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COMMENT & RESPONSE

Coronavirus Disease 2019 (COVID-19)
and Cardiac Injury
To the Editor We read with great interest the important find-
ings of Shi et al1 exploring cardiac injury in patients with
confirmed coronavirus disease 2019 (COVID-19). Approxi-
mately 20% of patients diagnosed with COVID-19 had signs
of cardiac injury as measured by elevated high-sensitivity
troponin I (hs-TNI) levels. Moreover, evidence of cardiac
injury was associated with 4-fold increased mortality risk
even after accounting for age and preexisting cardiovascular
disease (CVD). Shi et al1 acknowledged that with this severe
acute respiratory infection may come cytokine storm syn-
drome leading to inflammation and cardiac myocyte apopto-
sis or necrosis.

We wish to underscore a few key points. High-sensitivity
troponin I is detectable in more than 80% of the general popu-
lation and, as a reflection of subclinical myocardial damage,
has been shown to predict all-cause mortality even in those
without CVD.2 High hs-TNI levels within the normal range may
be a marker of patients with increased vulnerability to expe-
riencing the more severe complications resulting from the
systemic inflammatory effects of COVID-19.

While elevated hs-TNI levels clearly portend poor prog-
nosis, the question remains—why? Is hs-TNI a marker of
underlying subclinical CVD that confers risk in the setting of
hypoxia from profound respiratory disease or hypoperfusion
from viral sepsis (ie, type 2 myocardial infarction reflecting sup-
ply/demand imbalance), both made worse in the presence of
comorbidities? Is it a reflection of direct viral myocarditis or a
marker of cardiac damage from the cytokine storm? Effective
treatment will likely be guided by the underlying cause of the
elevated hs-TNI levels (eg, interleukin 6 inhibitors for cyto-
kine toxic effects).

Ethnic and racial variation in the US will bring unique chal-
lenges for diagnosis, prognosis, and management of COVID-
19. The Chinese experience has shown a high comorbidity of
hypertension, diabetes, and CVD in patients with COVID-19.3

Shi et al1 also noted that prominent comorbidities in those with
cardiac injury included hypertension, diabetes, coronary dis-
ease, heart failure, and cerebrovascular disease—all more preva-
lent in African American individuals. African American indi-
viduals have higher circulating biomarkers of systemic
inflammation and myocyte injury,4 and subclinical CVD oc-
curs at a young age in African American individuals.5 Thus, Afri-
can American individuals may be a particularly vulnerable
group in the US to the untoward effects of COVID-19.

Finally, whether cardiac injury as a consequence of
COVID-19 infection results in permanent cardiac damage in
survivors also remains to be determined. Long-term cardio-
vascular consequences of COVID-19 will need to be moni-
tored to ensure that this cytokine storm does not bring with
it a secondary tsunami wave of cardiovascular events in the
future.
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To the Editor The article by Shi et al1 studied the clinical char-
acteristics and outcomes of patients with coronavirus dis-
ease 2019 (COVID-19) and associated myocardial injury that
was present in almost 20% of cases. The authors should be
commended for undertaking the largest analysis so far explor-
ing the association of myocardial injury with mortality in pa-
tients with COVID-19. However, one question still remains:
what is the cause of myocardial injury in this context? Sepsis,
hypoxemia with or without underlying coronary artery dis-
ease, and myocarditis have all been proposed.2 In our view,
takotsubo syndrome (TTS) should also be considered in the dif-
ferential diagnosis of myocardial injury during the COVID-19
pandemic.

After the first reported case in Switzerland on February 25,
2020, the COVID-19 epidemic has spread rapidly in our coun-
try, reaching in March the highest cumulative prevalence per
inhabitants in the world. The Geneva canton is particularly hit
and has decided to centralize all patients with COVID-19 at the
University Hospital of Geneva. As of April 3, 2020, 404 pa-
tients with confirmed COVID-19 are hospitalized in this cen-
ter, of whom 62 are intubated in the intensive care unit. Since
the beginning of the COVID-19 outbreak, we have noticed an
intriguing high number of TTS diagnoses, with an average rate
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of 1 case per week instead of a usual approximate rate of 1 case
per month.

Takotsubo syndrome, also named broken heart syn-
drome or stress cardiomyopathy, usually presents like an acute
coronary syndrome with chest pain, dyspnea, dynamic changes
on electrocardiography, and elevated cardiac biomarkers.3 Its
etiology is not well understood but may be related to coro-
nary microvascular constriction.4 Obstructive coronary ar-
tery disease may occasionally be present concomitantly but
is not an underlying cause for TTS. Characteristically, pa-
tients show transient left ventricular wall motion abnormali-
ties, of which 4 different patterns can be differentiated.5 In two-
thirds of cases, an emotional or a physical trigger is typically
found.3

During the COVID-19 pandemic, the huge emotional stress
at the population level exacerbated by generalized lockdown
and tragic stories involving relatives represent potential trig-
gers of TTS. In addition, severe acute respiratory syndrome
coronavirus 2 causes respiratory tract infections, severe pneu-
monia, sepsis, and hypoxemia, which are also well-known
physical triggers of TTS.3 Therefore, comprehensive cardio-
vascular examinations, such as electrocardiography, echocar-
diography, coronary angiography, and cardiac magnetic reso-
nance imaging, should be maintained during the pandemic to
better understand the underlying mechanisms of myocardial
injury in patients with COVID-19.
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In Reply The issue of myocardial damage associated with se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has been an important topic from the beginning of the coro-
navirus disease 2019 (COVID-19) pandemic. Our preliminary
investigation demonstrated that myocardial injury is preva-

lent and associated with worse outcomes in hospitalized pa-
tients with COVID-19.1 With the global outbreak of COVID-19,
increasing data focusing on the association of SARS-CoV-2 in-
fection with heart injury have confirmed various pathophysi-
ological hypotheses. The potential mechanisms of myocar-
dial injury in patients with COVID-19, based on our data and
evidence from others, include acute myocardial infarction,
myocarditis, inflammatory response, acute heart failure, hy-
poxemia, pulmonary embolism, and even stress cardiomyo-
pathy. These conditions can coexist in the same patients.

Myocardial injury is a common phenomenon in patients
with COVID-19, which is the key evidence that SARS-CoV-2 in-
fection can affect the heart. Its prevalence rate was 19.7% in
our report of 416 hospitalized patients with COVID-19.1 Re-
cently, a meta-analysis summarized that at least 8.0% of pa-
tients with COVID-19 experienced acute myocardial injury, and
the rate was roughly 13-fold higher in patients with severe
disease treated in the intensive care unit compared with pa-
tients without severe disease.2

Various possible pathophysiological mechanisms are widely
speculated and gradually confirmed by clinical data. With re-
gard to the cause of myocardial injury, direct viral invasion of
the heart similar to pulmonary infection has been hypoth-
esized because angiotensin-converting enzyme 2, proposed as
a receptor for SARS-CoV-2, is also extensively expressed in myo-
cardium. Although the first pathological study with limited
sample and methodology did not document SARS-CoV-2 infec-
tion of cardiomyocytes,3 it is still a reasonable speculation that
direct viral myocardial infection may exist because clinical cases
resembling myocarditis have been reported.4 Systemic inflam-
matory responses with pneumonia can lead to nonischemic
myocardial impairment, especially in the presence of preexist-
ing cardiovascular diseases. Moreover, coronary atheroscle-
rotic plaques with increased inflammatory activity are prone to
rupture with subsequent cardiac impairment. A large propor-
tion of myocardial injuries are attributed to type I and II myo-
cardial infarction, defined as thrombosis caused by plaque rup-
ture and caused by the imbalance of myocardial oxygen supply
and demand,5 respectively. This would be caused by the com-
bined effects of inflammation, cardiovascular comorbidities, and
other risk factors (eg, older age). There is also the possibility of
noncoronary myocardial injury6 and stress cardiomyopathy,
which may be caused by a severe emotional stress and/or physi-
cal injury under public health emergencies. The cardiovascu-
lar adverse effects of various antiepidemic drugs should also not
be ignored.

In conclusion, as the underlying mechanisms of myocar-
dial injury are varied in patients with COVID-19, comprehen-
sive cardiovascular examinations after balancing the risk of in-
fection are crucial for differential diagnosis and precise
treatment. In addition to acute myocardial injury, as a larger
number of patients are discharged, the long-term cardio-
vascular consequences of COVID-19 will require further
follow-up studies.

Shaobo Shi, MD
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David, Brutus, and Caracalla—A Sculptural
Chronology of Anatomical Observation
To the Editor Thanks are due to Gelfman1 for the reminder that
our visual diagnostic skills are not limited to sonography, ra-
diography, and electrocardiography and begin with the real-
time observations of intricately dynamic anatomy. I was
prompted by his article to look at further works by Michelan-
gelo and noticed that in addition to his description of exter-
nal jugular distension in Moses, David, and Pietà, Michelan-
gelo’s bust of Brutus also demonstrates a dilated right external
jugular vein up to the crossing with sternocleidomastoid with
the head rotated.

It has been suggested that Michelangelo may have
drawn inspiration for this work from the head of a decapi-
tated statue retrieved from the nearby Baths of Caracalla in
Rome. This head of Caracalla was reworked as a bust, and a
prominent proximal right external jugular vein is visible.
Contemporaneous records tantalizingly suggest this bust
was, for a time, housed on the same street as Michelangelo’s
workshop.2

The discovery of this already 1300-year-old sculpture frag-
ment in Rome in the mid-1500s postdates the completion of
the David. However, it is a reminder that we are certainly not
the first generation to observe these clinical signs and, thanks
to the work of educators such as Gelfman,1 hopefully also not
the last.
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In Reply I appreciate the kind words and insightful observa-
tions of Breakey in response to “The David Sign”1 concerning
Michelangelo’s sculpture, Brutus (circa 1542). As Breakey
describes, this bust does reveal jugular venous distention (JVD)
and is likely based on the sculpture Caracalla (circa 212 CE) of
the Roman emperor of the same name. This deserves further
discussion.

Indeed, JVD has been present in statues that predate
Michelangelo’s David (1504). In my article,1 I mentioned the
presence of JVD in the sculpture Laocoön and His Sons, where
Laocoön is fighting for his life. This marble sculpture (possi-
bly a copy of an earlier lost bronze work) was created in the
Hellenistic period (323 BCE to 31 CE), probably between 42 and
20 BCE (and only rediscovered in 1506). There are other ear-
lier statues from the Hellenistic period that also demonstrate
JVD. The bronze Terme Ruler, from the third to first century
BCE, clearly has JVD. The question I keep wondering is what
these artists were trying to portray by emphasizing normal, in-
termittent JVD. JVD itself wasn’t recognized to represent dis-
ease until 1728.2 As a cardiologist in the 21st century, I see the
David sign as a recognition of normal, intermittent JVD in ex-
cited individuals who are breathing against a partial or com-
pletely closed glottis (Valsalva maneuver), such as with grunt-
ing respiration, forceful speaking, or heavy labor. As a medical
educator, using the methods of visual thinking and the lim-
ited understanding of the circulatory system in the past, I see
different messages that appear to have evolved over time.

Before William Harvey, MD, the venous system was felt
to be a system supplying nutrition to the body from the
liver.3 To my knowledge, the earliest depiction of JVD in
Hellenistic statues appears to demonstrate vitality. The
Terme Ruler is not excited or in battle. He appears vital,
standing with an arm holding on to and balancing himself on
his spear. The later Laocoön is clearly in battle for his life,
and his JVD emphasizes his exertion. As noted previously,
both the David and Moses are thought to be in a state of
excitement before exertion.1

But what about the presence of JVD in Brutus? While he is
fashioned after the Roman sculpture Caracalla, and thus his
JVD might represent vitality, according to Wallace,4 he is dif-
ferent. Wallace describes Brutus with “powerful, frowning
countenance and the directed gaze…enhanced by the rip-
pling eyebrows…and firmly pressed lips…enhanced by rough-
ened surfaces…a man of principles and action.”4 Thus,
Brutus’ JVD is certainly consistent with Michelangelo’s theme
of using JVD to represent excitement before action.
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