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Eponyms and the Diagnosis of Aortic Regurgitation:
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Background: Chronic aortic regurgitation can lead to significant
morbidity and mortality. For more than a century, numerous eponymous signs of aortic regurgitation have been described in textbooks and the literature.

qualitative review criteria. Data relating to diagnostic accuracy and
properties of the index test were also extracted.

Data Synthesis:

11 textbooks, MEDLINE (1966 through October
2002), and bibliographies of textbooks and relevant papers.

Twelve eponymous signs were described as
having varying degrees of importance by textbook authors. Only
the Austin Flint murmur, the Corrigan pulse, the Duroziez sign,
and the Hill sign had sufficient original literature for detailed
review. Most reports were low quality, with varying sensitivities
for all signs. Except for the Hill sign, specificity tended to be poor.
Evidence for the Hill sign also suggested a correlation between the
popliteal– brachial gradient and aortic regurgitation severity.

Study Selection:

English-language reports that were related to
the properties of a sign on physical examination, incorporated
more than 10 adults, and did not involve prosthetic heart valves or
acute aortic regurgitation.

Conclusions:

Data Extraction: Three investigators independently analyzed
relevant textbook extracts and 27 reports, using predetermined
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CLINICAL SCENARIO
You are presiding over morning report, but the pickings
seem slim. It was a quiet night for the on-call team, and the
only admission was an 82-year-old man with dehydration who
was transferred from a nursing home. His medical history was
significant for hypertension and rheumatic heart disease. On
physical examination, the resident thought he heard an early
diastolic murmur at the aortic area but was unsure of its
significance. He suggests echocardiography for further evaluation. Seizing this teaching opportunity, you lament the sad
state of medical education and clinical practice, in which
thoughtful clinicians have been replaced by “techno-junkies.”
You decry the need for this expensive test and closely question
the residents about the physical findings related to aortic regurgitation, particularly the signs of Hill, Quincke, and Duroziez. To your dismay, you are met with an assortment of
blank stares and shrugs. You reminisce fondly about the good
old days, when hallowed names such as these rolled effortlessly
off the tongues of students, housestaff, and attendings. The
residents interrupt your soliloquy, remarking that they have
never been taught these signs, and ask for literature references
they can review. You pause, realizing that because your knowledge of these signs has come from your mentors and from
personal observation, you have never been compelled to review
the literature. Confident that you will find journals abounding with evidence, you promise to return to a future report
with supporting articles. Energized, you proceed to the library.

tation progresses and patients become symptomatic or develop left ventricular dysfunction, substantial morbidity
can result, with mortality rates similar to those for symptomatic aortic stenosis (1). Recent guidelines from the
American College of Cardiology/American Heart Association emphasize the complementary roles of history, physical examination, and echocardiography in guiding subsequent management of patients with aortic regurgitation
(1). However, the guidelines do not elaborate on the value
of specific physical findings in the clinical assessment. Although an early diastolic murmur is generally felt to be the
quintessential finding of aortic regurgitation (2), for more
than a century a variety of other physical signs known by
eponyms have been proposed as ancillary findings useful in
the diagnosis of aortic regurgitation (3, 4).
To acquire a perspective on the apparent importance
of these eponymous signs to the contemporary diagnosis
and management of aortic regurgitation, we reviewed recent editions of widely used textbooks in the disciplines of
internal medicine (5–7), cardiology (8 –10), and physical
diagnosis (11–15). The texts varied substantially in the
signs mentioned by eponym or description, the clinical
importance attributed to them, and the citation of relevant
evidence. This paper critically examines the peer-reviewed
literature to further explore this variability as well as the
possible role of these signs in the clinical evaluation of
chronic aortic regurgitation.

INTRODUCTION

METHODS

Aortic regurgitation is a common valvular abnormality
that is often well tolerated (1). However, if aortic regurgi-

We used a systematic process to develop a qualitative
estimate of the clinical importance ascribed to each epon-

Purpose: To compare current textbook content with the peerreviewed literature on the eponymous signs of aortic regurgitation
and to assess the role of these signs in clinical practice.
Data Sources:
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Prominent textbook support of the eponymous
signs of aortic regurgitation is not matched by the literature.
Clinicians and educators should update and improve the evidence
for these signs to ensure their relevance in current medical practice.
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Table 1. Eponymous Signs of Aortic Regurgitation: Textbook Content and Reports in the Literature
Sign

Description

Austin Flint murmur

Low-pitched, rough, rumbling murmur that begins in mid-diastole
and terminates at the end of diastole
Increase in manually measured blood pressure of the lower
extremity compared with the upper extremity
Rapidly swelling and falling arterial pulse by palpation
Intermittent to-and-fro femoral artery murmur (occurring in
systole and diastole, respectively) generated by femoral artery
compression
Exaggerated capillary pulsations of the nail beds
Double tone on auscultation with light compression of the
femoral artery
Anteroposterior bobbing of the head
More than a 15–mm Hg decrease in diastolic blood pressure with
arm elevation from the value obtained with the arm in the
standard position
Pulsatile liver
Pulsatile uvula
Accentuated retinal artery pulsations
Pulsatile spleen

Hill sign
Corrigan pulse
Duroziez sign

Quincke sign
Traube sign
de Musset sign
Mayne sign

Rosenbach sign
Mueller sign
Becker sign
Gerhard sign

ymous sign in the 11 textbooks selected for review. First,
the physician member of the investigative team reviewed
each textbook to identify relevant sections. Next, the physician-investigator and the remaining two investigators,
one trained in outcomes research and the other a nonphysician clinician, independently evaluated the selected textbook sections. We developed a standardized protocol to
review descriptive words or phrases to simulate the importance a reader may ascribe to a sign in establishing the
presence or severity of aortic regurgitation. For instance,
signs associated with descriptors such as “often seen” or
“characteristic of” were graded “important.” Signs characterized with descriptors such as “rarely seen” or “useless”
were graded “unimportant.”
We performed a structured search of MEDLINE (1966
through October 2002) for evidence regarding the identified signs, using the following MeSH headings: aortic valve
insufficiency, echocardiography, angiography, eponyms, auscultation or heart auscultation, and physical examination. The
search was limited to English-language reports that studied
humans 19 to 80 years of age or older. A total of 1539 citations was identified. In addition, we used text word combinations representing each eponym as search terms, yielding a further 1711 citations. These 3250 citations were
reviewed by the physician-investigator. When a citation
did not provide sufficient information for determination of
eligibility, a detailed abstract was obtained and reviewed. If
an abstract was unavailable or inconclusive, the entire paper was procured and analyzed. The physician-investigator
hand searched bibliographies of all retrieved papers, as well
as prominent review articles on aortic regurgitation, to locate possible additional reports. Studies that contained analyzable data related to the diagnostic accuracy or prognostic
value of a sign on physical examination, incorporated more
than 10 adults, and did not involve prosthetic heart valves
www.annals.org

Important Mentions/Texts

Literature Reports Meeting
Inclusion Criteria

n/n

n

11/11

12

4/4

7

10/11
7/9

6
5

6/8
4/6

2
2

6/8
0/1

1
1

0/1
3/3
2/2
0/1

1
0
0
0

or acute aortic regurgitation were retained. Twenty-seven
papers met our inclusion criteria; 13 were identified through
MEDLINE, and the remainder were found through the
hand search.
Signs with three or more studies meeting inclusion
criteria were reviewed in depth, and each investigator independently reviewed identified reports to assess study
quality. Criteria for grading (Appendix Table 1, available
at www.annals.org) included elements of study design that
have been empirically shown to be sources of bias (16), as
well as problematic design features that have been cited in
the expert literature (17, 18). Disagreements were resolved
by consensus. Where feasible, sensitivity and specificity estimates were calculated for individual reports.

RESULTS
Table 1 illustrates the identified eponymous signs, the
number of textbooks that mentioned a given sign, our
qualitative estimate of a sign’s importance, and the number
of reports in the literature that met our inclusion criteria.
Four signs—the Austin Flint murmur, the Corrigan pulse,
the Duroziez sign, and the Hill sign—were found to have
sufficient original reports to meet criteria for in-depth review. Evidence for signs with fewer than three published
reports that met our inclusion criteria is presented in
Appendix Table 2, available at www.annals.org.
Austin Flint Murmur
Origin

In 1862, while Austin Flint was professor of medicine
at the New Orleans School of Medicine in Louisiana and
an attending at Charity Hospital, he reported two cases of
aortic regurgitation that also demonstrated a “blubbering
presystolic murmur,” which seemed characteristic of mitral
stenosis (19). However, normal mitral valves and apparatus
6 May 2003 Annals of Internal Medicine Volume 138 • Number 9 737
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were revealed at autopsy. Of interest, although his perspicacious observation led to his name being attached to the
sign, Austin Flint himself was categorically opposed to eponyms. He wrote, “So long as signs are determined from
fancied analogies, and named from these or after the person who describes them, there cannot but be obscurity and
confusion” (20).
Description

The murmur typically begins in mid-diastole, often
has a presystolic accentuation, and terminates at the end of
diastole. It is low-pitched, with a rough and rumbling
quality, and best heard at the apex. An Austin Flint murmur can be deemed present only in the setting of aortic
regurgitation without coexisting mitral stenosis, since the
latter can generate a similar murmur.
Pathophysiology

Austin Flint postulated that regurgitant blood flow in
severe aortic regurgitation impinges on the leaflets of the
mitral valve, leading to a functional stenosis. Diastolic inflow across this narrowed mitral valve orifice generates turbulence that is clinically appreciable as a mid- to late diastolic murmur (19). Later investigations have advanced a
variety of other theories as causes for the murmur, including overlap of aortic regurgitation and mitral inflow jets
(21), fluttering of mitral valve leaflets (22), and left ventricular endocardial vibrations due to the aortic regurgitation jet (23). However, a universally accepted explanation
remains elusive.
Elicitation

The murmur is best heard on auscultation at the apex
by using the bell of the stethoscope, with the patient in the
left lateral position.
Evidence

The Austin Flint murmur was mentioned in each of
the 11 textbooks (5–15), and all mentions were categorized
as important (Table 1). Studies of this sign have focused
more on investigating its mechanism than documenting its
existence or diagnostic accuracy. Twelve studies met our
inclusion criteria (22–33). Three reports (31–33), which

dealt with patients who had both aortic regurgitation and
mitral stenosis, were excluded from further analysis because
an Austin Flint murmur cannot occur in the presence of
mitral stenosis. The remaining 9 studies are detailed in
Appendix Table 2, available at www.annals.org. Only 2
involved more than 35 patients (27, 28). In addition, selection bias was a significant methodologic flaw, since all
studies included only patients with aortic regurgitation.
Failure to blind examiners to the results of reference tests
was a potential source of test review bias in 6 of 9 reports.
Conversely, readers of the reference test were potentially
aware of the index test results in 7 of 9 cases. Different
reference standards were used to establish the diagnosis of
aortic regurgitation, both across and within studies. Earlier
studies frequently used phonocardiography as a reference
standard (22, 24 –27), while later studies largely incorporated angiography or echocardiography (23, 25–30).
There was extreme variation in the reported sensitivity
of the studies (Table 2), from 25% (30) to 100% (24).
Limiting the analysis to patients with known severe aortic
regurgitation yielded sensitivities ranging from 57% (30)
to 100% (24). Low sensitivity, ranging from 0% (30) to
50% (28), was reported among patients with known mild
to moderate disease. Although some researchers have reported specificity for the Austin Flint murmur (30), we
have refrained from doing so. By definition, the murmur
can occur only in the setting of aortic regurgitation; therefore, estimates of specificity are meaningless.
Corrigan Pulse
Origins

Sir Dominic Corrigan wrote the seminal paper on aortic regurgitation in 1832 while at the Jervis Street Hospital
in Dublin, Ireland (20, 34). Corrigan emphasized the visual nature of the pulse (sometimes referred to thereafter as
a Corrigan sign), but the eponym has come to represent
its tactile qualities. Common synonyms include “collapsing
pulse” and “water-hammer pulse.”

Description

This sign is characterized by a rapidly swelling and
falling arterial pulse that is typically appreciated by palpating the radial artery and accentuated by wrist elevation.

Table 2. Specificity and Sensitivity Ranges for Selected Signs*
Sign

Specificity

Sensitivity

%
Austin Flint murmur
Corrigan pulse
Duroziez sign
Hill sign

Not applicable
16
35–100
71–100

25–100
38–95
33–81
0–100

Mild to Moderate AR

Moderately Severe to Severe AR

Indeterminate AR Severity†

Sensitivity

Studies/Patients

Sensitivity

Studies/Patients

Sensitivity

Studies/Patients

%

n/n

%

n/n

%

n/n

0–50
85
0
0–93

4/32
2/41
1/4
3/42

52–100
100
0
75–100

6/90
1/1
1/5
2/14

13–63
38–95
33–81
62–100

4/118
4/294
4/227
4/41

* AR ⫽ aortic regurgitation.
† Severity was categorized as indeterminate when the report provided insufficient information about this variable.
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Pathophysiology

Numerous hypotheses have been advanced over the
past century and a half. A recent investigation found that
patients with aortic regurgitation had increased amplitude
of the pulse, lower mean arterial pressure, and narrower
pulse pressure than normal patients (35). The investigators
concluded that these characteristics reflected an increase in
the compliance of the arterial wall in patients with aortic
regurgitation.
Elicitation

The examiner palpates the patient’s radial artery while
elevating the wrist. If the pulse clearly increases in amplitude, then the sign is present.

Review

tion toward the heart (20). Despite earlier controversy (41),
subsequent investigations support this theory (42– 44).
Elicitation

Duroziez auscultated the femoral artery while applying
digital compression proximal and distal to the stethoscope
(20). Blumgart and Ernstene (42) replaced digital compression with cephalad and caudad tilting of the stethoscope.
Luisada (41) showed that the optimal compressive pressure
needed to successfully evoke a Duroziez sign was about
three quarters of the pulse pressure above the diastolic pressure.
Evidence

Evidence

The Corrigan pulse was mentioned in 11 textbooks
(5–15); 10 of these mentions were categorized as important
(Table 1). Six studies met our inclusion criteria (27, 36 –
40). One study was excluded because it used the presence
of a collapsing pulse as an inclusion criterion (39). The
remaining 5 studies are detailed in Appendix Table 2,
available at www.annals.org. All reports involved more
than 35 patients yet suffered from selection bias. Three
studies were prospective (27, 38, 40), and 1 used blinded
examiners for both index and reference tests (38). Two
studies used angiography as the gold standard (27, 40),
another used echocardiography (38), and a fourth used
autopsy (37). One study did not report a reference standard (36).
Sensitivity ranged widely, from 38% to 95% (27, 36 –
38, 40). One study examined the impact of aortic regurgitation severity on sensitivity (38) and found no significant
effect. It should be noted that this report had a low prevalence of hemodynamically significant aortic regurgitation.
The same study reported specificity, which was extremely
low (16%) among 103 patients (38). Ranges for sensitivity,
stratified by severity of aortic regurgitation, and specificity
are presented in Table 2.
Duroziez Sign
Origin

Paul Duroziez was a noted French physician with a
special interest in the heart. In 1861, the same year he
described the “double intermittent murmur” over the femoral arteries, he also wrote a classic treatise on pure mitral
stenosis (20).

The sign was mentioned in 9 texts (5–10, 12, 13, 15);
7 mentions were classified as important (Table 1). Five
reports met our inclusion criteria (27, 37, 42, 44, 45) (Appendix Table 2, available at www.annals.org). Of these, 3
had sample sizes exceeding 35 patients (27, 37, 42). All
studies suffered from selection bias. Two included patients
without aortic regurgitation (42, 44), and all but 1 study
(37) were prospective. Examiners were blinded to reference
test results in a single study (45). Two studies did not
specify a consistent reference standard (42, 45). Of the 3
remaining studies, 1 used autopsy (37) and 2 used angiography (27, 44).
Sensitivity was highly variable, ranging from 33% to
81% (27, 37, 42, 44, 45). Similar variations were seen in
specificity, from 35% (based on 31 patients) to 100%
(based on only 2 patients). We are unable to comment on
the impact of aortic regurgitation severity on the Duroziez
sign because data were inadequate. Table 2 shows ranges
for sensitivity, stratified by aortic regurgitation severity,
and specificity.
Hill Sign
Origin

Sir Leonard Hill was an English physiologist.
W. Holtzmann, one of his assistants, chanced to observe
that lower-extremity blood pressures in patients with aortic
regurgitation were consistently higher than pressures in the
upper extremity. Hill and colleagues reported these findings in 1909 (46), followed by a similar study of healthy
young men in 1911 (47). This sign is also known as the
popliteal– brachial gradient.

Description

Description

The sign denotes an intermittent to-and-fro femoral
artery murmur (occurring in systole and diastole, respectively) generated by femoral artery compression.

Hill and colleagues described a “marked” increase of
systolic blood pressure in the lower extremity compared
with the upper extremity in patients with aortic regurgitation, without specifying numerical criteria (46). Frank and
coworkers subsequently proposed that the degree of regurgitation is correlated with the increase in the popliteal–
brachial gradient above 20 mm Hg (48). This criterion has
been generally accepted and used in some later studies (45)

Pathophysiology

Duroziez believed the systolic portion of the murmur
was caused by forward flow into the lower extremity and
that the diastolic segment was caused by aortic regurgitawww.annals.org
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and textbook descriptions (5, 6, 10, 14), as well as in this
review.
Pathophysiology

Etiologic investigations have yielded conflicting results. From later studies, it is apparent that there is no true
increase in intra-arterial lower-extremity blood pressures
compared with the upper extremity in patients with aortic
regurgitation (48 –50). The Hill sign, therefore, remains an
unexplained artifact of indirect blood pressure measurement that is consistently more common and pronounced
in patients with aortic regurgitation than in those without.
Elicitation

The blood pressure is manually obtained over the brachial and femoral arteries by using appropriately sized
cuffs, with the patient in the recumbent position. The difference in systolic pressures denotes the gradient.
Evidence

The Hill sign was mentioned in four textbooks (5, 6,
10, 14), and all mentions were classified as important
(Table 1). Seven reports met our inclusion criteria (45– 48,
51–53) (Appendix Table 2, available at www.annals.org).
Only 1 study had more than 35 patients (48). Selection
bias was uniformly present. With the exception of 1 study
that blinded examiners (45), there was no evidence of
blinding to index or reference test results. Five studies did
not specify a reference standard (45– 47, 51, 52). A sixth
study used more than one standard (angiography, phonocardiography) within the cohort (53), and the seventh
study incorporated angiography (48). Reported sensitivity
was extremely variable, ranging from 0% to 100% (45– 48,
51–53). There were 4 reports of specificity, ranging from
71% in 14 patients (52) to 100% in 3 studies with 5, 23,
and 24 patients, respectively (46 – 48).
One study attempted to correlate indirectly measured
popliteal– brachial blood pressure values with angiographic
findings (48). The investigators concluded that the degree
of the popliteal– brachial gradient predicted severity of aortic regurgitation. For patients with more than mild aortic
regurgitation, an increase in popliteal– brachial gradient
above 20 mm Hg had a sensitivity of 89%. However, the
sign did not distinguish between patients with mild aortic
regurgitation and normal persons. This was confirmed by a
later report, which found a sensitivity of 0% for the diagnosis of mild aortic regurgitation in 22 patients (53). The
threshold of 20 mm Hg was used to calculate the sensitivity and specificity estimates in Table 2 and in Appendix
Table 2 (available at www.annals.org).

DISCUSSION
Aortic regurgitation is a chronic valvular disorder that
can lead to substantial morbidity and mortality (1). The
long-term prognosis of chronic aortic regurgitation is
closely linked to the severity of regurgitation and the de740 6 May 2003 Annals of Internal Medicine Volume 138 • Number 9

velopment of left ventricular dysfunction (1). Asymptomatic patients with normal left ventricular function rarely
warrant aortic valve replacement but may benefit from
therapy with vasodilators, such as nifedipine (1, 54, 55).
Aortic valve replacement is usually considered for patients
with severe aortic regurgitation accompanied by significant
symptoms or onset of left ventricular dysfunction (1). It is
therefore vital to determine both the presence and severity
of aortic regurgitation.
The history and physical examination are the first steps
in this process. These assessments can guide the choice of
ancillary tests, such as echocardiography, that may be necessary to reach a diagnostic conclusion with an acceptable
degree of certainty. The key physical finding of aortic regurgitation is an early diastolic murmur. However, this
murmur can be difficult to appreciate (27, 56) and has
poor sensitivity (57–59). In addition, murmur characteristics do not necessarily predict the severity of aortic regurgitation (27, 60). Therefore, consideration of additional
physical findings may be valuable, and textbooks are replete with eponymous signs thought to be associated with
chronic aortic regurgitation. On review of 11 prominent
textbooks, we found 12 such eponymous signs. Although
the textbooks generally supported them (Table 1), evidence was rarely cited. We therefore conducted a systematic review of the literature and found that only the Austin
Flint murmur, the Corrigan pulse, and the signs of Duroziez and Hill had sufficient evidence to meet our criteria
for detailed review.
The papers reviewed varied widely in methods, disease
definitions, and reference standards. In particular, the use
of different reference standards within the same study has
been shown to result in a biased estimate of diagnostic
accuracy (16). Thus, the available data, particularly from
older studies, may not accurately reflect the operating characteristics of these signs in aortic regurgitation.
Reported sensitivities for the four signs reviewed in
detail were highly variable. As discussed previously, specificity was not considered for the Austin Flint murmur. The
Corrigan pulse had extremely low specificity. The Duroziez
sign also had low specificity in the one report of reasonable
size (42). Specificity of the Hill sign seems to be quite good
but is based on four reports with small samples (46 – 48, 52).
Evidence regarding the impact of severity of aortic regurgitation on the manifestation of these signs is similarly
sparse. Several studies included data on patients with varying severity of disease. However, only three studies specifically examined this question (30, 38, 48). The first examined the Austin Flint murmur and found that sensitivity
modestly increased with worsening severity of aortic regurgitation (30). The second studied the Corrigan pulse and
found no association between increasing severity of aortic
regurgitation and sensitivity (38). Finally, a detailed investigation of the Hill sign reported significant correlation
between an increase in the popliteal– brachial gradient and
worsening severity of regurgitation (48). All three studies
www.annals.org
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used the currently accepted reference standards of echocardiography (30, 38) or angiography (48) to determine the
presence and severity of aortic regurgitation.
What do our findings mean? Thoughtful educators
and clinicians should be mindful that, although textbooks
support many of these eponymous signs, there is little evidence in the published literature. This may seem surprising given the longevity of these signs in textbooks and
medical lore. However, variance between textbook recommendations and actual literature is not uncommon with
respect to the clinical manifestations of disease, as highlighted in a recent editorial (61). The reasons for this are
multifactorial and include refinements in the accepted
standards of medical evidence, changes in patient populations and disease characteristics, a shift from meticulous
physical examination to a greater reliance on technology,
and the difficulty of obtaining funding for research to perform primary studies focusing on the physical examination
(62– 66). Therefore, the absence of evidence to support
these signs does not mean that they are without merit.
Instead, it attests to the need to rejuvenate the overall literature on the physical examination and attune it to the
21st century. Such an effort would be of value not only to
the profession but also to patients because it could potentially reduce the need for expensive and time-consuming
ancillary tests.
Our report has limitations. First, the textbooks reviewed to provide an estimate of the current popularity of
the signs of aortic regurgitation were works prominent in
the United States. Despite the broad international readerships of the works selected, texts that are influential in
other parts of the world may have been excluded. Second,
our qualitative estimate of textbook content may not accurately represent the attitudes of the medical profession at
large. However, textbooks are widely used as fundamental
reference sources for physical diagnosis and generally represent an accepted synthesis of expert opinion. Third, our
literature review was confined to reports in English, leading
to the potential omission of relevant reports in other languages. To minimize the effect of this possible bias, we also
reviewed citations of non–English-language reports in our
MEDLINE text word search and did not identify any of
potential significance. Finally, although summary estimates
of diagnostic accuracy for these signs would have been desirable, the heterogeneity among studies precluded such
calculations.
Much like the attending physician in our clinical scenario, those who have long embraced time-honored components of the physical examination may be challenged to
reexamine their place in contemporary teaching and practice. Such challenges should prompt neither a reflexive defense nor an apologetic retreat. Rather, they should inspire
clinicians and educators who value the physical examination to redouble their efforts to update and improve the
evidence so the physical examination can earn a more substantial place in current medical practice. If celebrated elewww.annals.org
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ments of the physical examination such as the eponymous
signs of aortic regurgitation are to prosper in the clinical
lexicon, they will need the support not only of tradition
but also of science.
From St. Louis Veterans Administration Medical Center, St. Louis University School of Medicine, and Washington University School of Medicine, St. Louis, Missouri.
Disclaimer: The opinions expressed in this article are those of the au-

thors and do not necessarily reflect the views of the Veterans Administration or the authors’ academic institutions.
Acknowledgments: The authors thank Ann Repetto, MA, MMS,
Annette Brown, and John Chesmelewski, MLS, of the St. Louis Veterans
Administration Library Service for assistance in literature retrieval.
Potential Financial Conflicts of Interest: None disclosed.
Requests for Single Reprints: Ajit N. Babu, MBBS, MPH, St. Louis

Veterans Administration Medical Center, 915 North Grand Boulevard,
St. Louis, MO 63106; e-mail, ajitbabu@hotmail.com.
Current author addresses are available at www.annals.org.

References
1. Bonow RO, Carabello B, de Leon AC Jr, Edmunds LH Jr, Fedderly BJ,
Freed MD, et al. Guidelines for the management of patients with valvular heart
disease: executive summary. A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Committee on
Management of Patients with Valvular Heart Disease). Circulation. 1998;98:
1949-84. [PMID: 9799219]
2. Choudhry NK, Etchells EE. The rational clinical examination. Does this
patient have aortic regurgitation? JAMA. 1999;281:2231-8. [PMID: 10376577]
3. Carabello BA, Crawford FA Jr. Valvular heart disease. N Engl J Med. 1997;
337:32-41. [PMID: 9203430]
4. Cheitlin MD. Surgery for chronic aortic regurgitation: when should it be
considered? Am Fam Physician. 2001;64:1709-14. [PMID: 11759077]
5. Cecil RL, Goldman L, Bennett JC. Cecil Textbook of Medicine. 21st ed.
Philadelphia: WB Saunders; 2000.
6. Harrison TR, Braunwald E. Harrison’s Principles of Internal Medicine. 15th
ed. New York: McGraw-Hill; 2001.
7. Humes HD. Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia:
Lippincott Williams & Wilkins; 2000.
8. Constant J. Bedside Cardiology. 5th ed. Philadelphia: Lippincott Williams &
Wilkins; 1999.
9. Fuster V. Hurst’s The Heart. 10th ed. New York: McGraw-Hill; 2001.
10. Braunwald E, Zipes DP, Libby P. Heart Disease: A Textbook of Cardiovascular Medicine. 6th ed. Philadelphia: WB Saunders; 2001.
11. Bickley LS, Hoekelman RA, Bates B. Bates’ Guide to Physical Examination
and History Taking. 7th ed. Philadelphia: Lippincott Williams & Wilkins; 1999.
12. DeGowin RL, Brown DD. DeGowin’s Diagnostic Examination. 7th ed.
New York: McGraw-Hill; 2000.
13. Orient JM, Sapira JD. Sapira’s Art & Science of Bedside Diagnosis. 2nd ed.
Philadelphia: Lippincott Williams & Wilkins; 2000.
14. Seidel HM. Mosby’s Guide to Physical Examination. 4th ed. St. Louis, MO:
Mosby; 1999.
15. Swartz MH. Textbook of Physical Diagnosis: History and Examination. 3rd
ed. Philadelphia: WB Saunders; 1998.
16. Lijmer JG, Mol BW, Heisterkamp S, Bonsel GJ, Prins MH, van der
Meulen JH, et al. Empirical evidence of design-related bias in studies of diagnostic tests. JAMA. 1999;282:1061-6. [PMID: 10493205]
17. Kent DL, Larson EB. Magnetic resonance imaging of the brain and spine. Is
clinical efficacy established after the first decade? Ann Intern Med. 1988;108:4026 May 2003 Annals of Internal Medicine Volume 138 • Number 9 741

Review

Eponyms and the Diagnosis of Aortic Regurgitation

24. [PMID: 3277514]
18. Sox HC, Blatt MA, Higgins MC, Marton KI. Medical Decision Making.
Boston: Butterworth-Heinemann; 1988.
19. Flint A. On cardiac murmurs. Am J Med Sci. 1862;44:29-54.
20. Willius FA, Keys TE. Cardiac Classics. St. Louis: C.V. Mosby; 1941.
21. Laniado S, Yellin EL, Yoran C, Strom J, Hori M, Gabbay S, et al. Physiologic mechanisms in aortic insufficiency. I. The effect of changing heart rate on
flow dynamics. II. Determinants of Austin Flint murmur. Circulation. 1982;66:
226-35. [PMID: 7083511]
22. Currens JH, Thompson WB, Rappaport MB, Sprague HB. Clinical and
phonocardiographic observations on the Flint murmur. N Engl J Med. 1953;
248:583-7.
23. Landzberg JS, Pflugfelder PW, Cassidy MM, Schiller NB, Higgins CB,
Cheitlin MD. Etiology of the Austin Flint murmur. J Am Coll Cardiol. 1992;
20:408-13. [PMID: 1634679]
24. Ueda H, Sakamoto T, Kawai N, Watanabe H, Uozumi Z, Okada R, et al.
The Austin Flint murmur. Phonocardiographic and patho-anatomical study. Jpn
Heart J. 1965;6:294-312. [PMID: 5294240]
25. O’Brien KP, Cohen LS. Hemodynamic and phonocardiographic correlates
of the Austin flint murmur. Am Heart J. 1969;77:603-9. [PMID: 5778050]
26. Parker E, Craige E, Hood WP Jr. The Austin Flint murmur and the a wave
of the apexcardiogram in aortic regurgitation. Circulation. 1971;43:349-59.
[PMID: 5101737]
27. Enghoff E. Aortic incompetence. Clinical, haemodynamic and angiocardiographic evaluation. Acta Med Scand Suppl. 1972;538:3-143. [PMID: 4267479]
28. Rahko PS. Doppler and echocardiographic characteristics of patients having
an Austin Flint murmur. Circulation. 1991;83:1940-50. [PMID: 2040046]
29. Emi S, Fukuda N, Oki T, Iuchi A, Tabata T, Kiyoshige K, et al. Genesis of
the Austin Flint murmur: relation to mitral inflow and aortic regurgitant flow
dynamics. J Am Coll Cardiol. 1993;21:1399-405. [PMID: 8473648]
30. Lee D, Chen CH, Hsu TL, Chiang CE, Wang SP, Chang MS. Reappraisal
of cardiac murmurs related to aortic regurgitation. Zhonghua Yi Xue Za Zhi
(Taipei). 1995;56:152-8. [PMID: 8854436]
31. Thayer WS. Observations on the frequency and diagnosis of the Flint murmur in aortic insufficiency. Am J Med Sci. 1901;122:538-52.
32. Nasser W, Tavel ME, Feigenbaum H, Fisch C. Austin-Flint murmur versus
the murmur of organic mitral stenosis. N Engl J Med. 1966;275:1007-9.
[PMID: 5921207]
33. Bloomfield DA, Sinclair-Smith BC. Aortic insufficiency: a physiological and
clinical appraisal. South Med J. 1973;66:55-65. [PMID: 4265078]
34. Corrigan DJ. On permanent patency of the mouth of the aorta, or inadequacy of the aortic valves. Edinburgh Medical and Surgical Journal. 1832;37:225-45.
35. Warnes CA, Harris PC, Fritts HW. Effect of elevating the wrist on the radial
pulse in aortic regurgitation: Corrigan revisited. Am J Cardiol. 1983;51:1551-3.
[PMID: 6846191]
36. Stewart HA. Experimental and clinical investigation of the pulse and blood
pressure changes in aortic insufficiency. Arch Intern Med. 1908;1:102-47.
37. Tice F. The clinical determination and significance of some of the peripheral
signs of aortic insufficiency. Illinois Medical Journal. 1911;20:271-87.
38. Babu AN, Bitar SR, Kymes SM, Isenberg C. Utility of the collapsing pulse
in screening for aortic insufficiency [Abstract]. J Gen Intern Med. 2001;16(Suppl
1):115.
39. Roman MJ, Devereaux RB, Niles NW, Hochreiter C, Kligfield P, Sato N,
et al. Aortic root dilatation as a cause of isolated, severe aortic regurgitation.
Prevalence, clinical and echocardiographic patterns, and relation to left ventricular
hypertrophy and function. Ann Intern Med. 1987;106:800-7. [PMID: 2953289]
40. Shine KI, DeSanctis RW, Sanders CA, Austen WG. Combined aortic and
mitral incompetence: clinical features and surgical management. Am Heart J.
1968;76:728-35. [PMID: 5721830]
41. Luisada AA. On the pathogenesis of the signs of Traube and Duroziez in
aortic insufficiency. A graphic study. Am Heart J. 1943;26:721-36.
42. Blumgart HL, Ernstene AC. Two mechanisms in the production of Duroziez’s sign: their diagnostic significance and a clinical test for differentiating between them. JAMA. 1933;100:173-7.
43. Rowe GG, Afonso S, Castillo CA, McKenna DH. The mechanism of the

742 6 May 2003 Annals of Internal Medicine Volume 138 • Number 9

production of Duroziez’s murmur. N Engl J Med. 1965;272:1207-10.
44. Folts JD, Young WP, Rowe GG. A study of Duroziez’s murmur of aortic
insufficiency in man utilizing an electromagnetic flowmeter. Circulation. 1968;
38:426-31. [PMID: 5666853]
45. Sapira JD. Quincke, de Musset, Duroziez, and Hill: some aortic regurgitations. South Med J. 1981;74:459-67. [PMID: 7013091]
46. Hill L, Flack M, Holtzmann W. The measurement of systolic blood pressure
in man. Heart. 1909;1:73-82.
47. Hill L, Rowlands RA. Systolic blood pressure. (1) In change of posture. (2)
In cases of aortic regurgitation. Heart. 1911;3:219-23.
48. Frank MJ, Casanegra P, Migliori AJ, Levinson GE. The clinical evaluation
of aortic regurgitation. Arch Intern Med. 1965;116:357-65.
49. Pascarelli EF, Bertrand CA. Comparison of blood pressures in the arms and
legs. N Engl J Med. 1964;270:693-8.
50. Kutryk M, Fitchett D. Hill’s sign in aortic regurgitation: enhanced pressure
wave transmission or artefact? Can J Cardiol. 1997;13:237-40. [PMID: 9117911]
51. Murray JR. Systolic and diastolic blood pressures in aortic regurgitation. Br
Med J. 1914;1:697-700.
52. Kotte JH, Iglauer A, McGuire J. Measurements of arterial blood pressure in
the arm and leg: comparison of sphygmomanometric and direct intra-arterial
pressures, with special attention to their relationship in aortic regurgitation. Am
Heart J. 1944;28:476-90.
53. Hughes ML Jr. Benign basal diastolic murmurs. Ala J Med Sci. 1969;6:72-4.
[PMID: 5772902]
54. Scognamiglio R, Rahimtoola SH, Fasoli G, Nistri S, Dalla Volta S. Nifedipine in asymptomatic patients with severe aortic regurgitation and normal left
ventricular function. N Engl J Med. 1994;331:689-94. [PMID: 8058074]
55. Gaasch WH, Sundaram M, Meyer TE. Managing asymptomatic patients
with chronic aortic regurgitation. Chest. 1997;111:1702-9. [PMID: 9187197]
56. Segal BL, Likoff W, Kaspar AJ. Silent rheumatic aortic regurgitation. Am J
Cardiol. 1964;14:628-32.
57. Aronow WS, Kronzon I. Correlation of prevalence and severity of aortic
regurgitation detected by pulsed Doppler echocardiography with the murmur of
aortic regurgitation in elderly patients in a long-term health care facility. Am J
Cardiol. 1989;63:128-9. [PMID: 2491772]
58. Grayburn PA, Smith MD, Handshoe R, Friedman BJ, DeMaria AN. Detection of aortic insufficiency by standard echocardiography, pulsed Doppler
echocardiography, and auscultation. A comparison of accuracies. Ann Intern
Med. 1986;104:599-605. [PMID: 3963660]
59. Kinney EL. Causes of false-negative auscultation of regurgitant lesions: a
Doppler echocardiographic study of 294 patients. J Gen Intern Med. 1988;3:
429-34. [PMID: 2971789]
60. Cohn LH, Mason DT, Ross J Jr, Morrow AG, Braunwald E. Preoperative
assessment of aortic regurgitation in patients with mitral valve disease. Am J
Cardiol. 1967;19:177-82. [PMID: 6016416]
61. Richardson WS, Wilson MC. Textbook descriptions of disease—where’s the
beef? [Editorial] ACP J Club. 2002;137:A11-2. [PMID: 12093237]
62. Sackett DL. The rational clinical examination. A primer on the precision and
accuracy of the clinical examination. JAMA. 1992;267:2638-44. [PMID: 1573753]
63. Sackett DL, Rennie D. The science of the art of the clinical examination
[Editorial]. JAMA. 1992;267:2650-2. [PMID: 1573756]
64. Zoneraich S, Spodick DH. Bedside science reduces laboratory art. Appropriate use of physical findings to reduce reliance on sophisticated and expensive
methods. Circulation. 1995;91:2089-92. [PMID: 7895368]
65. Mangione S, Peitzman SJ. Physical diagnosis in the 1990s. Art of artifact?
J Gen Intern Med. 1996;11:490-3. [PMID: 8872788]
66. Craige E. Should auscultation be rehabilitated? [Editorial] N Engl J Med.
1988;318:1611-3. [PMID: 3374530]
67. Abbas F, Sapira JD. Mayne’s sign is not pathognomonic of aortic insufficiency. South Med J. 1987;80:1051-2. [PMID: 3616706]
68. Sackett DL, Haynes RB, Guyatt GH, Tugwell P. Clinical Epidemiology: A
Basic Science for Clinical Medicine. 2nd ed. Boston: Little, Brown; 1991.
69. Kent DL, Haynor DR, Longstreth WT Jr, Larson EB. The clinical efficacy
of magnetic resonance imaging in neuroimaging. Ann Intern Med. 1994;120:
856-71. [PMID: 7818632]

www.annals.org

Current Author Addresses: Dr. Babu and Ms. Carpenter Fryer: St.
Louis Veterans Administration Medical Center, 915 North Grand Boulevard, St. Louis, MO 63106.
Dr. Kymes: Washington University School of Medicine, Campus Box
8203, 660 South Euclid Avenue, St. Louis, MO 63110.

Appendix Table 1. Grading Criteria for Evaluation of
Study Quality*
Grading Criteria

Description

Study type

Prospective trials of randomly selected patients are
considered to provide the most valid evidence about
a diagnostic test. Prospective studies of patients
selected in a nonrandom manner have potentially
uncontrolled factors that may bias results.
Retrospective studies are considered inferior to
prospective designs (16, 68).
Larger sample sizes are considered to be superior to
smaller ones because they increase statistical power
and may increase generalizability of results (69).
Ranked by preference:
1. ⬎35 patients in both diseased and nondiseased
groups
2. ⬎35 patients in the diseased group, but ⱕ35 in
the nondiseased group
3. ⱕ35 patients with disease in both groups
Readers of the test in question (index test) should be
blinded to the gold standard (reference) test (18).
Test review bias is considered absent only if the
authors specifically state that readers of the index
test were blinded to the patient’s disease status. It
may also be considered absent if the reference test
always occurred after the index test.
Readers of the reference test should be blinded to the
results of the index test (18). Diagnostic review bias
is considered to be absent only if the authors
specifically state that the readers of the reference
test were blinded to results of the index test. It may
also be considered absent if the reference test
always occurred before the index test. When
present, this bias has been found to result in an
overestimation of diagnostic accuracy (16).
The decision to undergo the reference test should not
be contingent on results of the index test (16).
When the reference test is highly invasive,
expensive, or relatively risky, those referred by the
index test may have a higher likelihood of disease.
Thus, the study sample will probably be “sicker”
than those normally tested.
The inclusion and exclusion criteria should not result in
a study sample that is different in important respects
from patients normally referred for testing in a
clinical setting. Reports with highly selected samples
may overstate the diagnostic accuracy of the test
(16).

Study size

Test review bias

Diagnostic
review bias

Verification bias

Selection bias

* Numbers in parentheses are reference numbers.
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Appendix Table 2. Summary of Reports on the Eponymous Signs of Aortic Regurgitation That Met Inclusion Criteria*
Study, Year (Reference)

Patients

AR Reference Standard

AR Severity†

Patients without AR

4OOOOOOOO n OOOOOOOO3

n
Austin Flint murmur
Currens et al., 1953 (22)
Ueda et al., 1965 (24)
O’Brien and Cohen, 1969 (25)
Parker et al., 1971 (26)

Patients with AR

24
13
17
32

AUS, PCG
Autopsy, PCG, AUS
ANG, PCG, AUS
ANG, clinical examination, PCG

Unspecified
Severe
Severe
Unspecified

24
13
17
32

0
0
0
0

Enghoff, 1972 (27)
Rahko, 1991 (28)

38
51

PCG, ANG
ANG, Echo

Landzberg et al., 1992 (23)
Emi et al., 1993 (29)

24
13

AUS, ECG, NMRI
AUS, PCG, Echo

Lee et al., 1995 (30)

28

Echo

Variable
Moderate
Moderately severe
Severe
Total
Variable
Moderate
Severe
Total
Mild
Moderate
Severe
Total

38
4
29
18
51
24
7
6
13
15
6
7
28

0
0
0
0
0
0
0
0
0
0
0
0
0

Corrigan pulse
Stewart, 1908 (36)
Tice, 1911 (37)
Shine et al., 1968 (40)
Enghoff, 1972 (27)
Babu et al., 2001 (38)

50
124
39
81
145

De Musset sign
Sapira, 1981 (45)
Duroziez sign
Tice, 1911 (37)
Blumgart and Ernstene, 1933 (42)
Folts et al., 1968 (44)

20
124
41

Unspecified
Autopsy, clinical examination
ANG, operation
PCG, ANG
Echo

Unspecified
Unspecified
Variable
Variable
Mild
Moderate
Severe
No AR
Total

50
124
39
81
34
7
1
0
42

0
0
0
0
0
0
0
103
103

Unspecified

Unspecified

20

0

Autopsy, clinical examination
Unspecified

Unspecified
Unspecified
No AR
Total
Moderate
Severe
No AR
Total
Variable
Unspecified

124
10
0
10
4
5
0
9
81
12

0
0
31
31
0
0
2
2
0
0

Unspecified
No AR
Total
No AR
Unspecified

8
0
8
0
13

0
5
5
23
0

7
0
7
6
14
8
6
0
34
22
13

0
14
14
0
0
0
0
24
24
0
0

0

17

11

ANG, operation

81
12

PCG, ANG
Unspecified

15

Unspecified

Hill and Rowlands, 1911 (47)
Murray, 1914 (51)

23
13

Unspecified
Unspecified

Kotte et al., 1944 (52)

21

Unspecified

Frank et al., 1965 (48)

58

Clinical examination, ANG

22
13

Clinical examination, ANG, PCG
Unspecified

Unspecified
No AR
Total
Mild
Moderate
Moderately severe
Severe
No AR
Total
Mild
Unspecified

17

Unspecified

No AR

124
81

Autopsy, clinical examination
PCG, ANG

Unspecified
Variable

124
81

0
0

124

Autopsy, clinical examination

Unspecified

124

0

124
81

Autopsy, clinical examination
PCG, ANG

Unspecified
Variable

124
81

0
0

Enghoff, 1972 (27)
Sapira, 1981 (45)
Hill sign
Hill et al., 1909 (46)

Hughes, 1969 (53)
Sapira, 1981 (45)
Mayne sign
Abbas and Sapira, 1987 (67)
Quincke sign
Tice, 1911 (37)
Enghoff, 1972 (27)
Rosenbach sign
Tice, 1911 (37)
Traube sign
Tice, 1911 (37)
Enghoff, 1972 (27)

* ANG ⫽ angiography; AR ⫽ aortic regurgitation; AUS ⫽ auscultation; Echo ⫽ echocardiogram; NA ⫽ not applicable; NMRI ⫽ nuclear magnetic resonance imaging;
PCG ⫽ phonocardiography.
† “Unspecified” indicates that a study did not specify distribution of AR severity; “variable” indicates that a study did not specify degree of AR at all.
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Appendix Table 2—Continued
Patients in Whom the
Sign Was Present

Patients in Whom the
Sign Was Absent

Sensitivity

4OOOOOOOOOO n OOOOOOOOOO3

%

Specificity

Comments

Sample of syphilitic patients.
2 additional patients with aortic dissection excluded from the table.

11
13
12
20

13
0
5
12

46
100
71
63

NA
NA
NA
NA

5
2
15
13
30
10
1
5
6
0
3
4
7

33
2
14
5
21
14
6
1
7
15
3
3
21

13
50
52
72
59
42
14
83
46
0
50
57
25

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

29
118
15
51
29
6
1
87
123

21
6
24
30
5
1
0
16
22

58
95
38
63
85
85
100
NA
86

NA
NA
NA
NA
NA
NA
NA
16
16

1

19

5

NA

100
8
20
28
0
5
0
5
27
8

24
2
11
13
4
0
2
6
54
4

81
80
NA
80
0
100
NA
56
33
67

NA
NA
35
35
NA
NA
100
100
NA
NA

6
0
6
0
8

2
5
7
23
5

75
NA
75
NA
62

NA
100
100
100
NA

7
4
11
1
13
6
6
0
26
0
9

0
10
10
5
1
2
0
24
32
22
4

100
NA
100
17
93
75
100
NA
76
0
69

NA
71
71
NA
NA
NA
NA
100
100
NA
NA

11

6

NA

35

112
48

12
33

90
59

NA
NA

15

109

12

NA

26
31

98
50

21
38

NA
NA
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A separate group of 13 patients studying the a wave in patients with
AR ⫹ mitral stenosis excluded from the table.
All patients had moderately severe or severe AR.

All patients had moderate or severe AR.
15 normal patients studied echocardiographically but not examined for Austin
Flint murmur excluded from the table.
Sample preselected to have pure AR. None of 8 normal controls had
mid-diastolic murmur.

All patients had combined AR and mitral regurgitation.
All 7 patients with mild to moderate AR were sign negative.
Includes additional data not presented in original report; more information can
be obtained from authors.

Data extracted from appendix of report.
Sample included unspecified number of patients in whom the sign was elicited
over brachial artery instead of femoral. Among participants without AR, 20
had thyrotoxicosis, 4 had unspecified disorders, and 7 were normal.
12 patients in original sample; 1 patient with uninterpretable examination
excluded from the table. The 2 patients without AR had other cardiac lesions.

Data extracted from appendix of report.
Lower-extremity blood pressure was measured at the posterior tibial or dorsalis
pedis arteries. Later studies have used the popliteal site. The 5 patients
without AR were normal.
Sample of young men without AR.
15 patients in original sample; 2 patients without thigh pressures excluded from
the table.
Out of 28 patients in sample, only data in 21 measured with a wide thigh cuff
are included in the table. Among patients without AR, 6 had hypertension
and 8 had unspecified disorders.
This report determined the correlation between the popliteal–brachial gradient
and degree of AR. The 24 participants without AR were normal.

Report did not specify criteria for positive sign.
Sign noted as positive only if gradient ⬎20 mm Hg.
Authors declared sign “useless.” All participants were normal.
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