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Original research in pathology:
judgment, or evidence-based medicine?
James M Crawford

Pathology is both a medical specialty and an investigative scientific discipline, concerned with understanding the
essential nature of human disease. Ultimately, pathology is accountable as well, as measured by the accuracy of our
diagnoses and the resultant patient care outcomes. As such, we must consider the evidence base underlying our
practices. Within the realm of Laboratory Medicine, extensive attention has been given to testing accuracy and precision.
Critical examination of the evidence base supporting the clinical use of specific laboratory tests or technologies is a
separate endeavor, to which specific attention must be given. In the case of anatomic pathology and more specifically
surgical pathology, the expertise required to render a diagnosis is derived foremost from experience, both personal and
literature-based. In the first instance, knowledge of the linkage between one’s own diagnoses and individual patient
outcomes is required, to validate the role of one’s own interpretations in the clinical course of patients. Experience comes
from seeing this linkage first hand, from which hopefully comes wisdom and, ultimately, good clinical judgment. In the
second instance, reading the literature and learning from experts is required. Only a minority of the relevant literature is
published in pathology journals to which one may subscribe. A substantial portion of major papers relevant to the
practice of anatomic pathology are published in collateral clinical specialty journals devoted to specific disease areas
or organs. Active effort is therefore required to seek out the literature beyond the domain of pathology journals. In
examining the published literature, the essential question then becomes: Does the practice of anatomic pathology fulfill
the tenets of ‘evidence-based medicine’ (EBM)? If the pinnacle of EBM is ‘systematic review of randomized clinical trials,
with or without meta-analysis’, then anatomic pathology falls far short. Our published literature is largely observational in
nature, with reports of case series (with or without statistical analysis) constituting the majority of our ‘evidence base’.
Moreover, anatomic pathology is subject to ‘interobserver variation’, and potentially to ‘error’. Taken further, individual
interpretation of tissue samples is not an objective endeavor, and it is not easy to fulfill the role of a ‘gold standard’. Both
for rendering of an overall interpretation, and for providing the semi-quantitative and quantitative numerical ‘scores’
which support evidence-based clinical treatment algorithms, the Pathologist has to exercise a high level of interpretive
judgment. Nevertheless, the contribution of anatomic pathology to ‘EBM’ is remarkably strong. To the extent that our
judgmental interpretations become data, our tissue interpretations become the arbiters of patient care management
decisions. In a more global sense, we support highly successful cancer screening programs, and play critical roles in the
multidisciplinary management of complex patients. The true error is for the clinical practitioners of ‘EBM’ to forget the
contribution to the supporting evidence base of the physicians that are Anatomic Pathologists. Finally, the academic
productivity of pathology faculty who operate in the clinical realm must be considered. A survey of six North American
academic pathology departments reveals that 26% of all papers published in 2005 came from ‘unfunded’ clinical faculty.
While it is likely that their academic productivity is lower than that of ‘funded’ research faculty, the contribution of
clinical faculty to the knowledge base for the practice of modern medicine, and to the academic reputation of the
department, must not be overlooked. The ability of clinical faculty in academic departments of pathology to pursue
original scholarship must be supported if our specialty is to retain its preeminence as an investigative scientific discipline
in the age of EBM.
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‘Pathology’ is the medical specialty concerned with the
essential nature of disease, practiced by trained physicians for
the benefit of patient care. ‘Pathology’ also is a scientific
discipline, since the very process of understanding human
disease is a scientific endeavor. However, defining the ‘dis-
cipline’ of pathology is problematic, since investigation of
human disease spans all the scientific disciplines of biome-
dical research. Hence, the identity of ‘pathology’ is evanes-
cent. On the one hand, medical students considering
pathology for post-graduate training are given little oppor-
tunity to appreciate what Pathologists actually do—it is only
the fortunate few who can appreciate the extraordinarily
fulfilling nature of a potential career in the specialty of
pathology. On the other hand, academic departments of
pathology have to be all things to all people, owing both to
the need to provide outstanding diagnostic expertise for all of
the practicing clinical specialties and subspecialties, and to
the need to have robust research programming in some or
many realms of disease pathobiology. Further, one can
wonder how ‘specialty’ and ‘discipline’ knit together into the
concept of pathology as a ‘profession’. A profession is an
occupation that requires extensive training, the study and
mastery of specialized knowledge, and usually has an ethical
code and process of certification or licensing. Corollaries are
that one has to swear an oath to uphold the ethics of the
profession, and ‘profess’ to a higher standard of account-
ability. To the extent that accountability ultimately is mea-
sured on the basis of patient outcomes, the ‘profession’ of
pathology is subject to consideration of the evidence base
underlying our practices.

From a historical perspective, what we might call ‘pa-
thology’ emerged early in the practice of medicine. The
technology of ancient times was straightforward, as ex-
emplified by Hippocrates: the taking of a medical history and
a bedside examination. A significant innovation in that era
was examination of the urine. The dawn of rigorous medical
science began with systematic dissection of the human body,
beginning with Galen (129–200 AD). After a prolonged
hiatus through medieval times, the Italian anatomists of the
15th century laid the groundwork for the publication in 1543
by Vesalius of the first books of morbid anatomy, De humani
corporis fabrica libri septem (‘The Seven Books on the
Structure of the Human Body’). Robert Hooke was the first
to use the word ‘cell’ to name the small cavities in the
honeycomb, in his 1665 book Micrographia (‘Small Draw-
ings’). This work was soon followed by Malpighi’s De vis-
cerum structura exercitatio (1666), which essentially founded
the fields of histology and microscopic anatomy, and Van
Leeuwenhoek’s remarkable advances in construction of
microscopes, enabling his extensive studies of ‘animalcules’
(single-celled organisms) by 1675. Giovanni Morgagni of
Padua published in 1761 the great work De sedibus et causis
morborum (‘On the sites and Causes of Diseases’), followed
ultimately by Rudolf Virchow’s landmark publication in 1858
of Die Cellular-pathologie, which conceived of the cell as the

center of all pathological changes. In the decades that
followed, especially in Europe, the role of the Anatomic
Pathologist as the final arbiter in human disease became well
established.

The dawn of the 20th century saw an increasing role for
the clinical laboratory in patient care world-wide, over-and-
above the utilization of the microscope. By the early 1920s,
physicians practicing in the clinical laboratories of the day
recognized the need for elevation of this activity to full
professional status, and in 1926 the American College of
Surgeons revised its minimum standards for hospitals to
require that ‘clinical laboratories be under the direction of
MD physicians with special training in clinical pathology,
with all tissue removed at operations to be examined in the
laboratory and reports rendered thereon.’ The American
Board of Pathology was instituted in 1936. Finally, in 1943
‘pathology’ was recognized as the ‘practice of medicine’ by
the House of Delegates of the American Medical Association.

Yet even the great Virchow was subject to error (whether it
was sampling or interpretive error is a matter of speculation).
In one of the most vituperative medical quarrels between
opposing treating physicians in history,1 the crown prince
Frederick (1831–1888), son of William I, Emperor of Ger-
many, fell ill with laryngeal hoarseness in January 1887.
Although a laryngeal cancer was suspected from the outset,
initial biopsies sent to Virchow for interpretation were either
insufficient for diagnosis or interpreted as pachydermia ver-
racosa (throat wart). Subsequent biopsies were necrotic or
too purulent for diagnosis, despite overwhelming clinical
evidence that the laryngeal process was malignant. Failure to
obtain an anatomic diagnosis of malignancy, per Virchow,
immobilized the clinical treatment team. Only when Fre-
derick was in extremis (February 1888) did laryngeal biopsy
finally reveal the ‘little bodies that brought it all about’ (to
quote his son, the future Kaiser Wilhelm II).

Although Virchow’s reputation appears to have been un-
harmed, this episode was illustrative of the potentially shaky
status that pathology holds as the diagnostic bedrock for
patient care. In this Editorial Perspective, consideration will
be given to a number of pertinent issues, focusing primarily
on the role of anatomic pathology. First, on what basis are
diagnostic assessments made in anatomic pathology? Second,
does this diagnostic exercise fulfill the requirements for EBM?
Third, how well does anatomic pathology serve as a ‘gold
standard’ for research being conducted on human tissues?
Lastly, what is the academic productivity of pathology
scholars who, operating in the clinical realm, are given op-
portunity to publish their original findings?

THE BASIS OF DIAGNOSIS IN ANATOMIC PATHOLOGY
My first encounter with the diagnostic process in surgical
pathology was on my second day of residency (1982), when
my confident diagnosis of ‘axillary lymph nodes positive
for metastatic breast carcinoma’ was countermanded by
the attending pathologist: I was simply observing ‘sinus

www.laboratoryinvestigation.org | Laboratory Investigation | Volume 87 February 2007 105

PERSPECTIVE Original research in pathology

JM Crawford



histiocytosis’ in the lymph nodes. My silent indignant
reaction was, ‘On what basis do you know that you are right,
and I am wrong?’ Put differently, how can it be that mor-
phologic examination of devitalized human tissue that has
been fixed in formalin, dehydrated and permeated with
paraffin, sliced thinly and stained with biblical era colorizing
agents (hematoxylin & eosin), covered in glue and sand-
wiched between glass, has any bearing on clinical manage-
ment decisions made for the living patient? Potential answers
include, ‘Because I am the authority here’, or ‘My experience’,
or ‘This is what I was taught’, or ‘This is what the recent
literature indicates’, or even ‘This is what is required for sy-
noptic reporting.’ Then and now (24 years later), I am forced
to conclude that, ultimately, it is the experience base of over a
century-and-a-half of cellular Pathologists that enables us to
have credibility in dictating the fortunes (and misfortunes) of
living patients.

The question then immediately arises: how is this experi-
ence-base established, and what credibility does it have? In a
2006 Lab Invest editorial,2 I asked this specific question for
human liver biopsy interpretation. The methodology was to
examine the top 150 most-cited publications in which human
liver pathology was included, either as the primary focus of
the publication or as contributing data. The dates of pub-
lication for these papers were from 1948 to 2003, with a
heavy representation of published papers by the most ho-
nored leaders of our subspecialty. The results were remark-
able: essentially half (48%) of the ‘classics’ in liver pathology
were Case Series, which is the reporting of an assembled
experience. Another 10% were case series that included ad-
ditional research in the basic laboratory, so as to obtain in-
sights into the molecular or structural basis of the disease. An
additional 16% were ‘Position Papers’, either declarative by
authorities in the field, reports by consensus panels, or re-
views. So 3

4 of the most cited papers in the liver pathology
field were published predominantly on the basis of ‘experi-
ence’ or ‘opinion’. Only 26% of these 150 most-cited papers
would qualify for ‘Evidence-Based Medicine (EBM)’ (to be
discussed). These were exclusively within the realm of viral
hepatitis, in which clinical outcomes clearly established that
liver biopsy was a useful diagnostic investigation in the
management of patients with Hepatitis B or C viral infection.

These findings in liver pathology are echoed in a 2005
article by Foucar and Wick3 (actually published in February
2006). These authors performed a pilot observational analysis
of a representative sample of the current pertinent literature
on diagnostic tissue pathology. They show that most of such
publications employ ‘observational’ research designs, most
commonly ‘cross-sectional comparison’. Slightly more than
50% of the anatomic pathology observational studies em-
ployed statistical evaluations to support their final conclu-
sions. Unfortunately, such research designs are not admired
by advocates of EBM, since they are a distant second choice
to ‘experimental’ clinical studies. Foucar and Wick advocate
that the latter posture is unacceptable to pathologists, whose

research advances are currently completely dependent upon
well-conducted observational research. Rather, the challenge
to anatomic pathology is to develop and adhere to standards
for observational research—including the classification of
error in anatomic pathology4—so as to realize the full po-
tential of this time-tested approach for advancing clinical
knowledge.3

So how does one actually become a good diagnostic Sur-
gical Pathologist? At the risk of being pedantic, I consider
that, first and foremost, knowledge of the linkage between the
anatomic pathology data and the patient is required: know-
ing the relationship between the disease process and clinical
outcomes in the living patient. To this is added experience:
seeing this linkage first hand. Wisdom hopefully follows:
learning from experience (the cynic would observe that one is
usually learning from bad experiences, with which I disagree).
This requires communication, most especially validating the
role of one’s own histological interpretations in the clinical
course of the patients one has influenced. Hopefully the final
product is good clinical judgment, upon which weighs heavily
the taking of responsibility for your decision-making. To be a
great surgical pathologist, more extensive knowledge of the
clinical presentations, course, and management of patients is
required, along with authority. The first attribute (clinical
knowledge) is constantly strengthened by obtaining the
clinical information at the time of tissue evaluation: clinical
presentation, clinical findings (including imaging character-
istics), pertinent past and family history; and by constantly
pursuing information about subsequent clinical course.
Participation in multidisciplinary patient care conferences is
a valuable way for pathologists to get feedback about clinical
and therapeutic outcomes which were triggered by the his-
topathological interpretation of tissues. The latter attribute
(authority) is gained especially by contributing new knowl-
edge to the field of surgical pathology on the basis of one’s
own published scholarship.

In assembling knowledge, there is a challenge in finding the
published literature—case series or otherwise. In the liver
pathology field, at least,2 only 16% of the 150 most-cited
papers were published in ‘pathology’ journals; 84% were
published in ‘Clinical’ journals (eg, Gastroenterology, Hepa-
tology, J Hepatology). If this is any reflection of surgical pa-
thology in general, in order to find the most-cited published
papers in surgical pathology, one has to put especial effort
into reading the clinical journals of each related clinical
specialty/subspecialty. One could also read textbooks, espe-
cially on a per case basis, relying upon the experience and
authority of the writer. Very importantly, one can learn from
local colleagues, so as to draw upon the collective expertise
and experience of the local practice group. Fourth, it is worth
taking opportunity to learn from ‘experts’, as at national
meetings and at special courses. ‘Reading the literature’ is a
given, but this is usually for the limited portfolio of journals
to which one subscribes. I also recommend actively seeking
out the published ‘evidence base’ (such as it may be) for the
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major disease categories of one’s practice on a regular, pro-
active basis; ‘Journal Club’ is one such impetus for so doing.
One can seek out informative websites, such as (www.uscap.
org). Lastly, we can now subscribe to ‘push’ electronic ser-
vices, which post to our computer desktop listings of newly
published papers which should be of interest to us. It does
take reading them.

EBM IN ANATOMIC PATHOLOGY
So we come to the essential question: is an Anatomic
Pathologist rendering an ‘expert’ interpretation, or an ‘evi-
dence-based’ interpretation. This begs the question, what is
‘EBM’? A brief history is appropriate.5 In the first half of the
20th century, a fundamental premise of modern medicine
was that ‘Each physician will think the right thoughts and do
the right thing’. To quote Eddy, ‘The idea was that when a
physician is faced with a patient, by some fundamentally
human process called the ‘art of medicine’ or ‘clinical judg-
ment’, the physician would synthesize all of the important
information about the patient, relevant research, and ex-
periences with previous patients to determine the best
course of action’.5 In the published literature and in medical
textbooks, medical knowledge becomes a compendium of
‘ify.then’ statements. As further detailed by Eddy, in 1973,
Wennberg and Gittelson6 documented that there were wide
variations in clinical practice patterns, in the absence of ap-
parent justification for such variations. In the 1980s, a group
of physicians at the RAND Corporation changed the frame of
reference entirely, by reporting that inappropriate medical
procedures were being done by apparently well-informed
physicians, such as the use of coronary angiography.7 This
was paralleled in 1985 by a highly influential Institute of
Medicine report quoting a congressional committee state-
ment that ‘only 15% of medical practices are based on clinical
trial evidence’.8 By the late 1980s, an increasing number of
randomized clinical trials were documenting that certain
current clinical practices were ineffective.

Such discussions made clear the need for more rigorous
study of medical decision making, and the general concepts
underlying EBM were evolving through the 1970s and
1980s.9 David Eddy in 199010 discussed the different methods
for designing clinical practice guidelines: preference-based;
‘global subjective judgment’; consensus; outcomes based, and
evidence based—the first published use of this term. As
summarized by Akobeng in 2005,11 the ‘evidence base’ for the
practice of clinical medicine follows a hierarchy (Figure 1), in
which ‘opinion’, ‘case reports’, and ‘case series’ are at the
bottom. Unfortunately, this is precisely where anatomical
pathology seems to live. At the peak of the pyramid are the
randomized clinical trails, which are assembled into ‘sys-
tematic reviews of randomized clinical trials, with or without
meta-analysis’. Indeed, it is the latter that find their ways into
the lay press, when systematic reviews find that ‘fish oil may
not reduce cancer risk’ or ‘soy has little effect on cholester-
ol’.12 Such lay publicity arises chiefly because the medical

literature has a propensity to publish positive results only,
and not publish negative studies which refute exciting new
clinical findings. It takes ‘systematic reviews’ not only to
authenticate a growing body of positive clinical evidence, but
also to refute nagging reports which won’t go away. The Wall
Street Journal noted that ‘the scientific literature is biased
towards positive results’, and ‘there is need for recognizing
results which run counter to positive results’.13 Two journals
gaining visibility in that regard are the Journal of Spurious
Results and the Journal of Negative Results in Biomedicine.

The founding goal of EBM was to enhance the teaching of
medical residents,5 especially as articulated in 1992 by the
EBM Working Groups.14,15 Although it was David Eddy who
introduced the term, its use was irrevocably altered by a 1996
editorial by David Sackett (Associate Editor of the British
Medical Journal), who stated that EBM is ‘the conscientious,
explicit, and judicious use of current best evidence in making
decisions about the care of individual patients.’16 The practice
of EBM means ‘integrating individual clinical expertise with
the best available external clinical evidence’. The goal was to
improve the quality of patient care through the identification
and promotion of practices that work, and the elimination of
ineffective or harmful ones. This requires clinicians to be
open-minded and to try new methods that are scientifically
proven to be effective, and to discard old methods that are
not. The presumed benefits of EBM are: to help clinicians
deal with ‘information overload’; to reduce inequalities in the
delivery of healthcare (and distribute healthcare resources
more equitably); to help reduce healthcare costs; and to
justify treatment choices to the public. Vociferous criticisms
are that EBM removes the ‘art’ from the practice of medicine.
The rejoinder (articulated by Sackett himself in numerous
follow-up letters) is that external ‘evidence’ is always to be

Systematic
Review of RCTs
with or without 
meta-analysis

RCTs

Cohort Studies

Case-Control Studies

Case Series 

Case Reports 

Opinion

Anatomical
Pathology

Figure 1 Hierarchy of evidence for questions about the effectiveness of an

intervention or treatment. From Akobeng.11 Adapted and reproduced with

permission from the BMJ publishing group. The designation of ‘Anatomical

Pathology’ is added. RCT, randomized clinical trial.
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tempered with internal experience. Eddy also observes that
evidence in support of the practice of EBM still needs to be
developed.15

The practice of EBM would seem to presume that the
practice of medicine is, in fact, a science. Arguably, ‘science’ is
the formulation and attempted falsification of hypotheses
using rigorous and reproducible methods. Applied to Med-
icine, ‘diagnostic inquiry’ is equated with ‘scientific inquiry’,
with the premise that clinical observation is objective—in-
cluding the diagnostic exercise that is anatomical pathology.

But clinical observation is not objective. As articulated by
Trisha Greenhalgh, medicine is an ‘art’ because the ‘truths’
obtained from patient populations (ie, randomized con-
trolled trials) cannot be reconciled with individual patients.17

An ‘evidence base’ cannot substitute for clinical judgment,
since the practicing physician has to interpret the patient’s
‘narrative’ (their clinical course) before it can be placed in the
context of the published literature. She states that the search
for objective truths in a patient is a flight from interpretation,
and is doomed to fail. Put differently, suspension of clinical
judgment is a very bad idea. Genuine evidence-based practice
presupposes an interpretive paradigm in which the patient
experiences illness in a unique and contextual way. It is
therefore the responsibility of the treating physician to
reconcile individual patient ‘narratives’ with the ‘truths’
derived from population-based evidence. This can only be
achieved through the use of clinical judgment.

We now return to anatomical pathology. Although our
practices may be filled with routine diagnostic events, it is
almost guaranteed that, with regularity, we encounter ex-
traordinarily unusual cases. To deal with such a case, one
must: become completely familiar with the clinical narrative;
review the world’s literature; consult with colleagues (be-
ginning with local colleagues, then proceeding to national
authorities and even international, as needed); and then
render one’s interpretation, complete with prognostic im-
plications. Remarkably, one may then have to educate the
clinical treatment teams on what you have actually identified,
beginning with the disease process and moving on to the
implications of the pathology interpretation. This may be
termed ‘gaining a lifetime of experience with one case.’ It is
hard to call this the ‘science’ of medicine. Rather, the pa-
thologist is bringing all available information to bear on this
one case, including most importantly experience. Ironically,
this is much like David Eddy’s description of the practice of
medicine in the pre-‘evidence based’ era.5

Specific interest in the role of EBM in pathology has only
recently awoken. While Laboratory Medicine has long paid
attention to testing accuracy and precision,18–22 only recently
has there been critical examination of the implicit assump-
tion that an evidence-based culture underpins the use of la-
boratory medicine. The results are of concern, since the
evidence base supporting use of a specific laboratory test
procedure or technology in specific clinical situations may be
quite limited or flawed.23,24 Indeed, the failure to demon-

strate the effective utilization of laboratory tests generated
either in the clinical laboratory or in anatomic pathology
puts the profession of pathology at risk of being deemed
outside ‘best practices’, and hence ineligible for reimburse-
ment.25 It is hoped that there will be continued effort to
advance ‘evidence-based laboratory medicine’.26

In the case of anatomic pathology, in 1996 Baker et al27

analyzed anatomic pathology databases to assess autopsy
performance. The 2001 ‘consensus guidelines for the man-
agement of women with cervical cytological abnormalities’28

constitutes a tour-de-force analysis of the evidence base in
support of cervical cytology examination and validated
clinical outcomes. Nevertheless, in 2000 Sirota made clear
that the 1999 Institute of Medicine report on ‘medical error’
should be applied to the practice of pathology.29 Marchevsky
and Wick30 are the first to examine the broader role of EBM
and ‘medical decision analysis’ (whereby mathematical tools
are used to ‘reason with uncertainty’) in the practice of pa-
thology. They noted that pathologists will be well served by
becoming more familiar with the basic concepts of EBM and
how pathology data can be better integrated into formal
medical decision analysis.

The message evidently has been heard. Beginning with
Zarbo and coworkers,31–34 the role of error in the practice of
anatomic pathology on patient management and clinical
outcomes is now being rigorously examined. The entire May
2005 issue of Seminars in Diagnostic Pathology was devoted to
the role of EBM in pathology.3,4,25,35–39 A key point of these
articles is that the practice guidelines of surgical pathologists,
including our most revered classification schemes, are gen-
erally based on ‘expert opinion’, representing the weakest
form of evidence.39

ANATOMIC PATHOLOGY AS A ‘GOLD STANDARD’
At what point does a Pathologist’s ‘interpretation’ become a
datum, to be used as a ‘gold standard’ in the practice of
medicine? At the very least, the difficulties in reproducibility
of histological and cytological diagnoses due to ‘interobserver
variation’ challenge the concept of anatomic pathology as a
gold standard.40–43 In September 2004, I examined the
PubMed citation index for the term ‘interobserver variation’.
Subcategories were ‘yAND pathology’, ‘AND cancer’, and
‘AND pathology AND cancer’. In October 2006, I repeated
this exercise (Figure 2). In each search, the number of cita-
tions increased by 33 to 37%. In other words, the indexed
world’s biomedical literature in ‘interobserver variation’ in-
creased by 1/3 between late 2004 and late 2006! Clearly, we
have a problem. Among observers of the practice of pathol-
ogy, we are viewed not as a ‘gold standard’ but rather as a
‘brass standard’, or a ‘tin standard’.

A second issue arises from the practice of algorithmic
EBM, in which semiquantitative or quantitative scores from
anatomic pathology diagnoses are used to determine treat-
ment interventions—pharmaceutical or surgical. In my ex-
perience (there we go), if the Treating Physician is making
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clinical management decisions based on a numerical ‘score’
from a morphological interpretation of biopsy tissue or an
excised specimen, then the Pathologist is making the clinical
treatment decision. This is based on the premise that the
‘score’ determines the treatment algorithm. The onus is very
much on the Pathologist to know the treatment implications
of their numerical scoring. Interestingly, it is precisely this
arena where liver biopsy interpretation has been validated as
an exercise in EBM. Peter Scheuer published in 1991 a critical
opinion, stating that rigorous scoring of liver biopsies in viral
hepatitis had to be changed, and providing a proposed
scoring system for so doing.44 A rash of echoing papers fol-
lowed (reviewed in 2). Within five years, Poynard concluded
on the basis of metanalysis of randomized clinical trials (the
peak of the ‘EBM’ pyramid) that rigorous semi-quantitative
scoring systems for liver biopsies in viral hepatitis are indeed
valid for clinical management decisions.45

But: a liver biopsy is not uniform. Interpretive judgment
has to be used to ‘score’ the biopsy. Judgment can only be
exercised on the basis of experience. So we are back to ‘ex-
perience’ underlying the ‘evidence base’ in anatomic pa-
thology. Put differently, the Pathologist has remarkable power
in an EBM setting, owing to the lower reproducibility of
morphological evidence (as opposed to quantitative ‘scien-
tific’ observation). Owing to the need for rigor and experi-
ence in the issuance of diagnostic reports, there is very
definitely a role for ‘eminence’ in our field. Hence, no matter
how ‘evidence based’ a clinical:pathologic paradigm for
treatment, the Surgical Pathologist still has to interpret the
histopathology. Judgment and experience remain regardless
of how the objective criteria are to be used. Whether these
issues apply across other anatomic pathology specialties
(including cytopathology) will be left for others to examine.

The vagaries of obtaining rigorous pathology morpholo-
gical interpretation are well documented elsewhere (as dis-
cussed in Marchevsky,25 Raab39). Recent examples
abound,34,46–56 regardless of whether the operative terms are
‘interobserver variation’ or outright ‘error’.57–59 We thus en-
counter a fundamental challenge in the use of morphological

data in EBM. The evidence base in the literature must be
integrated with personal experience and judgment in order to
render a successful morphological interpretation of human
tissue.25 Pathologists may have great difficulty in agreeing
upon such interpretations and may be subject to ‘error’,
particularly in those areas where rigor is needed most, such as
the diagnosis of dysplasia. Nevertheless, such interpretations
are inserted into algorithmic ‘evidence based’ paradigms for
the treatment of patients. A most remarkable event then
occurs: this process actually works! In the many subspecialty
areas of anatomic pathology the rigorous efforts of Pathol-
ogists do indeed promote favorable outcomes in patient care.
Beginning with cervical cytopathology,28 screening programs
for the discovery of cancer at its earliest stages—with the
interpretive expertise of anatomic pathologists prominently
featured—constitute one of the best examples of the practice
of evidence-based medicine over the past several decades.36

Ultimately, it is the integration of the pathologist’s inter-
pretation into the multidisciplinary management of the
patient which promotes optimal patient care.60,67 I should
also note that inclusion of the pathologist as contributing
author on such publications is imperative.

Nevertheless, there are numerous examples in which
practices in anatomic pathology are inadequately supported
by evidence,35 and the rapidly increasing demand for mole-
cular testing of tissue specimens can constitute a dis-
concerting departure from EBM if potential uses have not
been adequately validated.37,61 It is essential that both ana-
tomic pathology and Laboratory Medicine continue to strive
for both the highest standards for practice, and for the rig-
orous data sets that justify (or refute) our practices.33,62,63

THE ACADEMIC PRODUCTIVITY OF PATHOLOGY
SCHOLARS
Returning to the concept that pathology research is all things
to all people, one could argue that ‘pathology research’ has
no specific identity. The ‘investigative pathologist’ is hard to
define, although it is reasonable to state that essentially all of
the vocabulary and much of the intellectual foundation of
modern medicine is derived from research by ‘investigative
pathologists’ in the 19th and 20th centuries.64 In the first half
of the 20th century, pathology played an extraordinary role in
the advances of public health, with success in dealing with
infectious diseases being the salient example. In the second
half of the 20th century, ‘investigative pathologists’ drew ever
increasingly upon the basic science laboratory to gain in-
sights into human disease, with molecular and genetic
medicine figuring ever more prominently. As a result, with
the dawn of the 21st century, the research portfolio of aca-
demic pathology is encyclopedic. Each academic pathology
department in turn must establish their optimal research
portfolio and product, and define what their contribution to
the expanse of medical knowledge should be.

To obtain insight into this issue, a sample of North
American academic pathology departments were examined
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for their output of medical journal publications. Specifically,
the six participating speakers at the summer 2006 meeting of
the Association of Pathology Chairs (see Acknowledgement)
gave permission for a 100% audit of their department’s
published papers for the calendar year 2005. Five of these
departments were in the United States, one in Canada. The
Tomson Science Citation Indexs was searched for publica-
tions from these six departments for calendar year 2005.
Published papers were classified according to whether they
were supported by extramural funding (based on the Ac-
knowledgement) or were ‘unfunded’ and clinical in nature.
For the ‘funded’ papers, the department and institutional
affiliation of the corresponding author (based on the Title
Page) also were identified. Lastly, the journal of publication
was classified as a ‘pathology’ journal, a ‘top general’ journal
(specifically, J Am Med Assoc, J Clin Invest, J Exp Med, Nature,
New Eng J Med, Proc Natl Acad Sci USA, Science), a ‘basic
science’ journal (eg, J Biol Chem, J Immunol, J Virol), or a
‘Disease/Organ’ journal (eg, Gastroenterology, Circulation,
Nephron, Brain, Diabetes).

There were a total of 922 papers published in calendar year
2005 from these six departments; of which 702 (74%) were
supported by extramural funds, and 220 (26%) were ‘un-
funded’ and clinical in nature (Figure 3). For the published
funded research, 323 papers (35% of the 922 total papers)
had a member of the host Department of Pathology as cor-
responding author. On 184 papers (20% of total), a ‘pa-
thology’ faculty member was contributing author for a paper
submitted from the same institution, and for 175 papers
(19% of total) the ‘pathology’ faculty member was a colla-
borator with a different institution. Two conclusions are
drawn. First, funded faculty in these six departments of pa-
thology make a major contribution to the academic pro-
ductivity of each department, with collaborative work
exceeding corresponding authorship. Collaborations are
evenly split between the home institution and an outside
institution. ‘Funded’ papers originating from the host

departments are still impressive in number, constituting 1/3
of the academic productivity of these departments. Based on
2004 data from the Association of American Medical Colleges
(AAMC), 45% of academic Pathology faculty in the US are
classified as ‘clinical’, and 55% as ‘basic’. One might extra-
polate that 55% of the faculty (‘basic’) produce 74% of the
published papers, while 45% of the faculty (‘clinical’) pro-
duce 26% of the published papers.

This leads then to the second conclusion: clinical ‘un-
funded’ faculty constitute 1

4 of the academic productivity of
these departments. This latter fact is neglected with risk, since
the ability of unfunded clinical faculty to pursue scholarship
may have a major impact on the overall productivity—and
reputation—of a department.68

The question then arises of where these papers are pub-
lished. Figure 4 shows the distribution of published papers in
‘pathology’ journals (12%), ‘top general’ journals (4%),
‘basic science’ journals (37%), and ‘disease/organ’ journals
(47%). The favorite journals outside the ‘pathology’ field
were J Immunol (53 papers; 6% of total); J Biol Chem (26
papers; 3% of total); and J Virol (16 papers; 2% of total)—all
classified as ‘basic science’ journals. The ‘disease/organ’
journal distribution was very broad, with only Infection and
Immunity (10 papers; 1% of total) and Diabetes (9 papers,
1% of total) gaining a plurality. In keeping with a 2005 Lab
Invest editorial,65 it is clear that ‘pathology’ faculty seek a
reading public largely outside the pathology literature. This
supports the premise that defining the current identity of
investigative pathology is somewhat difficult.

Among the 28 major ‘pathology’ journals, Table 1 lists the
journal of publication for the 111 papers published therein.
More detailed data for 20 journals are presented, with Am J
Clin Pathol, Am J Pathol, Am J Surg Pathol, Arch Pathol Lab

Pathologist, Clinical
& Unfunded, 26%

Funded, Pathology
Contributor, Same

Institution, 20%

Funded, Pathology
Contributor, Outside

Institution, 19% 

Funded, Pathologist
as Corresponding

Author, 35%

Figure 3 Classification of 2005 publications from six North American

academic Departments of Pathology (five from the United States, one from

Canada), according to funding status (per paper acknowledgement) and

institutional affiliation of corresponding author. Data represent 992

publications.

Disease/Organ
Journals, 47%

Basic Science
Journals, 37%

Top Journals,
General, 4%

Pathology Journals,
12%

Figure 4 Classification of 2005 publications from six North American

academic Departments of Pathology (five from the United States, one from

Canada), according to journal. ‘Pathology Journals’ represent 28 pathology

journals (see Table 1). ‘Top Journals’ refer to: J Am Med Assoc, J Clin Invest, J

Exp Med, Nature, New Eng J Med, Proc Natl Acad Sci USA, and Science. ‘Basic

Science’ journals are classified on the basis of scientific discipline; ‘Disease/

Organ’ journals are classified on the basis of clinical specialty or disease

interest. Data represent 992 publications.
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Med, Mod Pathol, and Lab Invest having eight or more
published papers from the 922 total. Inspection of these 111
papers revealed that 12 of the 12 papers published in Am J
Pathol were extramurally funded research, as were seven of
the eight papers published in Lab Invest (the only ‘unfunded’
paper was the aforementioned Lab Invest editorial; 2). For the
remaining 18 journals in Table 1, only 12 papers were ex-
tramurally funded, and 74 were ‘unfunded’ clinical scholar-
ship. In this case, the 74 ‘unfunded’ clinical papers in
‘pathology’ journals represent 30% of the 240 papers pub-
lished by ‘unfunded’ clinical faculty. Besides this evidence
that clinical ‘pathology’ faculty largely publish outside the
‘pathology’ literature, it is also true that the preponderance of
‘pathology’ journals cater to ‘unfunded’ clinical pathology
faculty.

This exercise has not attempted to determine the impact
(scientific or otherwise) of the published papers. However,
Table 2 continues the exercise of Crawford and Tykocinski in
2005,65 examining the distribution of ‘pathology’ papers

among the eight top Impact Factor journals, the eight top
‘disease/organ’ journals (identified on the basis of the top
journal for each clinical specialty), and the eight top pa-
thology journals, with updated data for the first months of
2006. Table 3 places these three journal groups in perspective
to all journals in the Thomson Science Citation Indexs

portfolio. For the past 3 years, over 95% of some 6000
journals have impact factors between 0.000 and 4.999. Only
two of the 28 ‘pathology’ journals (Am J Pathol, J Pathol) fall
into the top 5% of journals, with 2005 Impact Factors of
5.796 and 6.213, respectively. In aggregate, the Impact Factor
of the eight top ‘pathology’ journals has not changed sub-
stantively since 1995, hovering around 3.6 (data not shown).

This exercise highlights the peculiar place of clinical
scholarship in the practice of pathology. For the most part,
original research in anatomic pathology is ‘observational’.
Nevertheless, such observations constitute bedrock data for
the practice of EBM. This exercise also brings up the issue of
the visibility of the clinical ‘specialty’ of pathology. Pathology

Table 1 Classification of 2005 publications from six North American academic Departments of Pathology (five from the US, one
from Canada), published in 28 pathology journals

Journal No. articles No. ‘funded’ No. ‘clinical’ % Funded % Clinical

Acta Cytol 4 1 3 25 75

Am J Clin Pathol 9 0 9 0 100

Am J Pathol 12 12 0 100 0

Am J Surg Pathol 10 0 10 0 100

Appl ImmunoHx Molec Morph 3 0 3 0 100

Arch Pathol Lab Med 9 0 9 0 100

Clin Chem 3 0 3 0 100

Diagn Cytopathol 3 0 3 0 100

Diagn Molecular Pathol 1 1 0 100 0

Exp Mol Pathol 5 3 2 60 40

Histol Histopathol 1 1 0 100 0

Histopathol 1 0 1 0 100

Human Pathol 5 0 5 0 100

J Clin Pathol 4 1 3 25 75

J Lab Clin Med 1 1 0 100 0

J Mol Diag 4 2 2 50 50

J Neuro Exp Neuropathol 3 1 2 33 67

J Pathol 0 0 0

Lab Invest 8 7 1 88 13

Mod Pathol 10 1 9 10 90

Total (n¼ 28) 111 32 79 29 71

Total (minus Am J Pathol, Lab Invest) 86 12 74 14 86

Total (Am J Pathol, Lab Invest) 20 19 1 95 5

Information is given on funding status (as declared in the paper acknowledgement) for 20 of the 28 journals available for review. Among the published papers
from these six departments, only those published in Am J Pathol and Lab Invest were substantially funded from extramural sources.
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is a small specialty relative to the major clinical specialties. It
is therefore unlikely that there will be global visibility for our
publications in ‘pathology’ journals, since they are directed at
the specific practice of our own profession by said Patholo-
gists. To the extent that our clinical scholarship is directed
towards ‘disease/organ’ journals, our clinical colleagues will
be able to appreciate the impact of our work on their practice
of medicine. The fundamental challenge remains never-
theless: to publish the highest quality original scholarship,
both to enhance our ability to provide outstanding patient
care and, ultimately, to better understand human disease.

CONCLUSION
This perspective has attempted to demonstrate that anatomic
pathology has a unique place in the practice of EBM. On the
one hand, the knowledge base in this specialty is pre-
dominantly observational. Moreover, at this point in time, a
high level of experience and judgment is required on the part
of the contributing pathologists in order to generate rigorous
data from which publications emanate. On the other hand,
there is growing evidence that the data provided by practi-
tioners of anatomic pathology is highly relevant and valuable
to the practice of EBM in the clinical arena. Although there is

Table 2 PubMed search for the term ‘pathology’ (delimited to ‘human’), for the dates 1 January to 15 May 2005 and 1 January to
25 June 2006

Journal Impact factor
2006

Pathology articles
1/1/05 to 5/15/05

Pathology articles
1/1/06 to 6/25/06

Sum 2005 Sum 2006 %a 2005 %b 2006

Annu Rev Immunol 47.400 0 2

New Engl J Med 44.016 0 10

Science 30.927 20 10

Nature 29.273 40 7

Cell 29.431 4 5

JAMA-J Am Med Assoc 23.494 6 11

J Clin Invest 15.053 66 31

J Exp Med 13.965 18 26 154 102 21 13

J Natl Cancer I 15.171 36 11

Neuron 14.304 4 10

Gastroenterology 12.386 48 23

Circulation 11.632 4 57

Mol Cell Proteomics 9.876 1 11

Hepatology 9.792 36 26

Brain 7.535 48 76

J Am Soc Nephrol 7.240 1 18 178 232 24 28

J Pathol 6.213 82 78

Am J Pathol 5.796 63 80

J Neuropath Exp Neur 4.471 34 49

Am J Surg Pathol 4.377 77 90

Brain Pathol 4.041 27 24

Lab Invest 3.859 25 29

Mod Pathol 3.426 59 66 404 478 55 59

Hum Pathol 2.550 38 62

a
Sum for group.
b
Total articles for these 24 journals.

Eight journals each were selected for numeration in descending order for 2006 Impact Factor: the top eight general journals according to Impact Factor; the first
eight journals encountered for any organ or disease category; and the top eight Pathology journals. Both absolute number of published articles with key word
‘pathology’, and percentage of total for these groupings are given. There is relative consistency for the 2 years (2005 and 2006). PubMed (www.pubmed.gov) is a
service of the National Library of Medicine and the National Institutes of Health. Impact Factor is provided by Thomson Science Citation Index Inc.s (http://
portal.isiknowledge.com/portal.cgi).
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substantial concern about the vagaries of ‘error’ and ‘inter-
observer variation’ in anatomic pathology, pathologists ex-
hibit a commendable ability to practice their observational
art with rigor, so as to effect optimal patient outcomes locally
on a case-by-case basis, and to contribute valuable data to the
broader context of EBM trials. It remains to be seen whether
more quantitative technologies for anatomic pathology will
improve upon our time-honored practices. It also remains to
be seen whether evidence bases can be obtained for the ever
increasing introduction of molecular technologies into the
interpretation of tissue samples.

The additional message of this perspective is that the
scholarship emanating from clinical faculty in academic
Departments of Pathology is crucial to the advancement of
EBM. Although the productivity of such faculty may be less
than colleagues with protected ‘research’ time, it is precisely
their scholarship which helps advance clinical science and,
ultimately, the validation (or not) of therapeutic interven-
tions for human disease. If Impact Factor is any reflection of
readership, the publication of clinical scholarship in the
‘pathology’ journals may lead to lower visibility of such
scholarship than might be obtained from publication in
higher impact organ- or disease-based journals. A dilemma
therefore arises, in regards to the visibility of our specialty
and discipline in the broader context of medicine. Whether
the ‘pathology’ journals in specific, and our specialty in
general, can maintain scientific preeminence remains an
important challenge. The ultimate goal remains: to under-
stand human disease for the benefit of mankind.
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