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The history of pericarditis involves the recognition of signs and symptoms detected using the physical examination skills
such as inspection, palpation, percussion, and auscultation. Pericarditis is the term used to describe the spectrum of diseases
that includes acute, subacute, and chronic forms. From 1761 to 1852, physicians were required to use their sense of sight,
identifying abnormalities recognized as the signs of medical eponyms attributed to honor their findings. In this first part of a
three-part series on pericarditis, the signs detected through inspection are described. Through inspection, physicians identified the bulging or retraction of the precordium and epigastrium in patients with pericardial effusion or adherent pericarditis.
Many of these signs were detected, described, and reported in patients with advanced or chronic adherent pericarditis. It is
unknown how useful these signs are in modern-day clinical practice.
Keywords: Pericarditis, eponyms, physical examination, history of medicine

INTRODUCTION
The word pericardium was first named by Galen of Pergamon (c.130–210 AD), and it is derived from the Greek
preposition peri (about or around), and the word kardia (heart) (1). Pericarditis originated from the Greek suffix
–itis, a simple adjectival ending and later the genitive form of the adjective to mean inflammation of the named
organ (1). Pericarditis consists of an acute, recurrent (relapsing), chronic, adherent, and constrictive forms. During
this time period, physicians, if they were to excel in the art of clinical medicine, were required to develop proficiency in diagnosis using the senses of sight, touch, and hearing, which respectively involved the application of
inspection, palpation, and percussion, and auscultation. From these investigations, they identified and reported
signs, which thereafter have been eponymously ascribed to their namesake.
The word inspection is derived from the Old French inspeccion, Latin inspectionem (a looking into), and the pie
root spek (to observe) (2). Inspection is the first of the four basic tenets of the physical examination along with
palpation, percussion, and auscultation, and it involves looking or observing. Covered in this review are eponymic
signs of inspection of the precordium seen in patients with pericarditis. In patients with acute or chronic pericarditis, this involves observing the arterial and jugular venous pulse and shape as well as the strength and contour
of chest and abdominal wall for bulging or retraction. Knowledge of these sign enhances understanding of the
pathophysiology of disease and provides a window into the world of the bedside examination required prior to
the advent of sophisticated diagnostic tests. These findings, depicted as medical eponyms, may impart important
clues for diagnosticians to identify the underlying condition and explain the pathophysiological mechanism of the
disease process.
Our goal in this series of papers on pericardial eponyms of inspection is to provide the reader with a unique and
novel perspective and appreciation of the signs of pericarditis by first providing a synopsis of the physician who
observed the sign; the sign as originally described; and if available, the sensitivity, specificity, and predictive value
of the sign and its application in more modern-day clinical practice. The signs are presented chronologically based
on the year that they were first reported (Table 1).

METHODS
PubMed, Medline, online Internet word searches, and bibliographies from the source text and textbooks sources
were used. PubMed was searched using the Medical Subject Heading of the name of the eponym and text words
associated with the sign.
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Table 1. Inspection and pericardial eponyms signs (1761–1852)
Name

Year

Description of sign

Auenbrugger

1761

Swelling or bulging of the epigastrium.

Significance
Pericardial

			

Effusion

Heim–Kreysig

Adherent

1816

During systole, elevation of the chest wall and simultaneous depression of the left ribs.

			
Sander

1823

Pericardium

During ventricular contraction, the apex rises forward toward the fifth rib and depression at the left

		

ribs at the superior abdominal region. This represents a perpetual movement being of a strong

		

undulating cardiac impulse, most prominent in the epigastrium. During inspiration, the hollow is deeper,

		

but the shock weaker with the converse occurring during expiration.

Hope

Systolic protrusion and retraction of the precordial region

1839

			
Williams

1840

depression of the epigastrium

Bouillaud

Depression of the precordial region

1846
1852

Auenbrugger Sign
Joseph Leopold Edler von Auenbrugger (1722–1809) was born
in Graz, Styria, Austria, and studied medicine at the University of
Vienna (3). In 1751, he served at the Spanish Military Hospital in
Vienna, initially as an assistant and subsequently as a physician (3).
It was in 1754 that Auenbrugger noted differences in sounds by
striking the chest wall (3). He published his observation, methods,
and results of percussion in his book titled Inventum Novum Ex
Percussione Thoracis Humani, Ut Signo Abstrusos Interni Pectoris
Morbos Detegendi (“A New Discovery That Enables the Physician
From the Percussion of the Human Thorax to Detect the Diseases
Hidden Within the Chest”) (4). It is of historical interest that this
finding was initially dismissed and later reviewed by Jean-Nicolas
Corvisart (1755–1821), a French physician who embraced this
technique (3).
In 1761, Auenbrugger described under the twelve observations of
dropsy of the chest in his aforementioned book, subheading XLVI,
“Dropsy of the Pericardium,” his observation of two signs that bear
his namesake:
A swelling is perceived in the praecordia, which can
readily be distinguished by its superior resistance,
from the stomach distended by flatus. (4, p. 401;
emphasis added)
Thus, this sign refers to significant protuberation of the epigastrium in massive pericardial effusion (5). He also described his
observation of a flat percussion sound on the chest in cases of
pericardial effusion:
The sound in the cardiac region, which I have already
stated (III. 2.3.) to be naturally more obscure than
in the other parts of the chest is now as completely
deadened as if the percussion were applied to a fleshy
limb (4, p. 401; emphasis added)

Adherent
Adherent
Pericardium

Systolic retraction and diastolic elevation occurring at the lower half of the sternum

			

Adherent

Pericardium

			
Škoda

Pericardium

Pericardium

Protrusion of the chest wall involving the cartilage of the middle ribs along with a retraction or

		

Adherent

Adherent
Pericardium

This eponym, also named the Auenbrugger sign, refers to the
presence of dullness in Traube’s space due to a large pericardial
effusion caused by the descent of the left lobe of the liver (Table 1)
(6). We are not aware of any studies that evaluated the sensitivity
or specificity of this sign.
Heim–Kreysig Sign
Ernst Ludwig Heim (1747–1834) was born in Solz, Thuringia,
received his doctorate in 1776 at Halle, and conducted his
medical studies at Jena and Leipzig (7–9). In 1776, he served
at Spandau as a government physician of the Havel district
and in 1778 for the region Osthavelland (8,10). In 1780, he
moved to Berlin, achieving the rank of a professor at the university and in 1806 served as senior physician to the Armendirektorium (8). In 1822, he was recognized for his service by
the city of Berlin, being named an honorary citizen (8). He was
also the recipient of the Knight of the Red Eagle Order of the
Third Class by the King of Prussia and of the Nordstern Order
by the King of Sweden (11). In addition to his advocacy in
promoting public health, he was also a botanist with a special
interest in mosses (7).
Friedrich Ludwig Kreysig (1770–1839) was born in Eilenburg and
received his habilitation (medical doctorate) in 1795 at the University of Leipzig (12, 13). In 1801, he was appointed professor of
anatomy and botany in Wittenberg and in 1815 professor of special
pathology and therapy at Medical-Surgical Academy, and Director
of the Medical Clinic (13–15). He served as a foreign member of
the Royal Swedish Academy of Sciences in 1828 (13). His interests were in the areas of botany and diseases of the heart. As such,
he was a founding member of the Society for Nature and Medicine
and a member of the Society of German Scientists and Physicians,
Dresden (16). In addition to the sign which he described with Heim
he was also influential in describing the inflammatory process in
endocarditis (13).
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In 1816, Friedrich Ludwig Kreysig described in his paper titled
“Die Krankheiten des Herzens” (“The Diseases of the Heart”) a
visible and palpatory finding in cases of adherent pericardium:
For there is a violent pounding in the breast, partly
persistent and partly periodic. Instead of what the
writers call palpitations; this knock is outwardly visible, often audible, not infrequently with a hissing
sound at each systole... [b]ut is also distinguished by
visible changes in the thorax, if one exposes it, as
well as by feeling and placing the flat hand on the
lowest part of the breast in the area of the corresponding diaphragm. In fact, in this latter attempt,
especially if the patient is allowed to move back and
forth around the room a few times, the hand gets a
violent shock or a feeling as if it were torn violently
from the corresponding diaphragm. If one looks
at the thorax, one sees that it is not only violently
shaken by every systole of the heart, and, as it were,
is raised upwards, but at the same time one always
notices a deepening under the ribs of the left side,
as it were, a hole in it. The discovery of this latter
circumstance and sign I owe to the keen insight of
the experienced Privy Councilor, Dr. Heim in Berlin.
(17, p. 623; emphasis added).
Thus, the Heim–Kreysig sign refers to the concavity present during
cardiac systole caused by depression of the chest wall in patients
with adherent pericarditis (Table 1). We are unaware of any studies
that evaluated the sensitivity and specificity of this sign.
Sander Sign
James Sander (1777–1843), father of another well-known physician, William Rutherford Sander, was an English physician who
practiced in Edinburgh. James Sander was involved in the early
study of digitalis (18). He was a member of the Medical Society
of Edinburgh and served as a president of the Royal Medical and
Royal Physical Societies of Edinburgh (19, 20). Sander reported
that in the adherent pericardium:
During the simultaneous contraction of the ventricles,
the heart becomes shorter, rounder on its surface, it
narrows to expel the blood. Its apex rises forward
toward the fifth rib, causing the lower part of the
pericardium to rise with the diaphragm and all that
is adherent to it. At the same time a depression under the left ribs of the superior abdominal region is
obstructed. In the following moment, during the simultaneous contraction of the two auricles, the ventricles relax, dilates to receive the blood, the apex of
the heart moves suddenly downwards, and, not having a free space to move in, communicates to the
adherent pericardium, the diaphragm, and to the
other parts, the shock, which becomes sensible to
the exterior by a small elevation which is outlined in
the same place where the depression had formerly
been formed, and which nevertheless extends a little
lower down. Strictly speaking, the depression precedes the shock, since the contraction of the auricles is the beginning of the action of the heart. It is a
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perpetual movement of a very strong undulation, being lower than that which is felt naturally in the region
of the heart. Thus during inspiration and expiration,
the two phenomena are separated in each moment
from the contractions of the auricles and the ventricles; they are united during a single pulsation of the
radial artery; the collapse of this one is isochronous
with the pulsation under the ribs, and the arterial
pulsation with the sagging. During inspiration the
hollow is deeper since the heart opposes the change
of its situation with more force, consequently entailing lowering a greater part of the diaphragm. One
will note moreover, that the shock is less strong since
the adhering parts having moved further away transmit less of the descending movement of the heart to
the outside, and visa versa, during expiration. (21,
pp. 156–157; emphasis added).
Sander believed that he identified a
[m]echanical sign, always produced by the same and
unique cause, a sign which will never deceive, which
will enable us to very easily recognize the adhesion
of the pericardium, even when it is complicated with
other diseases of the heart or chest. (21, p. 157).
Laënnec wrote in his book Traité de l’auscultation médiate et des
maladies des poumons et du cœur (“Treatise of the Diseases of the
Chest and of Mediate Auscultation”):
I have understood than an English physician, Dr.
Sander, has announced as an infallible sign of the
adhesion of the pericardium to the heart, the existence of a hollow, during each systole of the organ,
in the epigastrium, immediately below the left false
ribs. (22, pp. 677–678)
Thus, the Sander sign refers to the presence of a depression occurring under the left ribs in the superior abdominal region and in the
epigastrium during systole in patients with adherent pericardium
(Table 1). We are unaware of any study that evaluated the sensitivity or specificity of this sign.
Hope Sign
James Hope (1801–1841) was born in Stockport, England and received his medical degree from Edinburgh University in 1825 (23).
In 1828 he obtained the College of Physician degree as a licentiate
and in 1831 served as physician to the Marylebone Infirmary (23).
He published the first (English) edition of his critically acclaimed
book A Treatise on the Diseases of the Heart and Great Vessels in
1831, which described his work on heart sounds and murmurs
(24–26). That same year, he was elected fellow of the Royal Society (27). He published another influential book in 1833 titled
Principles and Illustrations of Morbid Anatomy adapted to the Elements of M Andral and to the Cyclopaedia of Practical Medicine
Being a Complete Series of Lithographic Drawings, from Originals
by the Author: with Description and Summary Allusions to Cases,
Symptoms, Treatment, & c. (28, 29). In 1839, he was appointed
full physician at St. George’s Hospital and in 1840 fellow of the
London College of Physicians. James’ father, Thomas Hope, pro-
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vided him with the following words of wisdom that were forever
beholden to him:

other eminent titles including Guoulstonian Lecturer in 1841, Censor in 1846, and Lumleian Lecturer in 1862 (33). In 1839 he was
appointed Professor of Medicine and physician to the University
College, London (33, 34). He served as a president to numerous
societies including the Harveian and Westminster Medical Societies,
Pathological Society of London in 1846, New Sydenham in 1858,
and Royal Medical and Chirurgical Society from 1873 to 1875
(33,34). He also served as Physician Extraordinary to the Queen in
1874 and Consulting Physician for the Hospital of Consumption,
Brompton for which he took part in founding in 1841 (33,35).

First, never keep a patient ill longer than you can
possibly help. Secondly, never take a fee to which
you do not feel yourself to be justly entitled. And
thirdly, always, pray for your patients. A short
time before his death, Dr. Hope said that these
maxims had been the rule of his conduct, and that
he could testify to their success (30, p. 51).
James Hope in his book titled A Treatise on the Diseases of the
Heart and Great Vessels described two signs he believed to be
important to support the diagnosis of adherent pericardium in
rheumatic heart disease:
(1) [t]he heart, though enlarged, and when, therefore, it
ought to beat preternaturally low down in the chest,
beats as high up as natural, and sometimes occasions
a prominence of the cartilages of the left precordial
ribs... We should, indeed, naturally expect that the
adhesion would brace up the organ, and that, when
enlarged and not able to descend, it must, being
bounded behind by the spine, force the walls of the
precordial region forward.
(2) [a]brupt, jogging, or tumbling motion of the heart,
very perceptible in the precordial region with the
cylinder. It is more distinct when the heart is hypertrophous and dilated; and, under these circumstances, I have found the jogs correspond with the
ventricular systole and diastole respectively, that of
the diastole being sometimes nearly as strong as
the other, and having the character of a receding
motion suddenly arrested... This jogging motion is
distinguished from the undulatory movement of fluid
in the pericardium, both by its nature, by the exact
synchronism of the jogs with the sounds, and by
the feeling that the heart, at each systole, comes in
immediate contact with the thoracic walls. I suppose
the double jog to be occasioned by the heart being
bound down to the spine by the adhesion, whence it
is tilted forwards as often as the rounded swell of the
ventricles, both during their systole and their diastole,
meets the resistance of the spinal column. The jogs
would, of course, be increased by hypertrophy, and
also by aortic regurgitation, which imparts abruptness to heart’s action. (31, p. 194; emphasis added)

Williams in his book titled The Pathology and Diagnosis of Disease
of the Chest Compromising a Rational Exposition of their Physical
Signs published in 1840 described the visible and palpatory findings he identified in patients with adherent pericarditis:
But it often happens in case of close adhesions, that
prior to their formation the pericardial sac has adhered in its distended state to the walls of the chest
at the left of the sternum, so that when the heart
also adheres to the sac, it constantly pulsates in
close contact with their walls. This combination of
circumstances gives us very appreciable signs. In the
first place, the motions of the heart may be seen
and felt much more plainly and widely than usual,
drawing in the intercostal spaces at each systole.
Then these motions, instead of being, as usual intercepted by the expansion of the lung in a full inspiration, are always close to the walls of the chest; for
these walls, instead of, as usual rising from the heart
upwards and outward at each inspiration, carry the
heart with them in all their movements. Under these
circumstances, therefore, there will be proportioned
to the adhesion and the size of the heart, a space
in which the pulsation are felt, and the sound on
percussion is always dull in every stage of respiration, and in every posture of the body... When the
heart is thus generally adherent to the pericardium,
and this to the diaphragm and walls of the chest, the
enlargement of the organ, which very commonly ensues, cannot readily take place as usual, downwards,
and to the left; but it proceeds upwards and downwards, carrying with it the wall of the chest, to which
it gives a remarkable projection about the ends and
cartilages of the middle ribs. I have seen this accompanied by a retraction or hollow at the epigastrium.
(36, p. 240; emphasis added)

Thus, the Hope sign refers to the systolic protrusion and retraction
of the anterior chest wall in patients with pericardial adhesions
(Table 1) (32). We are unaware of any studies that evaluated the
sensitivity or specificity of this sign.

Thus, Williams sign refers to the systolic protrusion of the precordium and retraction of the epigastrium in patients with adherent
pericarditis (Table 1). We are unaware of any studies that evaluated
the sensitivity or specificity of this sign.

Williams Sign
Charles James Blasius Williams (1805–1889) was born in the
Hungerford Almshouse, Wiltshire, and received his medical degree
from the University of Edinburgh in 1824 (33). In 1830, he practiced medicine at St. George’s University, London (34). He was
elected fellow of the Royal Society in 1835 and fellow of the Royal
College of Physicians in 1840. In the Royal College, he also served

Bouillaud Sign
Jean-Baptiste Bouillaud (1796–1881) was born in Bragette,
France, and received his medical doctorate in 1823 with the thesis
titled Essai sur le diagnostic des anevrismes de l’aorte et specialement
sur les signes que fournit l’auscultation dans cette maladie (“Test on
the Diagnosis of Aneurysms of the Aorta and Especially on the
Signs That the Auscultation Provides in This Disease”) (37). He
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was elected to the French Academy of Medicine in 1826. He was a
professor of clinical medicine at Hôpital de la Charité and physician
at Hôpital de la Pitie, Paris, in 1831, and in 1848 served as Dean
of the Paris Faculty of Medicine (37,38). He was elected President
of the French Academy of Medicine in 1862, President of the First
International Congress of Medicine in Paris in 1867, Commander
of the Legion d’Honneur and member of the Institut de France in
the section of medicine of the Academie des Sciences in 1868 (39).
Bouillaud made a number of significant contributions to medicine,
particularly in the field of cardiovascular and neurological diseases.
He performed a detailed analysis weighing and measuring hearts,
differentiated different types of valvular heart diseases through auscultation, identified the bruit de diable (venous hum heard over the
right internal jugular vein) and bruit de rappel (false reduplication)
of the second heart sound (open-snap) heard over the apex in patients with mitral stenosis, gallop rhythm, faux pas du coeur (weak
heart beat and absent peripheral pulse), congenital heart disease,
neurologic disease (identified that the speech center is localized in
the anterior lobe of the brain and that the cerebellum is involved in
coordinate movements), and tympanic sound heard on percussing
the chest above the level of a pleural effusion (later reported by and
eponymously named Škoda’s sign) (37,38).
In addition to the signs that bear his namesake, included and discussed are other discoveries in the field of cardiovascular medicine
for which Bouillaud is credited. We included this information not
only because of its historical importance, but also to provide the
reader with an appreciation of the extent and depth of his overall
contribution to medicine–one which may not be well recognized. In
the preface to his book, Traité clinique des maladies du coeur (“Clinical Treatise of Heart Diseases”) published in 1835, he described
and assigned the terms endocardium and endocarditis to the heart
which has also been termed in honor of Bouillaud’s discovery, the
Maladie de Bouillard, by Armand Trousseau, or “Bouillaud’s cardiac sign” (40). Bouillaud assigned a “law of coincidence” which
involved establishing an association between articular disease and
inflammatory involvement of all layers of the heart (pancarditis)
in acute generalized articular rheumatism (rheumatic fever) (41).
Bouillaud reported in a paper titled “De l’oblitération des veines et
de son influence sur la formation des hydropisies partielles: Considérations sur les hydropisies passives et générales” (“Obliteration
of the Veins and Its Influence on the Formation of Partial Dropsy:
Considerations on the Passive and General Dropsy”) the presence
of dropsy (later termed edema) occurring in the lower extremities of
seven patient caused by obliteration of the vein by a fibrinous clot.
In three of these patients, there was tumor identified at autopsy
(42). It is recognized that this report was published over 30 years
prior to the Virchow description and coining of the terms thrombosis and embolism in 1856 and 1860, respectively, and 50 years
prior to Trousseau’s paper on cancer and thrombosis published
in 1873 (43–45). Bouillaud also described a metallic sound heard
over the heart in patients with cardiac hypertrophy, acknowledging Laënnec’s prior discovery (46). Bouillaud in 1846 reported a
method for diagnosing adhesive pericardium:
[i]t is only by means of certain physical signs, so far
neglected, that for some years now we have been
able to establish the diagnosis in several individuals, a diagnosis still rather obscure for us when we
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published the first edition of the “Clinical Treatise
of Heart Diseases.” In six or seven subjects, we have
announced the existence of an intimate and general
adhesion of the pericardium to the following signs: (i)
evident depression of the precordial region, depression which is analogous to that observed in one of the
sides of the chest as a result of pleurisy also terminated
by adhesion. This sort of narrowing of the precordial
region seems to me today a sign of high importance.
If the hand and ear are applied to the precordial region, one recognizes that the heart does not move
as freely as it does in the normal state; its beats are
somewhat impeded and the apex of the heart does
not strike the chest wall as usual with a sharp and distinctive force. (47, pp. 415–416; emphasis added)
Thus, the Bouillaud sign refers to the presence of persistent retraction of the precordium caused by adhesive pericarditis (Table 1)
(5). We are unaware of any studies that evaluated the sensitivity or
specificity of this sign.
Škoda Sign
Josef Škoda (1805–1881) was born in Pilsen, Bohemia (currently
Czech Republic), and received his medical degree from University
of Vienna in 1831. In Vienna, he worked with Karl von Rokitansky’s Pathology–Anatomy Institute, followed by an appointment
as an assistant physician in 1831, full physician in 1841, and in
1846, professor of clinical medicine in the Internal Department of
the K. K. Allgemeines Krankenhaus (General Infirmary) (48). Both
he and Rokitansky were considered the founders of the new Vienna
School of Medicine (48). His primary research interest and studies
were centered around the effects of percussion and auscultation
on physical acoustics that cumulated with the publication of these
findings in 1839 in the book titled Abhandlung über Perkussion
und Auskultation (“Treatise on Percussion and Auscultation”) (49).
In this text, he described the better known percussion tympanic
sound heard above a pleural effusion. In 1846, he was appointed
professor and Chair of Internal Diseases, and in 1849 Vice Dean
of the medical faculty, Vienna Faculty of Medicine (50).
Josef Škoda described three patients with an adherent pericardium
associated with systolic depression and diastolic elevation at the
intercostal spaces to the left of the apical heart beat:
[t]he diagnosis of this abnormal condition was always based on phenomena from which it could be
concluded that during systole the heart does not
move down and to the left, but rather, the apex of
the heart is pulled to the right and upwards... The
apex of the heart does not produce a systolic shock;
one either does not feel at all, or it seems to give
a push during diastole*). At the interscapular spaces
corresponding to the apex of the heart, and at one
or two higher intercostal spaces, depressions become
visible with each systole, where, in addition to the
union of the heart with the pericardium, the pericardial and costal pleura adhere. Without the latter adhesion, a retraction of the left-sided intercostal spaces
does not take place, and in such cases one must try
to recognize the systolic retraction of the apex by the
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sense of touch... The investigation must also be based
on the fact that, at the same time as the systolic retraction of one or more intercostal spaces, the apex
of the heart is now driven against the chest wall. The
systolic retraction of the lower half of the sternum is
a sure sign of the fusion of the heart with the pericardium and fixation of the heart on the spine. (51,
p. 314; emphasis added)
Thus, the Škoda sign refers to an indentation or depression at the
apex or to the left of the heart with systole and elevation at the
same area occurring during diastole (Table 1). We are unaware of
any studies that evaluated the sensitivity or specificity of this sign.

CONCLUSION
Through inspection, physicians during this time period observed
depressions and bulging of the chest and abdominal walls as a
method to detected pericardial effusions and adhesive pericarditis.
To the best of our knowledge, there are no studies that evaluated
the sensitivity or specificity of these signs. Thus, their usefulness
and applicability in modern-day clinical practice is unknown. Furthermore, patients now more commonly present earlier in the
course of this disease, and thus, there are fewer more advanced
cases, making the detection of these sign less likely. Nevertheless,
they are important to appreciate as they reemphasize to clinicians
the skill of inspection or observation as a crucial skill to master
during the initial part of the physical examination.
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