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The information gained through the autopsy
has played an important role in the evolution of
knowledge of human disease. At the time of Sem-
melweiss, bedside symptoms and signs plus post-
mortem examinations were the only investigative
tools available to study and understand the causes
and progression of disease, to assess the efficacy of
therapy and to monitor the quality of medical care.
Feedback provided by postmortem examination was
highly instrumental in the development of physical
diagnosis. The autopsy was virtually the sole means
of classifying disease. In the process, the autopsy
spawned and furthered the development of almost
every contemporary technique for the diagnosis of
disease of which radiology and electrocardiography
are notable examples. Once developed and refined,
such clinical sciences have assumed a direction and
ideology aimed at the living patient and paradoxi-
cally, the contribution of the autopsy to patient care
has steadily diminished. Advances in the clinical sci-
ences have depended more on achievements made in
biologic science and less on necropsy in large part
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because modern biological techniques have not been
employed in postmortem examinations. As a result,
the clinical sciences have been cut loose from the
conceptual base previously provided by information
obtained at autopsy.

The autopsy has provided, and still provides, the
stimulus for many attempts to reproduce disease in
experimental animal models. This approach has be-
come increasingly difficult, however, in the case of
human disease, principally shock. The study of
some pathological states in animal models requires
testing in several species and final confirmation in
man before this knowledge can be applied to living
patients. In our studies the application of cell biology
techniques at autopsy has permitted the generation
of new hypotheses which are more amenable to fur-
ther exploration in experimental models and can be
more precisely related to human disease.

The chief limitation for the interpretation of
observations made in the routine autopsy is caused
by the delay in obtaining tissue following somatic
death. The resultant autolytic changes invalidate most
ultrastructural, biochemical and functional studies.
Investigations utilizing contemporary refined tech-
niques from the experimental laboratories of univer-
sity pathology departments are, however, the very
ones needed to restore the postmortem examination
to a primary role in patient care and in quality con-
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trol of health care. The use of biopsy obviates time
delay. While much valuable information can be and
is obtained from biopsy, there are distinct limitations:
a) The small size of biopsies restricts the number of
analytical techniques that can be applied; b) Often,
medical indications for biopsy do not outweigh the
risks involved for seriously ill patients; c¢) Finally,
the fact that complete organ sampling cannot be
performed make this contribution of limited value
in the study of systemic disease.

A potential limitation in applying an immediate
autopsy technique is the selection of patients for any
contemplated multidisciplinary approach. The volu-
minous data generated by intensive care units have
made valuable contributions to medical knowledge
and patient care, yet little of these data has been
related to phenomena at the tissue and cellular level.
It seems logical then to direct an intensive approach
to this population of patients. Especially needed, we
feel, are morphologic, biochemical and functional
observations on tissues removed immediately after
death in order to correlate them with clinical data.

The initial objective of the immediate autopsy
is directed to the evaluation of cellular and subcellu-
lar changes in major organ systems in cases of shock.
Shock frequently accompanies trauma and consti-
tutes a significant determinant of the posttraumatic
morbidity and mortality, a major cause of death.
Antecedent diseases resulting in shock are legion and
shock is a component of the terminal phase of nu-
merous illnesses of many causes. Morphologic tech-
niques used in the routine autopsy do not permit
separation of the cellular effects of shock from the
effects of certain underlying diseases which cause
shock. For example, in acute myocardial infarction
with cardiogenic shock it is often impossible to dis-
tinguish the extent of primary myocardial injury from
the damage secondary to shock. Although we know
that there are common pathways of cellular reaction
to a diversity of injurious agents, variations exist.
Our studies have demonstrated that a distinction can
be obtained between the effects of antecedent dis-
ease and the effects of shock when precise clinical
data are correlated with ultrastructural, biochemical
and functional assays at immediate autopsy. This
permits better understanding of the cellular shock,
which is of importance in the utilization of autopsy
technique to the study of other diseases. Without
knowledge of the changes resulting from shock, ade-
quate evaluation of autopsy data in other diseases
may be difficult or impossible.
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The Immediate Autopsy Program at the Univer-
sity of Maryland is conducted by the Pathology De-
partment in conjunction with the Maryland Institute
for Emergency Medicine. The primary purpose of the
program is to document and clarify the pathological
changes leading to organ failure in cases of shock
and trauma. This paper demonstrates that tissues
obtained at immediate autopsy yield valid observa-
tions on the pathogenesis of cellular injury in shock.
Methods have been discussed in detail elsewhere (5);
the autopsy procedure, however, will be briefly out-
lined below.

Immediate autopsy is made possible by two
legal instruments existing in the State of Maryland:
a) the Medical Examiners’ Law which charges the
Medical Examiner with the responsibility of deter-
mining the cause of death and investigating medi-
colegal and biological factors in deaths due to vio-
lence, traffic accidents and unexplained natural death;
b) the Anatomical Gift Act, similar to laws enacted
in many states and aimed at obtaining organs for
transplantation, whereby the patient or his next of
kin can give permission for autopsy prior to death.

All the individuals studied include cases of
“brain death” as determined by the Harvard cri-
teria (1). Once somatic death is determined by the
absence of heart beat, pulse and respiration, as well as
an isoelectric EKG, the rapid sampling phase of the
immediate autopsy is begun. The prosector, together
with the ten-member team, does a rapid sampling of
several organs for study by light and electron micros-
copy, immunofluorescence, enzyme histochemistry
and studies of organelles after homogenization and
differential centrifugation. Following the rapid sam-
ple phase, a routine autopsy dissection is performed.

Simultaneously, the intracranial contents are
perfused in situ via polyethylene tubing inserted
through the right common carotid and after ligation
of the three other major cervicocranial arteries. The
fixative is composed primarily of aldehydes.

Concepts of Cell Injury. Since Rudolph Vir-
chow’s famous papers of about one hundred years
ago, we think of disease in terms of cellular changes,
and define disease as the summation of the effects of
injury as well as the responses of cells to injury. In-
jury is defined as an event that alters cellular homeo-
stasis. If the injury is lethal, such as complete ischemia
or anoxia, there will be a reversible phase prior to the
time of cell death. If the blood supply or oxygen are re-
stored during this reversible stage the cell can re-
cover, return to the normal state of homeostasis and
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continue functioning. At some point, however, damage approaches equilibrium with the environment. Thus
becomes irreversible and the cell is said to die; even if there is a reversible and an irreversible phase
the blood supply is restored recovery does not occur. following a lethal injury. Shown in figure 1 are some
Instead, the cell undergoes necrosis and gradually of the key organelle changes which characterize these

<RANGE OF HOMEOSTATIC ADAPTABILITY-]
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Fig. 1—Stages of cell injury. This diagram represents a conceptualization of the results of cell injury. Time is plotted along the abscissa
and the range of homeostatic ability along the ordinate. An injury is applied at the arrow. This injury may be sublethal or acutely
lethal. Lethal injury will be considered first. Curve C represents a homeostatic ability. Recovery can occur, however, if the injurious
stimulus is removed prior to the point of cell death. Such recovery may proceed along the curve C’ or C”. Stages 2 and 3 represent
progressive changes during this period. Stage 2 is characterized by dilatation of the endoplasmic reticulum and slight clumping of the
nuclear chromatin. Some ribosomes may also be detached from the endoplasmic reticulum and the entire cell may be slightly swollen.
Condensing of the mitochondria, additional swelling of the cell and the appearance of blebs along the cell membrane are charac-
teristic of stage 3. After the point of cell death, recovery can not occur even if the injurious stimulus is removed and the cell is said
to enter the phase of necrosis. Stages similar to those in stage 3 occur in stage 4. In stage 4, however, some mitochondria are markedly
swollen, others have portions that are condensed and other portions that are swollen. Stage 5 depicts a typical morphologic picture
of cell necrosis during which the cell undergoes degenerate degradation by autolysis and denaturation. In this and later stages, myelin
figures appear along the cell membrane, intracellular membrane systems are fragmented, interruptions occur in continuity of the
plasma membrane and the mitochondria show high amplitude swelling of the inner compartment with prominent flocculent densities.
Lysosomes are probably beginning to leak at this point although they may still appear intact. In some injuries, the cell is able to adapt
even to the presence of continued injury by attaining some altered steady state. This is depicted as curve B. A common sublethal
adaptation in which numerous secondary lysosomes are filled with digestive debris is represented in stage 2A. Note that incomplete
recovery during the reversible phases after lethal injury might also result in a new steady state depicted by the right-hand limb of
curves C’ and C”. From Trump, B. F., et al. (6). Used by permission.
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to stimulate respiration. With mitochondrial respira-
tion, a downward slope as a function of time depicts
the oxygen consumed. Given the amount of mito-
chondrial protein added, oxygen consumption per
milligram protein can be computed. Normal mito-
chondria exhibit tightly coupled respiration, meaning
that they do not respire in the presence of a sub-
strate like succinate unless ADP is present. In other
words, the rate of respiration is limited either by the
amount of substrates or ADP which is going to be
phosphorylated; addition of mitochondria to the
chamber results in a gradual slope due to endogenous
substrates. When a substrate, for example, succinate,
is added there is only slight respiration, due to the
absence of ADP which is phosphorylated. With addi-
tion of ADP, there is a great increase in the rate of
respiration which continues until completion of the
phosphorylation of the ADP at which point the
slope of oxygen consumption levels off again. By
comparing the phosphorylation slope with the rest-
ing slope, a ratio is obtained which is a measure of
the efficiency of the mitochondria. If the mitochon-
dria are completely damaged, there will be no change
in rate on adding the ADP. If they are normal
mitochondria or normally functioning, the rate will in-
crease three- to ten-fold. Plotting phosphorylation
rate over resting rate is termed the respiratory con-
trol index which is utilized as a measure of mito-
chondrial functional integrity. A P/O ratio or an
ADP/O ratio is computed from the amount of ADP
added, divided by the atoms of oxygen consumed.
When the amount of ATP that formed in the oxygen
electrode per milligram protein in both the liver and
kidney from a series of patients is plotted on a two
dimensional scale, one can discriminate two groups
of patients, one group with head injury which did
not have shock and one group of patients sustaining
shock (fig. 10). In shock, apparently there is a
marked reduction in the ability of mitochondria to
make the ATP; this fact correlates with the mor-
phology of mitochondria studied in plastic embedded
preparations and by light and electron microscopy
(figs. 6, 7). P/O ratios which should be around
2.5-3 for glutamate and about 1.5-2 for succinate,
are significantly reduced in shock (4).

Studies of the Central Nervous System. The
final two cases are examples of the improved results
obtained in the interpretation of microscopic abnor-
malities of the brain whenever intravascular perfu-
sion fixation and electron microscopic methods are
used according to the systems mentioned above. The
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first patient, neurologically normal for 72 years, died
after a prolonged period of marked hypotension with
a ruptured abdominal aneurysm, The second patient,
who had a lengthy history of inappropriate bel-
ligerent behavior, was stabbed and developed sup-
purative peritonitis and pulmonary edema. In both
instances perfusion fixation of the brain was started
about 25 minutes after somatic death.

Fixation of the central nervous system which
allows adequate cytological evaluation is difficult to
accomplish in part due to the relative inaccessibility
of the tissue. In other animals, it has been shown
that handling of the normal brain frequently results
in abnormalities referred to as “dark” neurons (2).
Thus, avoidance of tissue handling before fixation
has distinct advantages in the fixation of neuronal
and glial elements in the human brain. As for the
effects of prolonged death-fixation interval, we have
studied the ultrastructural effects of total ischemia in
feline cerebral cortex and have determined that pro-

RELATIONSHIP BETWEEN FUNCTION
AND MORPHOLOGY
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Fig. 10—Two dimensional scatter plot of morphological changes
in mitochondria compared with ability of the mitochondria to
synthesize ATP in vivo. On the morphological scale, O represents
mitochondria showing normal morphology and 4, mitochondria
with the most advanced changes. One, 2 and 3 are intermediate.
Note that two clusters are formed; the patients dying without
shock have better morphology and higher rates of ATP produc-
tion in contrast to mitochondria from individuals with shock.
+ = succinate with pure head injuries; @ = glutamate with
patients with head injuries without shock; X = succinate
with shock and O = glutamate with shock.
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found structural changes occur after 60 minutes, but
that these may be minimal before 30 minutes (3).

Finally, the improved resolution and, therefore,
information gained through electron microscopy can
also be appreciated by comparing the images ob-
tained after paraffin embedding and processing, Epon
embedding and ultrastructural evaluation. Note that
in this instance electron microscopy not only reveals
alterations invisible in the paraffin-embedded ma-
terial, but also permits separation between two dif-
ferent degrees of circulatory injuries to the brain—
one lasting up to 18 hours before death (figs. 11, 12,
13) and one probably lasting less than one hour
before death (figs. 14, 15, 16).

The application, therefore, of concepts and in-
vestigative techniques generated in research labora-
tories for studying cellular response to injury, pro-
vide powerful methods which will markedly improve
our understanding of human disease. It is possible to
conclude, on the basis of our studies to date, that
human shock has important and often disasterous
effects on cell function level. The cellular pathology
of shock has been a mystery for a long time. The
principle reason for the continuing mystery surround-
ing the pathology of shock is that the changes appear
to be mainly at the organelle level. In the future we
may think of shock more as a mitochondrial, lysoso-
mal or cell membrane disease than as a disease with
primary organ targets.
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