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Abstract
Background: Diastolic dysfunction has been reported in patients with COVID-19. Due to the role of Nterminal pro-brain natriuretic peptide (NT-proBNP) in the diagnosis of heart failure, this study investigated
the relationship between serum NT-proBNP levels and diastolic heart failure in COVID-19 patients.
Methods: This descriptive-analytical study was performed at Ayatollah Rouhani Hospital in Babol. Fiftyfour patients with confirmed COVID-19 diagnosis who were admitted to the ICU were included in the
study. The primary outcome was the relationship and predictive role of NT-proBNP and diastolic heart
failure in patients with severe SARS-COV-2 infection. Patients with pro BNP >125 pg/mL underwent
echocardiography and the relationship between echocardiographic indices and NT-proBNP was assessed
as a secondary outcome.
Results: Our study showed that plasma NT-proBNP levels in patients with increased diastolic dysfunction
were associated with disease severity. It was also found that the cut-off point of NT-proBNP = 799 pg/mL
could be a predictor of diastolic dysfunction grades two and three. In this study, patients with a serum NTproBNP level equal or above 799 had 37 times higher chance of having diastolic dysfunction than those
with a serum NT-proBNP level below 799. Patients with NT-proBNP above 556 had RV_EA> 2 in
echocardiography, indicating increased right-sided filling pressures.
Conclusion: Despite the confounding factors in the interpretation of the pro BNP level in COVID-19, its
level can be used to estimate the presence of high-grade diastolic heart failure on the left and right sides
of the heart and the presence of high filling pressures. Lower levels of NT-proBNP are associated with
right-sided diastolic failure.

Background
Since December 2019, the world has been experiencing a rapid outbreak of a newly discovered infectious
disease. COVID-19 occurs primarily as an acute respiratory disease with interstitial and alveolar
pneumonia, but can affect various organs such as the heart, kidneys, gastrointestinal tract, blood, and
central nervous system (1). Microangiopathy, myocarditis, myocardial infarction or even heart failure
have been reported in COVID-19 (2, 3). A meta-analysis of 25 studies reported on non-COVID-19
pneumonia stated that cardiac complications were observed in a quarter of patients with COVID-19 being
the most common (14%) (4), but the incidence of heart failure in patients with COVID-19 and even other
diseases caused by coronaviruses such as severe acute respiratory syndrome (SARS-CoV-1) and Middle
East respiratory syndrome (MERS-CoV) have not received much attention.
A cohort study on 3080 confirmed COVID-19 patients who were followed up for 30 days showed an
incidence of acute heart failure in 2.5% of these patients. The incidence and progression of heart failure
in patients in this study were associated with a poorer outcome (5). The relationship between diastolic
heart failure and COVID-19 has also been reported in the meanwhile. A study has reported an association
between COVID-19 and diastolic heart failure, subclinical diastolic failure, or exacerbation of diastolic
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heart failure. Although case reports have described COVID-19 myocarditis leading to diastolic
dysfunction, the most common heart failure during COVID-19 is subclinical diastolic dysfunction and the
emergence of new diastolic dysfunction following SARS-CoV-2 infection (5).
The overlap of clinical signs and radiological manifestations of COVID-19 and HF is an undeniable
obstacle to the correct diagnosis of these conditions (6, 7). Restrictive criteria for the use of non-invasive
imaging tests such as echocardiography and the recommendation to use simple physical examinations
recommended by the international scientific community make it difficult to diagnose heart failure in
COVID-19 (6–9). The role of cardiac biomarkers such as N-terminal pro-brain natriuretic peptide (NTproBNP) is proved in the diagnosis of AHF in patients with shortness of breath and no previous history of
HF, especially if imaging techniques are not available or limited use is recommended, as is the case in
COVID-19 pandemic (9). Of course, NT-proBNP has played a growing role in this area over the years.
NT-ProBNP is released from myocytes in response to increased cardiac wall stress and provides a strong
independent prognostic value in patients with various cardiovascular diseases such as heart failure,
acute coronary syndrome, aortic valve stenosis, and stable coronary involvement (10). NT-ProBNP in
COVID-19 rises unpredictably in response to the criteria we have in heart failure due to hypoxia, sepsis,
and inflammatory responses (11). Due to the limited role of echocardiography because of the close
distance between the operator and the patient and the time it takes to obtain more accurate parameters in
echocardiography, this study aimed to examine the predictive role of NT-proBNP in diastolic heart failure
and its relationship with echocardiographic parameters in patients with COVID-19.

Methods
This cross-sectional descriptive study was performed on 52 adult patients with COVID-19 diagnosis
hospitalized in the ICU of Rouhani Hospital in Babol from June 21 to September 21, 2020. All steps were
followed according to the instructions of the Research Ethics Committee of Babol University of Medical
Sciences, Babol, Iran (IR.MUBABOL.REC.1399.321). The primary outcome was the determination of the
predictive role of NT-proBNP in the diagnosis of diastolic heart failure in patients with severe SARS-COV-2
infection. Inclusion criteria included patients with severe COVID-19 disease who were admitted to ICU and
whose COVID-19 infection was confirmed by polymerase chain reaction (PCR) or a combination of
clinical manifestations and chest CT scan, and patients whose level NT-proBNP in their plasma was
measured to be above 125 pg/mL. Echocardiography was performed for eligible patients.
Patients under 18, patients without NT-proBNP results, patients with malignant tumors, stroke or
myocardial infarction, pregnant women, patients who died while being hospitalized or transferred to other
hospitals were excluded from the study. Demographic and clinical information were reviewed and
recorded by asking the patient questions and reviewing the patient file. For laboratory data, blood
samples were collected and NT-proBNP was measured using fluorescence immunoassay (Triage® BNP;
Alere). Patients with proBNP < 125 pg/mL underwent echocardiography by a cardiologist. Additional
laboratory test results including blood count, renal function analysis, electrolytes, CRP, IL-6, and prePage 3/14

calcitonin and D-dimer oxygen saturation level were also recorded. All clinical and laboratory data were
collected within 24 hours after admission.
Items measured on echocardiography included: the size of the cardiac cavities in diastole, ejection
fraction in systole on the right and left, right and left atrial size, systolic venous pressure, IVC diameter,
pericardial effusion rate, diastolic function including E and A- wave velocity and the E/A ratio and the E/E
tissue movement velocity on the right and left separately. Estimation of the severity of diastolic heart
failure was calculated using the guidelines of the American Society of Echocardiography (12). Statistical
analysis was performed by SPSS 22.0 (SPSS, Chicago, IL, USA). Data were presented as mean standard
deviation, frequency (%). Independent samples t-test and chi-square test in rank variables were used for
intergroup comparison in continuous variables with normal distribution. The ROC curve was used to
determine the "optimal" NT-proBNP cut-off point for predicting diastolic dysfunction and the Yuden index
(Ref) method. Patients were classified into two groups due to the fact that their NT-proBNP level was
higher or lower than this cut-off point, and the relationship between NT-proBNP level above the cut-off
point and mortality was tested using chi-square test. Bilateral P < 0.05 was considered statistically
significant.

Results
During the study period, data from 52 patients with COVID-19-confirmed infection who met the inclusion
criteria were included in the present analysis. The mean age of patients was 63.4 ± 17.56 (46.2%) patients
were male and 28 (53.8%) patients were female. According to echocardiographic results, 50 patients had
diastolic dysfunction, of which 34 (65.4%) had grade 1 dysfunction (Fig. 1a,b), 14 (26.9%) patients had
grade 2 dysfunction (Fig. 1c,d), and 2 (3.8%) patients had grade 3 dysfunction (Fig. 1e,f). The mean level
of NT-proBNP in these patients was 5001.31 ± 2899.34 with the median of 1371 (24647 − 473.75). The
demographic and baseline characteristics of the studied patients are presented in Table 1.
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Table 1
Baseline characteristics of total and different degrees of NT-proBNP
WithoutDD (n = 2 )

gradeDD1(n
= 34 )

gradeDD2(n
= 14 )

gradeDD3(n
=2

N = 52

Male/Female (n)

1/1

16/18

6/8

1/1

24/28

Age (years)

34

62 ± 17.92

68.5 ± 14.29

76 ± 14.14

63.4 ± 17.56

History of HTN (n)

0

12(42.9)

6(60)

1(50)

19(36.5%)

History of DM (n)

0

9(31)

4(40)

1(50)

14(26.9%)

Serum NT-proBNP
)pg/Ml(

963.5 ±
942.57

1344.96 ±
1375.5

5391.57 ±
7031.89

13814 ±
12436.59

2899.34 ±
5001.31

Creatinine (mg/dl)

5.3 ± 6.5

1.74 ± 2.5

3.64 ± 3.42

4.4 ± 2.96

2.48 ± 3.02

WBC (109 /L)

13500 ±
5091.16

8091.52 ±
3442.31

8600 ±
3776.24

9650 ±
1202.08

8606.40 ±
3597.78

LYM (109 /L)

11.5 ± 2.82

10.31 ± 8.03

8.81 ± 8.76

4.15 ± 0.07

9.74 ± 7.69

Neu

82.32 ± 0.59

49.35 ±
38.41

38.85 ±
42.01

45.26 ±
62.69

49.19 ± 38.77

CRP (mg/L)

-

75.28 ± 70.3

114 ± 96.16

29

76.84 ± 70.12

Hb

14.3 ± 3.81

11.24 ± 1.82

10.42 ± 1.54

8.8

11.15 ± 2.05

BUN

16

29.34 ±
20.11

46.71 ±
36.97

75 ± 38.18

35.39 ± 27.27

Na

135

134.6 ± 3.4

136.5 ± 5.35

133.5 ± 7.77

134.9 ± 3.93

k

3.7

4.18 ± 0.67

4.4 ± 0.61

5.3 ± 1.97

4.28 ± 0.76

IL-6

10.4 ± 3.95

78.48 ±
143.91

15.8 ± 8.9

-

64.71 ±
129.87

D-dimer

1249 ±
345.06

1046.82 ±
1249.70

481.75 ±
680.56

-

1010.53 ±
1140.23

Procalcitonin
(PCT)

0.16

0.18 ± 0.17

0.46 ± 0.4

44.4 ± 57.41

4.88 ± 19.41

o2sat

94.5 ± 0.7

94.41 ± 3.44

90.35 ± 4.18

86.5 ± 2.12

93.01 ± 4.15

In-hospital death
(n)

0

2(5.9)

3(21.4)

2(100)

7(13.5%)
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Mean serum proBNP levels increased with increasing grade of diastolic dysfunction. Table 2 compares
the mean serum level of proBNP in terms of the diastolic dysfunction grade. There was a correlation
between proBNP level and some echocardiographic parameters and the relationship between serum
proBNP level and these indices was positive. Among the echocardiographic parameters with a positive
correlation with proBNP, the severity of the correlation was related to RA_size (r = 0.61, p = 0.0001), LVED
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(r = 0.45, p = 0.0008), LV_ E/e/ (r = 0.27, p = 0.05), LV_E (r = 0.35, p = 0.01), respectively. Among the
echocardiographic parameters, left ventricular ejection fraction (LVEF) (r = -0.43, p = 0.0012) had a
significant and negative correlation with serum NT-proBNP level.

Table 2
Relationship between NT-proBNP levels and echocardiographic
parameters
Echo Parameters (left)

Pearson correlation coefficient

P-value

LVED

0.45

0.0006

RVEDd

0.02

0.84

LAsize

0.1

0.47

TAPSE

-0.13

0.34

LVEF

-0.43

0.0012

SPAP

-0.44

0. 12

LV_E

0.35

0.01

LV_A

0.01

0.89

LV_ E/A

-0.03

0.82

LV_ E/e/

0.27

0.05

RV_E

0.07

0.58

RV_A

-0.05

0.73

RV_ E/A

0.01

0.93

RV_ E/e/

-0.16

0.25

RA_size

0.61

0.0001

IVC_size

0.18

0.46

The cut-off point as a predictor of grade 2 and 3 diastolic dysfunction for NT-proBNP level was 799
pg/mL with 100% sensitivity and 52.78% specificity (Fig. 2a). The area under the curve for this cut-off
point was (AUC = 0.81.). Among the echocardiographic parameters, LV_E > 50 cm at the cut-off point NTproBNP = 1479 pg/mL, had an acceptable area under curve and a favorable predictive value (AUC = 0.66,
PPV = 100) (Fig. 2b) as well as the echocardiographic parameter RV_E/A > 2 at the cut-off point NTproBNP = 556 pg/mL, had an acceptable area under curve and a good predictive value (AUC = 0.71, PPV =
97.2) (Fig. 2c) (Table 3).
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Table 3
AUC, sensitivity, specificity, and positive and negative predictive values by NT-proBNP at a cut off-value
Parameter*

Cut-off value NTproBNP

AUC (95%
CI)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Diastolic
dysfunction

799

0.81(0.7–
0.93)

100

52.78

48.5

100

LVEDD

1736

0.60(0.4–
0.81)

63.64

65.85

33.3

87.1

LA size

587

0.63(0.39–
0.88)

100

34.7

16.7

100

TAPSE < 1/7

1140

0.77(0.60–
0.94)

100

52.17

21.4

100

TAPSE < 2/4

805

0.50(0.32–
0.68)

81.82

43.9

28.1

90

SPAP

1497

0.68(0.52–
0.84)

65

70

59.1

75

LV_E

1479

0.66(0.5–
0.83)

53.33

100

100

25

LV_EA > 0/8

1630

0.55(0.39–
0.71)

51/72

71/43

71.4

51.7

LV_EA > 2

955

0.62(0.42–
0.82)

80

47.5

27.6

90.5

LV_E/e/

150

0.64(0.48–
0.80)

57.89

72.73

75

56.6

RV_E/A > 0_0.8

1850

0.53(0.35–
0.70)

52.17

75

63.2

65.6

RV_E/A > 2

556

0.71(0.43–
0.99)

74.47

75

97.2

20

> 4RV_E/e/

556

0.51(0.34–
0.69)

76.67

38.1

63.9

53.3

RV_E/e > 6

556

0.49(0.30–
0.68)

81.82

32.5

25

86.7

Pericardial_effusion

488

0.46(.120.81)

100

27.08

10.3

100

Grade2,3

* abnormal reng : LVEDD > 5.3(f) or > 5.9(m)- RVEDd > 4.1mm - LA size > 4 cm - SPAP > = 30mmHg LV_E > 50 cm/s- LV_E e/>14 - RA_size > 19 cm
After multivariate logistic regression analysis, those with a serum pro BNP level equal and above 799 had
a 37 times higher chance of diastolic dysfunction than those with a serum pro BNP level below 799 E
Page 8/14

(OR = 37.16, p = 0.04). All echocardiographic parameters were evaluated by logistic regression model and
only SPAP and LV_E were significant compared to other indices so that for every unit of increase in SPAP,
the chance of diastolic dysfunction increases by 22% (OR = 1.22, p = 0.01). For each unit of increase in
LV_E, the chance of diastolic dysfunction increases by 16% (OR = 1.16, p = 0.01) (Table 4).

Table 4
multivariable logistic regression for evaluating the
ability of NT-proBNP to identify diastolic
dysfunction when compared with other indicators
indicator

OR

P-value

95% CI

NT_proBNP

37.16

0.04

1.12-1231.48

SPAP

1.22

0.01

1.03- 1.45

LV_E

1.16

0.01

1.02- 1.32

>=799

Discussion
The study aimed to evaluate the relationship between NT-proBNP levels and left ventricular diastolic
dysfunction in patients with COVID-19. Our study showed that plasma NT-proBNP levels in patients with
increased diastolic dysfunction was related to the severity of the disease so that with increasing severity
of diastolic dysfunction, proBNP levels also increase. It was also found that the cut-off point of NTproBNP = 799 pg/mL could be used as a predictor of diastolic dysfunction grades 2 and 3. A person with
COVID-19 who has high-grade diastolic dysfunction is 100% likely to have a serum proBNP level above
799 pg/mL. In this study, patients with a serum proBNP level above 799 had a 37 times higher chance of
having diastolic dysfunction than those with a serum proBNP level below this amount. There are studies
that, like our study, found significantly higher proBNP levels in patients with advanced diastolic
dysfunction.
In one study this level was 286 ± 31 pg/mL (13), in another study the proBNP level was 46 to 48 pg/mL
above normal (14) and in another study, it was 14 ± 13 pmol/l (15). Although these late peptides have
been shown to be associated with severe diastolic dysfunction, their role in the diagnosis of mild diastolic
heart failure is uncertain (16). In a study on 396 patients that showed a strong association between
plasma NT-proBNP levels and the risk of death in COVID-19 patients, the best median NT-proBNP for
predicting mortality at 53 days of follow-up was 847.5 pg/ml. According to this study, NT-proBNP was
associated with mortality both in the entire study population and after the exclusion of HF patients. NTproBNP above this level was associated with a higher risk of mortality in these patients due to cardiac
complications raised by complex interactions between previous conditions, ischemia, systemic
inflammation, and direct pathogen damage to the cardiovascular system (17). This amount was lower
than the cut-off of our study which predicted grade 2 and 3 diastolic dysfunctions as a poor outcome.
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According to an article published in the European Heart Association in 2016, a cut-off point of 125, along
with other anatomical and functional signs, was used to diagnose diastolic heart failure. In COVID-19
patients, Pro-BNP levels cannot be satisfied with the previous standard figures due to the possibility of
high levels of infection, inflammation and hypoxia. It seems that a different cut-off point should be
considered. Based on the results of this study, NT-proBNP levels above 799 pg/ml were obtained to
diagnose high-grade diastolic dysfunction in patients with severe COVID-19 (18). The sensitivity of NTproBNP for the diagnosis of diastolic dysfunction in our study was 100% and it was an accurate
screening test that in Lu Bien study (13) had a sensitivity of 85% for the diagnosis of diastolic
dysfunction in non-COVID patients, this value in another study was reported to be 69% and NT-proBNP
was not recommended for screening diastolic dysfunction. However, this study was performed on people
over 45 living in the community years before the COVID pandemic who were randomly included in the
study (19).
In this study, we compared NT-proBNP for the diagnosis of diastolic dysfunction in hospitalized patients
with COVID-19 with echocardiographic indices as a routine non-invasive procedure. However, the
standard for assessing diastolic heart function is to measure the pressure-volume relationship with a
catheter, which is an invasive procedure. In our study, there was a positive correlation between proBNP
levels and some echocardiographic parameters including RA_size, LVED, LV_ Ee, and LV_E, and this
indicates that as proBNP levels increase, these indices also increase. Significant negative correlation
between proBNP level and one of the echocardiographic parameters including LVEF increases with
decreasing LVEF serum NT-proBNP level number. According to this study, proBNP above 556 pg/ml in
severe COVID-19 patients has a predictive value of 97.2% for the presence of RV_EA > 2 and also proBNP
above 556 pg/ml in these patients has a predictive value of 63.9% for the presence of LV_Ee > 4 in
echocardiography. These two echocardiographic parameters indicate an increase in right heart filling
pressures and due to the relationship between right heart pressure and left heart filling pressures and its
relationship with pulmonary pressure, hypoxia and lung pressures, it seems that diastolic dysfunction of
the right side of the heart begins at lower levels of proBNP.
According to other results from this study, if a person has a proBNP above 1479 pg/ml, LV_E would be
greater than 50 cm for 100% (E wave velocity above 50). Given that the E-wave velocity showed a
compression gradient between the atrium and the ventricle and depend on left ventricular complication
and left ventricular pressure, it could be said that proBNP above 1479 pg/ml should avoid volumetric and
compressive overload. In this study, for every unit increase in SPAP, the chance of diastolic dysfunction
increased by 22%. SPAP levels are associated with inflammation and hypoxia of the lungs and are also
associated with increased and limited left-filling pressures. The limitations of this study included it was
an observational, single-center study with the inherent limitations of this type of design. The number of
samples and the possibility of performing echocardiography were limited due to policies focused on
prevention of SARS-CoV-2 transmission.

Conclusion
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briefly, these data suggested that elevated NT-proBNP levels were associated with grade 2 or higher grade
of diastolic dysfunction in patients with COVID-19, and this result suggested that this method could be
used as a predictor of diastolic dysfunction in these patients, and better understanding of the possibility
of increased right heart filling pressures. Following this result, by estimating the probability of increased
left and right filling pressures of the heart by reaching the level of NT-proBNP above a certain number,
excessive flow of fluids without considering the need and urine output and calculating the estimated
filling pressures of the heart can be prevented. In addition, the results of this study indicated a new
direction for further research on the use of NT-proBNP as a non-invasive method of diagnosing diastolic
dysfunction in COVID-19 patients. It was recommended to investigate the levels of NT-proBNP associated
with diastolic dysfunction in higher sample size and multicenter studies. Of course, the follow-up of these
patients is valuable in terms of the persistence of diastolic failure and pulmonary pressure.
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Figure 1
Grading of diastolic dysfunction. a,b- Grade 1, c,d- Grade 2, e,f- Grade 3.

Figure 2
a- ROC curve for predicting cutoff value of NT-proBNP for diastolic dysfunction. Area under the curve was
0.81%. b- ROC curve for predicting cutoff value of LV_E>50. Area under the curve was 0.67%. c- ROC curve
for predicting cutoff value of RV_EA<2. Area under the curve was 0.71%.
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