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Abstract

The impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on diastolic function is less known. We describe
a 46-year-old man with a history of mild hypertension who presented to the emergency department with fever, cough, and
myalgia for 2 days. The patient was tested positive for SARS-CoV-2. He was admitted and started on a combination of antiviral
and antimicrobial therapy. He developed respiratory distress 2 days later, and O2 saturation declined. Blood tests showed an
increased N-terminal pro-B type natriuretic peptide (NT-proBNP) level, and echocardiography showed normal left ventricular
ejection fraction and E/e′ ratio of 16. Computed tomography scan showed interstitial pulmonary oedema and prominent
peripheral pulmonary vascular markings. Given these findings, heart failure with preserved ejection fraction (HFpEF) was con-
sidered. Low-dose diuretic was started, and fluid administration was restricted, resulting in a decrease in NT-proBNP level, clin-
ical and haemodynamic stabilization, and improved oxygenation. This case highlights the occurrence of HFpEF in coronavirus
disease 2019.
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Introduction

In late December 2019, a novel coronavirus, referred to as
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), emerged in Wuhan, China1 and rapidly spread
worldwide. The coronavirus disease 2019 (COVID-19) out-
break was declared by the World Health Organization
(WHO) a Public Health Emergency of International Concern
on 30 January 2020 and a pandemic on 11 March 2020.2,3

In most cases, SARS-CoV-2 infection causes mild upper
respiratory infection, and even in some cases, it may be
asymptomatic. However, in a subset of patients, it causes a
severe pneumonia, which may rapidly progress to acute

respiratory distress syndrome (ARDS) causing respiratory fail-
ure, septic shock, multi-organ failure, and eventually death.4

Herein, we describe a 46-year-old man with a previous his-
tory of mild hypertension who presented with progressive
respiratory compromise disproportionate to the direct pul-
monary involvement by the SARS-CoV-2 infection. In further
evaluation, the patient was found to have heart failure with
preserved ejection fraction (HFpEF), which was successfully
managed with fluid restriction and diuretics.

This case highlights the contribution of diastolic
dysfunction in respiratory compromise of critically ill patients
with COVID-19 and describes the promising role of diuretics
in successful management of hypoxia in these patients.
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Case report

A 46-year-old man with a 4-year history of mild hypertension
presented to the emergency department with fever, cough,
and myalgia that had started 2 days ago. Past medial history
was otherwise unremarkable. On arrival, physical examina-
tion showed a blood pressure of 110/70 mmHg, heart rate
of 80 b.p.m., respiratory rate of 15 respiration per minute,
oxygen saturation of 98% while breathing ambient air, and
a temperature of 38°C. Electrocardiography was unremark-
able. On initial chest X-ray, bilateral and peripheral opacities
were seen (most prominent in lower lobes). No sign of pul-
monary oedema was evident, and cardiothoracic ratio was
normal. Blood tests revealed white blood cell count of
7200/nL (lymphocyte 14% and polymorphonuclear cells
80%), haemoglobin 11 g/dL, platelet 192 000/nL, erythrocyte
sedimentation rate (ESR) of 70 mm/h, high-sensitivity
C-reactive protein (hs-CRP) of 14 mg/L, and N-terminal pro-
B type natriuretic peptide (NT-proBNP) of <20 pg/mL (refer-
ence range < 125 pg/mL). A nasopharyngeal swab was per-
formed with a positive result for SARS-CoV-2 on real-time
reverse transcriptase–polymerase chain reaction assay. The
patient was admitted, and according to our local clinical stan-
dards, a combination of antivirals [oseltamivir (75 mg oral ev-
ery 12 h) and lopinavir/ritonavir (400/100 mg oral every
12 h)] and antibiotics [ceftriaxone (1 g intravenous daily)
and linezolid (600 mg oral every 12 h)] was started. Consider-
ing the patient’s loss of appetite and nausea, leading to poor
oral intake, as well as insensible water loss due to fever, fluid
therapy with crystalloids was also initiated and the patient
had a net positive fluid balance of 500–600 mL in the first
2 days. During this time period, his haemodynamic status
was stable, and no significant changes were seen in his vital
signs.

Two days later, the patient developed respiratory distress
(respiratory rate of 25 respirations per minute), and O2 satu-
ration declined to 85%. The patient was started on high-dose
oxygen (8–10 L/min) delivered through a face mask with res-
ervoir bag, which did not improve oxygen saturation. After
2 h, the patient was started on non-invasive ventilation, that
is, bilevel positive airway pressure (BiPAP). His blood pressure
was 140/90 mmHg, and the temperature remained at 38°C.
Blood tests showed white blood cell count of 12 660/nL
(polymorphonuclear cells 88.5%, lymphocytes 5.8%, and
monocytes 5.5%), haemoglobin of 12.2 g/dL, platelet of
311 000/nL, ESR of 100 mm/h, hs-CRP of 70 mg/L, troponin
I of 0.08 ng/mL (reference range < 0.4 ng/mL), NT-proBNP
level of 1262 pg/mL (reference range < 125 pg/mL),
interleukin-6 (IL-6) of 5.8 pg/mL (reference range:
0-16.4 pg/mL), and D-dimer of 1080 ng/mL (reference range
<500 ng/mL). Measurement of troponin I level was repeated
after 1 and 6 h, which was both negative. Given the rise in
NT-proBNP, a focus cardiac ultrasound examination was
performed for detecting gross abnormalities in cardiac

function, which was notable for left ventricular ejection
fraction of 50%, normal left atrial size, septal wall thickness
of 14 mm, a grade II diastolic dysfunction, and E/e′ ratio of
16. No regional wall motion abnormality was noted on echo-
cardiography. Echocardiographic examination was otherwise
normal. In addition to peripheral ground-glass opacities and
consolidations in lower lobes (common X-ray findings in
COVID-19 infection), chest computed tomography (CT) scan
showed increased interlobular septal thickening, some
centrally located ground-glass opacities, and prominent
peripheral pulmonary vascular markings, which were sugges-
tive of interstitial pulmonary oedema (Figure 1). Given the CT
scan findings, and disproportionate extent of pulmonary in-
volvement with inflammatory markers including IL-6 level,
as well as the rise in NT-proBNP level, HFpEF was considered
in the differential diagnosis for respiratory deterioration.
Therefore, low-dose furosemide (intravenous 40 mg every
12 h) and spironolactone (25 mg oral daily) was started for
him, and fluid administration was restricted with the aim of
creating a negative fluid balance of 300–500 mL per day.
Upon starting diuretics (within a few hours), O2 saturation
rose to above 90%, and non-invasive ventilation (i.e. BiPAP)
was then used intermittently. After 4 days of treatment, the
NT-proBNP level declined to 451 pg/mL; the patient’s clinical
and haemodynamic status improved dramatically, and
non-invasive ventilation was discontinued, despite continuing
previous antivirals and other supportive measures.

Discussion

We describe a patient with a 4-year history of mild hyperten-
sion admitted to the hospital with COVID-19 and deteriorat-
ing respiratory status. Our case highlights the possibility of
impaired myocardial relaxation as a predominant form of car-
diac involvement in critically ill COVID-19 patients, and the
importance of fluid restriction and/or diuretic therapy in the
management of hypoxia in these patients.

The most common symptoms reported among patients
with COVID-19 are fever, fatigue, and dry cough, followed
by myalgia and shortness of breath.4,5 Less common symp-
toms include headache and gastrointestinal complains such
as nausea, vomiting, and diarrhoea.4,5 Among hospitalized
patients, approximately 50% develop hypoxemia by Day 8,
and ARDS develops in 17–29% of patients.6 In a recent anal-
ysis of the experience in China, the case fatality rate in
COVID-19 has been reported as 1.38% (0.66% if asymptom-
atic cases are included).6

Older people and those with co-morbidities such as diabe-
tes, chronic kidney disease, hypertension, and cardiovascular
diseases appear to develop more severe forms of the disease
and seem to be at higher risk of death.5 As SARS-CoV-2
viruses use membrane-bound angiotensin-converting enzyme
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2 (ACE2) as entrance portal into lung alveolar epithelial cells,
much of the high fatality rate may be due to an increase in
angiotensin II levels. Indeed, the cardioprotective ACE2 nor-
mally converts part of the angiotensin II present in plasma
into angiotensin (1-7), which has vasodilating properties,
but is lost with the binding to SARS-CoV-2 as shuttle into
the cell.7–10

In critically ill patients, leukocytosis, lymphopenia, and
increases in D-dimer, lactate dehydrogenase, creatine phos-
phokinase, C-reactive protein, troponin, and ferritin levels
are suggestive of poor prognosis.5

Although the lower respiratory tract is the major site of
involvement in patients with COVID-19, a range of cardiac
complications, from myocarditis to arrhythmia and acute car-
diac injury, have also been reported.4,5,11–14

A few possible mechanisms may play a role in cardiac
involvement in COVID-19 patients, including the following:

1 Direct invasion of the myocardium by the virus, causing
myocarditis. Although this has not been proven in
SARS-CoV-2 infection, this potential mechanism has

been suggested based on a murine model that has dem-
onstrated that respiratory infection with SARS-CoV could
precipitate ACE2-dependent myocardial infection.15

2 Myocardial injury due to inflammation caused by high
levels of circulating cytokines yielding a cytokine storm.16

3 Type II myocardial ischemia/infarction due to increased
oxygen demand in critically ill patients.

4 Microthrombi in the coronary microcirculation may
develop as a consequence of hypercoagulability that is
described in COVID-19 patients.17

In addition to the above mechanisms, and in accordance
with a recent article by Mehra and Ruschitzka,18 we believe
that the possibility of abnormal myocardial relaxation has
been overlooked in patients with COVID-19. A range of
chronic diastolic impairment is expectable in the elderly, as
well as in patients with diabetes, coronary artery disease,
structural heart disease, and, in particular, patients with
chronic hypertension. The myocardial relaxation abnormali-
ties in these patients may range from asymptomatic eleva-
tions in cardiac filling pressures to fully manifested HFpEF.

Figure 1 Chest computed tomography scan performed on Day 3 of admission when patient developed respiratory distress (A–C: multiple sections on
axial lung window). Multifocal ground-glass pulmonary opacities are seen in bilateral lungs in which some of them change to consolidation in both
lower lobes. These features are highly suggestive for coronavirus disease 2019 pneumonia. Increased interlobular septal thickening and some of the
central ground-glass pulmonary opacities are suggestive of interstitial pulmonary oedema due to heart failure. Minimal bilateral pleural effusion is also
seen.
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In the setting of COVID-19, myocardial injury and/or cytokine-
induced inflammation may further impair myocardial relaxa-
tion in these patients with chronic diastolic dysfunction, par-
ticularly if patients are receiving large volumes of intravenous
fluids. Of note, in any acute illness such as COVID-19, severe
diastolic dysfunction may also develop acutely in previously
normal-functioning hearts, known as de novo acute heart fail-
ure. Whatever the underlying pathophysiology, impaired re-
laxation would, in turn, raise intracardiac filling pressures
and add a cardiogenic contribution to the existing pulmonary
oedema, aggravating the pre-existing hypoxia. Rigorous fluid
administration and/or concomitant medications such as
non-steroidal anti-inflammatory drugs might also alter so-
dium and fluid balance in these patents, further deteriorating
pulmonary oedema. This hypothesis might, at least to some
extent, explain the severity and the higher mortality rate of
COVID-19 among the elderly and among patients with hyper-
tension, and might provide insights into the rationale behind
the prognostic significance of high NT-proBNP despite normal
systolic function. In addition, diastolic dysfunction has been
reported with SARS and could be expected to occur with
SARS-CoV-2, considering the similar pathogenicity.19

Our case report suggests that the presence of elevated
NT-pro-BNP should provoke a search for diastolic dysfunc-
tion, and diuretic therapy may dramatically improve hypoxia
in critically ill patients, in particular in those in whom the se-
verity of pneumonia and the serum levels of inflammatory
markers do not explain the severity of hypoxia.

However, it is worth noting that neither cardiac magnetic
resonance imaging nor endomyocardial biopsy had been per-
formed for our patient owing to limited personnel resources
and equipment. For this reason, we might not be able to
definitely exclude the possibility of myocarditis and to

thoroughly investigate the pathophysiologic mechanism for
diastolic dysfunction in this patient.

Conclusions

In conclusion, in the critical phase of COVID-19, diastolic
dysfunction might ensue leading to pulmonary oedema that
might be obscured by the concomitant pulmonary involve-
ment and ARDS. Therefore, a superimposed cardiogenic com-
ponent of the ARDS should be considered based on clinical
grounds, in particular in patients with disproportionate sever-
ity of pneumonia and inflammatory markers with haemody-
namic status and hypoxia, along with elevated natriuretic
peptides. Intravenous fluid restriction and diuretic therapy
are convenient and life-saving strategies, which might help
in improving clinical and haemodynamic status of these
patients.
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