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Abstract
Frank’s sign is a diagonal crease of the ear lobe, supposedly related to cardiac pathology, and has strongly been associated 
with coronary artery atherosclerosis. A total of 45 consecutive adult patients referred for autopsy in a one-and-a-half-year 
period were extensively studied. Samples from both the ear lobes were obtained for histopathology, as well as cardiac sam-
ples from all four cardiac compartments. When compared patients with Frank’s sign and those without it had no statistical 
difference in age (p = 0.0575). There was however a statistically significant increased cardiac weight (p = 0.0005), left ven-
tricular wall thickness (p = 0.0002), and right ventricular wall thickness (p = 0.0043). Histopathology obtained from the ear 
lobes revealed myoelastofibrosis in an arterial vessel, located at the base of the crease, diffuse fibrosis, and Wallerian-like 
degeneration, with eosinophilic inclusions in the peripheral nerves. These changes suggest a time-related progression of the 
crease-associated changes. Our data suggest a significant correlation between the morphological changes of the myocardium 
and the presence of the ear lobe creases, with arterial myoelastofibrosis, Wallerian-like degeneration in peripheral nerves 
and deep tissue fibrosis found in the base of the crease.
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Introduction

Frank’s sign, as described in 1973, is a diagonal crease of 
the ear lobe [1]. The characteristic is supposedly related to 
cardiac pathology and has strongly been associated with cor-
onary artery atherosclerosis [2, 3]. Together with some more 
recently described auricular changes, developing in people 

with long-lasting Frank signs, such as paired ear creases of 
the helix (PECH), these changes are acquired and do not pre-
sent a normal morphological variant of the human ear [4].

The etiology of Frank’s sign has not yet been established, 
with very few theories about its origin and how it correlates 
to cardiac pathology [5].

Well traced through history, Frank’s sign has seldom been 
investigated in depth clinically and to our knowledge has 
been morphologically evaluated only once in superficial 
biopsies [6].

We aimed to evaluate the gross morphology and histopa-
thology of Frank’s sign and its relevance to cardiac changes 
in a cohort of autopsies.

Materials and Methods

A total of 45 consecutive adult patients referred for autopsy 
in a one-and-a-half-year period (February 2018–August 
2019) were extensively studied. Samples from both the 
ear lobes of patients presenting Frank’s sign and those 
who did not were obtained for histopathology, as well as 
cardiac samples from all four cardiac compartments. The 
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histopathological findings were later compared to one 
another and the clinical data.

Frank’s sign was defined as a bilateral, diagonal crease 
in the ear lobe extending from the tragus across the lobule 
to the rear edge of the auricle. Before the autopsy, all cases 
were carefully examined for the sign, with the goal of not 
misinterpreting scarring and lacerations from ear-ring holes. 
A total of ten patients had signs of ear-ring holes out of line 
with Frank’s sign. Patients with ear-ring holes were predom-
inantly female, however, none of them showed a traumatic 
nature to the crease and it was accepted as Frank’s sign.

PECH were observed, though they were not studied in-
depth, due to their development after Frank’s sign.

When obtaining specimens for histopathology, the ear 
lobule was severed horizontally from the ear, and the crease 
visibly diminished, although remaining somewhat visible. 
Hence, to mark the crease in further cases it was inked.

All specimens for histopathology were fixed in 10% neu-
tral formaldehyde and later embedded in paraffin, stained 
with hematoxylin & eosin (H&E). All specimens were 
examined by a pathologist and were later independently 
blindly re-reviewed by two other pathologists.

Correlation with the clinical condition was carried out 
through the medical documentation of the patient and the 
overall autopsy findings.

The collected data was analyzed with MaxStat Pro, with a 
two-tailed t test p < 0.05 considered statistically significant.

Results

Of the 45 patients, 16 were female and 29 were male 
(Table 1). A total of 22 patients had a well-recorded clinical 
history of cardiac diseases and heart failure (HF), while the 
others did not. Upon general observation before the autopsy, 
35 of the patients had well-formed Frank’s signs, some with 
PECH (Fig. 1; Table 1). The patients with ear-ring holes had 
no sign of ear-ring related injury to the lobule, so the creases 
observed were accepted as Frank’s sign.

One patient not expressing Frank’s sign had cardiac histo-
pathology changes – infiltration from acute leukemia, whilst 
the others had no histopathological changes in the myocar-
dium. Due to the short clinical course and cardiac pathology 
due to infiltration from tumor cells, the case was excluded 
from the statistical analysis.

Gross evaluation of the heart between the two groups, 
Frank’s sign (+), n = 35, mean age 64.29 ± 13.33, mean 
cardiac weight 527.69 ± 155.08; mean left ventricular wall 
thickness 19 ± 4.27, mean right ventricular wall thick-
ness 7.49 ± 3.74 and Frank’s sign (−), n = 09, mean age 
54.33 ± 14.86, mean cardiac weight 303.23 ± 32.41; mean 
left ventricular wall thickness 12.33 ± 1.32, mean right ven-
tricular wall thickness 3.67 ± 0.71, revealed no statistical 

difference in age (p = 0.0575), statistically significant 
increased cardiac weight (p = 0.0005), left ventricular wall 
thickness (p = 0.0002) and right ventricular wall thickness 
(p = 0.0043) in the group with evident Frank’s sign.

There were no gender-specific parameters that could be 
attributed to the presence of Frank’s sign.

Histopathology obtained from the ear lobes of individu-
als aged 65 or less revealed myoelastofibrosis in an arterial 
vessel, located at the base of the crease, while at the base 
of the crease of older individuals there was diffuse fibrosis 
(Figs. 2 and 3). At higher magnification in both cohorts, the 
peripheral nerves revealed Wallerian-like degeneration, with 
eosinophilic inclusions (Fig. 3). These changes suggest a 
time-related progression of the crease-associated changes.

Cardiac histology of the 22 cases with a clinical his-
tory of cardiac disorders, revealed a variety of pathological 
changes—old myocardial infarctions, diffuse myocardial 
micro-scarring (myocardial fibrosis), lipomatosis and mild 
to moderate coronary atherosclerosis. All these changes are 
the morphological substrate for chronic HF (Table 1).

Of the other 23 cases without a clinical history of HF, 
nine did not have Frank’s sign and their histology revealed 
no myocardial changes, except the additional excluded 
case with leukemic infiltration in the myocardium, whilst 
the remaining 14 who had Frank’s sign also had significant 
myocardial histopathological changes (Table 1).

Cause of death in patients without Frank’s signed var-
ied from malignancy, to severe inflammatory processes and 
peptic ulcer disease, with none dying as a result of cardio-
vascular disease. Cause of death in patients with Frank’s 
sign, although predominantly cardiovascular, also included 
malignancy, pulmonary diseases, respiratory infections, and 
peptic ulcer disease.

Discussion

Although only recently described, the sign has been traced 
back through history back to the second century A.D. to the 
Roman Emperor Hadrian, who was presented in his later life 
on statues having the typical mark on the ear lobe [7]. Had-
rian’s well-chronicled life also showed a steadily deteriorat-
ing condition and eventual death, which can be interpreted 
as exacerbated HF [7].

Several clinical studies have shown a correlation between 
coronary atherosclerosis and Frank’s sign, whilst a few have 
reputed the finding, especially those focusing on conditions 
exacerbating atherosclerosis, such as type two diabetes mel-
litus [2, 3, 8–10]. Several studies have also investigated the 
effect of age, gender and non-cardiovascular conditions, 
such as diabetes and chronic kidney failure [11–13].

A drawback of the current study is the lack of a classi-
fication of Frank’s sign based on those of several previous 
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Table 1   Patient data and gross cardiac parameters

CHF chronic heart failure, AMI acute myocardial infarction
*Patient excluded from statistical analysis due to cardiac changes from leukemia infiltrate
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studies. The combination of crease morphology, as well as 
evaluation of unilateral Frank creases, together with the 
detailed autopsy report could have revealed further correla-
tions of the condition [11, 12].

However, there is only one histological study, on biopsy 
material, showing myoelastofibrosis and elastic fiber dispo-
sition, which can be attributed to solar elastosis [6]. Most 
studies, however, suggest a mechanical formation of the 
crease due to sleeping position in patients with HF [14].

From an embryological standpoint, the diagonal line con-
necting the tragus to the tip of the ear lobe is a tissue weak 
point, as that is a point of merger of preformed structures 
[15, 16]. As such several congenital anomalies have been 
identified in this topographical area, such as auricular clefts 
and sinuses [17, 18].

The nature of the changes seems to be based on the physi-
ologically lower oxygen saturation of the ear lobule, due to 
its embryological development. The ear lobe is formed by 
the fusion of the first and sixth hillocks of His on the first 
and second pharyngeal arches. This represents a relatively 
late fetal fusion site, with decreased vasculature [15, 16]. 
These changes make it more susceptible to chronic hypoxia 
and reoxygenation injury before any observable changes can 
be seen in other surface structures, other than the ear which 
also show early and late hypoxia changes such as cyano-
sis, in acute events, and epidermal-dermal degeneration, in 
chronic events, observed on the lips, nose and fingertips and 
their chronic hypoxia changes.

The presented results show a significant association 
between Frank’s sign and histopathological changes in the 
myocardium. Despite this and several other studies support-
ing the correlation between HF and Frank’s sign, there is 

Fig. 1   Frank’s sign (arrow) 
and PECH (asterisk) as seen on 
observation before the autopsy

Fig. 2   Histopathology obtained from the same patient from Fig.  1. 
Frank’s sight (hollow arrow), showing no fibrosis in the interstitium 
and a corkscrew-like twisted arterial vessel with myoelastofibrosis 
(black arrows) located at the base of the crease (a), macro view of the 

histology slide; the blood vessel (black arrows), crease and surround-
ing tissues (b), original magnification 100x; the blood vessels show-
ing myoelastofibrotic changes (c), original magnification ×200. b and 
c are magnified sections of a, hematoxylin and eosin stain

Fig. 3   Histology of the crease revealing deep tissue fibrosis in a patient aged more than 65 (a), original magnification ×40, Wallerian degenera-
tion in peripheral nerves (b), original magnification ×400. Hematoxylin and eosin stain
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disputable information on its relevance, with some authors 
stating that it has significance in patients age less than 50, 
whilst others believe it’s relevant after the age of 50, espe-
cially in males [2, 4, 6, 8–11]. Age acquired changes of the 
ear lobe also need to be assessed in elderly patients as age-
related changes have been well established and possibly 
mimic the crease, without the presence of cardiovascular 
disease [19].

The chronic hypoxia and reoxygenation changes in 
patients with HF, such as during and after physical stress, 
even without an angina attack can affect the auricular blood 
vessels with segmental myoelastofibrosis and lead to nerve 
damage with Wallerian-like degeneration, leading to the for-
mation of the crease on top of the changed tissues. This can 
also explain why when the lobule is dissected, although still 
visible, the crease flattens out.

Wallerian degeneration has classically been associated 
with nerve damage, predominantly due to injury. Such 
changes, however, have been described in the cardiac mus-
cle both after myocardial infarction and in the context of 
HF [20].

Similar changes can explain the later development of 
PECH, as the same changes can be observed on the tip of 
the helix, however, due to its rigid cartilaginous support, a 
longer period is needed for the changes to become grossly 
visible [4].

The progression of Frank’s sign from myoelastofibrosis 
and Wallerian-like degeneration to tissue fibrosis further 
proves the chronic course of the condition [21].

Genetic and environmental conditions, such as smoking 
and medications, cannot be ruled out as causative factors 
in the development of the crease. However, based on our 
limited clinical data a correlation with them could not be 
established.

Histological evaluation of Frank’s sing is a novel 
approach and further research in this area is needed to bet-
ter understand the mechanisms of its development, with 
the possible implementation of histological classification, 
akin to the clinical one [11, 13]. Comparison between these 
changes and evaluation of patient conditions and their sever-
ity can hence lead to the establishment of Frank’s sign, not 
as a clinical myth and area for dispute, but as a diagnostic 
and prognostic factor with possible prophylactic implica-
tions [5].

Conclusions

Our data suggest a significant correlation between the mor-
phological changes of the myocardium and the presence of 
the ear lobe creases, with arterial myoelastofibrosis, Wal-
lerian-like degeneration in peripheral nerves and deep tis-
sue fibrosis found in the base of the crease. The proposed 

model of hypoxia/reoxygenation in HF and the ear lobule’s 
physiologically lower oxygen saturation and embryological 
development, being responsible for the observed changes is 
the first model explaining the development of Frank’s sign 
and its correlation to clinically observable changes.
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