autopsy data that such standardized processes generate can re-
demonstrate or confirm the value of autopsy for interested stakeholders involved
with the RAC, including clinicians, researchers, and administrators. Some of these
stakeholders, in turn, will consequently be more likely to refer cases to and provide
financial support for the RAC. With such a center of excellence established and sup-
ported, opportunities to design and advance training, education, and research fol-
low, including creating organized rotations with formalized curricula for pathology
residents, or implementing uniform research protocols for obtaining autopsy data.
Very importantly, repetition of standardized processes leads to proficiency in the
involved tasks, which increases efficiency while fostering safety.

Benefits and Challenges of RACs

Arranging laboratory support for autopsy services and complying with applicable
regulations are tasks that are easier and more economical to accomplish at one site
rather than across multiple sites. Financial viability of a RAC can be achieved and
maintained through establishing fair contractual agreements with referring institu-
tions, organizations, and families. In the case of a RAC, consolidation of resources
and economy of scale, two consequences inherent in almost any centralization
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Table 4.1 Potential benefits of a regional autopsy center (RAC) affiliated with an academic medi-
cal institution

Standardization of processes

Autopsy performance Policies and procedures

Techniques

Development of standards and guidelines
Access to subspecialty expertise (clinical and pathology)
Autopsy reporting Reporting format and diagnostic terminology
Clinicopathologic correlation

Death certification

Quality assurance

Autopsy training Pathologists (resident, fellow, attending)
Pathologist and autopsy assistants
Laboratory professionals

Funeral directors

Autopsy education Premedical and medical students

Resident physicians, including pathologists
Attending physicians, including pathologists
Allied health professionals

Healthcare administrators

Medical researchers

Public outreach (e.g., schools, interest groups)

Autopsy quality control Performance

Diagnosis

Reporting

Data acquisition, storage, and Research

dissemination Epidemiology

Quality management programs

Decedent affairs Informed autopsy consent

Administration of postmortem care (e.g., funeral
arrangements)

Jurisdictional legal compliance

Information collection (e.g., medical records)
Outreach and education (families, clinicians)

Safety and compliance
Repetition of processes by personnel leads to proficiency which leads to safety

Establishment and maintenance of one location in compliance with applicable safety
regulations

Financial incentives

Economy of scale Fixed costs of facility

Staffing

Materials and supplies

Histology and ancillary testing

Decedent transportation contract(s)

Compliance with regulations

Reimbursement for autopsy Fee-for-service (e.g., family request)

Contract fees (e.g., hospital, medical examiner office)
Procurement fees (e.g., brains for Alzheimer’s Association)

Medicolegal assistance

Provide independent and competent assessment of quality of care for referring institutions,
without perceived conflict(s) of interest

Alleviate stress on local medicolegal death investigation systems by assisting with natural and
drug overdose death investigations
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process, will likely lead to attractive pricing structures in such agreements. Finally,
although hospital pathologists should always perform independent, unbiased autop-
sies that involve objective evaluation and documentation of facts, basing patholo-
gists at a center that is physically independent from referring healthcare facilities
can help ameliorate any perceived conflicts of interest that might exist.

Although there are many benefits to centralizing regional autopsy services, the
process also presents challenges that must be addressed. And in larger urban regions,
there may in fact be competition among multiple RACs, particularly where there are
competing healthcare systems. Table 4.2 provides a comprehensive overview of the
considerations involved in establishing and maintaining the Northwell RAC. While
not intended as an exhaustive list applicable to all autopsy regionalization efforts,
the table hopefully will serve as helpful reference when forming and/or maintaining
aRAC.

Perhaps the most important task in developing a RAC is to establish a single
nidus of contact —ideally a decedent affairs office but at least a coordinator — through
which all business related to the RAC can be developed, managed, and expanded.

Table4.2 Considerations in establishing and expanding a regional autopsy center — the Northwell
experience

Logistical and legal
Establish and staff positions Decedent Affairs Office (ideal), or at least a coordinator
(including holiday and weekend position, to control all information through one email,
coverage) one phone number, and one website
Team of autopsy assistant(s)
Autopsy pathologists
Draft and formalize contracts with | Physicians’ groups
referring institutions or people Hospitals and medical centers
Government agencies (e.g., ME offices)
Families
National research organizations
Ancillary service support (e.g., pathology, histology,
microbiology, toxicology, if applicable)
Establish policies and procedures Transportation of bodies to and from the autopsy center
(in accordance with local legal with an appropriately licensed entity (e.g., funeral home)
requirements)

Disposition of remains, including fetuses

Disposition of unclaimed bodies

Handling special cases (e.g., prion diseases, exhumations)
Directing anatomic gifts to medical institutions
Collaborating with national research organizations (e.g.,
Alzheimer’s association)

Reporting results to referring site(s), including integration
of health information technology system(s)

Releasing material(s) to next of kin (e.g., report,
photographs, devices)

Securing and releasing autopsy materials in medicolegal cases

(continued)
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Table 4.2 (continued)

Logistical and legal
Develop and disseminate common Autopsy information packet(s) for professionals and lay
forms persons
(in af:cordance with local legal One autopsy consent form
requirements) .
One decedent transportation form, to track body from
place of death to autopsy center to funeral home
One release of medical information form to obtain
medical records
One release of material(s) to next of kin form (e.g.,
photographs, specimens, devices)
Determine and meet local Sufficient and appropriate space for decedent storage
requirements

Sufficient and secure storage for autopsy materials,

(may be part of affiliated medical including photographs

institution or may have to be

contracted) Access to ancillary laboratory services (e.g., histology,

microbiology, toxicology)
Establish and maintain professional | Administration at referring site(s)

relationships Regional Medical Examiner Office(s)
Regional organ donation network(s)
Regional medical school(s) and graduate medical
education training program(s)

Financial

Establish and update as needed a fee schedule for provided autopsy services
Arrange for and ensure collection of fees

Incorporate work Relative Value Units (WRVU) for autopsy into a professional compensation
model, if relevant (discussed in the next section of this chapter)

Communication

Produce comprehensive, clear, and correct autopsy reports

Distribute autopsy reports to appropriate individual(s) or site(s) in a timely manner

Engage in family meetings with clinicians, as appropriate, either in person or using
information technology (e.g., videoconferencing)

Engage in departmental, institutional, and/or system-wide quality improvement initiatives,
either in person or using information technology (e.g., videoconferencing)

Advertising

Thoroughly and thoughtfully perform and report autopsies

Make personal introductions to key regional personnel (e.g., hospital administrators and physicians
from referring sites, medical school faculty, medical examiners/coroners, funeral directors)

Be available to discuss autopsy results with inquiring parties (e.g., families, clinicians,
administrators), either in person or using information technology (e.g., videoconferencing)

Engage with teaching students, trainees, physicians, allied health professionals, and
administrative personnel through the autopsy service

Engage in public outreach education, including seminars or public education events

Such an office or position should be staffed by a person with strong interpersonal
skills and a sincere belief in the value of autopsy. Furthermore, most logistical pro-
cesses, including drafting and executing contracts among involved parties, should
be developed in conjunction with appropriate legal counsel; such legal resources
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may exist at an affiliated academic institution, or they may have to be developed as
part of the RAC. Policies and procedures should be created for almost every step in
the preanalytic, analytic, and postanalytic phases of autopsy. Their existence will
not only facilitate standardization of processes, as previously discussed, but it will
also enable facile handling of time-sensitive or unusual inquiries, such as donating
a brain to prion research or returning a pacemaker to the requesting next of kin.
Generating and implementing the use of common forms, especially the autopsy
consent form, are necessary for proper and efficient functioning of any RAC.

A RAC must have well-established working relationships with medical examiner
offices and organ donation networks so that timely referral into these realms of post-
mortem care can be made with ease. If a RAC is to advocate for the autopsy in medi-
cine and to influence the evolution of medical education, then its pathologists should
be conspicuously involved with teaching at the affiliated medical school, and there
should be a formalized agreement between the RAC and the institution that encour-
ages medical students to rotate through the RAC. Periodically reviewing and updat-
ing the pricing of services in contracts, as well as arranging for consistent and timely
collection of charged fees, are two tasks that are perhaps as important as the contracts
themselves. And lastly, any RAC should be led by a champion of the autopsy who is
effective in oral and written communication and who will advocate for the autopsy,
for the RAC, and for the patients, families, and health system it serves.

Assigning Professional Value to Autopsy Performance

Of the many reasons why the art and science of hospital autopsy remain in decline,
pathologists’ own devaluation and lack of championing the procedure are perhaps
the most alarming and perplexing. It can be reasonably argued that the autopsy gave
us pathology — and in so doing gave us medicine. But sadly, many pathologists
today consider the autopsy to have fulfilled its purpose and reached its zenith as
their attention focuses on more “promising” pursuits such as advanced imaging
applications or molecular medicine. Moreover, it is not difficult to understand the
aversion many pathologists have toward the autopsy in light of the cost containment
and decreasing reimbursements which characterize medical practice today [10].
Hospital autopsy practice can be challenging and time-consuming. Reviewing
the voluminous clinical record of a man with multiple comorbidities who spent
months in an intensive care unit before he succumbed to presumed sepsis of
unknown source or meticulously dissecting and documenting the abnormal vessels
in a newborn with total anomalous pulmonary venous return are tasks that are prob-
ably considered worthwhile and rewarding to most dedicated hospital autopsy
pathologists. But to the typical anatomic pathologist who must sign out and bill for
a certain number of biopsies per day or to the clinical pathologist managing a busy
and often resource-limited blood bank, as examples, such activities can reasonably
be viewed as pointless in the absence of remuneration for their performance.
Planning and thoughtfully performing a hospital autopsy take time, time that is in
addition to the subsequent hours required to prepare for and present the case at
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interdepartmental meetings or to write up the findings from a unique and/or infor-
mative case with clinical colleagues. Additionally, as the autopsy now represents the
major exposure to morbid anatomy that most pathology residents will encounter in
their training, successfully incorporating autopsy pathology into educational pro-
grams also necessitates much planning and commitment by hospital autopsists.

CPTs and RVUs

The American Medical Association (AMA) has assigned Current Procedural
Terminology (CPT) codes for postmortem procedures, but work relative value units
(WRVUs) have not been assigned by the AMA or Centers for Medicare and Medicaid
Services. Consequently, there is no way to document productivity or receive reim-
bursement for autopsy pathology. Conversely, because CPT codes assigned to
almost all other procedures in anatomic pathology have associated wRVUs (e.g.,
performing gross examination of tonsils, CPT 88300, about 0.08 wRVU, or signing
out a breast resection with lymph nodes for evaluation of cancer, CPT 88309, about
2.8 wRVU), pathologists engaged in these professional activities can document pro-
ductivity through a perhaps imperfect but nonetheless objective metric assessment
[11]. It is important to note that assigned CPT codes are constant, whereas the
wRVU associated with a particular CPT code can vary depending on the year and
geographic location of practice.

There have been a few clues regarding how to “value” autopsy performance in the
preceding decades. In the Permanente Medical Group (TPMG), an independent cor-
poration of physicians who negotiates and contracts with the Kaiser Foundation
Health Plan — which is among the largest managed care organizations in the USA —a
full-time pathologist each year was expected to perform 250 autopsies or to sign out
7500 surgical pathology cases, in the absence of additional responsibilities [12].
Similarly, the National Association of Medical Examiners recommends that full-time
medical examiners ideally perform no more than 250 autopsies per year [13]. Based
on these data, a full-time pathologist should perform about 250 autopsies per year,
and 1 autopsy is approximately equivalent to signing out 30 surgical pathology cases
(i.e., 7500 surgical cases divided by 250 autopsies = 30 surgical cases/autopsy).

The Autopsy Committee of the College of American Pathologists recently pro-
posed guidelines for recognizing the professional work of pathologists involved
with hospital autopsy [14]. Members of the Autopsy Committee were asked to
equate their time spent performing a typical adult autopsy and a typical fetal autopsy
to multiples of the 88309 CPT code (i.e., the code used for examination of total
colectomy or mastectomy specimens), and subscribers to the Committee’s Autopsy
Pathology Education Program were asked to report how long it took them to per-
form a typical adult and a typical fetal autopsy. The committee members’ responses
regarding time spent performing autopsies correlated with those of the program
subscribers. Furthermore, the committee’s proposed guidelines for how many mul-
tiples of CPT 88309 constitute the elements of performing a typical adult autopsy
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and a typical fetal autopsy were congruent with scant contemporaneous data in the
literature regarding the effort invested in performing autopsies.

As there is great variability in autopsy practice among pathologists and institu-
tions, these guidelines are best used as a benchmark that can and should be modified
to accommodate diverse hospital autopsy practices. Members of the Society for
Pediatric Pathology, for example, recognize that competent perinatal autopsies usu-
ally require more time and effort than is usually invested in examining the “typical”
stillborn fetus encountered by many pathologists working outside of a dedicated
pediatric care setting [15]. A recent study that surveyed pediatric pathologists per-
forming fetal, perinatal, and pediatric autopsies also demonstrated that such autop-
sies —which often require complex dissections or additional ancillary testing — require
additional time and therefore modified valuation with existing CPT codes [16].

An Example of Assigning Value

At Northwell, slight modifications to these proposed CPT guidelines for autopsy
performance have been made. For example, complex fetal, neonatal, and pediatric
autopsies are often performed by an attending pediatric pathologist with the assis-
tance of a resident pathologist. These cases often involve complicated medical
issues and/or complex dissections, audiences of medical students and clinicians
often attend these autopsies, and these cases are almost always presented at interde-
partmental morbidity and mortality conferences which require substantial prepara-
tion time on the part of the pathologists. On the whole, however, the Northwell
Department of Pathology & Laboratory Medicine, which encompasses all subspe-
cialties of pathology across the age spectrum, aligns fairly well with the proposed
valuations from the Autopsy Committee of the College of American Pathologists
and the Society for Pediatric Pathology. All currently available suggested valuations
for measuring professional activity associated with adult, pediatric, and perinatal
autopsies performed in hospitals, including Northwell’s modifications, are summa-
rized in Table 4.3.

Over the past 3 years, the Northwell RAC adopted these suggested valuations
(with slight modifications as described above and noted in Table 4.3) to quantify
autopsy work performed by attending pathologists in the department. The quantified
work was then translated using prevailing wRVU scales for the region (currently
88309 = 2.8 wRVU), and the corresponding value of professional time dedicated to
autopsy was incorporated into each pathologist’s annual wRVU totals. The wRVU
totals were then used in various departmental value-based determinations. Over the
past 3 years, the total WRVU accrued on the Northwell RAC by attending patholo-
gists aggregated to 5,796 wRVU in 2015, 7,576 wRVU in 2016, and 5,790 wRVU in
2017. These annual wWRVU amounts are comparable to those of a full-time equivalent
academic pathologist using presently available valuation methodology [11]. It is
clear that autopsy needs to be considered and valued as is any other anatomic pathol-
ogy specialty in today’s subspecialized practice environment.
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Table 4.3 Assigning professional value to autopsy performance

CPT RVU

(multiples of 88309) (88309 =2.8 RVU)

CAP | SPP | Northwell CAP | SPP | Northwell
Adult total 85 |N/A |85 23.8 |N/A 238
Autopsy 5.5 5.5 15.4 15.4
Neuropathology 1.5 1.5 4.2 4.2
Clinicopathologic 1.5 1.5 4.2 4.2
discussion
Pediatric total N/A |15.7 |12.0 N/A |43.96 |33.6
Autopsy 9.9 825 27.72 |23.1
Neuropathology 25 |15 7 4.2
Clinicopathologic 33 225 924 |63
discussion
Neonate total 6.0 |9.7 |11.0 16.8 27.16 30.8
Autopsy 40 |58 |825 11.2 | 16.24 |23.1
Neuropathology 0.5 1.6 |05 14 448 |14
Clinicopathologic 1.5 23 225 42 1644 |63
discussion
Fetus >20 weeks 60 9.7 6.0 16.8 |27.16 |16.8
total®
Autopsy 40 |58 4.0 11.2 1 16.24 11.2
Neuropathology 0.5 1.6 105 14 448 |14
Clinicopathologic 1.5 23 |15 42 1644 |42
discussion
Fetus <20 weeks 6.0 |57 |Billedas 16.8 | 15.96 Billed as
total® surgical pathology surgical pathology
Autopsy 40 |3.6 |specimen(1x88309) |11.2 |10.08 | specimen (1 x88309)
Neuropathology 05 0.7 1.4 1.96
Clinicopathologic 1.5 1.4 42 392
discussion

N/A = not applicable

CAP = College of American Pathologists; data from Ref. [14]

SPP = Society for Pediatric Pathology; data from Ref. [16]

*At Northwell: complex fetus >20 weeks treated as neonate; complex fetus <20 weeks treated as
fetus >20 weeks

The Autopsy in Medical Malpractice Litigation

Among many potential factors contributing to declining autopsy rates since the
1940s is a perception among clinicians — and one that is probably propagated by
pathologists, as well — that autopsy performance increases the likelihood of mal-
practice litigation and/or will corroborate physician culpability in such litigation.
Today’s autopsy pathologists must have at least a working knowledge of the medi-
cal malpractice landscape in which their clinical colleagues practice. Such knowl-
edge hopefully will empower autopsy pathologists to best serve patients, clinicians,
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and healthcare systems through careful, competent, and unbiased performance and
reporting of postmortem examinations.

Errors in judgment, diagnosis, and/or technique have characterized and will con-
tinue to characterize the human practice of medicine. However, since the turn of the
century, there has been increased focus on addressing and decreasing the incidence
of error and adverse events in medicine [17, 18]. In general, medical malpractice
claims usually arise following adverse events, of which there are two types: non-
preventable and preventable adverse events. Preventable adverse events understand-
ably are a serious concern in today’s healthcare environment. Estimated numbers of
deaths arising from preventable adverse events are comparable to mortality rates
from various natural diseases or conditions in many countries including China [19],
the USA [17, 20], the UK [21], and Germany [22].

Overview of Medical Malpractice

In medical malpractice proceedings, a plaintiff is the person or party who initiates
the lawsuit — usually the next of kin in cases of autopsy — and the defendant is the
person or party against whom the lawsuit is brought, usually a doctor or healthcare
institution. To establish liability in medical malpractice, a plaintiff must generally
prove (1) that duty inherent in a doctor-patient relationship was established; (2) that
a breach of that duty, defined by failure to exercise or meet the generally accepted
standard(s) of care, occurred; and (3) that, to a reasonable degree of medical cer-
tainty, the breach of duty was the proximate cause of injury or death. There are
many reasons why a plaintiff may decide to pursue litigation, but it has been docu-
mented that a lack of open, clear, and honest communication, inadequately acknowl-
edging the pain and suffering caused by an adverse event, and not demonstrating a
willingness to learn and improve from a mistake all represent factors that are associ-
ated with patients suing physicians [23, 24].

A recent study examining malpractice claims among physicians who were cov-
ered by a national professional liability insurer paints a useful portrait of the medi-
cal malpractice landscape among various specialties in the USA [25]. Select data
from the study is adapted and summarized in Table 4.4. Overall, nearly 7.4% of
physicians faced a malpractice claim each year, whereas only 1.6% of physicians
were involved in a claim that resulted in a payment being made to the plaintiff (i.e.,
an indemnity payment). Certain “high-risk” specialties (including neurosurgery, car-
diothoracic surgery, and general surgery) were more likely to face a malpractice claim,
but these specialties tended not to make indemnity payments. On the contrary, other
“low-risk” specialties (including pathology, family practice, and pediatrics) were less
likely to face a malpractice claim, but these specialties tended to make indemnity pay-
ments. The mean and median indemnity payments across all specialties were around
$270,000 and $110,000, respectively, with the skewed distribution reflecting few very
large payments. For example, four specialties — obstetrics and gynecology, pathology,
anesthesiology, and pediatrics — made large indemnity payments exceeding $1 mil-
lion, but such large sums only accounted for 1% of all payments analyzed in the study.
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Table 4.4 Proportion of US physicians facing malpractice claim with mean and median malprac-
tice payment amounts among representative specialties

% Physicians Mean value of Median value of
with a % Physicians payment made to | payment made to
malpractice paying a claim | a plaintiff a plaintiff
claim to a plaintiff (multiples of (multiples of
Specialty (annual) (annual) $10,000) $10,000)
Neurosurgery 17.5-20 2.5-5 30-35 20-25
Thoracic/ 17.5-20 2.5-5 25-30 15-20
cardiovascular
General surgery | 15-17.5 2.5-5 25-30 15-20
Orthopedic 12.5-15 2.5-5 25-30 10-15
surgery
Obstetrics and 10-12.5 2.5-5 35-40 15-20
gynecology
Internal 7.5-10 0-2.5 30-35 15-20
medicine
Emergency 7.5-10 0-2.5 15-20 5-10
medicine
All physicians 7.4 1.6 27 11
Anesthesiology | 5-7.5 0-2.5 25-30 5-10
Pathology 5-7.5 0-2.5 3540 15-20
Family practice | 5-7.5 0-2.5 25-30 10-15
Pediatrics 2.5-5 0-2.5 50-55 15-20

Adapted from figures 1 and 3 in Jena et al. [25]

The authors calculated that physicians face a high cumulative risk of encounter-
ing at least one malpractice claim during their careers. Nearly 75% and 99% of
physicians in “low-" and “high”-risk specialties, respectively, will face a malprac-
tice claim by age 65 years, and nearly 19% and 71% of physicians in “low-"" and
“high”-risk specialties, respectively, will make an indemnity payment. Physicians,
particularly those practicing in the “higher-risk” surgical specialties, rightfully per-
ceive that they will face malpractice litigation. However, an important observation
in this study was that across specialties most medical malpractice claims did not
result in payments being made to plaintiffs. This “good news” must be tempered
with the reality that medical malpractice litigation can take a toll on physicians’
emotions, finances, and reputation, regardless of its outcome.

Role of Autopsy in Medical Malpractice: The USA Experience

Literature meaningfully evaluating the role that autopsy plays in malpractice litigation
is limited. A retrospective review of appeals court decisions regarding alleged mal-
practice cases in the USA is perhaps the most frequently referenced publication deal-
ing with the issue [26]. The authors reviewed records of malpractice litigation
adjudicated in state appellate courts between 1970 and 2000. The oft-cited finding
from this study, presented in Table 4.5, is that even when autopsy findings were
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Table 4.5 USA experience with autopsy in alleged malpractice cases

Malpractice verdict
Autopsy findings favor Total cases Yes No
Plaintiff 49 39% (19) 61% (30)
Neither 14 21% (3) 79% (11)
Defendant 19 0% (0) 100% (19)

Adapted from Fig. 4 in Bove and lery [26]

interpreted by the authors to have favored the plaintiff, the defendant physicians were
exonerated of malpractice in the majority of cases. In other words, performance of an
autopsy did not correlate with physicians being convicted of malpractice in this study.

Careful reading of the article reveals additional observations that shed brighter
light on the role of autopsy in medical malpractice. All reviewed cases included the
performance of an autopsy, and overall, findings favoring the defendant physician
outnumbered the findings favoring the plaintiff by a 3:1 margin. Moreover, while
autopsy confirmed clinical diagnoses in nearly a third of the cases (27/99), major
discrepancies between antemortem and postmortem diagnoses were revealed in just
over half of the cases (54/99). And although the authors considered most of these
postmortem diagnoses (40/54) to have been potentially treatable in life, the majority
of defendants were acquitted of malpractice in the original trials. Finally, 8 of 13
physicians convicted of malpractice in their original trial were acquitted of malprac-
tice in their appeal process when autopsy confirmed the clinical diagnoses, and
astonishingly, 32 of 36 physicians convicted of malpractice in their original trial
were acquitted of malpractice in their appeal process even though the cause of death
determined at autopsy had not been recognized in life.

Based on their findings, the authors suggest there is no relationship between
accuracy of clinical diagnoses as revealed by autopsy and an unfavorable outcome
for defendant physicians in malpractice litigation. For instance, findings of medical
negligence that were upheld on appeal (19 cases) were all related to standard of care
issues and not to the autopsy findings, even though in over half of these cases (10/19)
there were discrepant antemortem and postmortem diagnoses. As the authors state,
“...medical perfection, which is unattainable in any event, is not the standard of
care.” Moreover, the authors considered postmortem examinations that either con-
firmed antemortem diagnoses or, more often, revealed major unexpected findings
that could not have reasonably been acted upon while the patient was alive, impor-
tant in acquitting 17 defendant physicians initially convicted of malpractice.

Minor additional findings at autopsy were usually rendered irrelevant as oppos-
ing expert witnesses disagreed about their significance. No unequivocal cause of
death was determined at autopsy in nearly 10% of the cases, including perinatal and
postoperative deaths, but the majority of physician defendants involved in these
cases were acquitted of malpractice. Interestingly, in 16 malpractice trials in which
no autopsy had been performed (which served as “control” cases), the ratio of out-
comes favoring either plaintiff or defendant physicians was similar to those in the
study group, corroborating the conclusion that autopsy does not necessarily lead to
adverse decisions for defendant physicians involved in malpractice litigation.
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Role of Autopsy in Medical Malpractice: The International
Experience

In recent years the international community has increasingly shared its experience
with the role of autopsy in medical malpractice litigation [19, 22, 27]. In these stud-
ies, cases suspected of medical malpractice were evaluated by the relevant medico-
legal pathology institution rather than by hospital autopsy pathologists. Similar to
the experiences reflected with appellate court decisions in the USA, in Germany and
Italy the majority of physicians involved with malpractice litigation were exoner-
ated of the charges brought against them in cases in which an autopsy had been
performed. When malpractice was confirmed in Germany, autopsy did not establish
causality in most cases, whereas when malpractice was confirmed in Italy, autopsy
established causality in a majority of cases.

In China the situation appears to be slightly less favorable for defendant physi-
cians in general, with nearly half of all cases of suspected malpractice being con-
firmed when an autopsy had been performed. Moreover, discrepancies between
antemortem and postmortem diagnoses were also associated with malpractice more
commonly being confirmed in China, although when there was an indeterminate
diagnostic discrepancy, malpractice was more commonly negated. Reasons for the
reported discrepancy between China and the western countries probably reflect a
variety of factors, including a younger patient population referred for malpractice
proceedings in China (mean age of 31 years in China, mean age around 59 years in
Italy, modal age range 71-80 in Germany), a higher incidence of suspected mal-
practice in China over the study period, and the fact that many cases referred for
medicolegal evaluation in China reflect more complex cases that were not initially
resolved by arbitration.

Recommended Practices in Hospital Autopsy Pathology

In their review of the US appellate court records discussed above, the authors also
noted problematic issues relating to autopsy performance and reporting as well as
death certification that affected the appeals process in nearly 20% (18/99) of the
examined cases, including those that were reversed on appeal [28]. Autopsy pathol-
ogists should always perform and report postmortem examinations in a complete,
careful, and consistent manner. Furthermore, autopsy pathologists should encour-
age clinicians to incorporate provisional autopsy findings into death certifications
and to amend those death certifications as necessary in light of final autopsy
findings.

Although most significant postmortem diagnoses are macroscopically evident by
the end of dissection, histology can provide, modify, or confirm the cause of death
in a substantial number of cases, especially in hospital-based, non-forensic deaths.
For example, significant pulmonary or hepatic pathology can be missed by relying
only on macroscopic examination of these organs, and there is poor agreement
between the degree of coronary artery stenosis as assessed by macroscopic and
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histologic methods [29]. Diligent examination of autolyzed tissue, with assistance
of special stains as necessary, must always be performed, as pathologies such as
fibrosis and hemosiderosis can be diagnosed in almost every stage of postmortem
decomposition, and such diagnoses can have important diagnostic or familial rele-
vance (e.g., cirrhosis or hemochromatosis, respectively).

As it’s very unlikely that the legal fate of a given autopsy will be known by a
pathologist at the time of postmortem examination, it is advisable to approach every
autopsy as though it will have medicolegal implications. Listed below are some
recommended practices (based on the author’s experience and the literature [28,
29]) for pathologists to consider when performing and reporting autopsies, so that
objective data and not subjective speculation are on trial in potential medical mal-
practice proceedings.

e Be aware of specific clinical concerns or questions before beginning an autopsy,
and adequately address such issues during the autopsy and in the resulting report
(e.g., venous thromboembolism, specimens needed or requested for toxicology).

e Document all pathology, regardless of its lethal potential, and objectively
describe relevant positive and negative macroscopic and microscopic features
(don’t just focus on the cause of death!).

¢ Adequately document and sample lesions for assessment of chronicity (e.g.,
hemorrhages, thrombi and emboli, infarcts) so that correlation with a clinical
sequence of events can later be performed, if necessary.

e In accordance with hospital policy, collect, preserve, and appropriately maintain
the integrity of specimens for toxicology or other special testing.

e Always submit appropriate specimens for histology, including at least sections of the
heart, lungs, liver, kidneys, stenotic coronary arteries, and any macroscopically abnor-
mal tissue; neuropathologic histology should be submitted, as well, when indicated.

e Keep representative sections of all examined organs and tissues in a stock jar,
including a block of the cardiac conduction system if the heart base is not rou-
tinely retained.

¢ Issue quality autopsy reports in a timely fashion, and amend final autopsy reports as
necessary (e.g., if new clinical or laboratory testing information becomes available).

e Incorporate relevant clinical history into the final autopsy report to allow for
independent review of and conclusions to be drawn from the final report.

e Include a cause of death statement, when relevant, in the final autopsy report in
a style that is compatible with local death certification practices.

e Review and rectify antemortem and postmortem diagnostic discrepancies with
the clinician, if possible, or at least address the discrepancies in the autopsy sum-
mary, before finalizing the autopsy report.

¢ Ensure the final autopsy report contains no discrepancies or disagreements across
its various sections (particularly the final diagnoses, gross description, and
microscopic findings sections).

* Ensure autopsy reports are free of grammatical and spelling errors (remember —
sloppy autopsy reporting suggests sloppy autopsy performance and sloppy
autopsy conclusions).
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Thoughts on the Future of These Evolving Autopsy Practices

This chapter has reviewed three evolving facets of modern (non-forensic) autopsy
practice — consolidating autopsy services in regional centers of excellence, assign-
ing professional value to autopsy performance, and promulgating reasonable
expectations for the role of autopsy in medical malpractice litigation. For a long
time, practitioners of the autopsy served families, physicians, and hospitals in a
relatively simple and individualized context. But now autopsy pathologists must
adapt their practice to serve these same parties in complex, integrated health sys-
tems that are keenly interested in optimizing patient outcomes in a value-based
manner.

Regional Autopsy Centers

Autopsy pathology must be recognized and supported as is any other subspecialty
within pathology. Concentrating and developing autopsy resources and expertise
within regional autopsy centers (RACs) will effectively achieve such a goal.
Although RACs have been promoted in the literature for decades, few have emerged
in recent years. It is time to acknowledge that RACs are the future of autopsy pathol-
ogy and to act accordingly. RACs should be established in all health systems, either
as free-standing institutions or within one of the system’s existing hospitals. RACs
need to be staffed by dedicated pathologists who care about postmortem care, who
are competent in autopsy pathology, who are capable educators, and who will cham-
pion the autopsy. Such autopsy pathologists will have a twofold effect on autopsy
pathology: first, they will provide competent autopsy pathology services in the
regions they serve, and second, they will inspire and instruct the next generation of
autopsy pathologists.

Most of today’s attending pathologists received only a few months of autopsy
pathology training in residency, which was likely of variable quality. Presently,
completing a forensic pathology fellowship is almost the only way to receive
advanced training in autopsy pathology, and most graduates of forensic pathology
fellowships understandably go on to serve as medical examiners. Fellowships in
autopsy pathology need to be created and supported, and RACs provide a logical
place for such graduate medical education programs to reside. A RAC couples large
case volume with professional expertise in all aspects of autopsy performance and
reporting, resulting in a rich experiential and educational program for the autopsy
pathology fellow. Access to the large amount of aggregate data available at a RAC
would allow for myriad research endeavors to be pursued by the fellow, as well,
enhancing the fellow’s development while promoting autopsy pathology scholar-
ship. Finally, as a RAC is likely to be affiliated with at least one academic medical
institution within the region it serves, the fellow would be able to engage and
develop skills in all levels of education. Establishing RACS and then using them to
train the next generation of autopsy pathologists represent vital steps as autopsy
pathology moves forward.
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Establishing and supporting RACs, let alone autopsy pathology fellowships,
requires funding. Initially, RACs are likely to pay for themselves as the savings
generated from closing and consolidating individual autopsy services within a
region can be concentrated in a RAC through thoughtful contractual arrangements.
As a RAC succeeds in producing high-quality autopsy data in an efficient and cost-
effective manner, the data can then be used to demonstrate a benefit to the region the
RAC serves. Then relevant stakeholders — including clinicians and administrators —
will likely invest in the RAC and thereby allow its service, education, and research
endeavors to grow.

RACs that incorporate forensic pathology services can play a vital role in
addressing this country’s critical shortage of resources dedicated to adequate medi-
colegal death investigation. In fact, the Scientific Working Group on Medicolegal
Death Investigation (SWGMDI) has outlined plans for constructing, staffing, and
financing RACs to address this problem [30]. In the University of Alabama (UAB)
experience, for example, autopsies in suspected cases of natural death or accidental
drug overdose were performed at UAB with appropriate forensic oversight, thereby
freeing up medical examiners to concentrate their resources on other forensic death
investigations. As many jurisdictions around the country face increasing drug over-
dose deaths [31], the role of RACs in assisting medicolegal death investigation in
this country is likely to become more important in the years ahead.

Assigning Value to Autopsy

Before relevant stakeholders outside of pathology even consider paying for autop-
sies, pathologists and pathologists’ organizations must themselves acknowledge the
value of autopsy through action. Over the past 3 years in the Department of
Pathology and Laboratory Medicine at Northwell, documenting and incorporating
wRVU from the autopsy service into each attending pathologist’s annual productiv-
ity assessment have been well received by the department’s faculty. The patholo-
gists universally appreciate being recognized for their autopsy work, and the chief
of service has subjectively noted increased faculty engagement in resident autopsy
education as well as improved quality of autopsy reporting. Such outcomes con-
tinue to be monitored and will objectively be assessed and reported in the future.
Hopefully, other pathology departments will adopt, modify, and share their experi-
ences with documenting and assigning professional value to autopsy pathology.
Only with such aggregate data can valid proposals for reimbursement be advanced,
so that autopsy pathology can ultimately receive appropriate compensation.
Although quantifying the value of autopsy in this fashion might potentially open
the door to reimbursement for the procedure down the road, in the USA there
remains no specific governmental reimbursement for hospital autopsies from either
Medicare Part A (hospital insurance program) or Part B (supplementary medical
insurance for physician services) payments. There is hope, however, that autopsy
might one day be directly financed by a third-party payor such as the government,
as the most recent USA Institute of Medicine report recommended “... funding for
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a designated subset of health care systems to conduct routine postmortem examina-
tions on a representative sample of patient deaths” [18]. Even some insurance com-
panies have acknowledged that autopsy could be reimbursed if it demonstrated
value to an insured population [2]. For this dream to become a reality, though, the
autopsy must first be appropriately valued by its practitioners, and then we can serve
as advocates for having autopsy adequately funded.

Autopsy in the Medical Malpractice Environment

Finally, in today’s healthcare environment — which is characterized by evidence-
based medicine, patient-centered care, and cost-effectiveness — the autopsy will
remain relevant if it helps optimize patient and health system outcomes through
assuring the quality of healthcare. Always performing complete, consistent, and
competent postmortem examinations in an objective and unbiased manner will
ensure a productive and appreciated engagement in this endeavor. And as prevent-
able adverse events will undoubtedly continue to occur in medicine — given that
human nature is inherent in the practice of medicine — autopsy pathologists must
prepare for and embrace their role as autopsy experts in legal proceedings involving
non-forensic deaths.

The only aspects of a medicolegal case which autopsy pathologists can control
are the thoughtfulness and thoroughness with which they perform and report their
autopsies. It has been long recognized that well-performed and reported autopsies
help “... eliminate suspicion ...provide reassurances to families ... substitute facts
for conjecture ... construct a better defense ... reduce the number of claims ...and
improve the quality of care” [32]. Autopsy pathologists who appreciate such far-
reaching consequences of a well-performed and well-reported autopsy, and who are
able to meaningfully engage in the medicolegal realm, will help ensure that autopsy
pathology remains an integral component of healthcare moving forward.
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Essential Techniques in Certain 5
Decedent Populations

Kim A. Collins

Introduction

The autopsy has been used in science and medicine since 300 BCE [1]. However,
over the last few decades, the value of the autopsy has increased due to advances in
and utilization of ancillary techniques [2]. Not every case will use every or even a
majority of these techniques, but based on the decedent, certain ancillary studies
should be undertaken to allow accurate certification of the cause and manner of
death, as well as to identify any underlying congenital, hereditary, or contributory
conditions or diseases. As science and medicine advance, epidemiologists have
studied trends in worldwide populations to identify and prevent diseases. The
autopsy is the greatest tool for public health. No matter how extensive and “cutting
edge” clinical diagnostic modalities become, the autopsy (“to see for oneself”)
gives true final pathologic diagnoses and accurate causes of death. It expands and
enhances data on every disease, inherent and acquired, in all people. It also identi-
fies populations at risk so that diseases can be prevented. The autopsy identifies new
diseases and different subsets of society particularly vulnerable to these new dis-
eases. Answers to questions from all branches of medicine can be found in the
autopsy.

As societies around the world change and develop, social norms, fads, dangers,
and behavioral trends emerge. The autopsy often reflects these changes via patho-
logic diagnoses, causes of death, incidental findings, and manners of death. A rou-
tine autopsy is not actually routine. The autopsy pathologist must always strive to
correlate the history with the autopsy findings and, if no known correlation exists,
find it. New findings and new diagnoses will be overlooked if each decedent is
examined in exactly the same way and by the same methods as in the preceding
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hundreds of years. This chapter will discuss postmortem techniques and studies
that have proven useful in autopsy pathology. It will also discuss special patient
populations that present unique challenges to the autopsy pathologist. In order to
see for oneself, we need to know what we are looking at and what we should be
looking for.

Basic Science
Postmortem Chemistry

Biochemical analyses of postmortem specimens and proper interpretation of the
results can be extremely beneficial to the pathologist. Often when gross and micro-
scopic autopsy findings are “negative,” chemistry can provide answers. A brief
overview of postmortem chemistry is needed to better approach certain cases
[3-14].

Vitreous humor is the best specimen for analyzing concentrations of electro-
lytes, glucose, and ketones [2—4, 14]. Other low-molecular-weight, nonprotein-
bound solutes such as ethanol can also be measured. Vitreous should be collected
from the globe using a sterile syringe (usually 10 mL) and needle (18-20 gauge)
with the needle inserted at the lateral canthus and directed to the center of the
globe [2]. The vitreous should be withdrawn slowly and placed into a small, ster-
ile, red-top vacutainer. Vitreous is a viscous, clear, colorless fluid. If the specimen
is contaminated with retinal cells, the results will not be reliable. When interpret-
ing vitreous chemistry results, it is important to understand that some postmortem
vitreous values do not reflect premortem blood values of a given analyte. For
instance, after death, potassium quickly leaks from the retina resulting in elevated
levels in the vitreous. On the other hand, vitreous glucose concentrations fall rap-
idly after death. The College of American Pathologists published a useful refer-
ence table for vitreous chemistry results and their correlation with some entities
likely to be encountered in hospitalized patients [2—14]. A basic metabolic panel
to include these tests can be performed on postmortem vitreous by a hospital’s
chemistry laboratory.

Toxicology

Toxicology can be useful in non-forensic deaths as well as forensic cases, and
hospital autopsists may be called upon to assist local medical examiner offices
with collecting toxicology specimens, especially considering the growing opioid
epidemic (see Chaps. 4 and 7 in this book for more details). Clinicians may be
concerned about the blood concentration of a drug in the setting of liver or kid-
ney disease or in neonates with seizures with possible transplacental drug over-
dose, as examples. The best specimen for a toxicology screen is urine
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(approximately 30-50 mL) collected in a sterile container. For confirmation and
quantitation, the best specimen is femoral venous blood placed in a gray-top
vacutainer which contains the preservative sodium fluoride [2]. The preservative
must be thoroughly mixed with the blood by gently rolling and inverting the
vacutainer. Gastric contents should be examined for pills or pill fragments, quan-
titated, and a portion (50 mL) either analyzed or saved frozen in a sterile con-
tainer. The liver, brain, and skeletal muscle are also good specimens to save
(35-50 g of each), frozen if needed. Meconium (the first feces in a newborn) is
an excellent specimen for toxicology. The thick, viscous meconium can be placed
in a sterile red-top tube. The aforementioned specimens can be stored for many
years at 4-6 °C.

Table 5.1 Dictionary of basic terms for special decedent populations

Term ‘ Definition

Infectious diseases

Bacteremia The presence of bacteria in the bloodstream

Hypotension Low blood pressure, usually less than 90/60 mmHg

Sepsis Systemic response to bacterial, viral, fungal, or parasitic infection

Septic shock Clinical syndrome of sepsis with critical reduction in tissue perfusion

SIRS Response to infection, inflammation, and/or insult to the body

Toxic shock Special type of shock caused by bacterial toxins

syndrome

DIC Systemic activation of blood coagulation resulting in excessive bleeding

Perinatal and infant decedents

Embryo Product of conception to the end of 8 weeks gestation

Fetus Product of conception from 9 weeks gestation to birth

Neonate A child from the time of birth to 1 month of age

Infant A child between | and 12 months of age

Congenital A genetic or non-genetic condition present in an individual at birth

Elder decedents

Elder Someone who is at least 60 years of age

Biologic aging Changes of organs and tissues with advancing age

Atrophy Wasting due to degeneration of cells and tissues

Decubitus ulcer Damage to skin and underlying tissue due to prolonged pressure

Eating disorders

Adiposity The amount of body fat can be expressed as a percentage of body mass

Obesity Excessive accumulation and storage of fat in the body (BMI at least 30)

BMI Body mass index, mass in kilograms divided by length in meters
squared

Anorexia nervosa Eating disorder characterized by distorted body image and intentional
weight loss

Bulimia nervosa Eating disorder characterized by periods of binging followed by
purging

Anabolic steroid Steroidal androgen that promotes growth of skeletal muscle and male

sexual traits
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Infectious Diseases

Table 5.1 provides a dictionary of basic terms to be used in this section as well as
several following sections of this chapter. Please also refer to Table 5.1 for defini-
tions of key terms later in the text.

Infectious diseases result in many deaths in all age groups, and autopsy findings
can be subtle. Some diseases such as bacterial pneumonia may be obvious upon gross
examination, whereas others such as influenza provide no anatomic clues of their
presence. Some basic definitions relating to postmortem evaluation of clinically sus-
pected infections are important to bear in mind when reviewing clinical records and
correlating pathology with clinical history in cases of suspected infectious deaths.

Sepsis and Sepsis Syndromes

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response
to an infection [15-23]. Septic shock is a critical reduction in tissue perfusion and
abnormalities of cellular metabolism due to the infection, and it involves persistent
hypotension and an elevated serum lactate level [19, 20]. The systemic inflamma-
tory response syndrome (SIRS) is a specifically defined response and has four crite-
ria [19, 20, 22]:

* Fever of more than 38 °C (100.4 °F) or hypothermia less than 36 °C (96.8 °F)

e Tachycardia (heart rate of more than 90 beats per minute)

* Tachypnea (respiratory rate of more than 20 breaths per minute) or hyperventila-
tion with arterial carbon dioxide tension (PaCO2) of less than 32 mmHg

e Abnormal white blood cell count (>12,000/pL or < 4000/pL) or presence of
immature neutrophils (>10% immature [band] forms)

SIRS has been used to identify early sepsis, but the criteria lack sensitivity and
specificity for identifying increased mortality risk [19, 20, 22]. The sequential organ
failure assessment (SOFA) scoring system is another method of predicting mortality in
such situations and involves assessment of three criteria: respiratory rate > 22 breaths
per minute, change in mental status, and systolic blood pressure < 100 mmHg [18].

Another dire consequence of systemic infection is disseminated intravascular
coagulation (DIC), also known as consumptive coagulopathy. Eventually, the acti-
vation of coagulation depletes the coagulation proteins and platelets resulting in
excessive bleeding. At autopsy, hemorrhage can be seen in the skin, mucocutaneous
tissues, serosal membranes, and various organs. Platelet and fibrin thrombi can be
histologically identified, especially in the renal glomeruli and pulmonary alveolar
capillaries.

Two purported laboratory markers consistent with sepsis include C-reactive pro-
tein (CRP), a protein produced in the liver in response to inflammation, and procal-
citonin, the precursor, or prohormone, to calcitonin which is secreted in response to
inflammatory stimulation.
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Utility of Postmortem Cultures

When bacteremia or sepsis is suspected, it is important to perform the autopsy as
soon as possible (ideally within 18-24 h of death) and be prepared to take various
cultures and specimens for microbiology/virology testing [24-28]. If medical
records are available, a thorough review is strongly encouraged before beginning
the autopsy, noting relevant vital signs and laboratory results, including antemortem
microbiology findings.

The postmortem evaluation of a patient assumed to be infected is twofold.
First, the presence and location of an infection must be determined, and second,
the likelihood of morbidity and mortality from sepsis must be assessed. Clinicians
have attempted to develop various criteria and scores to help them evaluate the
severity of a patient’s status [17-19, 21, 23]. The listed terminologies often over-
lap in individual cases but are also not absolute in every case. For example, not all
infections result in SIRS, and not all cases of SIRS are secondary to infection.
However, an infection plus SIRS is associated with organ dysfunction and sub-
stantial mortality in 5-16% of cases [22]. An infection in one location may stay
localized, but toxins (such as in TSS) and/or an activated immune system can
cause damage at distant sites. The SOFA scoring system is used to assess the
severity of organ dysfunction and thus morbidity [18]. The predictive validity of
the SOFA score for mortality has been reported to be superior to that of the SIRS
criteria. Unfortunately, the applications of these criteria and scores vary between
hospitals and between clinicians.

For the autopsy pathologist, it is important to know the clinical status of the
patient. The clinical history, including microbiology culture results or presence of
shock or organ dysfunction, can be correlated to the autopsy findings [2, 24-30].
Infections are among the 15 leading causes of death in the United States. Therefore,
a thorough understanding of the different clinical pictures of sepsis is important in
the interpretation of gross and microscopic autopsy findings as well as interpreting
postmortem ancillary studies.

Performance of Postmortem Cultures

Controversy exists over the performance of postmortem microbiology cultures
because there is confusion over their interpretation [2, 25-28]. Many studies have
cited the lack of agreement between premortem and postmortem blood cultures
[25]. There are several possible reasons for this which can be divided into two main
categories: postmortem bacterial transmigration and iatrogenic contamination.
Indigenous visceral microbial flora can transmigrate after death and spread through-
out the body. To lessen this postmortem effect, the body should be cooled promptly
after death, and body mobilization should be limited, as well. The autopsy should be
performed as soon as reasonably possible, best within 15 h postmortem. To limit
iatrogenic contamination, attention must be paid to using sterile technique when
procuring blood, body fluid, exudate, or tissue for microbiology culture.
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Growth of a single commonly recognized pathogen can usually be considered a
true indicator of antemortem infection, whereas growth of multiple organisms and/
or growth of a typical contaminant can usually be considered postmortem artifact
due to transmigration and/or iatrogenic contamination (Table 5.2). Correlation of
postmortem microbiology cultures with microscopic autopsy findings is of great
value, as is corroborating histologic inflammation in a site from which cultures were
taken.

So why perform postmortem blood or tissue cultures? Several good reasons exist
despite the aforementioned controversy. First, a positive culture can determine the
cause of death. Secondly, the autopsy pathologist can identify the agent as the cause
of a previously undiagnosed infection even if that infection is not the proximate
cause of death. Thirdly, postmortem cultures can confirm the premortem diagnosis
and be of value in evaluating clinical assessment and response to antimicrobial
treatment. Finally, public health benefits when epidemics and evolving antimicro-
bial resistance cannot be over emphasized.

Culture Techniques for Microbiology and Virology

When taking blood for culture, sterile technique must be used. If it can be per-
formed safely, one preferred method is to sear the right cardiac atrium with a heated
spatula or wide blade before inserting the sterile needle with syringe [2, 14, 24-28].
Another method is to flood the area with iodine and then insert the needle with
syringe. Using a sterile needle and sterile syringe, withdraw 20-30 ml of blood for

Table 5.2 Common blood pathogens and blood contaminants

Common blood pathogens Common blood contaminants

Staphylococcus aureus Coagulase-negative staphylococci

Streptococcus pneumoniae Streptococcus viridans
Streptococcus pyogenes
Streptococcus agalactiae

No common parallel

Propionibacterium acnes

pathogen

No common parallel Corynebacterium
pathogen

Enterobacteriaceae Mixed intestinal flora

Bacillus anthracis Bacillus (other species)

Neisseria gonorrhoeae,
meningitidis

Neisseria subflava, other species

Listeria monocytogenes

No parallel contaminant

Bacteroides fragilis

Mixed intestinal flora

Pseudomonas aeruginosa

Haemophilus influenzae

Escherichia coli

No common parallel gram-negative contaminants

Candida albicans

Cryptococcus neoformans

No common contaminants, though fungi often present in
autopsy environment
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the aerobic and anaerobic culture/broth bottles. The rubber top of the bottle (where
the needle is to be inserted) should be sterilized by iodine followed by isopropyl
alcohol or sterilized by isopropyl alcohol alone. The inoculated bottle should be
promptly transported to the microbiology laboratory.

Any organ or tissue can be cultured by the use of a culturette or a sterile biopsy
[2, 14, 24]. The culturette can detect aerobic organisms and fungi. For organ/tissue
biopsy, the surface of the organ is seared or flooded with iodine, as above, and a
sterile blade is used to cut out a section of the tissue. Sterile aerobic and anaerobic
transport media should be used. To maintain the anaerobic environment, make sure
that the tissue is pressed into and covered by the solid media. Tissues can also be
analyzed for viruses.

Mycobacteria can be detected from various specimens including blood, tissue,
and feces. Mycobacterium can grow out of conventional blood culture media, but
Middlebrook broth is recommended. The laboratory must be informed that myco-
bacterium is a consideration because laboratory smears, special stains, and special
growth media will need to be used.

Rapid tests, usually utilizing molecular techniques such as polymerase chain reac-
tion (PCR), are available for several viruses including respiratory and gastrointestinal
viruses [31]. Blood procured and placed into a serum separator vacutainer can be
analyzed for viral antibodies. Tissues for culture can be procured using sterile tech-
nique as described above, placed into viral media such as Hanks solution, and imme-
diately transported on ice to the laboratory. Paraffin-embedded tissues can also be
analyzed for viruses using immunohistochemistry and molecular diagnostic assays
[30, 32-34]. Sometimes tissues will need to be sent to a reference laboratory for anal-
ysis. These can be paraffin-embedded formalin-fixed or fresh tissues [2, 24, 30, 34].

Fresh tissue samples for respiratory viruses can be procured by sterile technique,
as above, and placed in a sterile container with a small amount of sterile saline. If
they are to be shipped to a reference laboratory, the samples may need to be frozen.
The following samples should be taken: bilateral lung hila, epiglottis, larynx, bilat-
eral proximal and distal bronchi, and representative sections of bilateral lung paren-
chyma. Other organs and tissues may likewise be procured by sterile technique and
frozen. Fecal specimens (10-20 ml) for viruses can also be collected in a sterile
container and frozen for shipment to a reference laboratory. Some hospital labora-
tories have rapid viral enteritis tests and can microscopically examine for other
agents of gastrointestinal infectious disease, such as parasites [31].

Perinatal and Infant Decedents
Important Procedures for Perinatal and Infant Decedents

Records Medical records of both the mother and the deceased child are extremely
important to review before starting the autopsy. These include prenatal records,
delivery records, and pediatric records as well as any required state genetic testing
results.
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Growth Measurements External measurements should be taken of all decedents
5 years of age and under. These include head circumference (occipital-frontal cir-
cumference), chest circumference (at the nipple line), abdominal circumference (at
the umbilicus), crown-rump length (top of head to bottom of buttocks), crown-heel
length (top of head to bottom of heel), and foot length (back of heel to end of great
toe). These measurements should be compared to expected values for the age of the
child. Charts for prematurely born children are available. See the following section
on body mass index (BMI).

The best way to obtain accurate circumference measurements is to wrap a string
around the body part (e.g., head) and then place the string along a ruler to obtain the
circumference length.

Radiographs Full-body radiographs should be performed, and a skeletal survey
including AP views of the skull, thorax, abdomen, individual limbs, hands, and feet
and lateral views of the skull and thorax is highly recommended beyond the fetal
age. Review by a pediatric radiologist can be very instrumental in assessing genetic
defects, nutritional status, and birth or subsequent trauma. Previous radiographs
should be obtained and reviewed for comparison, when possible.

Placenta 1In cases of perinatal or neonatal death, the placenta provides “the answer”
in over one-third of the cases. The placental disc should be weighed without the
umbilical cord and membranes. The membranes should be thoroughly examined for
color and transparency. The umbilical cord length and diameter should be recorded
and any unusual coiling noted. The site of cord insertion should be recorded. There
is disagreement as to whether the placenta should be refrigerated (not frozen),
unfixed, or fixed in 10% formalin. If refrigerated, the placenta can be stored at 4 °C
for 3—7 days without loss of histologic integrity. The placenta ideally should be
placed in a large, flat container so as not to distort its shape. The placenta should not
be frozen because freezing results in lysis of red blood cells and marked distortion
of histology. Keeping the placenta fresh (unfixed) allows for tissue procurement and
the use of certain ancillary studies, such as bacterial and viral cultures, DNA and
cytogenetic studies, metabolic studies, electron microscopy, and infusion studies.
Tissue for bacterial and viral cultures may be taken in a sterile fashion from the
subamniotic chorionic plate. The membranes also may be swabbed with a culturette
for bacterial cultures. Sections of the fetal aspect of the placental disc can also be
obtained for cytogenetic studies. If the placenta has already been discarded, or if it
has been examined at another institution, the placental slides and accompanying
pathology report should be reviewed by the autopsist.

For microscopic examination of placentas, the following sections should be sub-
mitted: (1) at least two full-thickness sections of the placental disc, (2) umbilical
cord cross-sections from the fetal and placental ends, and (3) two sections of the
placental membrane roll.
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Microbiology Cultures 1f sufficient blood is not available due to the age (size) of
the child, the spleen can be cultured. Lung cultures can be very valuable in this age
group and should be taken. Sections of tissue, such as the liver and lung, or serum
for viruses can be taken if a virus is suspected or for future analysis. Culture results
can be correlated with histological findings as well as immunohistochemistry. See
discussion of cultures.

Evisceration Technique In older children and adults, many pathologists use the
Virchow method (organ by organ removal) of evisceration. However, in the perina-
tal and young pediatric age groups, when abnormal anatomical arrangements and/or
vascular connections may not be immediately apparent, the en bloc or Letulle (also
more recently referred to as Rokitansky) approach is advised so that anatomic rela-
tionships remain intact for evaluation. Remove the neck, thorax, abdominal, and
pelvic block and begin the examination and dissection from the posterior aspect.
The esophagus should be opened along its length to identify any tracheoesophageal
fistula, before being taken down to the abdominal block. The heart-lung vascular
connections should be carefully examined.

Fetal Brain Removal The fetal and often neonatal brain is very soft due to increased
water content and can prove difficult to remove without damaging important land-
marks and architecture. To avoid too many artifacts, cut open the fontanelles and
sutures with scissors, cut the brain attachments, and gently remove the brain. In
cases of very early gestation or maceration, removing the brain under water can best
preserve its architecture.

Organ Weights In fetal, perinatal, and pediatric cases, especially 13 years of age
and younger, it is important to compare the decedent’s organ weights to expected
weights for similar decedents. The expected weight is best based on the child’s body
(or crown-heel for fetuses) length. Expected body measurement and organ weight
charts for prematurely born infants are available and are especially important for
meaningful evaluation of premature babies and young children.

Genetic/Chromosomal Abnormalities and Inborn Errors of Metabolism Blood in
an EDTA tube or blood as a spot on filter paper can be analyzed for numerous
inborn errors of metabolism. Sections of the skin, fascia lata, and Achilles’ tendon
may be taken for fibroblast culture and cytogenetics and enzyme deficiencies. Skin
sections (1 ¢m?®), and one or two entire Achilles’ tendons, and fascia lata, taken
using sterile technique, should be placed in transport media such as Hank’s solution,
and immediately transported on ice to the laboratory. Molecular pathology can be
performed on paraffin-embedded sections using fluorescent in situ hybridization
(FISH) or polymerase chain reaction (PCR) methodologies.
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Many cardiac channelopathies can be detected in postmortem specimens. Blood,
5-10 mL, collected in an EDTA purple-top vacutainer is the specimen of choice.
Other possible specimens include at least 5 g of fresh heart, liver, or spleen. The
fresh tissues should then be frozen. Contact the reference laboratory for more spe-
cific instructions.

Postmortem Chemistry Vitreous should be procured for chemical analysis as
described above. In children under 5 years of age, procurement of vitreous is usually
performed at the end of the autopsy. This is because if any head pathology is identi-
fied, the eyes may need to be examined without any artifact of vitreous withdrawal.

Examination of the Elder Patient

In 2012, 809 million people, or 11% of the world’s population, were over age 60. By
2050, about two billion people are expected to be over age 60, which will represent
nearly 22% of the world’s population at that time [35]. Life expectancy for the US
population in 2016 was 78.6 years (males = 76.1 years, females = 81.1 years) [35].
Almost 40% of elders as defined above are obese, putting them at risk for diseases
such as systemic hypertension, diabetes mellitus, coronary atherosclerosis, cerebral
infarction, renal disease, respiratory diseases, decreased mobility, osteoarthritis, and
cancer [35-39].

It is therefore not surprising that the top ten causes of death in this age group are [35]:

Heart disease

Malignant neoplasm

Chronic lower respiratory disease
Cerebrovascular disease

Alzheimer disease

Diabetes mellitus

Unintentional injury

Pneumonia and influenza

Nephritis, nephrotic syndrome, and nephrosis
Septicemia
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As with children, specific approaches need to be taken when examining the elder
decedent. With age, changes in the body make a person more prone to or at risk for
various diseases and trauma.

Pathophysiology of Aging
A description by organ system of changes related to biologic aging, as well as to

underlying pathologies that tend to be more prevalent with aging, follows and is
summarized in Table 5.3 [36, 41, 42].
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Table 5.3 The pathophysiology of aging and associated autopsy findings

Body systems Effects of aging Autopsy finding
Integumentary Thinning skin, fragile blood Ecchymoses, decubitus ulcers, stigmata
system vessels, immobility, poor blood | of diabetes
flow
Musculoskeletal Decreased bone mass, Osteopenia, osteoporosis, fractures,
system Less vitamin D production, muscle atrophy
muscle mass decreased
Cardiovascular High cholesterol, high blood CAD, myocardial infarction,
system pressure thrombosis, myocardial interstitial
fibrosis
Respiratory Difficulty breathing, less ability | Pneumonia, emphysema
system to expand lungs and chest
Gastrointestinal Dry mouth, decreased gag Periodontal disease, aspiration, fecal
system reflex, decreased gastric impaction
secretions, slow digestion
Genitourinary Decreased blood flow to Kidney atrophy, glomerulosclerosis,
system kidneys (vascular disease) arteriosclerosis
Hepatobiliary Decreased blood flow to liver Liver atrophy, Glycogenated hepatocyte
system nuclei
Central nervous Trouble with walking and Brain atrophy, atherosclerosis,
system balance, greater fall risk, loss of | increased neurofibrillary tangles,
memory subdural hemorrhage

Integumentary System The skin becomes thin with decreased elasticity, and often
effects of long-term sun exposure are present, as well. The epidermis can be easily
separated from the underlying dermis with minimal trauma due to flattened dermal-
epidermal junctions and decreased interdigitations. The skeletal muscle is atro-
phied, and subcutaneous adipose tissue is overall decreased. The blood vessels can
become fragile and decreased in number. Resultant senile purpura and senile ecchy-
mosis, especially over the extensor surfaces and over bony prominences, are seen.
Also, anticoagulant medications and drug-induced thrombocytopenias can result in
easy bruisability. Underlying peripheral vascular disease and/or diabetes mellitus
puts the elder at risk for poor wound healing, pressure ulcers, and infections.
Decreased hair over the lower legs and other cutaneous signs of vascular stasis is
also indicative of peripheral vascular disease.

A decubitus ulcer, also termed a pressure ulcer, is usually due to immobility, and
the tissue breakdown is enhanced by urinary and/or fecal incontinence, malnutri-
tion, a decrease in overall body fat including subcutaneous adipose tissue, muscular
atrophy due to aging, decreased immunity, aforementioned skin fragility, vascular
insufficiency due to atherosclerosis and/or diabetes mellitus, and generally delayed
wound healing. Pressure sores can be divided into four stages [42]:

e Stage 1 Non-blanchable erythema of intact skin
* Changes in sensation, temperature, or firmness may precede visual changes.
» Stage 2 Partial-thickness skin loss with exposed dermis
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¢ Partial-thickness loss of the skin with exposed dermis. The wound bed is viable,
pink or red, and moist and may also present as an intact or ruptured serum-filled
blister. These injuries commonly result from adverse microclimate and shearing
forces, particularly over the pelvis and heels. This stage should not be used to
describe moisture-associated skin damage (MASD) including incontinence-
associated dermatitis (IAD), intertriginous dermatitis (ITD), medical adhesive-
related skin injury (MARSI), or traumatic wounds (skin tears, burns, abrasions).

» Stage 3 Full-thickness skin loss

e Subcutaneous adipose tissue may be visible in the bottom of the wound, and the
ulcer may include granulation tissue and epibole (rolled wound edges), but the
underlying fibrous tissue, muscle, or bone are not visible. Sloughing and/or
eschar may be present and undermining and tunneling may occur. If slough or
eschar obscures the extent of tissue loss this is an unstageable pressure injury.

» Stage 4 Full-thickness skin and tissue loss

e Exposed or directly palpable fascia, muscle, tendon, ligament, cartilage, or bone
in the ulcer. Slough and/or eschar may be visible. Epibole, undermining, and/or
tunneling often also occur [42].

Musculoskeletal System With age, there is often decreased bone mass and less vita-
min D production, with consequent osteoporosis and osteopenia, respectively, as
well as decreased flexibility. These changes can result in fractures due to falls and
sternal and rib fractures during cardiopulmonary resuscitation. Fractures seen in
accidental trauma occur most often in the femoral neck, vertebrae, proximal
humerus, and ribs. Muscle mass is decreased with age but can also be due to wasting
secondary to immobility, chronic disease, malabsorption, dysphagia, and lack of
proper caloric intake and nutrition [36, 37, 41].

Cardiovascular System With age comes increased incidence of or risk for atherosclero-
sis, valve stenosis, and cardiovascular effects of long-term systemic hypertension. The
cardiac output is also decreased. Long-term systemic hypertension can lead to myocyte
hypertrophy and replacement fibrosis. The elder may develop acquired thrombotic ten-
dencies. Decreased peripheral vasoconstriction and vasodilation, often coupled with
decreased sweat response in the skin, can lead to hypothermia and hyperthermia, as well.

Respiratory System The lungs have decreased elastic recoil, decreased pulmonary
reserve, and overall decreased lung mechanics with decreased chest compliance and
strength of respiratory muscles. Therefore, elders are prone to pneumonia.
Underlying pulmonary emphysema is not uncommon in this population, as well.

Gastrointestinal System Elders often have dry mouth, or xerostomia, secondary to
aging or to certain medications. Xerostomia can result in periodontal disease, cavi-



5 Essential Techniques in Certain Decedent Populations 91

ties, and difficulty swallowing. Decreased gag reflex can also cause dysphagia and
lead to aspiration. The senses of taste and smell are decreased. Medications can also
alter the sense of taste. Appetite decreases with aging as does the sense of thirst.
Elders have slower gastrointestinal peristalsis which can lead to fecal impaction.
Decreased gastric secretions and intestinal enzymes can result in malabsorption.
Colonic diverticular disease and diverticulitis are also prevalent in this population.

Genitourinary System The decreased cardiac output and atherosclerosis result in
decreased blood flow to the kidneys. The kidneys have a decreased number of neph-
rons, decreased glomerular filtration rate, impaired water absorption, decreased
urine concentration ability, and decreased creatinine clearance [36, 37, 41]. In
women, decreased estrogens lead to vaginal atrophy. Increased vaginal pH can pro-
mote infections. The pelvic wall structures weaken and can result in a cystocele or
uterine prolapse.

Hepatobiliary System The liver volume is decreased, at least partly due to decreased
blood flow to the liver. Microscopically, hepatocytes often have glycogenated
nuclei, not only in those individuals with diabetes mellitus but also as a marker of
hepatocyte senescence in most aging individuals. Hepatocytes also have lipofuscin
accumulation which can interfere with cellular pathways. Decreased hepatic metab-
olism, especially decrease in the P450 enzyme activity, can interfere with drug
metabolism. Liver regeneration capacity is also decreased [43].

Central Nervous System The elder brain is atrophied with decreased weight. The
cerebral ventricles can be enlarged due to the atrophy of the surrounding paren-
chyma. An enlarged subdural space puts the elder at risk for subdural hemorrhage
secondary to a fall. The brain has decreased blood flow and decreased
neurotransmitters. It is not uncommon to see atherosclerosis of the basilar artery
and circle of Willis, meningeal edema, remote infarctions, and lacunar infarctions in
the basal ganglia. Age-related increase in neurofibrillary tangles can be seen, includ-
ing in the parahippocampal gyrus and amygdala. Elders can have impaired gait,
decreased proprioception, and slower reaction times, putting them at risk for falls
and resultant intracranial injury [36].

Performing the Elder Autopsy
Body Measurements
Weigh the body unclothed and measure body length [36-39, 41]. Find out if the

weight has changed dramatically over the past 12 months or if there has been a
noticeable trend (especially weight loss) over the past few years. It is important to
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calculate a body mass index (BMI), but pathologists must also understand that a loss
of weight can also accompany other pathologies such as dementia.

Radiographs

Full-body radiographs can be considered if there is any history of or findings suspi-
cious for trauma or neglect. Radiographs will detect fractures (acute, healing, and
possibly remote), reveal abnormal mineralization, and suggest osteomyelitis (espe-
cially beneath pressure ulcers).

Toxicology

The vitreous should be analyzed for electrolytes, glucose, and ketones [2, 4, 14].
Dehydration, renal failure, diabetes mellitus, and diabetic ketoacidosis are some
entities that may be discovered. An elder’s medication level may be elevated due to
decreased metabolism and clearance. The level may be low if the medications have
not been taken or administered.

Autopsy Procedures

Below are a few remarks or “tips” about autopsy procedures in the elderly. After a
thorough external and internal examination possibly including radiographs, the
pathologist may want to alter what would ordinarily be the “routine” autopsy
procedure.

e Measure the thickness of the abdominal panniculus to correlate with weight in
cases of cachexia, malnutrition, or an otherwise underweight elder.

e Perform and document an oral examination.

e If trauma is identified grossly or radiographically, it is worthwhile to do a poste-
rior Y incision exposing the back and buttocks to identify any occult subcutane-
ous or muscular injury.

e Native coronary arteries and any bypass grafts should be dissected, examined,
and submitted for histology.

e If the small and large bowels are not routinely opened, they should be in elder
cases. Document and appropriately evaluate the consistency of fecal material,
volume of bowel contents including feces in cases of suspected neglect, and any
pathology such as tumors or diverticuli.

o If the decedent has pressure sores, the ulcer can be cultured and sectioned for
histology, especially the bone to evaluate for underlying osteomyelitis.

¢ Full neuropathologic examination with relevant sections should be performed in
cases of suspected or known dementia.
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The elder autopsy is often complicated by diseases in multiple organ systems
which can confuse the diagnostic picture. Remember that many elders will die with
their diseases and not necessarily of their diseases. Take time to differentiate disease
that is relevant from disease that is irrelevant to the cause of death [36, 40].

Autopsy of Individuals with Eating Disorders

Deaths can result from eating disorders including obesity, anorexia nervosa, and
bulimia nervosa with or without anorexia nervosa. Death due to the use of supple-
ments and steroids can also fall into this category.

Obesity

Worldwide obesity has nearly tripled since 1975 [44-62]. In fact, in 2016 almost
two billion adults worldwide age 18 years and older were overweight, and over 650
million were diagnosed as obese. Also, in 2016, 41 million children under the age
of 5 years fell into the categories of overweight or obese. From 5 to 9 years of age,
over 340 million children were overweight or obese [49-52]. In the United States in
2016, almost 40% of adults were considered obese [45-47]. Between the ages of 2
and 19 years, 18.5% of children were obese [45-47, 50-55].

Overweight and obese conditions are defined as an abnormal or excessive fat
accumulation, respectively, that may impair health [48, 49]. Since these definitions
are subjective, methods have been devised to allow physicians and the public to bet-
ter categorize disorders of fat accumulation. BMI, body mass index, is an anthropo-
metric index of weight and height that is defined as body mass in kilograms divided
by the height in meters squared [54]. BMI is a screening tool to classify adiposity. In
other words, BMI assists the clinician and pathologist in categorizing a patient as
being of normal weight, underweight, overweight, or obese. The BMI does have its
limitations as it uses height and weight and does not directly measure body adiposity.
More definitive measures of body fat are skinfold thickness, bioelectrical impedance
analysis, and dual energy X-ray absorptiometry (considered the gold standard).

Because adiposity varies with age and gender, the BMI changes substantially
between the age of 2 years up to 20 years [50-56]. Therefore, BMI-for-age charting
based on gender should be used. BMI-for-age is better than the standard pediatric
weight-height charts in assessing underweight and overweight children as it takes into
account age-related changes that occur in early childhood and in puberty. BMI in chil-
dren correlates with cardiovascular disease, systemic hypertension, hyperlipidemia,
and hyperinsulinemia later in life. BMI under the age of 2 years has a weak association
with adiposity and future obesity and, therefore, is not used in this age group.

Obesity is associated with comorbidities and a decreased life expectancy [57—
62]. The life expectancy is decreased by 6 years in obese men and by 7 years in
obese females. Obese individuals are more likely to die before the age of 70 years.
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The top four causes of death in obese individuals are malignancy, infection, heart
disease, and pulmonary thromboembolus.

Obese individuals should be weighed and measured (unclothed). The BMI can
then be calculated. Make sure that when the body length is measured, that the tape
measure is flat on the table and not over the decedent’s protuberant abdomen, creat-
ing a false increase in length. Radiographs can be helpful to assess degenerative
changes to the bones and joints, even in obese children. The CDC BMI-for-age
growth charts show BMI as a percentile ranking for children 2—19 years of age. BMI
can be calculated, but the distribution of fat is also of concern since intra-abdominal
(visceral) fat is associated with cardiovascular disease. BMI is a screening evalua-
tion, and, in some circumstances such as users of anabolic androgenic steroids (dis-
cussed later in this chapter), a high BMI does not correlate with adiposity.

Effects of Obesity

Organs most often adversely affected by obesity are the heart, liver, and kidneys [58].
The heart is usually increased in weight secondary to increased blood volume and
systemic hypertension, as well as fat deposition externally and within the myocytes.
In men, the enlarged heart often shows an increase in the left ventricular thickness,
whereas in women the heart weight is increased with an increase in both the left and
right ventricular thicknesses [58]. Cardiac uptake and oxidation of fats are not bal-
anced, and the heart accumulates lipid leading to lipotoxicity. The fat deposits can
directly alter cellular structures, are toxic to myocytes, and alter systolic and diastolic
function. Obesity can also be associated with accelerated atherosclerosis. The liver is
often enlarged with steatosis accompanied by ballooning and degenerating hepato-
cytes and acute inflammation. Nonalcoholic fatty liver disease and nonalcoholic ste-
atohepatitis can occur secondary to obesity. Obese individuals and those with type 11
diabetes mellitus (DM) commonly have glycogen accumulation in the hepatic nuclei.
Kidneys can be scarred secondary to glomerulosclerosis, arteriolosclerosis, and arte-
riosclerosis resulting in chronic renal failure. For some reason, in men with an ele-
vated BMI, the thyroid gland is often increased in weight [58].

Obese individuals can develop type II diabetes mellitus (DM) due to a progres-
sive defect in insulin secretion coupled with a progressive rise in insulin resistance
[62]. Obese individuals with type II DM are at risk for hyperglycemic hyperosmolar
nonketotic sudden death, evidenced by elevated glucose but absence of ketones or
ketone bodies in the vitreous.

Anorexia Nervosa

Anorexia nervosa (AN) is a psychological eating disorder characterized by a dis-
torted body image and intentional weight loss [63—70]. Individuals with AN have an
obsessive fear of weight gain, a distorted body image, refuse to eat to maintain a
healthy body weight, and deny the serious consequences of such behavior. Most
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patients are women, and the average age of onset is 17 years. In the United States,
1-3% of women and 0.5% of men will experience AN during their lifetime [63-70].
Left untreated, 20-50% with AN will die. If treated, 15% will still likely die from
complications of the disorder. One in five AN deaths is due to suicide. The anorexic
decedent is markedly underweight with a BMI usually under 17.5. The decrease in
body adipose tissue and muscle atrophy are apparent at autopsy. Vitreous chemistry
may be positive for ketones as the body switches from carbohydrate to lipid energy
sources [4]. If vomiting is induced, vitreous chloride will be decreased, as well.
Some anorexic individuals abuse laxatives resulting in a low potassium level.

These individuals often have gastrointestinal disturbances including delayed
motility and gastric dilatation as well as gastric smooth muscle atrophy. An acute
gastric dilatation can result in gastric necrosis and perforation. Delayed gastric emp-
tying followed by dilatation has also been reported to compress the inferior vena
cava and superior mesenteric vein resulting in circulatory collapse.

One third of anorexic deaths are due to cardiac causes [65, 68]. Hypotension,
bradycardia, repolarization abnormalities, arrhythmias, and prolonged QT interval
are very common. Electrolyte imbalances, including low phosphorous and magne-
sium levels, can cause arrhythmias. Within the heart, one can see muscular atrophy
including decreased left ventricular wall thickness resulting in mitral valve pro-
lapse. Microscopically, myocytes are small, fragmented, display contraction bands,
and have cytoplasmic accumulations of lipofuscin pigment.

Besides electrolyte abnormalities, severe muscle weakness, bulbar muscle dys-
function, and depressed diaphragmatic contractility can result in acute respiratory
distress, aspiration, and sudden death. The immune system is markedly depressed
and infections, sometimes fatal, are not uncommon. Death is usually caused by
electrolyte imbalances and/or cardiac failure. Common findings at autopsy include
low weight, lanugo hair, dry skin, acrocyanosis, and sometimes, hypercarotenemia
(yellow skin). There may be osteoporosis, pressure ulcers, or malnutrition-induced
hepatitis.

Bulimia Nervosa

Bulimia nervosa (BN) is an eating disorder characterized by periods of binging fol-
lowed by purging [69, 71-73]. Clinically, it is defined as at least two binge eating
episodes a week for a period of 3—6 months. BN is more common than AN but has
a lower mortality of approximately 4%. Ten to fifteen percent of bulimics are males,
and 85-95% are females [69, 71-73]. The age of onset is in the late teens. In the
United States, 1.5% of people will suffer from BN. BN usually does not result in
weight loss and can even cause weight gain. These individuals binge on an exces-
sive amount of food, usually within a short time period, and, with a fear of gaining
weight, then purge the consumed food. Purging can be accomplished by induced
vomiting as well as the use of ipecac, laxatives, enemas, and diuretics.

Induced vomiting using one’s hand can result in cuts, scars, and calluses on the
dorsal middle phalanges (knuckles) from the teeth. The retching during vomiting
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can cause facial and ocular petechiaec as small venules and capillaries rupture.
Repeated vomiting erodes the enamel of the teeth leading to loss of enamel and
tooth decay. Chronic gastric reflux with esophageal inflammation can also be seen.
Repeated binging stretches the stomach and can actually damage the stomach lining
resulting in tears and chemical peritonitis, or conversely, gastroparesis can result.
The kidneys of individuals with longstanding bulimia nervosa can show chronic
interstitial nephritis, proximal tubular swelling, and diffuse glomerulosclerosis.
Death is usually the result of electrolyte imbalance.

Supplements and Anabolic Steroids

Many individuals take supplements in an attempt to change their body habitus,
avoid medical procedures, substitute for traditional chemotherapy, treat medical
conditions, and improve overall health. Unfortunately, too many of these supple-
ments are not regulated, and the consumer may be unaware of the exact contents
and/or side effects [74—79]. Besides often being ineffective, some contain harmful
chemicals that can damage the body and even result in death [74, 76, 79]. For
instance, supplements for weight loss may contain ephedrine, an arrhythmogenic
agent. If a decedent is known to have taken supplements, the pathologist should
obtain the exact supplement so that it can be used to interpret postmortem toxicol-
ogy results.

Appearance and performance enhancing drugs (APEDs) are most often used by
males to improve appearance by building muscle mass or to enhance athletic perfor-
mance; however, they are also being used by females. Anabolic androgenic steroids
are the best studied of the APEDs. These steroids are synthetic variations of the
male sex hormone testosterone. People, men and women, take the steroid orally,
inject them into veins or into the musculature, or apply them to the skin as creams,
gels, or patches. Injection puts the user at risk for contracting and transmitting infec-
tions such as human immunodeficiency virus (HIV) and hepatitis C virus (HCV).

Steroids act on the brain and are addictive. They can produce mood swings
including anger (“roid rage”), paranoia, and delusions. They do not trigger a rapid
increase in the brain’s dopamine, but, over time, they can affect the dopamine-
serotonin-opiate sites and receptors [75, 77, 78]. At autopsy, the increase in muscle
mass in both men and women is usually very obvious. The BMI of these individuals
can be in the “obese” range because of the increased muscle mass. Below are other
findings which may be seen at autopsy.

Integumentary System Men may show oily skin and hair and alopecia, as well as
increased length and thickness of non-scalp hair, while women may show male pat-
tern baldness or hirsutism and growth of facial hair.

Musculoskeletal System There is increased muscle mass and elevated BMI. Only in
teens, stunted overall growth or height may be seen. There is often swelling of the
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hands and feet. Evidence of rhabdomyolysis, such as pigmented casts in the renal
tubules, may be noted.

Cardiovascular System Cardiomegaly and left ventricular hypertrophy can occur.
Accelerated atherosclerosis, coronary thrombosis, and patchy or interstitial myocar-
dial fibrosis are often present.

Hepatobiliary System Cholestatic hepatitis may be found, as well as hepatic cysts
and hepatocellular adenomas and carcinomas.

Genitourinary System Incidence of renal cell carcinoma may be increased, as well
as prostatic hypertrophy and cancer in men. Spermatogenesis may be decreased.
The clitoris may be enlarged in women, and there may be uterine and breast atrophy.
Other microscopic findings in the kidney may include glomerulosclerosis, tubular
atrophy or acute necrosis, and interstitial fibrosis.

The Present and the Future

Challenging postmortem cases are often those of sudden or unexpected deaths in
which the routine autopsy is no longer the “routine.” Cases with an uncommon
cause of death, those which have nonspecific gross and microscopic findings, and
cases involving unusual case histories can leave the pathologist perplexed and frus-
trated. Fortunately, advances have been made in several areas of laboratory medi-
cine as well as non-pathology medicine, and many of these are applicable to the
autopsy [80-82]. Also, a better understanding of complex pathophysiology such as
infectious diseases and SIRS can help unravel what at first seems to be a web of
unrelated signs, symptoms, and autopsy findings. Pathology and its many subspe-
cialty branches are continuously evolving and advancing; autopsy pathology should
change, as well.

In 1971, the Joint Commission on Accreditation of Hospitals dropped the hospi-
tal accreditation standard requiring a 20-25% autopsy rate for deaths occurring in
the hospital [83-86]. In 1964, the US hospital autopsy rate was approximately 41%.
By 2003, this rate had dropped to 11%, and by 2007 it was at 8.5% [85-95]. The
effects of this drop on resident education, in particular pathology residents, are
detailed in Chap. 6 of this book. Exposure to pathology for medical students is also
decreasing as it is no longer taught as a stand-alone basic science course during the
first 2 years of medical school. Unfortunately, while breaking down barriers between
the basic and clinical sciences, this approach has helped to make pathology a poorly
understood specialty. Very few medical students have ever seen an autopsy before
graduating from medical school [85]. It is no wonder that they are not well equipped
to inform and counsel their patients on requesting an autopsy. The declining autopsy
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rate also creates a negative cycle with unfamiliar clinicians seeking consent in fewer
cases. To confound matters, the autopsy, a medical procedure, is costly and not an
economic priority in pathology departments.

So where do we see the future of autopsy pathology? The advances in imaging
modalities have led to the false perception that the autopsy will be unable to add any
additional information regarding a deceased patient’s clinical condition [80].
Radiography complements the autopsy but is certainly no replacement for all the
autopsy can accomplish. The autopsy remains the gold standard of quality assur-
ance and public health [81]. Though human anatomy remains unchanged over the
millennia, insults to the human body do change with time. These insults include
toxicities, harmful social trends, changes in cultures with negative body image and
expectations, novel instruments of violence, social changes, environmental condi-
tions, and microbiological mutations, and the list goes on. Such changes/insults and
their effects on the human body can only thoroughly be appreciated, followed, stud-
ied, and eventually prevented through the autopsy. Only by correlating the “world”
as we currently understand it with its effects on the human body can we learn and
move forward. The autopsy will always be part of the ultimate answer to health-
related questions. If conducted thoroughly using appropriate techniques and incor-
porating knowledge of those often-challenging populations, the autopsy will
continue to contribute to science, medicine, and public health.
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The Autopsy in Medical Education 6
and Training

Robert D. Hoffman

Autopsy as Historical Apprenticeship

As in a statement attributed to Pasteur, in the fields of observation, chance favors
only the prepared mind. The use of the autopsy observation of human disease for the
education of students and practitioners has provided insights that have opened doors
for the development of many advances in medicine.

The use of agents that interrupt the renin-angiotensin system, for example, is
based upon the elucidation of the biochemical interactions of those factors with one
another and with their cognate receptor and effector systems. The nature of the
humoral factor renin, in turn, derives from the observation by Goldblatt that surgical
stenosis of the renal artery in experimental animals released into the circulation a
factor capable of producing hypertension [1, 2]. The experiments of Goldblatt were
in turn founded upon nineteenth-century observations made by Bright of patients at
autopsy who had myocardial hypertrophy and a shrunken kidney caused by renal
artery stenosis, observations made long before measurement of blood pressure was
even performed in humans [3]. That about one century elapsed between the initial
observation and the key experiment that made possible our present understanding
illustrates the point that the observer and the prepared mind do not necessarily need
to coexist in space or time. Our observations and materials from the autopsy may
contribute to advances to be made far into the future.

The autopsy has been a traditional part of medical education, predating the
advent of the pathologic examination of surgical specimens for diagnostic and prog-
nostic interpretation, the ability to noninvasively visualize the internal structures of
the body, and the understanding of the microbial, immunologic, biochemical, and
genetic bases of disease [4]. With each of the aforementioned advances in
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understanding and practice, the role of the autopsy has necessarily had to evolve,
responding to changes in incentives guiding the time and attention of academic and
community pathologists, as well as the depth of examination that was possible
because of scientific advances. Whereas in the early twentieth century, autopsies
were performed not only by pathologists but also by enlightened and sometimes
competitive physicians and surgeons [5], in the modern era, many practicing ana-
tomic pathologists perform few autopsies, if any, as a part of their practice. Autopsy
remains as a required part of graduate medical education in anatomic pathology,
however, where it provides residents with skills in anatomic dissection, including
the ability to recognize and handle fresh, fixed, and processed tissues. The autopsy
is often the first opportunity that a pathology resident has to take responsibility for
the conduct of a complex medical procedure that may require judicious use of labo-
ratory tests and expert consultations that ultimately affect turnaround time.

In autopsy, a resident must review complex medical records, interact with care-
givers to understand their sometimes unwritten concerns, and then concisely syn-
thesize findings in the context of current scientific understanding and medical
uncertainty. In many cases, the autopsy is the dominant form of exposure for resi-
dents of cardiovascular and central nervous system diseases, which constitute
important areas of human morbidity that are not often seen in other pathology rota-
tions. Finally, residency training in autopsy provides a gateway for advanced train-
ing for a career in forensic pathology, or for careers where autopsy practice is a key
component, such as cardiovascular pathology or neuropathology. Training in
autopsy is also useful preparation for careers in academic pathology, because of the
need to pass along autopsy training to trainees.

Autopsy Education and Autopsies Performed

As the role of the autopsy has changed, so has the number of autopsies performed,
particularly outside of the domain of forensic pathology. The decline in the numbers
of autopsies, both in community practice and in academic medical centers, has led
to frequent questioning about the relevance and future of the autopsy. Such ques-
tioning is not new, but has been ongoing for generations. The reader is invited to
review a 1956 editorial, “Potential Values of the Autopsy Today,” by University of
Pennsylvania cardiologist and former Dean, Dr. Isaac Starr [6]. The theme of the
Starr editorial was that the rigorous approach to the autopsy appeared to have
declined because academic pathology chairs had allowed their attention, as well as
that of their new hires, to be drawn by experimental pathology, which could be per-
formed not only in laboratory animal models of human disease but also by the study
of human cells in culture through the newly available immortal cell culture lines. At
the same time, the number of autopsies in academic medical centers had actually
increased to its peak, reportedly because of the willingness of families to contribute
to the tangible progress in medical and surgical therapeutics. The autopsy, once a
privilege to the education of pathologist and clinician alike, had now become a
drudgery and distraction from more attractive and rewarding undertakings. Huge
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amounts of data about autopsies had been collected by disinterested rote in innu-
merable report volumes, file cards, glass slides, and photographs that Starr foretold
would never be used. Dr. Starr proposed that the autopsy should be simplified to
answer the immediate questions of clinicians, without histology, if possible. Having
performed research leading to the development of the ballistocardiograph on
patients sent for autopsy, Starr saw the potential instead to expand the practice of
such research in the autopsy room. It appears that Starr may have experienced some
resistance to his efforts.

Responses from leading pathologists of the day came swiftly to correct some
generalizations made by Dr. Starr, but, at the same time, the respondents admitted
that some of the points raised in the editorial had merit [7-9]. It was noted that
changes in the practices of departmental leadership might contribute to the increased
emphasis placed by departments on experimental pathology, as opposed to the sim-
ply observational skill of autopsy. It was proposed that the devaluation of simple
autopsy observation was passed down from chair to faculty to trainees. As a conse-
quence, the caliber of practitioners of pathology at all levels began to decline.
Another point raised was that there seemed to be a large amount of information
gathered by autopsy which never in turn was used after having been collected.
Autopsy technique was felt by some to have become stagnant and excessively
detailed. It was proposed that perhaps streamlining the autopsy to restrict its scope
to specifically answer the questions posed by concerned clinicians would help the
autopsy to regain some of its relevance to pathology attendings and trainees of the
day. Others proposed that the time had come for stakeholder pathology organiza-
tions to take a more active role in advising pathology leaders about balancing the
roles of service and research, as well as to support the role of education in academic
practice, since there was a growing perception that academic pathologists had
become too busy to teach. The engagement with clinical colleagues that once
occurred over the autopsy had begun to diminish, an interaction that was in fact
believed to have even more value for experienced clinicians than it did for students,
largely because fewer pathologists fully became proficient at the technical and inter-
pretive skills required to master autopsy practice. In the words of one observer, “The
main thing that is wrong with pathology is that pathologists no longer teach it.”

Evolving Standards for Documentation of Competency
in Autopsy

The point of raising the editorial exchange from 1956 is that many of the observa-
tions about academic pathology remain true 60 years later. In the face of progres-
sively declining numbers of hospital autopsies being performed, the Accreditation
Council for Graduate Medical Education and the American Board of Pathology
instituted number-based criteria for the training of pathology residents [10].
Although initially set as 100 autopsies per resident [11], the autopsy requirement
was soon reduced to 75 [12] and then 50 autopsies [13], and sharing of autopsies by
two residents was also permitted. Several adjustments have been made since then to
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limit abuse of the system by residents claiming too many lower teaching value
cases, such as macerated fetopsies, as complete cases. The necessity of imposing
such restrictions indicates that the emphasis placed on quality teaching of autopsy
in various programs is likely not uniform.

The existing number-based criterion for assessing competency in autopsy has
been perceived as having failed to achieve its desired goals. Some large and other-
wise excellent programs do not have enough available autopsies to support the
numerical standards and must rely heavily upon local forensic pathology authorities
to provide autopsy experience that is beyond the control of the department. It has
been argued that simply reducing the numerical requirement might adequately
address the needs of large programs. There are anecdotal complaints to the American
Board of Pathology about recently board-certified anatomic pathologists, who pre-
sumably had met the number-based criterion during residency training and yet were
unable to undertake an autopsy when called upon to do so in the course of their
practice (Rebecca Johnson, personal communication). On the other hand, recent
trainees have indicated in surveys that they find that the amount of time spent during
training on autopsy is excessive and that the utility of autopsy training in their sub-
sequent practice is not great.

In one such recent survey, about 50% of new-in-practice pathologists reported
that they did not perform autopsies as a part of their routine practice [14]. The ques-
tion has been raised whether autopsy should even be included as a part of training
in anatomic pathology, perhaps better required only as a component of advanced
training in forensic pathology fellowships. On the other hand, the sentiment persists
that autopsy training provides some unique experiences in anatomic pathology resi-
dency training that should be retained, including the opportunity to review complete
hospital records in the context of careful gross, microscopic, and laboratory obser-
vations, and to communicate interpreted results to stakeholders, including clinicians
and the lay public, in a timely, concise, and accurate way. It is also true, particularly
in academic medical centers where pathology residency training and undergraduate
medical education occurs, that the need for carefully performed hospital autopsies
arises not infrequently to account for unanticipated patient outcomes. To incorpo-
rate all of the above considerations, the institution of a competency — rather than
number-based criterion for assessment of autopsy proficiency — has been called for.

Stakeholders in Autopsy Education

The public, as the ultimate stakeholder, requires medical investigation of deaths,
including autopsy, to inform good government and health policy, to monitor the
efficacy and consequences of new diagnostic and therapeutic advances, and to
maintain vigilance for emerging disease states arising either from nature or from
human activity. Trust in the practice of autopsy in the United States and Canada has
resided with the specialty of pathology since the emphasis on scientific patient-
centered specialized medical education became the gold standard with the Flexner
Report at the beginning of the twentieth century [15]. Many organizations serve the
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public trust in advising and setting the standards for education and practice of
pathology, including the autopsy. There is fortunately considerable overlap, particu-
larly among the pathologist members of these organizations.

American Board of Pathology and Accreditation Council
for Graduate Medical Education

The American Board of Pathology (ABP), founded in 1936, establishes the stan-
dards for board certification of individual pathologists and also participates in the
review of training programs in pathology and its subspecialties in liaison with the
Review Committee for Pathology of the Accreditation Council for Graduate Medical
Education. The Accreditation Council for Graduate Medical Education (ACGME)
has as its role the accreditation of institutions and training programs in all disci-
plines of medicine, including pathology, and sets standards to which programs and
institutions are held for new or continued accreditation, including the permitted
length of the training programs, which in most cases benefit from Federal funding.
Since 2013, the ACGME has monitored the progress of individual pathology resi-
dents and fellows in reaching progressive milestones, coauthored with the ABP,
which include autopsy practice (Accreditation Council for Graduate Medical
Education and American Board of Pathology, 2013). The ABP and the ACGME
interact closely in their duties in other ways. The ABP names members to serve on
the Review Committee for Pathology of the ACGME and requires that physicians
seeking board certification as pathologists complete training in programs accredited
by either the ACGME or the Royal College of Physicians and Surgeons of Canada.
Among other standards, the ABP and the ACGME have together set and monitored
current numerical standards for education in autopsy during training in anatomic
pathology residency programs, as well as fellowship programs in forensic pathol-
ogy, pediatric pathology, and neuropathology. Any change in the standard for docu-
menting competency in autopsy practice will have to come from the ABP and the
ACGME.

Association of Pathology Chairs and Its Program Directors
Section

Whereas the ABP and the ACGME are responsible for setting and enforcing train-
ing standards for individuals and organizations, respectively, the Association of
Pathology Chairs (APC) and its Program Directors Section, usually referred to by
the acronym PRODS, have among their roles the execution of the required training
and the maintenance of program accreditation, according to the current standards
set by ACGME. As recently as the mid-1980s, pathology chairs often also served as
the residency program director, with other key faculty directing the respective fel-
lowship programs. As the process of maintaining the accreditation of training pro-
grams has become progressively complicated, the naming of a separate residency
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program director became expedient, and thus PRODS was born to keep close liaison
between the chairs and program directors. Pathology residency program directors,
among other duties, must ensure that residents in their programs have the required
experiences to be documented as competent in autopsy practice. The availability of
hospital autopsies, the proximity of a forensic pathology facility, and the incentives
and disincentives of faculty to participate in autopsy education are all factors that
concern the membership of APC and PRODS.

National Association of Medical Examiners

The National Association of Medical Examiners (NAME) advocates for the practice
and training of forensic pathology, a required component of the autopsy experience
of every resident in anatomic pathology and every fellow in pediatric pathology,
neuropathology, and forensic pathology. The work of NAME to set high standards
for investigation of deaths that fall under the jurisdiction of government plays an
important role in supporting the civil and criminal justice systems. As professional
medical death investigators, members of NAME can play important roles in the
autopsy education of residents and fellows, particularly regarding unnatural deaths
and the collection and handling of materials to be admitted as evidence in courts of
law. Members of NAME figure prominently among the directors of forensic pathol-
ogy fellowships.

Society for Pediatric Pathology

The Society for Pediatric Pathology (SPP) represents a subspecialty of pathology
that has close involvement with autopsy education and practice. The investigation of
perinatal and pediatric deaths caused by maternofetal factors, inborn errors of
metabolism, congenital malformations, and malignant tumors of childhood are
important to the training of every anatomic pathologist. Members of SPP are highly
represented among the directors of pediatric pathology fellowships.

College of American Pathologists

The College of American Pathologists (CAP) is a professional organization of
pathologists and laboratory professionals with broad representation in both aca-
demic and community pathology practice, including autopsy. CAP has a strong
interest in the education of residents, fellows, and practicing pathologists, providing
print and online educational materials. The college performs advocacy at the State
and Federal levels to promote the interests of practicing pathologists. Among its
committees, the CAP has Autopsy, Forensic Pathology, Neuropathology, and
Graduate Medical Education committees that make recommendations to support
autopsy education and practice.
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Assessing the Current State of US Autopsy Education

A Working Group was convened in 2016 by the Association of Pathology Chairs
and the American Board of Pathology with representation from other stakeholder
organizations (Table 6.1) to make a recommendation about how to move forward
from the existing number-based criterion.

The Working Group in early discussions had to address significant background
limitations before proceeding. Although many works about the value of the autopsy
and using autopsy-derived information had been published, the present standard of
autopsy training in US pathology residency programs had not been addressed in
recent memory. It was deemed imprudent to proceed with making recommenda-
tions for the future without fully understanding the present state of autopsy resi-
dency education. The best source of information about current autopsy training in
residency was determined to be the autopsy service directors of residency training
programs, a group which had not been systematically polled in recent years.

The Working Group solicited from current pathology residency program direc-
tors through email the name and contact information for the autopsy service director
for their residency training programs. Requests to 142 residency training program
directors yielded 113 named autopsy service directors. The responses from some of
the residency program directors indicated that there was no such autopsy service
director for the residency program. The 113 named autopsy service directors were
then sent an online poll that addressed available autopsy case volumes and case
types, the extent of the practice of sharing of autopsies among residents to extend
the available cases, standard methods used on the service for prosecting autopsies,
the roles of various personnel on the autopsy service in teaching several key aspects
of autopsy performance and reporting, as well as the accountability of the autopsy
service director to provide information to the residency program director about the
numbers and types of autopsies completed by the residents. Autopsy service direc-
tors were asked about the practice of teaching forensic pathology and neuropathol-
ogy on their services. Finally, autopsy service directors were asked about their
opinions about the suitability of the existing number-based criterion of 50 autopsies
and whether residents on their service were having difficulty meeting the criterion.
The survey respondents were asked to self-identify to assure data integrity, but with

Table 6.1 Stakeholder Accreditation Council for Graduate Medical Education
organizations represented on

the Autopsy Working Group

American Board of Pathology

Association of Pathology Chairs

Chairs Section (APC)

Program Director’s Section (PRODS)
National Association of Medical Examiners

Society for Pediatric Pathology

College of American Pathologists
Autopsy Committee
Graduate Medical Education Committee

Reprinted with permission from Academic Pathology © 2018
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the effect that any results obtained would reflect a best-case scenario. Of the 113
surveys sent to autopsy service directors, 66 at least partial responses were obtained,
42 did not open the survey, 4 opened the survey but did not respond, and 1 email was
returned as undeliverable. Of the 66 respondents, 28% stated that they were both the
residency program director and the autopsy service director for their program.

APC/ABP Survey Results

The survey results provided findings that highlighted a number of inconsistencies
among residency training programs in the way autopsy training is accomplished and
documented. The number of autopsies available on the main autopsy service varied
over orders of magnitude, with one program having approximately 900 cases avail-
able per year for residents on the main service, whereas at the other extreme, 1
program had only 14 cases per year in-house, relying upon the local medical exam-
iner office to supply additional experience for a program of 18 residents. The differ-
ent types of available autopsies likewise varied considerably, with a number of
programs, typically those with the highest total case volumes, showing a very high
percentage of the total available cases on the main service as forensic pathology
cases. Fetal and pediatric autopsies were heavily represented in the case volumes of
several programs with low case volumes.

Because the survey was conducted identifying the programs where residents
rotated, the sizes of residency training programs could be incorporated by accessing
data on the public resource of the Accreditation Council of Graduate Medical
Education. Combining the case volume data with the number of residents in the cor-
responding residency training program, an estimate of the available autopsy cases
per resident could be calculated, with the assumption that all residents were in
4-year anatomic and clinical pathology training programs (Fig. 6.1). Because shar-
ing of autopsies between two residents has been permitted for a number of years by
the American Board of Pathology for the purpose of documenting the number-based
criterion, the extent of the use of sharing was solicited from autopsy service direc-
tors as a percentage of total cases on the main service that were shared by residents.
Not surprisingly, sharing was implemented in all autopsies in some programs,
whereas in others, autopsies were never shared. The reported rate of sharing was
then used to extend the number of available autopsies per resident on the autopsy
service. Even with sharing of autopsies between two residents at the reported rates,
most responding programs were not able to achieve the number-based criterion of
50 autopsies utilizing cases on the hospital autopsy service. It is presumed that such
services must rely heavily upon experience at an outside facility, such as the local
medical examiner office for residents to meet the number-based criterion.

The roles and opinions of autopsy service directors were examined next. In about
28% of responses, the autopsy service director also served in the role of residency
training program director. Of those autopsy service directors who did not fill both
roles, the majority indicated that they did not provide a listing of autopsies completed
by each resident to the residency training program director. The autopsy service
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Fig. 6.1 Number of autopsies available per resident by responding program. For each program,
the total number of autopsies per year reported by that program was multiplied by four and divided
by the total number of residents in the program according to publicly available information from
the Accreditation Council for Graduate Medical Education. This calculation estimates the number
of autopsies available per resident if sharing of autopsies were not permitted. The order of pro-
grams is from the highest available number of autopsies volume to lowest. (Reprinted with permis-
sion from Academic Pathology © 2018)

directors responding to the poll indicated a wide range of involvement as the attend-
ing of record for autopsies completed by residents on their service, ranging from
100% to 0%. The opinions of autopsy service directors about the current number-
based criterion of 50 autopsies per resident were solicited. Although 41% of respon-
dents felt that the present number-based criterion of 50 autopsies was “about right,”
7% of respondents felt that 50 autopsies were too many, and 12% felt that 50 autop-
sies were too few. These data were further resolved by the sizes of the residency
training programs, with smaller programs having fewer than 18 residents and larger
programs having 18 or more residents. There was a slight trend for directors of
autopsy services in larger programs to believe that the number-based criterion of 50
autopsies was excessive, but the results were otherwise relatively evenly divided
(Fig. 6.2). Although only 4 of 60 responding autopsy service directors indicated that
their residents had difficulty achieving the number-based criterion of 50 autopsies, 3
of the 4 responses came from programs with 18 or more residents.

Entrustable Professional Activities

Because there are many skills related to the autopsy that residents should acquire as
a part of their training, and many categories of staff who may participate in that
training, the distribution of teaching responsibilities was also examined. A rising
trend in medical education is the concept of “Entrustable Professional Activities,”
defined as those activities in which residents, because of their performance during
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Fig. 6.2 Autopsy director opinions about current requirement of 50 autopsies for resident (58
responses, 8 not answered). (Reprinted with permission from Academic Pathology © 2018)

training, gain the trust of their teachers to perform independently and without direct
supervision. Several groups have attempted to identify such Entrustable Professional
Activities for pathology in general and for autopsy education in specific [16]. A
limited list of possible Entrustable Professional Activities was therefore presented
to autopsy service directors, who were asked to describe which type of staff —
autopsy service director, other faculty, other residents, fellows, pathology assistants,
dieners, or other staff — was most likely to teach each specific Entrustable
Professional Activity. An option was provided for autopsy service directors to
respond that the Entrustable Professional Activity was not taught to residents on
their service. Autopsy service directors were most instrumental in teaching resi-
dents about matters of reporting, including composing preliminary and final reports
and formulating the cause of death statement. They also were involved in teaching
residents to obtain information by interviewing caregivers, to review the medical
record, and to evaluate histologic slides. Autopsy service directors played a rela-
tively minor role in teaching residents to open and restore the body and to conduct
examination of the central nervous system.

Other program faculty participated most strongly in teaching examination of
the central nervous system, review of slides and laboratory data, as well as in
reporting. Other trainees, including residents and fellows, were most instrumental
in teaching about reviewing patient medical records, performing the gross dissec-
tion and sampling, and teaching to review other laboratory information. Other
support staff, including pathology assistants and dieners, were most active in
teaching about performing opening, evisceration, and closing procedures.
Although relatively few instances of procedures not being taught to residents were
documented, the most common procedures not taught surprisingly included inter-
viewing caregivers about concerns to be addressed by the autopsy and reviewing
the patient’s medical record, as well as restoring the body for release and how to
extract the brain and spinal cord.
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Fig. 6.3 Autopsy dissection technique most commonly employed by programs (60 responses, 6
not answered)

Autopsy Prosection

A significant area of procedural variation in autopsy practice was identified in the
method used for autopsy prosection (Fig. 6.3). Although the majority of respon-
dents indicated that the most common autopsy technique was that of en masse evis-
ceration followed by dissection, sometimes described as the Rokitansky or Letulle
method, a significant number of programs most commonly taught the method of
removing and sampling one organ at a time, sometimes referred to as the Virchow
method, with one program indicating that the most common method of prosection
involved only in situ sampling of organs. This considerable variation in technical
training indicates that programs and autopsy services have varied appreciation of
the needs of new medical graduates entering anatomic pathology training to review
and build upon gross anatomy skills acquired in medical school.

Recommendations for Autopsy Education

On the basis of the survey, the Autopsy Working Group came to the conclusion that
there was so much variation in teaching autopsy pathology to residents that simply
reducing the number-based criterion from the current 50 would result in a “race to
the bottom” unless an intervention to improve and to recast autopsy education into
a competency-based standard was implemented. Toward this end, the Autopsy
Working Group discharged its duty by making several recommendations to the
Association of Pathology Chairs and the American Board of Pathology.

Autopsy’s Importance in Pathology Resident Training
The first recommendation was that training in autopsy pathology should remain as

an important part of training in anatomic pathology in US pathology residency
programs. Many new-in-practice pathologists indicated in recent surveys that they
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did not perform autopsies as a part of their practices and that they believed that too
much of their time in training was spent on the autopsy. Although based on those
surveys there have been proposals to relegate autopsy training exclusively to
forensic pathology fellowship programs, the Working Group believed strongly
that forensic and hospital autopsy practices are in many ways complementary to
one another. Anatomic pathology residents benefit from review and improvement
of their gross and microscopic anatomy skills by learning to perform and interpret
hospital autopsies, particularly including the exercise of integrating autopsy find-
ings with thorough review of the complete medical record. Autopsy remains the
principal opportunity that pathology residents have to see important causes of
natural morbidity and mortality in the US population, such as cardiovascular and
infectious diseases, which are not commonly seen in other anatomic pathology
rotations.

Role of the Autopsy Service Director

The second recommendation made by the Autopsy Working Group was that all
accredited residency training programs should have an autopsy service director,
charged with the quality and standards of practice of autopsy education, in addition
to those of autopsy practice. The Working Group was concerned that there were
several programs where no such director existed. Because the subsequent recom-
mendations create important responsibilities regarding the autopsy training of resi-
dents, it was determined that those responsibilities necessarily must reside with a
member of the faculty who possesses a defined portfolio [17]. At a minimum, the
autopsy service director must be certified by the American Board of Pathology in
anatomic pathology and have recent experience in autopsy pathology. The autopsy
service director must show diplomatic ability to resolve disputes with fairness. An
unwavering belief in the value of the autopsy as it improves medical practice and
public health is important. From these minimum requirements flow other important
roles. The autopsy service director needs to assume responsibility for all aspects of
autopsy education as a hands-on teacher, serving as a role model and mentor in
autopsy practice and reporting for trainees and faculty. The service director must
have a record of competence in technical details of evisceration and dissection, as
well as proper documentation and presentation of gross and microscopic autopsy
findings. Sensitivity to cultural differences in practices related to death must be
observed. A scholarly interest in autopsy as well as experience in participation in
multidisciplinary research related to autopsy is important.

Relationship of Autopsy Service Director to Program Director
To the extent that any number-based criterion exists, the Autopsy Working Group

as its third recommendation proposed that the autopsy service director be account-
able to the program director to report the number and types of autopsies
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completed by the residents, either shared or not, in addition to ongoing evaluation
of the progress of residents in their autopsy competency. The majority of surveyed
autopsy service directors indicated that they did not provide any record of autop-
sies completed by residents to the program director. To the extent that the resi-
dency program director is required to attest to the accuracy of the list of autopsies
submitted by a resident to the American Board of Pathology as a part of the appli-
cation for primary certification in anatomic pathology, it seems reasonable that
there be a communication between the autopsy service director and the residency
program director in the very common situation where both roles are not performed
by the same person.

Standardizing the Dissection Method

The fourth recommendation made by the Autopsy Working Group was to standard-
ize the dissection method taught to residents during training. A method using en
masse evisceration followed by dissection, sometimes referred to as the method of
Letulle or Rokitansky, does far more to reinforce the anatomy skills acquired by the
resident during medical school than do other methods, such as organ-by-organ
examination or examination in situ. With some planning of the case, the recom-
mended method allows novice prosectors to proceed with less chance of destroying
an important anatomic relationship. If the resident is ever in the position of training
an assistant to perform autopsies, the method has the same advantage for the prac-
tice of the trained assistant.

Progress Benchmarks in Attaining Autopsy Skills

Beyond any number-based criterion for documenting autopsy competency, the
Autopsy Working Group proposed as its fifth recommendation that residency train-
ing programs also employ Entrustable Professional Activities (see below) as bench-
marks for documenting progress in learning autopsy skills. As a resident learns
autopsy skills, the attainment of trust to perform agreed upon component autopsy
tasks without direct supervision should be documented. These tasks should include
all parts of the prosection from evisceration to closing, in addition to microscopic
interpretation and integration of all findings into timely and concise preliminary and
final reports. The survey sent to autopsy service directors suggests some possible
Entrustable Professional Activities; other stakeholders have proposed similar lists.
There is a need to have a consensus before further progress is made.

Finally, the Working Group as a sixth recommendation requested that no change
be made in the number-based criterion until after the above changes were imple-
mented. A diminished number may eventually be implemented, or progress may be
made to a purely competency-based criterion. These recommendations were
received by the Association of Pathology Chairs and its Program Director’s section,
and a position paper endorsing the recommendations has been published [17].
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Autopsy as an Entrustable Professional Activity

The foregoing proposals necessitate significant rethinking of the models used to
evaluate and document the competency of residents on autopsy rotations. As with
other aspects of medical training for complex procedures, one important criterion
for the quality of education is the monitoring of attainment of graduated responsi-
bilities by the resident moving through training. After a period of direct supervision,
residents may progress to indirect supervision by their attending or senior resident
and then even later may assume the role of providing supervision for junior
trainees.

The system of progressive responsibility has already been implemented in some
departments, which provides an opportunity for senior residents to act as “charge
resident,” overseeing the early progress of their junior colleagues. A thorough
assessment of the progress of residents during training also requires that training be
complete and that residents are able to perform technical and cognitive tasks in a
reliable fashion. The implementation of checklists has been introduced in several
medical specialties to improve the consistency of patient care and to reduce medical
error [18]. The implementation of standardized checklists that include a set of tasks
that include not only the performance of the autopsy itself but also the pre-analytic
and post-analytic phases of the procedure has been implemented in some
programs.

In 2013, the Accreditation Council for Graduate Medical Education and the
American Board of Pathology implemented the Milestones for Pathology
(Accreditation Council for Graduate Medical Education and American Board of
Pathology, 2013), a set of benchmark scales, parallel to those in many other disci-
plines of graduate medical education, that describes the progress of pathology resi-
dents in training across a number of important tasks. Two of the benchmark scales
within the Milestones for Pathology are specifically dedicated to the autopsy:
Patient Care 4 (Reporting), analyzes data and appraises, formulates, and generates
effective and timely reports, and Medical Knowledge 3 (Procedure, Autopsy), dem-
onstrates knowledge and practices that enable proficient performance of a complete
autopsy (analysis and appraisal of findings, synthesis and assembly, and reporting).
These describe in general terms the expected progress of pathology residents on
several of the key elements of autopsy procedure and reporting. Although the
Milestones for Pathology have achieved their intended goal of providing bench-
marks to document the progress of residents in pathology training and have specifi-
cally added an element of assessment to resident progress in autopsy practice, they
fall short of providing the level of standardization that was recommended by the
Autopsy Working Group.

In recent years, the evaluative model of Entrustable Professional Activities has
been proposed in other medical specialties [19], and more recently in pathology [16,
20], as a way to assess the progress of residents in obtaining the trust of their super-
vising attendings to perform critical professional duties without direct supervision.
Specifically, for pathology training, the model of Entrustable Professional Activities
has the great advantage over the existing Milestones for Pathology in that Entrustable
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Professional Activities can be directed to specific tasks in specific rotations, rather
than having to be integrated across all of anatomic pathology rotations or all of
clinical pathology rotations, as is the case for the current iteration of the Milestones
for Pathology. The Milestones for Pathology are in the process of review for updat-
ing. The Graduate Medical Education Committee of the College of American
Pathologists has proposed a set of Entrustable Professional Activities for Pathology,
which includes a set of specific benchmarks for autopsy pathology. The Autopsy
Working Group has produced a more detailed set of Entrustable Professional
Activities specifically for the autopsy. Stakeholder organizations including the
American Board of Pathology, the Accreditation Council for Graduate Medical
Education, the Association of Pathology Chairs, and the Program Director’s Section
of the Association of Pathology Chairs have organized to plan pilot implementation
of Entrustable Professional Activities, which in all likelihood will include applica-
tion to the autopsy.

Autopsy Training Continues to Evolve

Elevating the standards for autopsy training is not a task that is undertaken for its
own sake. The autopsy continues to have applications to the “real world,” and it
plays a strong role in institutions at the forefront of healthcare. Team-based autopsy
practice to integrate clinical information bridging between the classical domains of
anatomic pathology and clinical pathology has been implemented to provide com-
prehensive understanding of the anatomic and laboratory data for clinical colleagues
[21, 22]. The autopsy continues to find its place in answering diagnostic questions
which did not even exist only a few years ago. The timely diagnosis of emerging
pathogens may depend upon situational awareness of unusual case presentations
and subsequent close collaboration between autopsy services and government dis-
ease surveillance services, as in recent deaths attributed to Heartland Virus, for
example [23, 24]. Prompt attention to hospital autopsy diagnosis was also instru-
mental in halting deaths caused by injections of pharmaceutical preparations with
microbial contamination [25] and in bringing those responsible to justice.
Advances in targeted therapies for malignancies have raised further novel uses
for the autopsy, as powerful biological response modifiers including checkpoint
inhibitors have been shown at autopsy to have adverse effects apparently caused by
immune dysregulation [26]. Even in cases of successful dramatic responses to tar-
geted therapies for malignancy, after recurrence of tumor and widespread metasta-
sis, autopsy is a unique and powerful tool to collect tissue from many sites of
recurrence, each of which may represent a “roll of the dice” by which a malignant
tumor has acquired resistance to the targeted therapy [27, 28]. Close scrutiny of
such sets of tumor tissue samples obtained from individual patients who have
responded to targeted therapy, but who went on to die from recurrent metastatic
disease, has the potential to eventually provide predictive information whereby a
second- or even third-line targeted therapy may be employed to block the escape of
the tumor from the effects of the first targeted therapy [29-31]. Each patient’s
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autopsy sample set may include frozen and fixed normal tissues as well as dozens of
individual metastases sampled as frozen tissue for genetic analysis, fixed tissue for
histologic studies, and photographic documentation of the anatomic origin of the
sample in reference to the dissected organ block. Planning such rapid autopsies
requires an ongoing dialog among the autopsy service, clinicians, and investigators
to provide a service for a unique subset of patients that can be provided with advance
preparation. Minimizing the delay between death and autopsy has been employed
for many years [32, 33] and has provided important information for our understand-
ing of shock at the level of cell injury.

The Future of the Autopsy Education

The foregoing discussion has touched on the relationships of autopsy practice with
the actions of teaching departments where pathology trainees acquire not only
knowledge and skills related to autopsy practice but also attitudes about the autopsy
that define the role of the autopsy in education and practice. Autopsy practice has
competed through the years with more lucrative and prestigious activities of pathol-
ogists including surgical pathology and funded research. Despite distractions from
the autopsy, the role of the autopsy in the practice of medicine has remained impor-
tant because of its several strengths that have remained unchanged against the sweep
of history. These constants should be kept in mind as proposals and plans are made
for the future of the autopsy.

The first constant feature of the autopsy is that, despite sentiments to the contrary
by many of those just beginning to learn autopsy techniques, the competent techni-
cal performance of a routine autopsy is attainable by most who seriously attempt to
learn it. The author has been privileged to know and work with not only hundreds of
residents but also many skilled autopsy technicians with a wide range of education
levels who can not only perform superb dissections but also know to stop and get the
attention of a more experienced pathologist as soon as an unexpected abnormality
is encountered. Particularly memorable in my experience has been the employment
of trained funeral director/embalmers [34], having been successfully established at
University of Iowa, University of Kansas, and, finally, Case Western Reserve
University, where I came to know the system as director of that service from 1992
to 2009. Many college-educated technicians as well as dieners with primary school
education have become technically proficient at assisting at autopsy. With regard to
autopsy technique, motivation is all, and I have been gratified over the years to learn
that, if offered the opportunity, there is a steady supply of staff who wish to learn to
assist in the autopsy room. In recent years, the necessities of cost containment have
dictated that serving as an autopsy assistant is not a full-time position on my ser-
vices, but such a position can be leveraged to provide another set of hands in surgi-
cal pathology and to assist in autopsy as needed.

The second constant feature of the autopsy is that, relative to other methods used
to access the internal structures of the body, the autopsy is inexpensive in its mar-
ginal cost, not requiring provisions for anesthesia, life support, or the opportunity
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cost required to maintain expensive diagnostic equipment. With regard to fixed
costs, maintaining an autopsy room requires less equipment than maintaining an
operating room and about the same labor costs for cleaning and stocking as does an
operating room. Centralizing the performance of autopsies, for example, in the large
teaching hospital of a healthcare system, has been used to extend resources, with the
addition of modest transportation costs [35].

The third constant feature is that compared with other modalities, the autopsy is
able to recover diagnostic and research samples and implanted medical devices with
relative ease. The ability to obtain sets of many contemporaneous samples has
already been mentioned in the context of being able to fully document the process
by which malignant tumors are able to escape suppression by targeted therapies and
may perhaps allow for predictive application of sequential targeted therapies.
Although there has been progress made in the use of advanced imaging modalities,
particularly for the investigation of trauma casualties [36], radiologic methods do
not yield histologic diagnoses that would make them supplant the autopsy for many
natural deaths. Although the advantages of radiologic methods to document bone
lesions and foreign bodies are clear, radiologic methods have also added new per-
spectives to autopsy evaluation in cases of drowning [37]. The ability to comple-
ment traditional autopsy with tomographic studies remains an area for exploration.

The fourth constant feature of the autopsy has been the archival value of reports
and in some cases tissue that may be retained for decades. Proposals for the devel-
opment of a national autopsy database to improve the quality of health statistics
emerged almost as soon as digital computers became available for use in healthcare
as a tool [38]. Despite valiant efforts [39], concerns about confidentiality have
largely eclipsed the originally intended aggregation of reports from multiple sites
and public availability of such a database. This setback notwithstanding, the ability
to store and retrieve data from huge sets has allowed autopsy data to become incor-
porated into much broader data resources. At Vanderbilt University Medical Center,
a patient record database, known as the Synthetic Derivative, which includes data
from entire electronic medical records including autopsy reports, is automatically
scrubbed of all personal identifiers and has all dates shifted by a random constant.
This resource can be searched for any conceivable phenotype. The Synthetic
Derivative is linked to a corresponding de-identified genomic DNA data bank and
biorepository known as BioVU. Linked, de-identified records and genomic DNA
are collected and sequenced for patients who opt in at the time of blood collection
for laboratory tests [40]. The BioVU-Synthetic Derivative has become a valuable
and cost-effective tool for phenotype-genotype correlation with the benefit of con-
taining a growing amount of gold standard autopsy data.

A Final Thought

Despite the dire predictions made for the fate of the autopsy generations ago, the
hospital autopsy has nonetheless somehow survived. The place on the stage of med-
ical practice for autopsy has necessarily evolved to accommodate changes in
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healthcare finance, medical education, physical and chemical diagnostic modalities,
and the corresponding shifting attitudes of the lay and medical communities, includ-
ing the attitudes of pathologists themselves. The need for autopsy services extends
well beyond the forensic interests of good government. Autopsy will likely never be
financially self-sustaining, but there will be an ongoing need for trained practitio-
ners of autopsy, particularly in academic medical centers. The core values of autopsy
to provide timely, thorough, systematic, and concise observations and to allow rela-
tively unfettered application of the most advanced diagnostic methods of the day
have persisted unchanged. Ongoing scrutiny of autopsy education to refocus on the
core values of the autopsy in a changing environment should be encouraged to sup-
port the continued value of postmortem examination in the future.
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Victor W. Weedn

History of Forensic Medicine
Death Investigation Has Ancient Roots

Although forensic medicine has ancient roots, its evolution has been so very slow
that paradoxically it can be considered a new specialty of medicine.

Suetonius (ca 69-122 CE) and others provided the first record of a forensic
autopsy by the physician Antistius on Julius Gaius Caesar after he was assassinated
in the forum by Brutus and other Roman Senators on the Ides of March, 44 BCE [1].
Antistius determined that of 23 stab wounds, only the second one in the breast was
fatal. It has been proposed that the association with the forum gave rise to our pres-
ent term forensics [2].

Credit for the first systematic treatise on forensic medicine is given to Song Ci
(Sung Tz’u) (1186-1249) of the Hunan Province in China, for the Hsi Yuan Lu (or
Xiyuan jilu) or The Washing Away of Wrongs (also translated as Collected Cases of
Injustice Rectified), written in 1247 CE, near the end of the Song dynasty [3-6].
Song Ci compiled, corrected, and expanded earlier writings in the manual, which
provided instructions on how to conduct medicolegal investigations, examine
corpses, and determine the time and cause of death.

Forensic Pathology Becomes a Profession
The origins of forensic pathology practice in the West arose much later, with the

development of medical schools and anatomical dissection beginning in the thir-
teenth century. Shortly thereafter, autopsies were conducted for forensic purposes.
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Hugo de Lucca took an oath as a forensic medicine expert in 1249 in Italy. In 1302,
the first forensic autopsy documented in detail was made by Bartolomea de
Variagiana and three others in Bologna on the body of Azzolino degli Onesti; they
reported that the reason for this death was internal bleeding, not poisoning [7]. In
1410, an autopsy was performed on the Antipope Alexander V to investigate the
possibility of poisoning by his successor [8]. Ambrose Paré (1510-1590) is consid-
ered to be the first forensic pathologist and wrote first on traumatic injuries of organs
and then Reports in 1575 [9-11]. It was not until after Paré performed a judicial
autopsy in 1562 that forensic autopsies became common [12]. In 1598, Fortunato
Fedele (Fortunati Fidelis) (1550-1630) is noted to have made a career of perform-
ing autopsies and giving testimony about them in court and wrote De Relationibus
Medicorum Libri Quatuor in 1602 (four volumes) [13]. In 1651, Paolo Zacchias
(Zacchia) (1584-1659) published three volumes on forensic medicine between
1621 and 1651 entitled Quaestiones Medico-Legales (Legal Medicine Questions);
he is considered by many to be the father of forensic medicine (Fig. 7.1) [14, 15].
The Holy Roman Empire extended into France, and in about 806 CE, the
Capitularies of Charlemagne formalized death investigation and required
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Fig. 7.1 Paolo Zacchias “Father of Forensic Pathology” with page from his published work
Quaestiones Medico-Legales. https://www.nlm.nih.gov/visibleproofs/galleries/exhibition/rise_
image_4.html
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consultation of medical practitioners in cases of physical injury, infant deaths, and
suspected suicide [16]. The 1507 German Bamberg Code required medical court-
room testimony in cases of infanticide, homicide, abortion, or poisoning [17].
Emperor Charles V in the 1532 Constitutio Criminalis Carolina penal code (the
Caroline Code) extended the practice in all the lands of his empire [18-20]. This led
to the development of the medicolegal autopsy primarily by the German Johannes
Bohn (1640-1718), who published the textbook, De Renunciatione Vulnerum Seu
Vulnerum Lethalium Examen, in 1689 [21].

The Enlightenment period of the eighteenth and nineteenth centuries spawned
notions of public health, including an interest in understanding why people died, so
that informed governmental efforts could help people survive. Throughout Europe,
national registries were established, and eventually this came to involve autopsies
performed in large numbers to determine the causes of death. Autopsies were per-
formed according to The Regulations [22, 23]. Ludwig Casper (1796-1864) and
Rudolf Virchow (1821-1902) were prominent in this movement [24-26]. Our cur-
rent death certificates are part of our national health statistics, particularly our vital
statistics system.

Legal medicine (medical jurisprudence) became a separate subject by the seven-
teenth century, and chairs of legal medicine began to be established in the eigh-
teenth century. Michaelis became the first chair of legal medicine at Leipzig
University in Prussia in 1720, followed by chairs in Paris, Strasbourg, and
Montpellier, France [27]. In 1807, the University of Edinburgh established the first
chair of legal medicine in the English-speaking world, occupied by Andrew Duncan
Jr. (1744-1828) [28, 29]. In the United States, although Benjamin Rush (1746—
1813) of Philadelphia gave lectures on medical jurisprudence during the American
revolutionary period [30], it was not until 1932 that a Chair of Legal Medicine was
established at Harvard [31].

England Gives Birth to the Coroner

Investigation of deaths in England developed separately from the European conti-
nent, beginning in the medieval period [32-38]. In 925 CE, King Athelstan (894—
939) granted a Charter of Privileges to an English noble, St. John of Beverley, which
included a grant of the position of coroner (Latin for appointed by the Crown). This
early coroner was a traveling magistrate (circuit judge) who traveled the country-
side of the county (eyre or shire) performing administrative and inquisitorial duties,
settling disputes, and levying fines. With time, they became corrupt and lazy, taking
years to complete their circuit, and fell into obscurity. Meanwhile, villages were left
to the mercy of the greedy county tax collector (shire-reeve or sheriff), who did not
necessarily have the King’s interest at heart.

In 1194, Hubert Walter (1160-1205), the crafty administrator of the King, issued
the Articles of Eyre to pay for the crusades of King Richard Plantagenet (Richard I,
the Lionhearted) (1452—-1485). The Articles restructured and formalized the Justices
in Eyre as three knights and one clerk to be elected in every county as keepers of the
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pleas of the crown (custos placitorum coronae). The coroner was elected by all
freeholders in the county court and the appointment was for life. The primary charge
of coroners was to generate revenue for the King. Newfound treasures, things wash-
ing ashore, and stolen goods were documented and confiscated by the coroner for
the benefit of the King.

From the very beginning, among other duties, coroners conducted inquests over
dead bodies, because they were a source of windfalls for the crown. The estates of
those dying of suicide and of those committing homicide would be forfeited to the
crown. Objects causing accidental deaths could be taken. These properties could be
sold or given to the church (deodand). Coroners would also levy fines against citi-
zens and villages that did not properly follow the rules associated with deaths. First
finders of dead bodies had a legal duty to raise a “hue and cry,” assemble a posse to
hunt for suspects, and notify local officials, who in turn notified the coroner.
Meanwhile the bodies had to rest undisturbed. If a Norman was found dead, then a
fine called a murdrorum was levied—from which we get the term “murder.”

Another duty of the coroner was to ensure that sheriffs were giving over taxes to
the King as they should; coroners had the power to arrest sheriffs. Although coro-
ners often worked with sheriffs, there were tensions between the positions.
Eventually, sheriffs, who kept the peace among the living, became the dominant
power, and the coroner’s role became restricted to ruling over the dead.

Legislative reforms in Britain in the late nineteenth century led to salaries replac-
ing fees as the source of compensation for coroners, positions being appointed
rather than elected, and jurisdiction being broadened to all suspicious, unnatural,
and unknown causes of death. Further reform in 1926 required 5 years of experience
as a medical practitioner, barrister, or solicitor for qualification to become a coroner
in the United Kingdom.

American Medicolegal Death Investigation Develops

The American colonies imported the coroner position at a time when the duties only
involved death investigation. However, the positions of coroner and sheriff were
often combined; sheriff duties were paid by a percentage of tax collections, and
coroner duties were paid per death investigated [39]. Colonial charters gave the
power to appoint coroners to the governor, but over time coroners came to be
elected, beginning as early as 1636 in Plymouth Colony. The coroner inquest con-
sisted of a set number of citizens assembled where a dead body was discovered and
sworn under oath to determine how and in what manner a violent or untimely death
occurred. The first recorded inquest in America occurred in 1635 in Plymouth
Colony. The first recorded coroner’s autopsy was in Maryland and involved the
clubbing to death of a servant. In 1691, New York Governor Slaughter was autop-
sied and found to have died of what is now recognized as pulmonary embolism, and
not from poisoning, as had been initially presumed.

In 1789, New York passed the first American anatomy law [12]. In 1860,
Maryland law authorized the coroner to require the attendance of a physician in



7 Forensic Autopsies 127

cases of violent death. In 1877, Massachusetts replaced coroners with physicians
known as medical examiners. In 1890, Baltimore appointed two physicians with the
title of medical examiner to perform autopsies when requested by the coroner or the
state’s attorney. In 1915, New York City enacted legislation to replace their coro-
ner’s office with a medical examiner office, and this became a reality in 1918, when
Dr. Charles Norris (1867-1935) was appointed and given the authority to order an
autopsy when in his judgment it was necessary [40, 41]. Arguably, the New York
City’s Office of the Chief Medical Examiner (OCME) was the first modern medical
examiner office. Dr. Norris hired Alexander O. Gettler (1883-1968) as the first
OCME forensic toxicologist—also the first within any medical examiner/coroner
office [42]. In 1939, Maryland established the first state medical examiner office. In
1944, Dr. Alan R. Moritz (1899-1986), then the Chair of the Department of Legal
Medicine at Harvard, coined the term forensic pathology. In 1956, the American
Board of Medical Specialties recognized the subspecialty of forensic pathology. In
1959, the American Board of Pathology held the first board certification examina-
tions in forensic pathology. In 1966, the National Association of Medical Examiners
(NAME) was established [43]. Table 7.1 provides an overview of the ancient and
historic milestones in the development of forensic pathology.

Table 7.1 Historic forensic pathology milestones

44 BCE | Autopsy of Julius Caesar

1194 Coroner position created in England

1247 Song Ci, Hsi Yuan Lu

1249 Hugo de Lucca sworn in as a forensic medicine expert

1302 Bartolomea de Variagiana, first detailed forensic autopsy

1507 Bamberg Code mandates medical courtroom testimony in certain cases of death
1532 Caroline Code extends Bamberg requirement to the Holy Roman Empire

1562 Ambrose Pare performed a court-ordered autopsy, after which they became common
1602 Fortunato Fedele, De Relationibus Medicorum

1621- Paolo Zacchias, Quaestiones Medico-Legales

51

1635 First Coroner’s Inquest in America, Plymouth Colony

1720 Michaelis named Chair of Legal Medicine, University of Leipzig, Prussia
1807 Andrew Duncan, Jr. named Chair of Legal Medicine, University of Edinburgh,

Scotland
1800s German national death registration, The Regulations (Casper, Virchow)
1877 Massachusetts replaces coroners with medical examiners

1918 New York City Office of the Medical Examiner established (Norris, Gettler)
1932 Alan Moritz named Chair of Legal Medicine, Harvard University

1939 Maryland established first true state medical examiner system

1944 Moritz coins term forensic pathology

1956 American Board of Medical Specialties recognizes forensic pathology

1959 American Board of Pathology holds first certification exam in forensic pathology

1966 The National Association of Medical Examiners was established
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The Role of Medicolegal Death Investigation

Today, most death certificates are completed by attending and covering physicians.
However, 30-40% of the 2.6 million people who die each year in the United States
are referred to medical examiner or coroner (ME/C) offices [44—47]. Of these one
million annual referrals, the ME/C jurisdictions accept about half, or around
500,000, for investigation and performance of postmortem examinations or autop-
sies to determine the cause and manner of death.

Medicolegal death investigation is important to public safety, public health, home-
land security, and civil administration. Forensic pathologists will see more homicides
than a homicide detective and will be critical to determining the deceased who died at
the hands of another—an element of the crime. Forensic pathologists will collect evi-
dence, make significant interpretations, and testify. Recognizing deaths from various
hazards resulted in the first driver’s licensure law, the first handgun law, regulations
requiring certain spacing between slats on baby cribs, and the requirement for collaps-
ible steering wheel columns. Forensic pathologists may recognize a public health epi-
demic, as they did in the case of the Four Corners hantavirus outbreak, and they also
carry out surveillance for bioterrorism and chemical weapons use. Forensic pathologists
make identifications in mass disasters. The data they generate assists policymakers; for
example, the opioid crisis is defined by the number of overdose deaths, and mortality
data will be used to evaluate the governmental response. Death certificates provide
insurance companies with the information they need to make payments to survivors.

Many federal agencies rely on the data generated by the MDI system to further
their missions and therefore share an interest in ensuring that these data are accu-
rate, reliable, and readily accessible. Death certificates feed into the CDC’s National
Health Statistics Center’s National Vital Statistics System’s Death Registry [48].
Local physicians are responsible for completing two thirds of the death certificates,
but medical examiners and coroners contribute the other third, which includes the
nonnatural deaths (accidents, suicides, homicides, and undetermined). Despite
many problems with this data set, it is of huge importance to public health and can
be searched by researchers and the public through WISQARS [49]. The CDC’s
National Violent Death Reporting System (NVDRS) is a more in-depth database
run by the National Center for Injury Prevention and Control [50]. The CDC has
sponsored such efforts as the Sudden Unexpected Infant Death Investigation
Reporting Form (SUIDIRF) to help standardize data reporting [51].

Medicolegal Death Investigation Systems
American Medicolegal Death Investigation Systems

Traditionally, coroner systems are medicolegal death investigation authorities
headed by an elected official. However, a few states appoint their coroners rather
than elect them. Qualifications for elected officials are minimal; typically, a candi-
date to run for office must be a US citizen of at least 16 years of age, must be
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residing in the jurisdiction, and may not be a felon. A few states require coroners to
be licensed physicians, but not necessarily forensic pathologists. In Texas, Justices
of the Peace act as coroners in addition to their other magisterial duties.

Coroner systems constitute 2000 of the 2400 medicolegal death investigation
systems in the United States. Coroner offices are exclusively county jurisdictions
and predominate in rural states; thus, they cover only about half of the US popula-
tion. Coroner offices are independent units within state governments.

The author is critical of coroner offices for the following six reasons: (1) elec-
tions politicize coroner offices; (2) elective offices do not allow for national searches
and an ability to hire the best person for the job; (3) counties often provide an insuf-
ficient population base to adequately fund the office; (4) coroner systems dislink the
medicolegal death investigation from the forensic pathologist, who performs the
autopsy; (5) coroners are generally non-physicians who certify deaths, not forensic
pathologists; and (6) the chief should be a professional rather than an administrator.
The National Academy of Sciences has called for the replacement of coroner offices
in reports published in 1928, 1932, 2003, and 2009 [52].

Medical examiner systems are medicolegal death investigation authorities in which
the chief is an appointed physician—specifically a board-certified forensic pathologist.
Forensic pathology is the name of the medical discipline recognized by the American
Board of Medical Specialties, and forensic pathologist is the term for the medical profes-
sional practicing forensic pathology. A forensic pathologist fills the government position
that has the title medical examiner: In practice, medical examiners and forensic patholo-
gists are virtually synonymous terms. However, the term medical examiner is also applied
to insurance investigators, state licensure board members, and others. Further complicat-
ing the use of the term medical examiner, some medical examiner offices have physician
investigators, who are not forensic pathologists and do not perform autopsies; they per-
form the duties of a medicolegal death investigator as a part-time job.

Medical examiner systems constitute about 400 of the 2400 medicolegal death
investigation systems in the United States. Medical examiner offices may be city-,
county-, regional-, or state-level jurisdictions. Twenty-two states have a single state
medical examiner office, usually in more populated areas of the country. They cover
about half of the US population.

Medical examiner offices are sometimes independent, but more often under
departments of health and sometimes under law enforcement. NAME espouses the
independence of medical examiner operations, even if situated within law enforce-
ment agencies. In Beecroft v Minnesota (MN Sup Ct, 2012), the independence of
the medical examiner mission was recognized. The New Mexico Office of the
Medical Investigator is part of the state university.

Some states have both medical examiner and coroner offices. In many of these
states, jurisdictions within the state are serviced either by a coroner office or a medi-
cal examiner office. Other states have a state medical examiner office and coroner
offices in the counties; in such states, the coroner office provides medicolegal death
investigation, and the state medical examiner office performs forensic autopsies for
the coroners, who certify the deaths. Examples of medical examiner caseload from
three disparate areas of the United States are given in Table 7.2.
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Table 7.2 Examples of medical examiner casework distribution

DC % Bexar County | % King County | %
Population 659,000 1,860,000 2,080,000
Total deaths - 13,931 13,898
Deaths investigated 3063 11,523 12,254
Cases accepted 1120 2501 2350
Scenes investigated 712 976 -
Bodies transported 1222 2408 -
Cases autopsied 736 66 1470 59 1381 59
Certified as natural 591 53 988 42 940 42
Naturals autopsied 334 55 529 54 501 53
Certified as accident 302 27 897 38 839 38
Accidents autopsied 193 64 486 54 480 57
Certified as suicide 69 6 193 8 293 13
Suicides autopsied 66 96 192 99 254 87
Certified as homicide 107 10 154 7 76 3
Homicides autopsied 107 100 | 154 100 |69 91
Certified as undetermined | 34 3 109 5 81 4
Undetermined as 34 100 | 108 99 76 94
autopsied

Source:

District of Columbia Office of the Chief Medical Examiner Annual Reports webpage, accessible
at: https://ocme.dc.gov/page/ocme-annual-reports

Bexar County Medical Examiner’s Office Medical Examiner Annual Reports webpage, acces-
sible at: https://www.home/bexar.org/medicalexaminer/annual-report.html

King County Medical Examiner’s Annual Report webpage, accessible at: http://www.king-
county.gov/depts/health/examiner/annual-eport.aspx

International Medicolegal Death Investigation Systems

In most countries of continental Europe, medicolegal death investigation is a police
function that focuses on suspicious deaths [53]. In these countries, forensic patholo-
gists are generally in academic universities and work as consultants to the police.
England and most of the commonwealth countries have coronial systems, although
they differ from one another in many respects. These coroner systems are generally
independent of law enforcement and make magisterial/administrative pronounce-
ments of the cause of death. In England, unlike in America, coroners must have an
advanced degree, and many hold both a medical degree and a law degree. An
American-style medical examiner office exists in a few countries, particularly in the
Middle East, where there are forensic pathologists and an emphasis on a medical/
scientific determination of the cause of death. Medicolegal death investigation
offices in some countries may be constrained by the government or religious phi-
losophies. Forensic pathologists in many countries conduct autopsies but leave any
histology in these cases to surgical pathologists. Forensic medicine in many coun-
tries includes clinical forensic medicine and workers’ compensation claims.
Forensic medicine in many countries also includes other forensic sciences, particu-
larly forensic molecular biology.


https://ocme.dc.gov/page/ocme-annual-reports
https://www.home/bexar.org/medicalexaminer/annual-report.html
http://www.kingcounty.gov/depts/health/examiner/annual-report.aspx
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Current Forensic Pathology Practice
Authority for Forensic Autopsies

Hospital autopsies are conducted with the consent of the next of kin and are private
affairs, but forensic autopsies conducted in ME/C offices are authorized by statute
and are performed in the public interest. Forensic autopsies can be performed over
the objections of the next of kin. For example, it would make no sense that a father
suspected of child abuse could object to and prevent the autopsy of the child and the
potential development of evidence against him. Some jurisdictions permit objection
to autopsies based upon religious grounds, but such legislation includes a process to
bring the issue to a judge to balance the private interest with the public interest to
overcome the objection if need be. Even in forensic autopsies, consent for organ and
tissue donation is based upon the consent of the next of kin. A common misconcep-
tion is that bodies are the property of the next of kin, but in the United States, bodies
are not considered property, but rather quasi—property, and then family only has a
custodial right of sepulcher.

State legislation usually describes the jurisdiction of the office and upon which
cases autopsy is permitted and in which cases autopsy is mandated. Autopsies are
typically performed in the following situations: the death is known or suspected to
have been caused by apparent criminal violence; the death is unexpected and unex-
plained in an infant or child; the death is associated with police action; the death is
apparently nonnatural and in custody of a local, state, or federal institution; the
death is due to acute workplace injury; the death is caused by apparent electrocu-
tion; the death is caused by apparent intoxication by alcohol, drugs, or poison; the
death is caused by an unwitnessed or suspected drowning; the body is unidentified;
the body is skeletonized; the body is charred; the deceased is involved in a motor
vehicle incident, and an autopsy is necessary to document injuries and/or determine
the cause of death; and the forensic pathologist deems a forensic autopsy is neces-
sary to determine the cause or manner of death, to document injuries/disease, and to
collect evidence or is otherwise in the public interest.

Medicolegal Death Investigation at Scenes

It is useful for forensic pathologists to physically go to death scenes; however, it
is impractical to do so given their heavy caseload, and they therefore depend upon
others to do the initial investigation for them. Most medical examiner offices now
have their own medicolegal death investigators (MDIs). Some offices rely on
police for their investigations, particularly small coroner offices and California
Sheriff-Coroner and Texas Justices of the Peace jurisdictions. ME/C offices
should defer to the police for criminal investigation involving formal interroga-
tions and sworn statements, but routine medicolegal investigation should be per-
formed by MDIs. As the goals of the ME/C office and police differ, they emphasize
different aspects of the investigation. ME/C offices have no interest in the
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determination of who committed a homicide, while police have little interest in
the medical aspects of the case, nor do they have interest in occupational acci-
dents. Medical examiners generally desire independence from law enforcement.
Medicolegal death investigators work for the medical examiners and know the
information they need to do their job.

In the New York City Office of the Chief Medical Examiner, all MDIs are physi-
cian assistants, but the qualifications in most offices are less stringent, and MDIs
include a varied mix of retired law enforcement officers, paramedics, forensic
nurses, forensic scientists, and morticians, among others.

The American Board of Medicolegal Death Investigators (ABMDI) offers basic
registry and advanced certification of MDIs, based upon the National Institutes of
Justice Death Investigation Guidelines [54]. The professionalization of medicolegal
death investigator community has significantly contributed to the quality of ME/C
offices.

Forensic Autopsy Performance

A forensic autopsy is generally conducted similarly to a hospital autopsy and not
too differently from autopsies conducted hundreds of years ago. A forensic autopsy
involves an “as is” examination of the body as it arrives in the morgue, an external
examination after the clothes have been removed, and an internal examination of the
head, neck, and torso. Specimens are routinely collected for toxicology examina-
tion, for microscopic examination, and for storage for further microscopic examina-
tion. A DNA bloodstain card is usually collected and archived. The brain may be
retained and fixed for subsequent neuropathology examination and in this case is
not returned to the family with the body.

The primary difference between a hospital autopsy report and a forensic autopsy
report is the Evidence of Injury section. In this section, the forensic pathologist
assembles the descriptions of the injuries in a logical fashion. For example, all find-
ings relating to a gunshot wound of the chest are compiled in this section, whereas
without such a section, the aspects of the wound might be distributed among sepa-
rate sections including the skin, chest wall, lungs, and heart.

NAME has promulgated Forensic Autopsy Performance Standards that define
what the forensic pathology community collectively believes is a statement of mini-
mal standards for the performance of forensic autopsies by practitioners (Table 7.3)
[55]. NAME has also established Inspection and Accreditation Standards for ME/C
offices [56]. These standards are in relatively close alignment but also speak to the
facilities, staffing, quality assurance system, mass fatality plan, and other office
needs. These standards include caseload limits, such that 250 autopsies/year/pathol-
ogist is the limit for a Phase I deficiency, but greater than 325 autopsies/year/pathol-
ogist is the limit for a Phase II deficiency that will prevent full accreditation. In
addition to the Core Accreditation Program, NAME has contracted with the ANSI-
ASQ National Accreditation Board (ANAB) for ISO/IEC 17020 international
accreditation.
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Table 7.3 2016 NAME forensic autopsy performance standards

Section A: Medicolegal Death Investigation
Standard A1 Responsibilities
Standard A2 Initial Inquiry
Section B: Forensic Autopsies
Standard B3 Selecting Deaths Requiring Forensic Autopsies
Standard B4 Forensic Autopsy Performance
Standard BS5 Interpretation and Opinions

Section C: Identification
Standard C7 Standard Identification Procedures
Standard C8 Procedures Prior to Disposition of Unidentified Bodies
Section D: External Examinations: General Procedures
Standard D9 Preliminary Procedures
Standard D10 Physical Characteristics
Standard D11 Postmortem Changes
Section E: External Examinations: Specific Procedures
Standard E12 Suspected Sexual Assault
Standard E13 Injuries: General
Standard E14 Photographic Documentation
Standard E15 Firearm Injuries
Standard E16 Sharp Force Injuries
Standard E17 Burn Injuries
Standard E18 Patterned Injuries
Section F: Internal Examination
Standard F19 Thoracic and Abdominal Cavities
Standard F20 Internal Organs and Viscera
Standard F21 Head
Standard F22 Neck
Standard F23 Penetrating Injuries, Including Gunshot and Sharp Force Injuries
Standard F24 Blunt Impact Injuries
Section G: Ancillary Tests and Support Services
Standard G25 Radiography
Standard G26 Specimens for Laboratory Testing
Standard G27 Histological Examination
Standard G28 Forensic Pathologists” Access to Scientific Services and Equipment
Standard G29 Content of Toxicology Lab Report
Standard G30 Evidence Processing
Section H: Documentation and Reports
Standard H31 Postmortem Examination Report

Terms and Definitions

Source: https://thename.org/inspection-accreditation

Death Certification

The primary goal of a medicolegal death investigation is the determination of the
cause and manner of death and their inclusion on a death certificate [57, 58]. The
cause of death is the underlying injury or illness that results in the death. Cardiac
arrest is not a cause of death; it is a result of the cause of death. A gunshot wound is
the cause of death; exsanguination is a mechanism of death. The manner of death is
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a nosological classification on the death certificate for public health statistical pur-
poses. This classification includes natural, accident, suicide, homicide, and undeter-
mined. The manner of death is dependent upon the circumstances of death as known
at the time of the death certification. Since the manner has a public health function
and is not made for a determination of criminal responsibility, prosecutors and
courts should not feel compelled to base their case on the certification of the death
by the medical examiner or coroner.

Identification of Remains

Death certificates require the name of the deceased and constitute the formal gov-
ernmental document that a person has died. As such, the identification of remains is
a function and responsibility of medical examiner and coroner offices, even though
police fingerprint experts or crime laboratory DNA scientists may be used to make
the identification. Missing persons investigations are the responsibility of law
enforcement. Identification and missing person efforts are interrelated and require
cooperation between medicolegal death investigation authorities and law enforce-
ment agencies.

Although many decedents are identified by family or coworkers from the outset,
many others are only tentatively identified by personal effects, tattoos, or other
means of identification. Generally, formal identification is made within hours or a
few days, by family members or fingerprints. NAME accreditation requirements
call for x-rays, DNA collection, and odontologic examinations on unidentified
remains. Bodies which remain unidentified for 30 days are generally officially
counted as unidentified.

The National Crime Information Center (NCIC) is the primary national database
for missing persons information that is run by the FBI for law enforcement agencies,
but most medical examiner offices do not have access to this database [59]. The
National Missing and Unidentified System (NamUS) is a resource accessible to
police, medical examiner offices, and the public [60]. NamUS has been key to many
identifications. It was created by Dr. Randy Hanzlick, then Chief of the Fulton
County Medical Examiner Office, and Steve Clark of ORA, Inc. The National
Institute of Justice (N1J) has contracted NamUS operations to the University of North
Texas, which also performs DNA testing of the unidentified remains when needed.

In mass disasters, the primary role of forensic pathologists is to identify the
remains. Visual identification is generally considered not sufficient in such situations
due to the large number of combinatorial comparisons involved. “Scientific”” means of
identification, particularly by fingerprints, odontology, or DNA, should be used. The
terms ““definitive identification” and “positive identification” are frowned upon.

On April 26, 2006, a van carrying nine students and university staff members
collided with a tractor-trailer in Indiana [61]. Five people died at the crash scene,
including a young blonde woman identified by the coroner as Whitney Cerak.
“Whitney” was interred in a marked grave at a funeral with 1400 people in atten-
dance. Meanwhile, a similar-looking woman survived the crash but was unable to
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communicate, and she was thought to be Laura van Ryn. The van Ryn family kept
a bedside vigil over the patient they believed was their daughter. It took 5 weeks
before the mistaken identity was caught. This incident prompted Indiana and
Michigan to enact legislation requiring scientific identification of unknowns.

Forensic Toxicology

Forensic toxicology is critical to the practice of forensic pathology. Particularly in
the midst of an opioid epidemic, a large proportion of cases are from drug over-
doses. Many medical examiner offices have their own forensic toxicology laborato-
ries, although they may send out cases for further testing, while other offices will
send all their casework to a private laboratory.

Forensic toxicology differs from hospital toxicology in many ways. Since foren-
sic toxicology testing must withstand courtroom scrutiny, screening tests are always
confirmed by more definitive testing (GC-MS, LC-MS/MS, Q-TOF), the specimens
are documented with chain of custody, and the testing is broader, more specific, and
more sensitive and includes quantitation. Specimens collected for toxicology typi-
cally include central and peripheral blood, urine, vitreous humor, bile, gastric con-
tents, and liver and brain tissue.

Although tables of therapeutic, toxic, and lethal levels exist, these should only be
taken as general guidance in interpreting postmortem drug levels. The levels of
morphine which can cause death can vary by several orders of magnitude. Whether
the decedent is naive or tolerant makes an enormous difference in interpretation.
Pharmacogenetics and other factors that bear on the drug pharmacodynamics and
health of the individual, such as age and weight, are important to consider. The his-
tory and circumstances of death are also important to consider when determining
the cause of death. The postmortem interval and the possibility of postmortem
metabolism are further considerations. Thus, the forensic pathologist should not
overly depend upon drug levels in determining the cause of death.

Mass Fatality Management

Medical examiners and coroners are responsible for mass fatality management in
disaster incidents, which include natural disasters such as hurricanes, terrorist
events such as 9/11, transportation accidents such as airplane crashes, or others such
as building collapses. ME/C offices are also part of surveillance for chemical and
biologic attacks and infectious epidemics.

NAME Inspection and Accreditation standards require that the medical examiner
office maintains a Mass Disaster Plan (A.7.a), which involves coordination with
other local agencies, hospitals, and surrounding jurisdictions. The plan should
include sections for chemical, biological, and radiation/nuclear incidents. The stan-
dards further require a list of emergency contacts, a list of alternative morgue sites,
and that the office engages in disaster exercises.
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The ME/C office should have clear guidance as to what triggers mass fatality
operations, as well as what would overwhelm its resources and trigger reliance on
external resources. NAME advocates that ME/C offices take responsibility for the
remains as they are first discovered, which means that the offices should be respon-
sible for the recovery and transport of the remains. If possible, the bodies may be
GPS located and diagrammed in position at the scene with the use of a total station.
Refrigerated trucks may be used to store the bodies. Operations will normally be
split between antemortem and postmortem data collection that will eventuate in the
reconciliation and identification of remains. The antemortem data collection will
primarily consist of asking families for descriptions of their loved one and what he
or she was wearing that day, photographs, contact information for the victim’s den-
tist, and DNA collection. This would typically be accomplished at the Victim
Identification Center (VIC), a component of the Family Assistance Center (FAC).
Families at the FAC should be daily updated on the operations. First notification of
an identification should be to the family. The postmortem data collection will be
accomplished in the morgue. Typically, separate stations will be used for triage,
personal effects, radiology, pathology/DNA collection, anthropology, fingerprint-
ing, and odontology stations; the remains will be escorted through the various
stations.

The National Disaster Medical System (NDMS) is a federal response group run
by the Department of Health and Human Services (DHHS) Assistant Secretary for
Preparedness and Response (ASPR) for public health emergencies [62]. NDMS
includes Disaster Mortuary Operational Response Teams (DMORTS) [63]. Regional
DMORTS are composed of forensic pathologists, forensic odontologists, forensic
anthropologists, morticians, and others who work in their normal capacities until
federally activated to support DVI operations of jurisdictions in need. The DVI team
will use their Victim Identification Profile software system to help match antemor-
tem and postmortem identification profiles. Many smaller jurisdictions with few
resources and expertise rely on such resources.

NAME published Standard Operating Procedures for Mass Fatality Management
in 2010 [64]. Guidelines for mass fatality operations are being produced by the
National Institute of Standards and Technology (NIST) Organization of Scientific
Area Committees (OSAC) Disaster Victim Identification (DVI) subcommittee [65]
and the American Academy of Forensic Sciences (AAFS) Academy Standards
Board (ASB) Disaster Victim Identification (DVI) Consensus Body [66].

Medicolegal Testimony

An integral part of forensic medical practice is testimony [67]. The vast majority of
homicide cases never go to trial, but are instead resolved by plea bargain. However,
when a homicide is litigated, forensic pathologists will usually be called by prose-
cutors not only to establish that the death resulted from the action of another person
as an element of the crime but also to convey to jurors the inhumanity of the death.
Although sometimes called upon as an unpaid fact witness, the forensic pathologist
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is usually called as an expert witness to give an opinion, which is beyond the ken of
a lay person due to education, training, or experience.

Discovery is the pretrial process in which the attorneys produce evidence and
make reciprocal disclosures. Discovery includes disclosure of the witnesses to be
called and the basis for their opinions. Interrogatories are formal questions which
are asked by the court when asked to do so by the attorneys. Orders to produce
documents may be issued. Depositions may be taken before trial, but these are,
despite their apparent informal nature, considered formal testimony under oath—
the attorneys will be looking for inconsistencies between the deposition and the
eventual trial testimony. Brady material is any potentially exculpatory evidence
known to the prosecution in a criminal case and must be disclosed to the defense.
Giglio material is any damaging information about the witness known to the pros-
ecution and must also be disclosed to the defense.

Before trial, the witness should have a pretrial conference with the attorney call-
ing him or her to give testimony. During this meeting, the attorney should go over
the questions and issues of the case. The attorney should not tell a witness what to
say but may suggest wording. The photographs and any other demonstrative evi-
dence should be agreed upon at this time.

A subpoena will be issued to call the witness to appear in court. Initially, the wit-
ness will be sworn in by giving an oath before the court. Then the witness will be
asked to state their name, to spell it, and to state his or her employment position.
Testimony will begin with a description of the educational experience of the witness
to establish a foundation for the court to admit the expert testimony. The testimony
will begin with direct examination by the attorney, who called the witness. This
direct examination will call for longer, descriptive answers, in which the expert will
give his or her opinion—often with the help of photographs and other demonstrative
evidence. The witness will usually be asked to authenticate the autopsy report and
photographs that will be given to the jury. The opposing counsel will then cross-
examine the witness, often asking yes or no questions. Leading questions may not
be asked on direct examination but may be asked on cross-examination. This may
be followed by redirect and recross.

Important Cases

The US Supreme Court in Daubert v. Merrell Dow Pharmaceuticals, Inc. (509 U.S.
579, 1994), ruled that the Federal Rules of Evidence (FRE) superseded the earlier
Fryev. U.S. (293 F. 1013, DC Cir 1923) case that held that novel scientific evidence
must gain general acceptance in the specific field or community for it be admitted
into court for presentation to the jury. Daubert established the judge as the gate-
keeper and that she should find the evidence to be relevant and reliable for admis-
sibility. The court articulated a set of non-exhaustive Daubert factors used to judge
the reliability of the evidence including the testability of the asserted science, peer-
reviewed publication, known error rates, and general acceptance of the relevant
community. In Kumho Tire Co v. Carmichael (526 U.S. 137, 1999), the Court also
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made clear that technical expertise could also be based upon experience, even if not
scientific.

The Federal Rules of Evidence provide the legal framework by which expert
testimony may be given. The Federal Rules of Civil Procedure provide additional
guidance for civil proceedings. These federal rules are generally mirrored in state
evidentiary codes. In general, forensic testimony must be found to be relevant and
reliable, and the bases for the testimony must be disclosed.

The US Supreme Court in Crawford v. Washington (541 U.S. 36, 2004) overruled
previous case law and declared that the Confrontation Clause of the Sixth
Amendment of the federal Constitution makes adverse material witnesses available
at trial for cross-examination by the defense. This may become problematic when
the witness is not available for trial. Crawford was specifically applied to forensic
scientists first in Melendez-Diaz v. Massachusetts (557 U.S. 305, 2009) and then in
Bullcoming v. New Mexico (564 U.S. 647, 2011) and Williams v. Illinois (567 U.S.
132 S.Ct. 2221, 2012). The result is that forensic scientists who produce evidence
used by the prosecution must be made available when called. However, most state
courts, such as in People v. Dungo (55 Cal.4th 608 & 982, 2012), have found that
autopsy reports are not testimonial in nature, and therefore the original forensic
pathologist is not required to testify.

The Future of Forensic Autopsy Practice
Current Medicolegal Death Investigation Environment

Medical examiner and coroner offices are historically underfunded. Policymakers
often see funding ME/C offices as a waste of money on the dead, even though they
function for the living. As a generality, a medical examiner’s office can be ade-
quately funded for only $3 to $3.50 per citizen per year [68]. There is not a vocal
constituency to strongly advocate for ME/C offices. Nonetheless, facilities and
resources are stronger now than ever before, albeit with some significant gaps. So
too, the sophistication of the practice of forensic pathology and the quality of medi-
colegal death investigation overall has vastly improved. Furthermore, expectations
have increased as the bar has been raised but also as television has increased aware-
ness and popularized forensic pathology.

The number of board-certified forensic pathologists working in the field is esti-
mated between 500 and 700. This has been thought to represent only half of the num-
ber of forensic pathologists needed for adequate medicolegal death investigation
across the United States [69]. However, the recent opioid crisis has dramatically
increased the need for more forensic pathologists. Between 30 and 40 newly minted
forensic pathology fellows become board certified and enter the workforce per year.
This is far below what is needed. Of the 70 or so forensic pathology fellowship pro-
grams, funding is available for only about half of the slots. Forensic pathology is the
only medical training that is not subsidized through federal medical spending, because
medical examiner offices fall outside of hospital and clinical care. As of 2017, the
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National Institute of Justice has funded seven fellows in the field. Despite CSI, the
Kay Scarpetta novels, and other media, there is no clamor for pathology residents to
go into the discipline. The forensic pathology community consistently points to a few
predominant factors to explain this. The first is the relatively low pay for forensic
pathologists. After spending a fellowship year in forensic pathology, a fellow will find
that she will make perhaps only half of what a pathologist going straight into hospital
practice would earn. However, recently the critical shortage has led to offices hiring
forensic pathologists away from other offices and driving salaries higher. The second
factor is a lack of exposure of students to forensic pathology. Most pathologists obtain
exposure to forensic pathology due to the requirement for performing autopsies dur-
ing residency, but this requirement has been reduced and continues to be threatened by
pathology residency program directors, who perceive it to be a waste. Moreover, there
are fewer medical students exposed to pathology, and this appears to be lowering the
number going into pathology, threatening the pipeline. Thirdly, in some pathology
programs, residents are actively discouraged from going into forensic pathology as
many pathology faculty members do not relate well to the field and speak ill of it;
most academic pathology programs lack forensic pathologist faculty members.

The Impetus for Change

The opioid crisis that is ongoing at the time of this writing is shining a light on the
critical shortage of forensic pathologists in the United States and their importance
to society. The opioid crisis is defined in terms of the number of deaths, and the suc-
cess in combatting it will be measured with mortality data. Every overdose case
should be autopsied by a forensic pathologist. Yet surprisingly, the medical exam-
iner community has been left out of the funding to support state and local efforts to
combat the crisis—federal, state, and local governmental efforts have focused on
prevention, interdiction, and treatment, and medicolegal death investigation is
neglected. However, there appears to be the beginning of widespread recognition of
the value of medicolegal death investigation in this context, particularly by the
Department of Justice, the Centers for Disease Control and Prevention, and among
some key legislators, which may lead to support and key changes.

The forensic sciences have recently garnered significant criticism, which may
well lead to efforts that may benefit forensic pathology with the rest of the forensic
science community. It is significant that the 2013-2017 National Commission on
Forensic Science (NCFS) had a Medicolegal Death Investigation (MDI)
Subcommittee [70, 71]. So too, the National Institute of Standards and Technology
(NIST) Organization of Scientific Area Committees for Forensic Science (OSAC)
has a Crime Scene/Death Investigation Scientific Area Committee, a Medicolegal
Death Investigation (MDI) Subcommittee, and a NAME representative on the
Forensic Science Standards Board [72]. The forerunner to the OSAC MDI
Subcommittee was the Scientific Working Group on Medicolegal Death Investigation
(SWGMDI), which created numerous important documents that can still be found
posted on the web [73].
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Beyond these movements, it does appear that the medical examiner commu-
nity has been slowly gaining ground in terms of resources, respect, and capabil-
ity, which auspiciously bodes well for still further improvements, even if no
support materializes from the opioid crisis or for the forensic science commu-
nity. As relatively new organs of government, medical examiner offices are still
finding their place, and the community has been actively advocating for support
for a substantial time. It is significant that the Office of Science and Technology
Policy has a Medicolegal Death Investigation Committee that released two
reports in 2017 [74].

Legislative Efforts and Proposed New Structures

The Consortium of Forensic Science Organizations (CFSO) is the primary advo-
cacy group for the forensic science community, including the medicolegal death
investigation community [75]. The CFSO membership is comprised of NAME, the
American Academy of Forensic Sciences, the American Society for Crime
Laboratory Directors, the International Association for Identification, the
International Association of Forensic Nurses, the Society of Forensic Toxicologists,
and the American Board of Forensic Toxicology as members. In aggregate, the
CFSO represents 21,000 forensic scientists. Advocacy of the CFSO includes:

e Mandatory Accreditation of ME/C Offices: The CFSO, NAME, NCFS, and
OSTP have all advocated for mandatory accreditation, which would force at least
minimal funding and staffing of such offices.

e Mandatory Certification of Medicolegal Death Investigators: Similarly, the
CFSO, NAME, NCFS, and OSTP have advocated for certification of medicole-
gal death investigators, including coroners who function as medicolegal death
investigators.

e CDC Office of Forensic Medicine (OFM): There is no voice for forensic patholo-
gists within the US federal government. The Armed Forces Medical Examiner
System (AFMES) is the only medical examiner office within the US federal
government, and it has not been the voice needed for the state and local offices.
A few forensic pathologists are positioned elsewhere in the federal government,
but none in positions of substantial influence. The NCFS recommended the
establishment of a National Office of Medicolegal Death Investigation, with the
unfortunate acronym of “NOMDI” [76]. The CFSO has advocated for the cre-
ation of an OFM, headed by a forensic pathologist, within the CDC from con-
solidating certain existing programs (NVDRS, SIDS), which would be analogous
to the current CDC Office for State, Tribal, Local, and Territorial Support
(OSTLTS).

e Workforce Development: Increasing forensic pathologist manpower has been a
top priority for the forensic pathology community, but it is difficult to do. The
National Institute of Justice (NIJ) awarded funding for eight forensic pathology
fellows in 2017; this program should be continued and expanded. A student loan



7 Forensic Autopsies 141

forgiveness program would be useful, or at least forensic pathology could be
designated a critical area need under existing programs. Granting J1 and H1 Visa
waivers for foreign pathology students and foreign medical graduates would
help.

e Operational Funding: The CFSO has long supported the NIJ Coverdell grant
program, which has provided the only federal operational support for crime labs
and ME/C offices; however, ME/C offices generally receive only a few thousand
dollars, if anything at all. In 2017 NIJ established a grant program specifically
for the medicolegal death investigation community for the accreditation of
offices and forensic pathology fellowships, which should be continued and
expanded.

e Opioid Crisis Funding: The CFSO has advocated that some of the Department of
Health and Human Services (DHHS) Substance Abuse and Mental Health
Assistance (SAMSHA) funding given to states for the medical response should
flow to ME/C offices. Congress authorized a half billion-dollar expenditure for
the opioid crisis in the 21st Century Cures Act, which was enacted in late 2016,
but none has yet been made available to ME/C offices.

e Research Funding: The NIH does not fund applied research in forensic pathol-
ogy; instead funding has come from the NIJ [77]. The CFSO has advocated for
the creation of an Office of Forensic Sciences within DOJ, created from the cur-
rent NIJ Office of Investigative and Forensic Sciences. The OFS would be posi-
tioned higher in the structure of DOJ and would be headed by a forensic scientist.
It is believed that more research might flow from such reorganization.

* Model Medical Examiner Legislation: In 1954, then the National Commission
for Uniform State Laws (now the Uniform Law Commission) created a
Model Post-Mortem Examinations Act which provided guidance for states to
establish medical examiner systems [78]. This model legislation is woefully
inadequate, but guidance is still needed for states, which generally have old
and spotty statutes. New updated model state legislation would be useful
[79]. The NCFS recommended the creation of new model medical examiner
legislation [80].

Flowering of the Forensic Autopsy Practice

Autopsy practice has remained largely unchanged for centuries. A number of tech-
nologies to augment and advance the autopsy practice within ME/C offices are
being implemented or are on the horizon.

Advanced Imaging X-rays are routinely used for unidentified remains, charred
remains, gunshot victims, explosion victims, decomposed remains, and in infants to
locate bullets, knife tips, and other foreign objects, as well as to document identify-
ing features. The LODOX-Statscan is replacing traditional x-ray units across the
United States due to its ease of use, speed, and lower radiation exposure [81]. A few
US medical examiner offices have a computed tomography (CT) scanner, and even
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fewer offices also have magnetic resonance imaging (MRI) capabilities. However,
advanced imaging technologies are routinely used in many medical examiner offices
throughout the world; this is an area where the United States lags behind. Advanced
imaging can be a very useful adjunct to traditional autopsy practice and is some-
times used in place of autopsy, thus increasing efficiency in those offices that use it
in this way [82]. Advanced imaging can be advantageous in revealing pneumotho-
races and bony fractures; with angiography it will show thromboemboli, basilar
artery and aneurysm ruptures, as well as coronary atherosclerotic narrowing and
occlusions. Advanced imaging has the potential to directly visualize myocardial
infarctions and strokes, if the body is fresh and not decomposed. Reconstruction
using advanced imaging techniques permits visuals that are unparalleled for demon-
strations in court [83].

Molecular Autopsies A few medical examiner offices have internal forensic DNA
identification testing capability, and even fewer have genetic testing capability, but
there is a broad need for both. The ability to diagnose genetic conditions may be of
great clinical value to families which harbor an unsuspected genetic trait, as with
testing for common conditions such as hemochromatosis, sickle cell anemia, cystic
fibrosis, Marfan’s syndrome, or even multigenic diseases such as diabetes and
hypercholesterolemia. Medical examiners should be interested in possible lethal
genetic conditions such as cardiac channelopathies, coagulopathies, vascular wall
degenerative  diseases, and arrhythmogenic right ventricular dysplasia.
Pharmacogenomic testing, such as for fast or slow cytochrome P450 acetylation,
may help in toxicology interpretation. Whole-exome testing may be becoming fea-
sible, as well.

Proteomic Biomarker Analyses Cardiac markers have not proven sufficiently use-
ful for routine postmortem application to date. Using new high-sensitivity troponins
for the diagnosis of myocardial infarction or brain natriuretic peptide (BNP) for the
diagnosis of congestive heart failure has simply not been explored in medical exam-
iner offices. Furthermore, mass spectrometry instrumentation has also greatly
advanced, and particularly the Orbitrap MS technology may be of interest. It would
be important to a forensic pathologist if proteomic profiling revealed a hypercoagu-
lative state, prolonged hypoxemia, or even significant pain (nociception), for
instance. The potential for proteomic analysis of the blood to reveal a cause of death
is great.

Microbial Analysis Postmortem cultures are notoriously unreliable, due to condi-
tions no longer conducive to pathogen growth and overgrowth from the skin and gut
flora, yet testing for infectious agents continues would be valuable. The develop-
ment of MALDI-TOF and NGS methods of microbiome testing may prove viable
here. Microbiome testing does not require continued growth. It is also sensitive to
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broad commensal patterns that might show either a normal or abnormal flora.
Postmortem microbiome testing is currently under investigation to determine post-
mortem interval, but not yet for pathogen detection.

Fluorescence of the Role of the Forensic Autopsy

The author believes that forensic autopsies will take on an increasingly important
role in the future. The hope is that there will be an Office of Forensic Medicine
within CDC and an Office of Forensic Science within DOJ which may facilitate the
growth of medical examiner offices, perhaps in the following ways:

Public Health Medicolegal death investigation has often emphasized suspicious
deaths and criminal prosecution, but the public health aspects have been increas-
ingly important. Virchow performed autopsies on the theory that causes of death
need to be known to inform public health policy. It is the medical examiner that
has a legal responsibility to investigate deaths and is authorized to examine the
bodies. Forensic pathologists as medical examiners can answer many questions
that are important to public health, but to date, they have been so overwhelmed
with other work that their full potential has not been realized. For example, if
there is a concern about an environmental toxin in a community, wouldn’t it make
sense to test the bodies from that jurisdiction for the toxin? Why is it that most
trauma statistics refer to the percentage of deaths of any given trauma once they
reach the emergency room, rather than also include the deaths of those that never
reached the emergency room? Medical examiner offices should be nodes of a
national information network for consumer product safety, for medical device
efficacy, and for the safety of newly emerging drugs. Death certificates do func-
tion in this way, but there is a great deal of more information that could be obtained
and shared.

Clinical Forensic Medicine In many countries outside the Unites States, forensic
medical doctors examine the injuries of live patients. In the United Kingdom, they
have been called police surgeons. In some countries, these clinical forensic medical
examiners are the primary experts in workers’ compensation hearings. It would
seem to make sense that forensic medical doctors, perhaps forensic pathologists,
with forensic nurses, would work in centers that cater to victims of child abuse,
domestic violence, rape, and elder abuse. Forensic pathology of the deceased should
help inform the examination of the living, and vice versa.

Hospital Autopsies Medical examiner offices may become centers for autopsies
of hospital deaths. The hospital autopsy practice continues to decline, but families
still have a need for autopsies to answer their questions. Autopsy pathology exper-
tise is increasingly in the hands of forensic pathologists. Many forensic patholo-
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gists perform private autopsies in addition to or instead of public forensic medical
examiner work. Furthermore, if the use of autopsies for quality assurance of
healthcare makes a resurgence, as it should, then there is an argument that it
should fall to the governmental medical examiners. Currently, forensic patholo-
gists are too busy with their forensic autopsies to worry with hospital autopsies,
but this could change.

Biomedical Research As autopsies become more powerful diagnostic tools, they
also become more valuable for research. The use of animals for biomedical research
purposes continues to decline. With the decrease in wide tumor excision and the rise
of liquid biopsies and greater use of cytology, tissue specimens will probably
become more valuable, perhaps resulting in a greater need for autopsy tissues (see
Chaps. 8 and 9). For all of these reasons, autopsy pathology may take on a bigger
role in biomedical research.

For your reference, Table 7.4 provides a list of the most important forensic
pathology terms discussed and used in this chapter and their definitions.

Table 7.4 Important forensic pathology terms and definitions

Forensic autopsy — An autopsy performed under the auspices of the governmental medicolegal
death investigation authority, either a medical examiner’s or coroner’s office; it does not
require consent of the next-of-kin.

Forensic pathology — The subdiscipline of anatomic pathology, recognized by the American
Board of Medical Specialties, involved with medicolegal death investigation—the principle
tool of which is the forensic autopsy.

Forensic medicine — The area of medicine devoted to the application of medicine to questions
of law and subsumes both forensic pathology and clinical forensic medicine.

Forensic pathologist — The medical practitioner of forensic medicine.

Medical examiner — A forensic pathologist, who works for the medicolegal death investigation
authority in the employment position title of “medical examiner.” In common parlance,
“medical examiner” and “forensic pathologist” are often used interchangeably. [New Mexico
uses the term “medical investigator.”]

Coroner — Usually an elected official, but sometimes an appointed official, and sometimes
required to be a physician, who heads an office which is not required to be headed by a
forensic pathologist; most coroners are non-physicians and essentially function as medicolegal
death investigators. By contrast, a medical examiner’s office is headed by a forensic
pathologist.

Medicolegal death investigation — The application of medical knowledge to the investigation
of death for governmental or legal concerns.

Medicolegal death investigator — A specialized staftf member who works for a coroner or
medical examiner and is responsible for investigating deaths, going to death scenes, and
providing a short history to the forensic pathologist before performing a forensic autopsy.
Legal medicine — A term once used for forensic medicine, but now more generally used as an
area of law pertaining to medical concerns.
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The Science of Rapid Research Autopsy 8

Jun Fan and Christine A. lacobuzio-Donahue

Introduction

An autopsy is a medical procedure performed on a deceased person to determine the
cause of death, among other purposes. While this procedure has been performed for
centuries [1], the performance of an autopsy for the primary goal of collecting tissues
to support basic and translational research is a much more contemporary concept.
Research autopsies were first performed for the collection of brains to study neuro-
logical and psychiatric disease more than 200 years ago [2]. A more systematic
approach to brain banking was initiated in the latter half of the twentieth century,
which transitioned from only collecting examples of rare or particularly informative
diseases to a systematic collection of all brains from consenting individuals that are
fixed and sectioned using universally standardized protocols [2]. The utility of brain
banks cannot be overstated, as they served as the grounds for discovery of the bio-
chemical basis of Alzheimer’s disease [3] and Parkinson’s disease [4], among others.
A recent and powerful example of the importance of brain banks is the description of
chronic traumatic encephalopathy (CTE) in former athletes [5].

Given the success of brain banks for understanding neurologic disease, this
approach has been applied to another important form of disease — cancer. Prostate
cancer was the first tumor type to which the research autopsy was applied [6], with
the terms “rapid” or “warm” autopsy used to reflect the reduced time to collection
of tissues after death, as compared to clinical autopsies where 24 or more hours may
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lapse between death and examination of the refrigerated body. Subsequently,
research autopsies have been used to study a variety of tumor types with a profound
influence on our understanding of the lethal cancer phenotype [7-11]. In this chap-
ter, we aim to discuss the types of science that have been and can be supported by
research autopsies, drawing from our own experience and that of the literature.

Quality of Rapid Research Autopsy Tissues

The word “postmortem” perpetuates a number of misconceptions about the quality
and utility of tissues obtained after death for research [12, 13]. However, in autopsy
pathology degraded tissue is the norm, and this field has made numerous technical
advances despite this perceived obstacle [14]. When one considers that rapid
research autopsies represent the “best of the best” tissue quality in autopsy pathol-
ogy, it becomes clearer that postmortem tissue can be of tremendous value in basic
and translational research. Table 8.1 illustrates the benefits of research autopsy tis-
sues compared to other forms of banked tissue.

Perimortem Factors Influencing Tissue Quality
Unlike in the forensic setting where deceased individuals may be exposed to the

outside elements of excessive heat, cold, moisture, and/or animal activity [15],
patients who participate in research autopsies die in less variable settings, i.e., home,

Table 8.1 Tissue characteristics from rapid research autopsy samples vs other sources

Rapid autopsy Surgery Core biopsy
Sample amounts Unlimited Limited Very limited
obtained
Lesional High Questionable Questionable
representation
Quality of DNA Well-preserved Well-preserved Well-preserved
Quality of RNA Perimortem factors, Usually high, can be | Usually high, can be

PMI, and tissue type
dependent

tissue type dependent

tissue type dependent

Quality of protein Generally high Generally high Generally high

(dependent on analyte) | (dependent on (dependent on
analyte) analyte)

Normal/diseased Yes Maybe No

matched samples

Longitudinal No (end point) Potentially Potentially

sampling

Spatial sampling Yes Potentially No

Multiorgan sampling | Yes No No

Immortalization of Yes Yes Yes

tumor
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hospice, or the hospital [16]. Thus, extreme elements are relatively insignificant
compared to the perimortem and postmortem intervals themselves.

After death, the core body temperature cools at an approximate rate of 1.5 °F
until reaching room temperature [15]. During this time, tissues are still present in
the body but are not being perfused, an interval known as “warm ischemia.” By
contrast, “cold ischemia” refers to the time after tissues are removed from the body
until they are stabilized by flash freezing or fixation in formalin [17]. For research
autopsies, warm ischemia accounts for the majority of the postmortem interval [16,
18]. In the rare event of extremely short postmortem intervals (1-2 h) [19], warm
ischemia still remains the longest interval as tissues can be removed and stabilized
within minutes of opening the body cavity. Thus, in aggregate cold ischemia is far
less damaging to the molecular features of the samples than warm ischemia [17,
19]. Nonetheless, in both warm and cold ischemia, the extent of changes in specific
molecules cannot be reliably predicted without formal investigation [19-22].
Equally as important to the postmortem interval is the mode of death of a patient.
For example, patients who experienced a prolonged agonal state, such as due to
sepsis or multiorgan failure, have lesser tissue quality than those who die of more
sudden causes, for example, a thromboembolic event [23, 24]. Thus, molecular
damage that occurs due to warm ischemia can occur even before death in hypoper-
fused organs and soft tissues of the extremities.

Deoxyribonucleic Acid (DNA)

Among nucleic acids, the most information regarding stability in different environments
exists for DNA. DNA is intrinsically highly stable by nature of its hydrogen bonds
within the double-stranded helix, particularly between guanine and cytosine pairs [25].
Nonetheless DNA has been shown to undergo hydrolytic DNA damage at a predictable
rate, thereby serving as a sensor of DNA quality [26, 27]. We have previously performed
a quantitative analysis of DNA quality in a range of normal tissues from patients who
underwent a research autopsy and found that high-quality DNA was present in 89% of
samples analyzed including in those in which RNA quality was poor [20]. High post-
mortem DNA stabilities have also been observed in other studies of human specimens
from the brain, lymph nodes, and skeletal muscle [24, 28]. In our experience, DNA
degradation can be compensated for by use of a different normal tissue from the same
patient (most common approach) or by extraction of a larger amount of the degraded
tissue to increase the net yield of high-quality DNA for downstream analyses.

Ribonucleic Acid (RNA)

Unlike DNA, RNA is highly sensitive to the peri- and postmortem interval in a
tissue-specific manner [20, 29, 30]. Metrics of RNA quality commonly rely on the
RNA integrity number, or RIN, using an Agilent Bioanalyzer system. With this sys-
tem, an RIN value of 10 implies no RNA degradation, and O implies complete
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degradation. However, because this metric is based on ribosomal RNA, it is a sur-
rogate assessment of messenger RNA quality. We and others have used the RIN
value to evaluate RNA quality in normal and diseased cancer tissues from research
autopsy participants [20, 29, 30]. RIN values showed an expected inverse correla-
tion with postmortem interval in most tissues. However, outliers to this pattern
appear to be the heart and skeletal muscle; even at 36 or more hours after death, we
found the median RIN values for these tissues were 7.9 and 8.8, respectively.
Somewhat unexpectedly, the kidney had the lowest quality with a median RIN of
only 6.2 in cases with postmortem intervals of 4 h or less. Using normal pancreas
and pancreatic cancer tissues from the same patient, we also determined if postmor-
tem intervals affect cancer tissue RNA quality to the same extent as normal tissues.
This was not the case, with cancer tissues having greater abundance and higher RIN
values than their matched normal pancreas. Thus, across patients and even within a
single patient, independent studies indicate the RIN value of one tissue is not pre-
dictive of RIN values in other tissues within a given postmortem interval [20, 30].

Gupta et al. performed a more objective study of global gene expression using
hearts from research autopsy participants for cancer (non-failed hearts) and cardiac
explants (failed hearts) subjected to 24 h of cold ischemia [31]. The 24-h autopsy
simulation was designed to reflect a typical autopsy scenario where a body may
begin cooling to ambient temperature for approximately 12 h, before transportation
and storage in a refrigerated room in a morgue. Overall, less than 2.5% of genes,
largely belonging to immune response and energy metabolism-related processes,
showed fluctuations in expression over the 24-h period. Furthermore, RNA expres-
sion was reproducible over 24 h of autolysis with 95% genes showing less than a
1.2-fold change. The authors concluded that RNA from autopsy-derived tissue,
even with up to 24 h of autolysis, could be used to identify biologically relevant
expression pattern differences, thus serving as a practical source for gene expression
experiments. While heart tissue appears to have greater stability than other tissues
for RNA in general, such studies are informative for the extent of change that can be
expected in the postmortem setting when analyzing complex datasets.

Protein

Proteins represent a diverse array of biomolecules with varying isoforms from the
same RNA transcript and one or more posttranslational modifications that act to
change the stability of the protein or alter its subcellular location. In one of the few
studies to assess changes to the proteome during cold ischemia using mass spectrom-
etry, 30% of peaks were found to change greater than twofold within 30 min of
removal of the tissue from the body; most changes occurred within 15 min [32]. While
this finding does not address if these changes are biologically meaningful or if the
30% of peaks corresponded to a particular class of peptides, it does indicate that the
steady-state levels of some proteins may be perturbed soon after devascularization.
Phosphoproteins are particularly tenuous in general, with half-lives on the order of
minutes in controlled studies [33]. In a study to determine the effects of cold ischemia
on the proteome, specimens of the intestine and liver were studied by reverse protein
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phase arrays (RPPA) using a variety of antibodies including many against phosphopro-
teins [34]. The vast majority of proteins remained unchanged in abundance from
30 min to 360 min, and interpatient variability was much greater than intrapatient vari-
ability in abundance. Finally, the authors concluded that changes during warm isch-
emia were much more extensive than those caused during 30 min of cold ischemia,
again illustrating the significance of perimortem factors in biomolecule quality.

A separate and independent immunohistochemical study of 18 targets (metallo-
proteinases and their inhibitors, scavenge receptors, and two forms of glycation end
products) in normal tissues collected during the postmortem interval showed analo-
gous results [22]. The authors studied 16 different normal tissues to evaluate 48 h of
autolysis in a warm or cold environment. No systematic diminution of signal inten-
sity, confirmed by digital analysis or Western blotting, was observed during the
initial period of 24 h indicating these classes of proteins degrade slowly and faith-
fully maintain their immunohistochemical characteristics in devitalized tissues.

Immortalization of Cancer Tissues

While the definition of death itself may range depending on ethical, legal, or medi-
cal circumstances [35], some cellular processes continue after cardiorespiratory
arrest occurs [36]. This is perhaps best illustrated by the ability to create immortal-
ized models from postmortem tissues, specifically cancer tissues. Tumor types that
have been successfully xenografted or cultured from postmortem tissues include
prostate cancer, pancreatic cancer, breast cancer, and pediatric brain and soft tissue
tumors [6, 18, 37—40]. Organized and objective studies of the features of postmor-
tem tissues that best support creation of such models are uncommon. However,
Embuscado et al. reported engraftment rates of 57% when using samples of pancre-
atic cancer collected within 6 h of death, one CD 1™ mouse per tumor and two sites
of implantation per mouse [18]. In the same study, the authors noted that metastases
were more likely to engraft than primary tumors from the same patient. By contrast,
Rubin et al. reported a 5% engraftment rate from metastatic prostate cancer samples
despite very short postmortem intervals and exceptional care to implant viable sam-
ples without necrosis [6]. Collectively these findings indicate inherent biologic dif-
ferences within a tumor type and between tumor types contribute to the ability to
establish patient-derived xenograft models from research autopsy participants
beyond the postmortem interval. More recent efforts have centered on the creation
of patient-derived organoid models that are thought to more closely recapitulate
patient biology, with reported success in generating organoid cultures from ovarian
cancer and colon cancers collected postmortem [38].

Science Supported by Rapid Research Autopsy Tissues

Given the stability of DNA, whole exome and whole genome studies that utilize
postmortem tissue are the most numerous types of analysis reported thus far.
Pancreatic cancer, prostate cancer, and breast cancer are the three tumor types that



156 J.Fan and C. A. lacobuzio-Donahue

account for the majority of these studies, likely because rapid autopsy programs
related to these tumor types have been in operation the longest. However, the below
approaches can be and/or have been applied to any tumor type or disease for which
postmortem tissues are available [41, 42]. In addition to the below discussion, a
summary of the methods that have been proven to work, are expected to work (pro-
vided efforts are made to optimize conditions for these postmortem tissues) or have
not been tested using rapid research autopsy tissues as shown in Fig. 8.1.

Gene Discovery

The quality of DNA in postmortem tissues illustrates their utility in sequencing
studies. In prostate cancer, research autopsy tissues from men who died of their
disease were used to identify the CDKNIB and ETV6 genes on chromosome 12p as
targets of homozygous deletion [43]. Jones et al. [44] used 24 pancreatic cancers, 7
of which were xenografts or cell lines established from research autopsy partici-
pants, to provide the first characterization of the pancreatic cancer exome.
Interestingly, there was no difference in the total mutational burden or enrichment
for any specific gene or pathway among the autopsy-derived samples and the surgi-
cally derived samples.

Methodologies Methodologies Expected Methodologies
Proven to Succeed to Succeed Not Yet Evaluated
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Fig.8.1 Research methodologies that can be supported by rapid research autopsy tissue resources
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Characterizations and Timing of Subclonal Evolution

A particular strength of research autopsies over other methods of tissue collection
is that all samples from the patient are accessible for banking and downstream
studies. Such sample sets greatly facilitate studies of genetic heterogeneity in a
single patient or across cohorts of similarly treated patients and have been used for
this purpose in a variety of tumor types (Fig. 8.2). In breast cancers, WES and copy
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Breast cancer
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Kidney cancer
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Colon cancer
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Fig. 8.2 Tumor types that
have been characterized by
next-generation sequencing
using rapid research autopsy
samples
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number analyses (CNAs) of matched primary and metastatic tumors from ten
autopsied patients revealed two modes of disease progression, one in which all
metastases descend from a common precursor and a second in which the multiple
metastases are seeded from different precursor cells present in the primary tumor
[45]. In metastatic prostate cancers, CNAs revealed that most metastatic prostate
cancers have monoclonal origins despite common genetic heterogeneity of the pri-
mary tumors [11]. Furthermore, Gundem et al. found that metastasis to metastasis
spread was common in metastatic prostate cancer through de novo seeding of ter-
tiary metastases or transfer of multiple tumor clones between metastatic sites [46].
In metastatic pancreatic cancers, Campbell et al. [47] showed by massively parallel
paired-end sequencing that the majority of structural rearrangements within the
pancreatic cancer genome were shared among the primary tumor and metastases,
indicating that they occurred before the development of metastatic disease. Similar
findings using WES of an overlapping subset of samples were reported by Yachida
et al. as well [48]. Through genomic profiling of a patient with lung cancer who
exhibited an exceptional response to ERBB2-directed therapies, Biswas et al.
found profound genomic heterogeneity and patterns consistent with early metasta-
sis from the primary tumor site with parallel independent evolution in the draining
lymph nodes [42].

Computational Modeling

The extent of metadata provided by research autopsies has spurred computational
studies to deconvolute patterns not otherwise appreciable. Using breast cancer tis-
sues collected from rapid autopsy cases, Almendro et al. [10] calculated Shannon
indices of intratumoral diversity within phenotypically distinct cell populations
and found that the treatment-naive primary tumor and lymph node metastases were
genetically diverse compared to the metastases that were more divergent. Yachida
et al. [48] relied on data generated from whole exome sequencing of seven metas-
tases to generate a computational model estimating the timeline for pancreatic can-
cer from its initiation from a normal cell until the time that is has disseminated to
distant organs. Makohon-Moore et al. [49] created a computational model of
expected genetic heterogeneity among normal cells in a single organ and applied
this model to data generated from Stage IV treatment-naive pancreatic cancers,
thereby providing the first quantitative estimates of genetic heterogeneity in
metastasis-initiating cells.

Computational modeling of treatment dynamics using rapid autopsy resources
has similarly proven useful. Haeno et al. used the timing of primary and metastasis
growth patterns across a large cohort of research autopsy patients to determine by
computational models the optimal timing and mode of treatment for resected pan-
creatic cancers [50]. A similar approach was utilized in breast cancers that indicated
a lower degree of genetic diversity pretreatment was associated with an improved
outcome, and this data formed the basis for a computational model incorporating
single cell genotypes and phenotypes to predict tumor evolution [51].
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DNA Methylation

Just as sequencing has proven insightful to the dynamics of metastasis, studies reli-
ant on DNA methylation have also been successfully applied to tissues from rapid
autopsy participants. Among the first study to do so was in autopsied breast cancer
patients for which methylation of multiple gene promoters was assessed in different
metastatic sites, revealing that promoter hypermethylation for genes important for
breast cancer biology such as RASSFla, HINI, cyclin D2, Twist, estrogen receptor
a, APCI, or RARf remained unchanged during progression from primary to meta-
static disease [8]. Using genome-scale analyses of DNA methylation in metastatic
prostate cancer samples, Aryee et al. found a similar pattern in that DNA hyper-
methylation patterns were highly concordant among the samples from any one indi-
vidual but variable across patients [52]. Subsequently, rapid autopsy tissues were
used to further demonstrate that DNA hypomethylation occurs later than DNA
hypermethylation and is heterogeneous across metastatic sites [53].

Gene Expression

Despite some degree of degradation, RNA can be evaluated at a global level from
postmortem tissues. Campagna et al. [54] used gene expression microarrays to
study matched primary and metastatic pancreatic cancers from a variety of tumor
sites. They identified significant differences in expression in association with growth
at the primary site that were most prominent in genes associated with MAPK and
Whnt pathway, metabolism, immune regulation, and cell-cell and cell-matrix interac-
tions within the infiltrating carcinoma. Likewise, Gupta et al. [31] used expression
microarrays to demonstrate that postmortem cardiac tissues maintain their expres-
sion profiles despite prolonged warm or cold ischemia. Fan et al. [20] used RNA-
sequencing to analyze five matched pairs of normal pancreas and pancreatic cancer
tissue from research autopsy participants, all with RIN values >5.0. Sequencing
libraries showed a sound distribution of coverage across transcripts and fragment
lengths that were irrespective of RIN value, and genes overrepresented in normal
pancreas or pancreatic cancer were consistent with known biomarkers and tissue
homeostasis. Moreover, two recurrent fusions were identified in six samples. Using
a larger scope of tumor types and more comprehensive analyses, Pisapia et al. [38]
also found that RNA-sequencing quality from postmortem tissues was robust and
identified potentially meaningful alterations that included novel gene fusion candi-
dates such as ZNF526-MEGFS.

Human Proteome
A triumph of research autopsies is their support of the first reported characteriza-

tion of the human proteome [55]. Using high-resolution Fourier-transform mass
spectrometry, Kim et al. performed an in-depth proteomic profiling of 17 different
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adult human tissues, all from research autopsy participants. Normal tissues from at
least three patients were used for analysis to account for interpatient variability.
They identified the proteins encoded by 17,294 genes accounting for approxi-
mately 84% of the total annotated protein-coding genes in humans. Data of this
project is freely available as an interactive web-based resource at http://www.
humanproteomemap.org.

Models of Rare Diseases

For several tumor types, premortem diagnostic tissue specimens are not available.

This may be because the tumor type itself is very rare or biopsy cannot be per-
formed without putting the patient at significant risk. Thus, the creation of model
systems from research autopsies has proven useful in the ability to obtain tissue for
the creation of patient-derived xenografts, organoids, or cell culture models. Yachida
et al. [56] described the autopsy of a patient with primary small cell carcinoma of
the pancreas and the creation of a cell line, A99, from this tumor. Cell lines and
xenografts of diffuse intrinsic pontine gliomas (DIPG) of children have been estab-
lished [57, 58], thereby providing a critical resource for understanding this rare and
lethal tumor type. A similarly successful approach has been to establish a xenograft
model of embryonal rhabdomyosarcoma [59]. While this is one of the most com-
mon soft tissue tumor types in children, overall it is a rare tumor type with few
therapeutic options once recurrent disease occurs [60].

Future Directions in the Science of Rapid Research Autopsy

As stated in our introduction, an autopsy is a medical procedure performed on a
deceased patient to determine the cause of death, among other purposes. However,
with advances in medical technology and imaging, the postmortem examination has
declined dramatically [61]. Given that postmortem tissues are amenable to the same
methodologies and technologies that have formed the basis for personalized medi-
cine, a comprehensive and integrated analysis of various levels of -omic data has the
potential to uncover genotype-phenotype relationships not yet appreciated, ulti-
mately poising autopsies to once again provide the final determinations of disease-
related physiology (Fig. 8.3). This possibility is buttressed by reports in a variety of
tumor types where integrated clinical, next-generation sequencing and transcrip-
tome analyses of multi-sampled end-stage cancers from rapid research autopsy par-
ticipants are performed. For each patient these studies offered potential mechanisms
of resistance and provide insight into tumor type specific dynamics not otherwise
appreciated by any other approach [38, 41, 62].

The ability to collect both normal and diseased tissues from a single patient, and
from many patients, opens the door to the development of powerful methods of data
integration for understanding human health, development, aging, and disease on an
unprecedented scale [63]. These include system genomics approaches that can
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Fig. 8.3 Proposed utility of
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unravel the complexities and relative contributions of a large number of variables
across multiple levels of biologic regulation, i.e., metabolism, DNA damage, inflam-
mation, and epigenome regulation, not possible from any single data type [63]. Such
approaches should take into account peri- and postmortem variables as well, thus
allowing a separation of the biology of death itself from the disease of interest, and
may require multi-institutional and/or multi-national collaborations for success, sim-
ilar to that achieved by The Cancer Genome Atlas (https://cancergenome.nih.gov).
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Performance of Rapid Research Autopsy 9

Jody E. Hooper and Eleonora Duregon

Introduction

As outlined in the previous chapter, the concept of utilizing autopsy as a unique
opportunity for tissue sampling is spreading across the United States and interna-
tionally. Rapid autopsies (sometimes referred to as postmortem tissue donation or,
less attractively, as “warm” autopsies) can provide tissue specimens in large vol-
umes and can sample across numerous anatomic locations simultaneously, includ-
ing inaccessible sites such as bony metastases, brain, or spinal cord lesions [1]. With
post diagnostic biopsy or resection often being impossible in patients with widely
disseminated disease, autopsy is the best key to the study of tumor and disease het-
erogeneity. Institutional rapid autopsy programs for body as well as brain sampling
have been well described in the past two decades [1-11] and have previously led to
significant advances in cancer research in the areas of prostate [1, 2, 4-6, 11], pan-
creas [9], breast [7], and pediatric brain tumors [3, 8, 10]. This chapter will review
practical considerations in development, growth, and maintenance of a rapid autopsy
program. Best practices for collaboration with researchers, composition of rapid
autopsy teams, autopsy logistics and procedures, and sample collection techniques
will be explained.
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Current Rapid Autopsy Programs

Rapid autopsy programs (RAP) began in the late 1980s by focusing on brain bio-
banking. Current programs for body postmortem sampling are mainly, though not
exclusively, located at university centers. There are programs in various regions of
North America (Table 9.1), Canada, and Australia, with recently developing pro-
grams in the United Kingdom and Germany. Most centers concentrate on cancer,
usually focusing on only one or two organ systems, but there are several centralized
and generalized programs interacting with researchers in all organ systems, includ-
ing at Johns Hopkins University and Memorial Sloan Kettering Cancer Center.
However, some programs also focus on other types of disease such as pulmonary
idiopathic fibrosis, Alzheimer disease, multiple sclerosis, or scleroderma [12, 13].
Any systemic disease where research could benefit from the power to sample mul-
tiple or inaccessible sites can be studied using rapid autopsy samples.

A RAP is a complex and labor-intensive organism. Although each center has its
own particularities depending on its location, state laws, organization, and

Table 9.1 Overview of rapid autopsy programs in North America

Year
Location program
Institution (City/state) Began Tissue collected
Banner Health Phoenix, AZ | 1987 1987-2005 brain only
2005 all tumor types
University Health Toronto, 2012/2013 | All tumor types
Network Canada
Johns Hopkins Baltimore, 2000 2000 prostate, pancreas, and breast
University MD 2014 all tumor types
Massachusetts General Boston, MA | 2016 All tumor types
Memorial Sloan New York, 2015 All tumor types
Kettering NY
University of Michigan Ann Arbor, 1996 All tumor type
MI
University of Nebraska Omaha, NE 2002 Pancreas
Medical Center
NIH/NCI Bethesda, 2013 SCLC, ESCC, pNET, thymic,
MD mesothelioma
University of North Chapel Hill, | 2002 Breast
Carolina NC
Ohio State University Columbus, 2013 All tumor types
OH
University of Pittsburgh | Pittsburgh, 2003 Lung, heart, vertebral shavings
PA
University of Seattle, WA 1989 Prostate
Washington
University of Seattle, WA | 2008/2009 | Brain (reported with prostate, other
Washington neuro programs not listed)
Weill Cornell New York, 2013 Metastatic/prostate, cervix, colon,
NY bladder, brain
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availability of team members, the duties, infrastructure, and logistics that are neces-
sary for development of a RAP are shared among all centers.

Key Factors for a Rapid Autopsy Program

Delineating Scope of Program and Establishing Researcher
Relationships

It is important to clearly define what samples will be taken, how they will be pro-
cessed, and who will participate at the time of the autopsy and after it, particularly
in programs where the sampling pathologist or technician is not also the researcher.
Unlike other venues, in rapid autopsy the limiting factor is not the amount of tissue
available but the time and resources available for collection.

Successful collaboration between clinicians and researchers can be broken down
into a series of action steps (Fig. 9.1). The concept of utilizing postmortem tissue and
the potentially available quantities of tissue is new enough to some researchers that
careful a priori thought is required about how the RAP could fit into existing projects
or create new avenues for investigation (CONSIDER). The patient population and
sample type must be determined. As detailed in Chap. 8, postmortem intervals can
markedly affect how tissue may be utilized, and parameters for different case sce-
narios should be delineated (DEFINE, MEET). The rapid autopsy program must be

Planning and Action Steps Rapid Autopsy Collaboration

. 1. CONSIDER
how multi-site and parallel autopsy sampling might best be used in research

2. DEFINE
patient population, sample tissue and type, and postmortem interval needed

3. MEET
to delineate interests, funding, available staff

PRIOR Eg :;_Z’ENT’S || between RAP Director/Coordinator and Researcher

4. DISCUSS
the Program with patients and their families

5. CONSENT
of patients by Researcher, RAP Director or Study Coordinator
for study participation

6. COOPERATE
to collect specimens at time of case and afterwards

AFTER PATIENT’S 7 COLLABORATE
DEATH between RAP pathologists and Researcher on subsequent work

8. FEEDBACK
to RAP about research results and to define evolving needs

Fig. 9.1 Planning and action steps for successful rapid autopsy collaboration
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reviewed with potential participants and families (DISCUSS) and proper legal docu-
ments acquired (CONSENT). Researchers and pathologists or other scientists who
perform the rapid autopsy must work together (COOPERATE) prior to and at the
time of collection and during evaluation and subsequent research (COLLABORATE).
Lastly, rapid autopsy pathologists should create a communication loop about research
results, family experiences, and evolving case needs (FEEDBACK).

Identifying Participants in the Program: How and When

Patients who decide to participate in a RAP may be referred by clinicians or hospice
workers, may have existing relationships with researchers in the field of their cancer
or disease, or may seek out programs on the internet themselves. It is important for
RAP program directors to have active relationships with treating clinicians in the
disease of interest. It is often valuable for the pathologist to speak to tumor boards,
research collaboration groups, and in Grand Rounds venues to introduce the idea of
postmortem tissue collection and the specifics of the available program. Outreach
for programs can include participation in cancer-focused events, websites, and hard
copy materials such as brochures which may be distributed in clinic settings.

Although timing of discussion with patients and families must be very individu-
alized, there are two main times when the subject of postmortem donation may be
successfully broached. One is at the point when hospice care is being discussed, and
the patients and families may be receptive to considering end of life care in general.
However, another productive time is much earlier, in the context of research and
participation in clinical trials. Rapid autopsy can be offered routinely as another
option in the spectrum of possible research involvement. Fruitful relationships can
also be built with hospice providers including nurses, social workers, and clergy.
These groups often have frequent personal interactions with both patients and their
families and can gauge when delicate subjects may be discussed and how to broach
the idea of RAP participation in a supportive and sensitive way [14]. It is valuable
for a provider known to the patient as well as an autopsy team member who is
knowledgeable about the procedure to both be available for questions. The authors
have frequently met with patients and families in person at clinic visits or as hospital
inpatients after an introduction by a familiar caregiver. These discussions often lead
to truly informed consent for the RAP and facilitate arrangement of complex logis-
tics with family members, an important consideration.

Rules Governing Autopsy and Use of Postmortem Tissue
Federal and State Regulations
In the United States, as in much of the world, all medical research on human sub-

jects is ethically and legally guided by the Declaration of Helsinki. Other docu-
ments of historical importance include the Nuremberg Code and Declaration of
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Geneva. The principles of the Declaration of Helsinki are recognized in the US
legal system within the Code of Federal Regulations (CFR) [15] where they are
summarized as the Common Rule. The Common Rule is administered by the US
Office of Human Research Protection, which exists to ensure that all human subject
research will adhere to all appropriate standards. The health information of human
subjects is also protected by the Health Insurance Portability and Accountability Act
of 1996 (HIPAA), and this protection continues after death. However, the Common
Rule applies only to living human subjects, and therefore the US federal govern-
ment does not directly regulate research performed on deceased human subjects,
but rather places responsibility for such regulation on individual states [16]. Each
state has its own unique set of laws applicable to research usage of tissue from
deceased subjects, but there is commonality in that 48 states have adopted the most
recent form of the Uniform Anatomical Gift Act (UAGA). The original UAGA,
enacted in 1968, was focused on increasing the availability of donor organs for
transplantation, but the 2006 revision (http://www.uniformlaws.org/ActSummary.
aspx?title=Anatomical %20Gift%20Act%20(2006)) expressly states that tissue
donation may be made for the purposes of transplantation, therapy, research, or edu-
cation [13]. In most states, the research informed consent (i.e., the Study Consent)
for autopsy tissue donation must be obtained prior to the subject’s death. Consenting
prospective subjects themselves for participation in postmortem research recognizes
and advances their premortem choices and maximizes the principle of respect for
persons [17]. Therefore, although general research advance directives are at times
acceptable, it is highly recommended that established research protocols strive for
protocol-specific advance consent from prospective research subjects. When first-
person consent is not possible, valid consent from a legally recognized surrogate is
sufficient to protect the interests of the deceased. In the United States, the UAGA
lists next of kin as the appropriate surrogate for anatomical gifts in the following
order of priority: spouse, adult son or daughter, either parent, adult brother or sis-
ter, grandparent, or a guardian of the person of the decedent at the time of death.
Specific state laws should be consulted to determine whether there is a legally autho-
rized surrogate for decisions about research with the deceased and who that person
may be. When legally authorized surrogates disagree, an ethics committee may help
resolve the dispute. The multidisciplinary expert Consensus Panel on Research with
the Recently Dead (CPRRD) [17] discourages proceeding with research with the
dead in cases of disagreement. Moreover, if the authorized surrogate withdraws
consent during the course of the research, no further research should be performed
or information collected [17].

Difficulties can arise when family members wish to veto an individual’s authori-
zation to use his or her own body for research after death. In the United States, the
UAGA forbids family veto of the wishes of the person who has authorized the dona-
tion of his or her organs while still living, and many state laws now honor donor or
“first-person” consent, regardless of the wishes of next of kin. The conventional
practice of deferring decisions to family members is based primarily on respect for
their feelings in a time of grief [18]. As the family members must live with the con-
sequences and must handle matters that arise after their relative’s death, it is crucial
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to address their concerns, particularly because research with the recently deceased
is less widely known and accepted than organ transplantation is. The CPRRD there-
fore recommends that investigators address the concerns of the family to the satis-
faction of the family whenever possible before proceeding.

The Study Consent

The Study Consent should include explicit permission for (1) genetic sequencing,
(2) generation of cell lines, (3) tissue banking, (4) sharing of tissue with researchers
at other institutions in addition to the host institution, (5) taking images of cases, (6)
retrieval of slides and blocks from prior biopsy and resection specimens, and (7)
collection of premortem blood specimens, if applicable. It is extremely important
that this individualized consent is obtained for postmortem specimens and that it is
written in general enough terms to be used for patients with all types of diseases. It
appears likely that individualized consent will soon be required for genetic testing
and establishing cell lines, even in deceased patients, as regulatory agencies become
aware of the expanding potential of postmortem tissue.

In addition to the necessary Study Consent, rapid autopsies require a consent for
the autopsy procedure itself, in the same way as regular diagnostic autopsies do.
Depending on state law, the autopsy consent can be either signed by the patient
himself in advance (this is also the case in the Australian CASCADE Program [19])
or must be signed by the legal next of kin only after the patient dies (this is true for
a number of RAPs across the United States including at the Johns Hopkins
University, Baltimore, MD, at the University of Michigan, Ann Arbor, MI [2, 20]
and at Weill Cornell Medicine, New York, NY [21, 22]). The patient or legal next of
kin can specify that the procedure is to be a complete autopsy or restrict the
procedure.

Institutional Review Board Permissions and Ethical
Considerations

Depending on the state in which the RAP is operating, jurisdictions differ on
whether a proposal for research with the newly deceased must be reviewed. In the
United States, federal regulations define human subjects as living human beings
[23]; thus, the requirement that all human research undergo review by an Institutional
Review Board (IRB) does not extend to research with the deceased. This is not the
case in other jurisdictions such as Canada, where research with human remains
including cadavers requires review and approval by research ethics boards [17].
Regardless of regulatory requirements, the CPRRD recommends review by a multi-
disciplinary panel in order to address any distinct ethical issues involved in this
research. Research with the deceased should proceed only after approval by a prop-
erly constituted institutional review board. As a matter of fact, the majority of exist-
ing RAPs operate under IRB-reviewed protocols [1, 12, 19, 22, 24].
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As has been painfully clear since the Alder Hey affair where organs were retained
without the knowledge or permission of the decedent’s family [25-27], the research
activities that will be performed on tissues collected during a rapid autopsy must be
disclosed on both the study and autopsy consents. The CPRRD offers guidelines as
direction for conducting ethical research with whole deceased bodies [17] and can be
helpful in the development of specific guidelines tailored to an institution’s own RAP.

Complete Autopsies Versus Restricted Procedures Versus Tissue
Procurement Only

The overt purpose of a RAP is to provide pathologically characterized control and
diseased tissue to research scientists, enabling them to discover the underlying genetic
and proteomic changes specific to each disease and to design appropriate therapeutic
interventions [13]. However, the autopsy examination itself can also discover diag-
nostic information which can be helpful to families and provide for accurate clinico-
pathologic correlation. Some RAPs provide a tissue procurement service only, limiting
dissection to the researcher’s specific needs. This approach is touted by some as sav-
ing time or allowing the tissue sampling to be performed by a technician or physician
assistant without pathologist involvement. More commonly, in parallel or following
the tissue procurement, the autopsy proceeds in accordance with the protocol estab-
lished by the local autopsy service [1, 21]. An autopsy pathologist can not only syn-
thesize diagnostic information but also can lend sophisticated gross evaluation to the
selection of research tissue samples, pinpointing viable areas of malignancy or disease
involvement. Conducting a full dissection also allows for the discovery and sampling
of previously unknown metastatic sites revealed by the autopsy itself.

The final decision of how complete an autopsy procedure will be resides with the
signer of the autopsy consent, though patients and families often will follow guide-
lines suggested to them by the clinician or researcher. Most cases at the Johns Hopkins
RAP are consented as complete autopsies including all organs, brain, eyes, and spinal
cord, with special permission for any dissection involving the limbs or face. After
research sampling, the autopsy is performed as a regular case would be, with resident
participation and preparation of a full diagnostic report. However, it is always impor-
tant to fully document invasive dissection procedures even when only tissue sampling
is performed. This approach allows the families to receive a complete and explanatory
report and gives trainees the opportunity to observe disease that they would not nor-
mally see, as patients with metastatic cancer often do not die as hospital inpatients.

Logistics for Notification of the Death and Transport
of the Patient

In some centers the postmortem interval (PMI) goal for in-house patients is about
1 h [22], while for patients who die at home or hospice, the PMI mainly depends on
the distance and consequently the duration of transportation to the hospital. Often
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patients do die in an inpatient hospice or at home with or without assisting hospice
care. While postmortem intervals for standard autopsies are routinely over 24 h and
often longer, every effort must be made in a RAP to manage the considerable logis-
tical challenge of transporting the body in a more timely fashion. Many RAPs use a
pager system or a dedicated answering service; the latter enables families to use a
single 1-800 number to easily reach any of a list of sequential contacts among the
RAP team members, ensuring a prompt response when the patient has died. Some
programs successfully use a contracted independent funeral home or transport ser-
vice that is always on call to deliver the patient’s body to the autopsy institution. In
other cases, advance transportation and logistical planning are individually arranged
with out-of-state funeral homes local to home hospice patients. Programs have dif-
ferent standards for what distances from the hospital they will accept and if post-
mortem autopsy consenting is required, additional time for this must be allotted.

Because prearranged logistics ensure an optimal postmortem interval within the
restrictions created by family needs, it is best to identify patients before the immedi-
ate preterminal period. This means that there will often be a period of time during
which patients will be consented for the study but not in extremis. A rapid autopsy
coordinator must walk a fine line between keeping informed about the status of
prospective and consented participants and unduly intruding upon patients and fam-
ilies [28]. Hospice workers can often assist with this process.

Best Practices During and After a Rapid Autopsy
Composition of Rapid Autopsy Teams

The multifaceted organization, cost, and labor of a RAP require significant institutional
commitment for success. One of the major factors contributing to timely specimen
procurement is the availability and composition of the on-call team. A crucial issue to
the long-term survival and success of a RAP is to avoid the drain on personnel required
to operate the program 15-24 h a day, 365 days a year [29]. Many RAPs fail because,
though they initially achieve consistently short PMI, they are understaffed, and this
leads to burnout of the team and breakdown of the group [13]. Consequently, RAP
logistics need to be flexible and increase the number of personnel to allow for rotational
periods on call as the program grows. Programs with many personnel, for example,
RAPs operated by oncology researchers who employ numerous laboratory technicians,
may choose to frequently rotate coverage on a 24/7 basis, while other programs may
choose the approach of using a reduced number of staff available for fewer daily hours.

RAP Examples
Here follow a few examples of well-established RAPs in the United States, their

logistics and approaches to staffing. With an average of 90 cases each year, the Sun
Health Research Institute [13] in Phoenix, Arizona, limits on-call periods for any
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one individual to no more than 4 months per year. They use four rotating on-call
teams, each team consisting of two trained dissectors (one each for the brain and
body, working in parallel) and two assistants. The trained dissectors are employees
of the institute, while the assistants are derived from volunteers among the entire
scientific institute and technical and administrative staff. Generally, all procedures
are completed in 3—4 h, and the total time a team member typically spends on a call,
including transportation to and from his or her home, is between 3 and 5 h.

At the University of Nebraska Medical Center, a rotating research team is avail-
able 24 h, 7 days a week consisting of two full-time technicians, with participation
of three on-call technicians and pathology assistants [29]. The RAP of the University
of Michigan at Ann Arbor, Michigan, consists of two teams, an autopsy team and a
tissue procurement team, which are alerted and work together during each case, and
all are available 24/7. The autopsy team consists of a staff genitourinary pathologist,
genitourinary pathology fellow, pathology resident, and a pathology assistant. The
tissue procurement team consists of the medical oncologist, staff and postdoctoral
researchers, laboratory assistants, and a urology resident [1]. At Weill Cornell, the
RAP team comprises an attending autopsy pathologist, a pathology resident, an
autopsy technical assistant, and 2—4 additional members including pathologists,
postdoctoral researchers, and research technicians who aid in tissue procurement
and initial processing. The team may also include the patient’s treating oncologists
and surgeons [22]. The Johns Hopkins RAP team in Baltimore, Maryland, consists
of a pathologist/RAP director, a specimen coordinator, an autopsy assistant/diener
to assist in dissection, and a pathologist research autopsy fellow, as well as various
subspecialty research team members. During daytime hours, a physician’s assistant,
pathology photography representative, and a resident on regular rotation will par-
ticipate. The core team is available 7 days a week for 15 h per day.

Available space and physical resources will contribute to short postmortem inter-
vals and case times. The Johns Hopkins RAP team pre-creates a templated sheet for
each patient at the time of study consenting that includes demographic information
and medical history including last imaging and all lesions planned to be targeted.
Where possible, pre-labeling of containers and bags is also highly helpful if there is
sufficient space for storage [13]. Direct affiliation with an autopsy service is helpful
as equipment and refrigeration may be required.

Sample Prioritization and Selection

Each rapid autopsy is a powerful opportunity to supply multiple researchers with
many valuable specimens at the same time. As an example, at the Johns Hopkins
RAP, a single rapid autopsy case can provide tumor tissue to Johns Hopkins
researchers, tissue to three other out-of-state institutions (including NIH), and
banked tissue for the program itself, as well as normal controls of the brain, eye,
pituitary, heart, pancreatic duct, and skeletal muscle for other research groups. To
accomplish this type of multifaceted action during a case, it is imperative to have
prearranged sampling protocols which specify types of tissue and processing
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methods. At Hopkins, each research group has a designated representative, and
these people are contacted as a group as soon as the patient’s death is reported.
Research teams provide supplemental personnel, with the extent and composition of
these teams varying by the number of specimens sought and the extent of immediate
on-site processing required. It can also be highly useful to sample each lesion or
normal tissue in parallel by allocating part of the same area to be collected fresh in
media such as RPMI, part flash frozen in liquid nitrogen or gradually frozen in
OCT, and part fixed in formalin. Corresponding studies utilizing cell lines or xeno-
grafts, sequencing, and immunohistochemical staining can create synergy, helping
to delineate the “life cycle” of a cancer cell. It is important to have at least one team
member exclusively dedicated to specimen labeling and tracking to facilitate this
important parallel sampling.

Post-case activities usually include the review of all histologic sections of meta-
static samples and normal control tissues and recording the percentage of neoplastic
tissue, viable tumor, and other cells. For specific cases, PowerPoint slides are pre-
pared that summarize the clinical history of the patient, the rapid autopsy findings
with photomicrographs, the analysis of tissue viability, and the timing of tissue
sampling. This material can then be circulated among the members of both the
autopsy and research teams. One month after the autopsy, a joint meeting is held by
the two teams to review rapid autopsy findings, make clinicopathologic correla-
tions, and discuss planning for follow-up genetic and other studies utilizing the
samples.

Tissue Sampling Processes

Experience has shown that contamination by bacteria and fungi can be significant
obstacles to establishment of cell lines and xenografts in postmortem sampling, in
particular because the autopsy suite is not a sterile environment even after standard
disinfection [30]. Of twenty-four rapid autopsies performed by the first author at a
previous institution, the first seven cases proved to have contaminated samples,
mostly by fungal forms. Post collection antibiotics/antifungals in media are helpful;
however, proper sterile technique at the time of the autopsy has been the single most
important factor in avoiding contamination in the experience of many centers. For
this reason, the skin should be either cleaned along the lines of incision with povi-
done-iodine swabs or the body may be sprayed with ethanol. The best practice calls
for full-sized instruments for evisceration, sterilized in a tabletop sterilizer such as
is typically used in a dentist’s office. In addition, rib cutters rather than a rotating
saw are strongly recommended for removing the chest plate, to avoid contamination
of the cavity by bone dust. Blood may be obtained through the femoral vessels or by
opening the pericardium, cleaning the surface of the heart and great vessels with
alcohol, and puncturing the inferior vena cava and ventricles with a 16-gauge needle
and syringe.

The sampling process is generally performed by one or more pathologists or
assistants using disposable sterile blades and forceps (one set per tumor site) with
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care to avoid areas of grossly evident necrosis or hemorrhage and can follow one of
two methods. In the first approach, organs are removed from the body en bloc,
weighed, reviewed systematically for macroscopic evidence of disease, and then
sectioned. The normal tissues and metastatic sites are then dissected and sampled.
Care in selection of lesions is important in that frequently smaller metastases
(2—4 cm) show better viability than larger tumors that often have central necrosis.
Certain centers spray samples with ethanol before putting them in media [19]. In the
second approach, as many lesions as possible are sampled in situ using disposable
sterile instruments after opening of the chest and abdomen with minimal manipula-
tion of the bowel. Samples are placed on a cart covered by a sterile drape, which is
used as a clean working surface for immediate further dissection. The organ block
may then be removed and further dissection carried out to obtain additional lesions
that may be difficult to reach from an anterior approach, such as adrenal gland
metastases. In a protocol first developed at the University of Washington, a hollow
point drill with a sterilizable orthopedic bit may be used to obtain cores from the
axial and appendicular skeleton without disturbing the overall frame of the body [1].
Date of collection, time of processing, and the location of all biological samples
should be recorded on a standard form.

Timing and Processing of Samples

Since their beginning, the overriding organizing principle for all RAPs has been that
the samples or organs must be removed and processed as rapidly as possible. With
this press for “high-quality” tissue comes the need to determine the critical markers
of quality for human postmortem tissue [31]. The postmortem interval (PMI) is
defined as the time elapsing between the time of death and the time the tissue has
been placed in the preservative (either medium for fresh samples, snap freezing in
liquid nitrogen, or fixation in formalin). Depending on the center and the particular
aspects of the case involved, PMI can range between 0.5 and 23 h. Postmortem tis-
sue quality is affected by PMI, premortem (agonal) conditions, and other postmor-
tem factors. Traditionally, a low PMI has been the hallmark of high tissue quality
[32-36].

Though the effect of PMI on sampling outcomes can be highly individualized by
the type of cancer or disease and patient body habitus, some general PMI guidelines
for successful sampling can be gleaned from the literature (see also Chap. 8). As
depicted in Fig. 9.2, fresh samples with living cells are best gathered within 6-8 h
of death. Specimens for RNA and DNA sequencing may be frozen or placed in a
media with stabilizing reagent and are generally best collected within 12 h of death
at most. Histology and immunohistochemistry will still produce good results after
12 h of PMI. The author has had the experience of cell lines growing from a sample
taken after 12 h when the setting (within an area of hemorrhage) was propitious.
Rapid autopsy programs and researchers should discuss together what collections
will be done if circumstances (family concerns, weather, or traffic) extend the post-
mortem interval longer than planned.
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Suggested Postmortem Interval Guidelines for
Effective RAP Tissue Sample Utilization

A 4

Fresh - Cell lines, Xenografting

v

Frozen - Molecular analyses

v

Formalin fixation — Histology, Immunohistochemistry
Fig.9.2 Suggested postmortem interval guidelines for effective RAP tissue sample utilization

Specimens for cell cultures and xenografting should be harvested in sterilely tit-
tered Roswell Park Memorial Institute (RPMI) medium, which may have added
antibiotics or antifungals. Some protocols for fresh tissue harvesting require the
tumor tissue be washed in a solution of HBSS or with 5.0% antibiotic/antimycotic
additive [1] or washed in hydrogen peroxide and PBS before being placed in the
medium. Once in appropriate medium and kept at refrigerated temperatures
(35 °F/1.6 °C), specimens may be shipped without compromising the development
of cell lines or patient-derived xenografts. Fresh tissue specimens may also be fro-
zen in optimal cutting temperature (OCT) compound with cryomolds or in dry ice
for later thawing, after which recovered cells are typically still intact.

Normal and malignant tissues are usually collected as frozen tissue for future
molecular studies such as RNA/DNA sequencing or proteomic or metabolomics
studies. Specimens can either be placed in OCT media or snap frozen in liquid
nitrogen in 1.5 ml cryovials or 50 mL tubes, which in both cases are then stored at
—80 °C. Specimens corresponding to those collected in liquid nitrogen are also
fixed in 10% buffered formalin and paraffin embedded. Histologic sections stained
with hematoxylin and eosin can then be prepared and evaluated, especially to ver-
ify the amount of viable neoplastic tissue present in each sample. Usually paraffin
blocks are stored at room temperature in archival files. It is well documented that
storing slides at room temperature is detrimental for antibody immunoreactivity
for several antigens [37—40] compared with leaving the tissue in the paraffin blocks
and storing them at room temperature. However, studies have shown decreased
staining of at least some immunohistochemistry-based markers related to increased
paraffin block age, as well [41, 42]. Marked reduction in RNA in situ signaling has
been documented after storage of blocks for 5 years and even in some cases after
1 year [40].
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Several techniques have been suggested to preserve reactivity in unstained slides.
One option is to coat slides with paraffin to simulate leaving slides in the protective
confines of the paraffin block [38, 43], though with this approach there is still a
slight decrease in immunoreactivity with paraffin removal. Another suggested tech-
nique is to freeze unstained slides at —20 °C, which has been shown to preserve in
situ hybridization even more effectively than storage within the block [40, 44].
Since additional studies are needed to address whether storing unstained slides or
paraffin blocks at —20 °C can preserve protein immunogenicity most effectively, the
numerous specimens collected in parallel as part of a rapid autopsy protocol offer
great opportunities for further research and evaluation.

Rapid Autopsy Case Illustration

Following is a complete description of a rapid autopsy case at the authors’ institu-
tion, detailing the processes and events before, during, and after the rapid autopsy.
Certain details of the case have been changed to protect patient privacy and enhance
the instructional value provided.

Background

The patient was a 57-year-old man with widely metastatic BRAF wild-type mela-
noma with the cKit L576 mutation. The melanoma was initially diagnosed 4 years
prior to autopsy as an ulcerated lesion on the right cheek which was excised with a
negative sentinel node biopsy. He completed chemotherapy but developed multiple
metastases 2 years later. He was study consented by the rapid autopsy program
director during an outpatient clinic visit after an introduction by his treating clini-
cian. Three months after consenting, he died at his home and was pronounced at
4:00 AM of that day. His legal next of kin signed and faxed the autopsy consent to
the director of the rapid autopsy program by 5:30 AM of that same day. The patient
arrived in the autopsy suite at 8:45 AM, and the autopsy began at 9:00 AM, 5 h after
death. The rapid autopsy was attended by the RAP director (lead pathologist), an
autopsy assistant (diener), a specimen coordinator, one pathology postdoctoral fel-
low, two research associates of the melanoma oncology team, and a dedicated
pathology photographer. The photographer was available because the case took
place during daytime hours; otherwise photographs would have been taken by the
specimen coordinator.

Examination Findings
The external examination was that of a cachectic Caucasian man. After disinfection

of the skin surface with povidone-iodine swabs, a standard Y-shaped incision was
made with a sterile scalpel from the anterior axillary line to the sternum and down
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to the pubic bone. A 10 x 10 x 5 cm dark brown friable mass was found on the
anterior right chest wall extending to the right axilla, eroding through ribs and into
the right upper lobe of the lung (Fig. 9.3a, b). There was an associated 6 x 5 cm area
of small brown nodules studding the pleural surface of the chest wall with paraster-
nal lymphadenopathy. The left lung had a 3 cm dark brown nodule adjacent to the
left upper lobe and adherent to the pulmonary vein, without gross invasion into the
vein. The omentum was caked and adherent to the small intestine and had an 8 cm
solid and cystic dark brown mass abutting the greater curvature of the stomach. In
the left lower quadrant of the abdomen, within the area of omental caking, a
6.5 x 4 cm solid dark brown mass was adherent to the pelvic side wall, the serosa of
colon, and eroding through the small intestine. Further numerous dark brown nod-
ules were present in the omentum, mesentery, and abdominal wall (Fig. 9.3c).

Sampling Procedure

The lead pathologist sampled all readily accessible metastatic sites with sterile scal-
pel and forceps, using fresh instruments for each site. Normal tissue controls were
sampled in situ by the same method. Samples were placed on the dedicated cart
covered by a sterile surgical drape and dissected by the postdoctoral fellow. She
guided the tissue sampling, avoiding macroscopically evident necrotic areas, and

Fig. 9.3 Gross images from rapid autopsy case example. (a) Pigmented right chest wall mass
eroding ribs and spreading to axilla, (b) right upper lobe lung mass, (c¢) pigmented mass in mesen-
tery of small intestine, (d) right adrenal gland entirely replaced by an approximately 9 cm pig-
mented mass
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then distributed minced metastatic tissues to the melanoma oncology team research
associates. Fresh samples for cell culture were taken first with corresponding speci-
mens snap frozen in liquid nitrogen and fixed in 10% neutral buffered formalin for
routine histologic processing. The specimen coordinator recorded all sample loca-
tions and dates and times of collection on specimen tubes and a specimen manifest.
After full in situ sampling including normal tissue controls, all of the organs were
removed from the body en bloc, weighed, and sectioned at every 1-2 cm. The right
lung showed an extension of the dark brown chest mass into the upper lobe. The
stomach contained multiple dark brown nodules, merging to confluence in some
areas and ranging in size from 2 to 5 cm. The mucosa of the small intestine con-
tained five scattered variegated tan brown nodules ranging in size from 1.0 to
4.5 cm. The liver contained multiple variegated to dark brown nodules up to 3 cm in
size, the largest in the lateral right lobe. In the peripancreatic soft tissues, a
5.2 x 1.5 cm mass of lymph nodes was found. The left ureter was encased in a cir-
cumferential brown mass without obstruction or hydronephrosis. The adrenal glands
were bilaterally entirely replaced by numerous variegated pale to dark brown nod-
ules (Fig. 9.3d). The thyroid gland had a 2 cm dark brown nodule in the left inferior
pole. All of the other organs, including the brain and spinal cord, were unremarkable.

Summary of Case

The first research specimens were collected at 9:30 AM and the last at 10:25
AM. Fresh samples were taken from ten malignant sites including the right chest
wall, various liver metastases, right axillary lymph node, lungs, pancreas, stomach,
and abdomen. Ten metastatic sites (liver, peripancreatic soft tissue, lower abdominal
mass, right and left lung, right and left adrenal gland, small intestine, thyroid, stom-
ach) and 11 normal tissues (skin, skeletal muscle, fat, heart, left lung, pancreas,
kidney, liver, spleen, thyroid, and adrenal gland) were sampled, all having tissue
frozen as well as fixed in formalin for paraffin embedding. Fresh samples were also
shipped to a separate research group outside of the institution on the same
afternoon.

Post-Case Activities

The postdoctoral fellow reviewed all histologic sections of metastatic samples and
normal control tissues, recording the percentage of melanoma, viable melanoma,
and viable cells for other tissues. Microscopic evidence of melanoma was found in
the left and right upper lobes of the lungs, gastric mucosa, liver, peripancreatic soft
tissues, omentum, small and large bowel mucosa, left renal ureter, bilateral adrenal
glands, and thyroid. The liver metastases were the most necrotic among all of those
collected. The lead pathologist prepared PowerPoint slides that summarized the
clinical history of the patient, the rapid autopsy findings with photomicrographs, the
analysis of tissue viability, and the timing of tissue sampling. This material was then
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circulated among the members of both the autopsy and melanoma research teams.
One month after the autopsy, a joint meeting was held by the two teams to review
the rapid autopsy findings, make clinical-pathologic correlations, and discuss plan-
ning for follow-up genetic and other studies utilizing the samples. Images of histol-
ogy and growing cell lines (verified to be positive for melanoma markers by flow
cytometry) from the right chest lesion were shared at this meeting (Fig. 9.4).

Value to Patients and Families

Growing numbers of patients with cancer or chronic disease are expressing interest
in donating tissues, organs, or their bodies after death, even independently of clini-
cians or hospice workers’ initial introduction of the topic. Some cancer patients see
this as an opportunity to fulfill commitments as organ donors, and a majority state it
is a way to “give back” to medical research and to the community [45]. In 60

Fig. 9.4 Post rapid autopsy case research images. (a) Right chest wall mass, H&E, 400x. Classic
morphology of melanoma is observed, with atypical nuclei, large nucleoli, and abundant eosino-
philic cytoplasm. Note the good preservation of nuclear membranes and chromatin. (b) A right
chest wall melanoma metastasis obtained approximately 6 h postmortem was enzymatically
digested, and the melanoma cell line “MA2-mel” was established in culture. A photograph was
captured after 44 days and two culture passages. After 30 passages in vitro, MA2-mel maintained
expression of the melanoma-associated antigens tyrosinase and MART-1 and the cell surface chon-
droitin sulfate proteoglycan NG2, by 100% of cells as assessed by flow cytometry. Images courtesy
of Tracee L. McMiller and Suzanne L. Topalian, Johns Hopkins Bloomberg~Kimmel Institute for
Cancer Immunotherapy
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interviews surveying the families of children with cancer, 93% of parents either did
consent or would have consented to a research autopsy, and none thought that the
choice had done harm. They cited learning of medical advances made through
research as a positive contribution which would honor the deceased child.
Interestingly, over half of those sampled cited apparent physician reluctance to
request autopsy as the major barrier to accomplishing postmortem tissue donation
[14]. Many parents have also indicated a desire for more specific information about
the autopsy procedure [46]. Patients and families possess a tremendous altruistic
desire to help others with disease and to advance scientific knowledge [46, 47].
Documentation of the extent of disease can also often help families come to terms
with the death and, frequently, the decision to have placed their loved one on com-
fort measures [48]. It is also important to note that many patients and families desire
some form of public recognition for their contribution and most also express interest
in receiving follow-up information about the results of research [45]. The authors
sponsor a memorial section of the home program website for those families who
wish to participate and have links to research results online as well.

Final Thoughts

Creating, developing, and maintaining a full rapid research autopsy program require
resources, technical skill at several levels, and motivation, but the opportunities it
represents are absolutely unique. It is important to realize that supporting a full-scale
program is not the only way to participate in the collection of postmortem research
tissue. To provide this valuable service to all researchers, patients, and families who
are seeking it will require not only established full service programs at major hospital
and university centers but also innovative solutions such as sample retrieval kits
which can be sent to smaller centers or even private pathology practices.

Rapid autopsy is a thoroughly modern purpose for an otherwise ancient tech-
nique and a chance for the practitioner of autopsy to demonstrate extraordinary
value in a fresh way. While a rapid autopsy supplies tissue for developing new
genomic and proteomic studies, it can and should also fulfill the worthy purposes
that all autopsies can fulfill: those of diagnostic accuracy, education, training, and
information and closure for family members.
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Introduction

The medical literature has forecast the ultimate end of the hospital autopsy numer-
ous times in the past 40 years. The same reasons for its decline are cited repeatedly:
lack of interest by pathologists, confidence in clinical diagnostic acumen, concerns
about litigation, and perhaps most tellingly, lack of reimbursement. Despite these
factors, the hospital autopsy continues to exist and in some settings is actually grow-
ing. The time has come to stop reexamining the past of the autopsy, cease ruminat-
ing on former glories, and look ahead to what hospital autopsy can become. Autopsy
can demonstrate its value in an increasingly outcome-based medical system by
growing and evolving as do all other modalities of diagnostic investigation.
Furthermore, it can become an essential part of cutting-edge molecular research.

What Is Past and What Is to Come

Autopsy Has Been A modality for the elucidation of fundamental principles of
disease.

Autopsy Can Become A continuing and expanding method for discovery of new
disease entities.

The autopsy once was one of the most important means of discovery of the most
fundamental principles of disease development, spread, and treatment. From the
initial human anatomic descriptions by Herophilus in ancient Greece, through
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becoming a key component of medical care with Morgagni during the Renaissance,
the role of the autopsy has continuously evolved and changed. The correlations of
morphologic observations and clinical events by Rokitansky opened the door to
understanding of the multitude of diseases explicated by the autopsy in the twenti-
eth century.

In our modern age of imaging and laboratory testing, however, the autopsy rep-
resents only one relatively non-technological modality for finding and exploring
new pathologic processes. Even in this era, however, the autopsy brings unique
assets to medical investigation. The autopsy provides a holistic view of the patient’s
disease through its comprehensive review of clinical/historical events and its physi-
cal examination (where permitted) of all organ systems. Autopsy brings a
“helicopter-height” perspective which may not be available to caregivers during the
patient’s life, particularly in the current inpatient setting of multiple subspecialty
consultants. Further, autopsy is an ideal tool for recognizing trends across individ-
ual patients and patient populations. For example, autopsy data on the high preva-
lence of incidental prostate cancer in older men played a major role in the recent
discrediting of prostate-specific antigen testing (PSA) as a screening test [1]. This
type of analytical insight does require the ability to compare results across patients,
institutions, and regions, however, and the current divergent methods of performing
and reporting autopsy do not lend themselves to harnessing the powerful data avail-
able in autopsies.

Autopsy Has Been Variably practiced and sporadically used for examination of
diagnostic discrepancies.

Autopsy Can Become Characterized and supported by centers of excellence that
establish national and international standards for diagnostic quality.

For autopsy to act as a genuine measure for quality assurance and quality control,
fundamental changes in its practice may be necessary. Autopsy practitioners must
not only have measures in place for evaluating the quality of their own work but
should proactively pursue opportunities for participation in institutional quality
management. Most programs provide some type of clinicopathologic correlation
within reports, and they may present such findings at conferences; however, the
missing step is ensuring that the data is used for system-wide change. Cases flagged
for diagnostic discrepancies within a laboratory information system (LIS) and ana-
lyzed in conjunction with clinical colleagues should also be passed forward within
the hospital quality management system. Unlike a medical record review alone,
autopsy findings do not depend on input from a care team, and they lend objectivity
to confirmation of diagnoses and discrepancy findings.

To fulfill their function as performance monitors that will encourage intervention
to correct potential problems, autopsies must be performed in a sufficient quantity.
The literature shows that physicians are often unable to accurately predict which
cases will yield unexpected results [2]. Improving Diagnosis in Health Care by the
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Institute of Medicine recently indicated that high-quality autopsies with standard-
ized and easy-to-access data should be a part of data collection to assess current
diagnostic accuracy [3]. The cost-effectiveness of autopsy’s contribution to quality
healthcare should be evaluated at least in part by its long-term and systemic
benefits.

Autopsy Has Been Beautifully written prose descriptions which frequently are
released after the opportunity for true clinical correlation has been lost, and the data
is not retrievable or comparable across institutions.

Autopsy Can Become Prompt synoptic reporting integrated into more compre-
hensive laboratory information systems with data that can be electronically searched,
retrieved, and compared across institutions.

Hill and Anderson’s seminal text The Autopsy and Public Policy contains a price-
less quote describing autopsy reports all too accurately: “every little thing along the
way gets equal attention. And you write it all down in a voluminous report that is
intelligible to very few people other than yourself and you send off 16 or 18 pages...
to the patient’s doctor who has no time to spend...trying to figure out the patholo-
gists’ language” [4]. The autopsy report must evolve for greater readability, with a
focus on conciseness, and be promptly released if it is to demonstrate its value in the
modern healthcare system.

Pre- and postmortem diagnostic discrepancies still exist, with major discrepan-
cies that would have changed care management and perhaps affected survival
persisting at rates of 5-8% [5, 6]. As yet, studies evaluating discrepancy rates are
largely single institution and very often performed within a single medical sub-
specialty. Harnessing the vast stores of data within autopsies on a cross-institu-
tional and national level is a tantalizing idea, but it will require autopsy reports to
be structured with discrete data points that can be digitally retrieved en masse.
Many institutions have created templates for autopsy gross descriptions, but it
would be better still to have an accepted national standard which autopsy services
around the country would utilize. Creativity and flexibility will be needed to
address the question of how to modernize more complex sections of the autopsy
report such as clinical history and diagnoses, but the benefits of standardized
reporting to pathology departments, clinicians, researchers, and society would be
enormous.

Autopsy Has Been An uncredited activity considered to be too costly in terms of
time and money for many practitioners or small institutions to support.

Autopsy Can Become A regionalized activity that consistently demonstrates value
in autopsy, is evaluated as part of pathologists’ workloads, and proves essential to
just and meaningful malpractice litigation.
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Autopsy is not reimbursed by any type of medical insurance in the United
States. This fact has much to do with a lack of enthusiasm for autopsy among
pathologists, particularly those in private practice settings where autopsies are
already relatively rare. The concept of a regionalized center for performance of
autopsy is not new and has been implemented in many academic centers.
Economies of scale will reduce costs for well-equipped regional centers, and
pooling of expertise (and indeed enthusiasm) will increase quality of autopsy per-
formance, reporting, and education. Several authors have proposed models for
evaluating professional autopsy efforts using multiples of the current CPT coding
system and incorporating them into wRVU calculations [7, 8]. However, even
when such work assessments are not tied to any direct billing, the objective docu-
mentation and acknowledgment of work associated with autopsy performance is
useful and will help convey the effort involved in the endeavor. Studies have
shown that malpractice cases in which an autopsy was involved, including those
in which diagnostic discrepancies were identified, do not correlate with unfavor-
able outcomes for the clinicians involved [9]. It is important that every autopsy be
performed with the care and diligence that a pathologist would use in a known
medicolegal case.

Autopsy Has Been Practiced in a traditional fashion with any additional testing
driven by the background, interests, and ideas of individual autopsists.

Autopsy Can Become A flexible and nimble instrument with data-driven and uni-
versally supported protocols for special patient populations.

There are no nationally or internationally agreed-upon autopsy protocols either
for special patient populations (the elderly, obese patients) or for particular disease
processes (sepsis, congenital abnormalities). It is important for pathologists to be
aware of the spectrum of findings in patients with disorders such as anorexia, buli-
mia, or anabolic steroid use as autopsy results and population findings in these dis-
orders can influence public policy. Also, the collection and storage of ancillary
testing specimens such as blood and tissue cultures, body fluids, and frozen tissue
differ widely among institutions and regions.

Partly due to a lack of standardization in the performance of the autopsy itself,
there is a paucity of data from which to draw conclusions about what specimens
should be taken, at what time point, and in which patients. In keeping with the
usual apprenticeship model of teaching, autopsy practice is largely a matter of
the past experience, preferences, and interests of the individual practitioner. If
truly data-driven retrospective studies prove too cumbersome to conduct, at least
a pooling of collective experience to develop accepted standards is definitely
needed.

Autopsy Has Been Iconoclastically taught by attending pathologists with varying
degrees of investment in its principles, ideas, practices, and applications.
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Autopsy Can Become Standardized applied learning of the integration of clinical,
physical, and laboratory data and the teaching of principles of diagnosis and tissue
handling applicable across pathologic specialties.

Autopsy teaching has historically been conducted by the apprenticeship model,
but with numbers of cases decreasing and experienced mentors in shorter supply,
this method is showing its flaws. The Association of Pathology Chairs Autopsy
Working Group survey demonstrated that many programs currently have no Autopsy
Service Director, and for others, there is little to no communication between the
Autopsy Service Director and the Residency Director regarding fulfillment of pro-
gram educational objectives. Genuine and systemic documentation of the compe-
tency of learners is needed. The concept of Entrustable Professional Activities
(EPAs) is one alternative that has been considered. Although there has been much
discussion about reducing the current required number of 50 autopsies for pathol-
ogy residents, a majority of Autopsy Program Directors surveyed opined that the
number was either “about right” or too few [10]. The Working Group also con-
cluded that training must be improved and better standardization achieved before
any consideration of reducing required autopsy numbers can be considered.

It is important to note that autopsy rotations teach far more than simply technical
competency in anatomic dissection. Autopsy provides opportunities for holistic
review of patient history, complex interpretation of clinician and family communi-
cation, decision-making regarding laboratory testing and consultation, and synthe-
sis of all of these inputs into a comprehensive report. The skills it imparts will be
highly useful and foundational even to a resident who never performs another
autopsy after training.

Autopsy Has Been A method for discovery and explanation of the effects of crimi-
nal activity and an aid to its prosecution.

Autopsy Can Become A tool that uses sophisticated technology to help set public
policy for wide-reaching disease and social epidemics.

Autopsy has developed through history not only as a method of medical dis-
covery but as a tool for criminal investigation. In the modern world, forensic
pathologists collect evidence, provide professional opinions and insights, inter-
pret observations, and testify in criminal cases, but they can also fulfill wide-
ranging general health functions such as identifying public health hazards,
recognizing disease outbreaks, and monitoring for bioterrorism. It is worth not-
ing that only about half of the US population resides in geographic areas covered
by a Medical Examiner Office, with the other half living in areas covered by
appointed or elected Coroners who are not necessarily medically trained. Systems
vary even more widely internationally. The opioid crisis in particular has high-
lighted the fact that the forensic pathology specialty is chronically understaffed
and underfunded.
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The Consortium of Forensic Science Organizations (CFSO) is advocating for
multiple measures including mandatory accreditation for ME/C offices, a federal
office of forensic medicine, model state legislation for the establishment of medical
examiner offices, and funding for operations, training, and research. With this type
of support, medical examiner offices would be able to take advantage of technolo-
gies such as advanced imaging (CT or MRI), genetic testing, and proteomic analy-
sis. Medical examiner roles could then also expand to encompass greater roles in
public health, forensic medicine for the living, and biomedical research.

Autopsy Has Been Involved in retrospective and observational research resulting
in a decline in numbers and impact of publications within the field.

Autopsy Can Become An integral part of clinical trials and cutting-edge cancer
and other disease research and essential to the role of discovery in an era of systemic
and heterogenous disease.

Autopsies are now being performed on an urgent basis to collect tumor and other
tissues for researchers. Rapid autopsies, as they are called, can provide tissue speci-
mens in large volumes and can sample across numerous anatomic sites simultane-
ously. Rapid autopsies also yield samples at a point in the patient’s treatment course
when it is usually impossible to obtain tissue for research due to the acuity of illness
and invasiveness of biopsy or resection procedures. These autopsy specimens can
also be compared with samples from earlier in the disease course. Autopsy speci-
mens have proven capable of producing living cell lines and xenograft specimens
and have yielded genetic sequencing and other study data. Studies utilizing rapid
autopsy have led to the discovery of new genes associated with prostate cancer,
characterized the pancreatic cancer exome, and supported the first profiling of the
human proteome [11-13].

Most rapid research autopsy programs in the United States and internationally
are associated with large academic centers. Key factors for development of a pro-
gram include clearly delineating the scope of and relationship of the program with
researchers, identifying participants, and arranging for logistics of death notifica-
tion and transport. It is extremely important to have proper consenting for use of
study tissue as well as for the autopsy procedure itself. The adherence to best col-
lection practices during the autopsy can make the difference between usable and
non-usable samples. Rapid autopsy represents a valued contribution by patients and
families and an extraordinary avenue for autopsy to fulfill a new purpose.

Into the Twenty-First Century

Autopsy is enjoying an unusual moment in the public spotlight, thanks to its por-
trayal on television and other media. There is in some senses a greater interest in
bringing the autopsy forward among the lay public than there is among medical
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professionals. Carrying the autopsy into the future will require constant education
and demonstration of value to clinical and pathology colleagues. Autopsy practitio-
ners must seek out and welcome new roles in informing public policy, contributing
to patient safety, and embracing research and participation in clinical trials. If the
autopsy can grow and change, mirroring broader transformations in the practice of
pathology, science, and medicine, it can compete on its own merits. As with other
medical subspecialties, the time may have come for an international consensus con-
ference to set universally agreed-upon standards for the practice, reporting, and
teaching of the autopsy.

The editors sincerely hope this book imparts knowledge, helps improve skills,
and provides the inspiration needed for the autopsy to reassert its vital presence at
the heart of medicine for the twenty-first century and beyond. The fate of this invalu-
able asset to clinical care, education, public policy, and research is up to all of us.
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