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Behavior of the PR interval with increasing heart rate
in patients with COVID-19
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BACKGROUND Myriad manifestations of cardiovascular involve-
ment have been described in patients with coronavirus disease
2019 (COVID-19), but there have been no reports of COVID-19
affecting the cardiac conduction system. The PR interval on the
electrocardiogram (ECG) normally shortens with increasing heart
rate (HR). The case of a patient with COVID-19 manifesting Mobitz
type 1 atrioventricular (AV) block that normalized as the patient’s
condition improved prompted us to investigate PR interval behavior
in patients with COVID-19.

OBJECTIVE The purpose of this study was to characterize PR inter-
val behavior in hospitalized patients with COVID-19 and to correlate
that behavior with clinical outcomes.

METHODS This study was a cross-sectional cohort analysis of
confirmed COVID-19 cases (March 26, 2020, to April 25, 2020).
We reviewed pre–COVID-19 and COVID-19 ECGs to characterize
AV conduction by calculating the PR interval to HR (PR:HR)
slope. Clinical endpoints were death or need for endotracheal
intubation.
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RESULTS ECGs from 75 patients (246 pre–COVID-19 ECGs and 246
COVID-19 ECGs) were analyzed for PR:HR slope. Of these patients,
38 (50.7%) showed the expected PR interval shortening with
increasing HR (negative PR:HR slope), whereas 37 (49.3%) showed
either no change (8 with PR:HR slope5 0) or paradoxical PR interval
prolongation (29 with positive PR:HR slope) with increasing HR. Pa-
tients without PR interval shortening were more likely to die (11/37
[29.7%] vs 3/38 [7.9%]; P5 .019) or require endotracheal intuba-
tion (16/37 [43.2%] vs 8/38 [21.1%]; P 5 .05) compared to pa-
tients with PR interval shortening.

CONCLUSION Half of patients with COVID-19 showed abnormal PR
interval behavior (paradoxical prolongation or lack of shortening)
with increasing HR. This finding was associated with increased
risk of death and need for endotracheal intubation.

KEYWORDS Coronavirus; COVID-19; Electrocardiogram; PR Interval;
SARs-CoV-2
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Introduction
Coronavirus disease 2019 (COVID-19) is caused by the
novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Multiple publications have described car-
diac involvement in patients with COVID-19, including
myocarditis, multiple infarcts, and myocardial injury with
ST-segment elevation without or with nonobstructive coro-
nary artery disease.1–3 Patients with evidence of cardiac
involvement are consistently reported to have worse
prognoses.4–7 To date, there have been no reports on any
impact of COVID-19 on the cardiac conduction system.

In healthy individuals, the PR interval shows predictable
and consistent nonlinear shortening as heart rate (HR) acceler-
ates, whether the increase in HR is achieved by exercise or by
sympathomimetic drugs.8 This physiological adaptation pre-
serves atrioventricular (AV) synchrony andmaintains optimal
ventricular filling during HR acceleration. Epidemiologic
studies have confirmed this inverse correlation of PR interval
and HR, and this relationship remains reproducible over
time.9–11

We noted that many patients with COVID-19 showed
abnormal PR interval behavior. This observation was first
noted in a 63-year-old man with COVID-19 without previous
cardiac disease. On hospital admission, the patient’s electro-
cardiogram (ECG) showed second-degree, Mobitz type 1 AV
block at an atrial rate of 84 bpm with a narrow QRS complex,
which resolved as the infection improved. This observation
prompted further analysis of PR interval behavior in patients
with COVID-19.
Methods
ECG analysis
The study was determined to be exempt from review by the
institutional review board in accordance with institutional
policy. We reviewed current and previously recorded ECGs
for all patients with COVID-19 admitted to the Jefferson
Health System from March 24, 2020, to April 28, 2020.
The shared electronic health record (EPIC, Verona, WI) and
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ECG database (MUSEGEHealthcare,Wauwatosa,WI) were
used for data collection. We intentionally limited our analysis
to patients with COVID-19 who had previously recorded
(pre–COVID-19) ECGs in order to compare PR interval
behavior during other illnesses. For study inclusion, patients
were required to have at least 2 ECGs recorded before their
COVID-19 hospitalization with recorded HRs that were at
least 5 bpm apart and at least 2 ECGs recorded during the cur-
rent hospitalization with HRs at least 5 bpm apart. Exclusion
criteria were ECGs showing atrial fibrillation or atrial flutter,
all pre-COVID PR intervals .200 ms, pre-COVID ECGs
showing QRS duration .120 ms (reflective of pre-existing
conduction system disease), and evidence of an electronic
pacemaker. A maximum of 4 pre–COVID-19 and 4
COVID-19 ECGs were analyzed per patient. Pre–COVID-
19 ECGs were obtained during previous illness requiring
hospitalization. All ECGs were visually scanned, and PR in-
tervals were remeasured with electronic calipers when HRs
were .100 bpm or when there were obvious errors in
computer-generated measurements. For manual measure-
ments, we used the “superimposed median” format at twice
paper speed and twice gain (Figure 1). This format is a
nonlinear digital filtering technique used to remove noise
by replacing each digital datapoint of the ECG tracing with
the median of neighboring datapoints.12 This allowed precise
measurements even with rapid HRs and baseline artifacts. PR
interval measurements were recorded separately from out-
comes data and laboratory values.
Clinical variables and outcome measures
The electronic health records of the patients during the cur-
rent hospitalization were reviewed for the following relevant
Figure 1 Example of PR interval measurement. Superimposed median format use
.100 bpm or with overtly incorrect automated PR interval measurements. This forma
paper speed andgain, and utilizes a nonlinear digitalfiltering technique tominimize arti
clinical variables: current age; sex; history of previous infarc-
tion; use of beta-blockers/calcium channel blockers/antiar-
rhythmic drugs during admission; and dates and times of
recording every ECG used in the analysis. Data on total
length of hospital stay; length of stay in the intensive care
unit (ICU); need for endotracheal intubation; death; and
several laboratory measurements (peak values of high-
sensitivity [hs]-troponin T, C-reactive protein, D-dimer,
ferritin, creatine phosphokinase, pro-calcitonin, pro–B-type
natriuretic peptide, international normalized ratio [INR],
fibrinogen, and interleukin-6) also were collected. The
main clinical endpoints were death or need for endotracheal
intubation.
PR interval to HR slopes
The PR interval to HR (PR:HR) slope was calculated for each
set of pre–COVID-19 and COVID-19 ECGs; thus, each
patient served as his or her own control. The change in slope
was calculated as the mathematical difference between
COVID-19 and pre–COVID-19 slopes. Based on the
PR:HR slopes obtained during the COVID hospitalization,
the cohort was divided into 2 groups: patients with negative
PR:HR slopes (indicative of PR interval shortening with
increasing HR) and patients with zero or positive PR:HR
slopes (indicative of PR interval prolongation or lack of
shortening with increasing HRs).
Statistical analysis
The primary analysis was an evaluation of the relationship of
PR:HR slope with the primary endpoints. Continuous vari-
ables were analyzed using the 2-sided Student paired t test
assuming equal variances, and the results are given as
d for manual PR interval measurements on electrocardiograms with heart rate
t displays the superimposed 6 limb leads (synchronized to QRS onset) at twice
fact. Electronic on-screen calipers are used for precise PR intervalmeasurement.



Figure 2 Flow diagram for patient inclusion. Screening was based on
availability of pre–COVID-19 and COVID-19 electrocardiograms in order
to allow PR:HR slope calculation. After meeting inclusion and exclusion
criteria, there were 75 patients with 514 ECGs for analysis of PR:HR slopes.
COVID-19 5 coronavirus 2019; HR 5 heart rate; MRN 5 medical record
number.
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mean 6 SEM. Dichotomous variables were analyzed using
the Fisher exact test and are given as percentages. When a
laboratory value was not provided in the patient’s electronic
health record, it was assumed that the test had not been per-
formed.
Results
Of a total of 307 patients screened, paired ECGs for PR:HR
slope analysis were obtained for 75 patients (Figure 2). The 3
most common reasons for noninclusion were absence of at
least 2 pre–COVID-19 ECGs; absence of 2 COVID-19
ECGs; and presence of a wide QRS complex. A total of
246 pre–COVID-19 ECGs and 268 COVID-19 ECGs were
Table 1 Clinical characteristics of study patients grouped according to

Entire cohort
(N 5 75)

CO

Ne
(n

Clinical variables
Age (y) 67.0 6 1.6 67
Female sex 38 (50.7) 20
History of myocardial infarction 13 (17.3) 9
Use of beta-blockers 10 (13.3) 5
Use of calcium channel blockers 10 (13.3) 5
Use of antiarrhythmic drugs 3 (4) 0

Pre–COVID-19 ECGs (N 5 268) (n
Time between ECGs (d) 1285.0 6 155.8 96
No. of ECGs analyzed per patient 3.6 6 0.1 3.
Pre–COVID-19 HR (bpm) 79.6 6 1.6 79

COVID-19 ECGs (N 5 246) (n
Time between ECGs (days) 5.6 6 0.5 6.
No. of ECGs analyzed per patient 3.3 6 0.1 3.
COVID-19 HR (bpm) 87.1 6 1.6 86

Values are given as mean 6 SEM or n (%) unless otherwise indicated.
COVID-19 5 coronavirus 2019; ECG 5 electrocardiogram; HR 5 heart rate.

*Statistically significant.
included in this analysis. The mode and median values for
the number of ECGs analyzed was 4. Clinical characteristics
of the entire cohort and the 2 patient groups based on PR:HR
slopes are given in Table 1. The 2 groups were well matched
except for a statistically significant difference in the time span
for acquisition of the pre–COVID-19 ECGs compared to the
COVID ECGs.

For the entire cohort, a statistically significant differences
was seen between mean pre–COVID and COVID HRs
(79.1 6 2.3 vs 80.2 6 2.2; P ,.001) and between mean
pre–COVID-19 and COVID-19 PR:HR slopes (–0.8
vs 10.1; P ,.001), paired for each patient. Analysis of
pre–COVID-19 ECGs showed that 61 of 75 patients
(81.3%) had negative PR:HR slopes during previous hospi-
talizations. Analysis of the COVID-19 ECGs of these 75
patients showed that 38 (50.7%) retained a negative slope,
but 37 (49.3%) showed either PR interval prolongation or
absence of shortening. Of the 38 patients whose PR intervals
shortened with increasing HRs, 22 had a blunted response;
that is, although they had negative COVID-19 PR:HR slopes,
their COVID-19 PR intervals did not shorten to the same de-
gree as their pre–COVID-19 PR intervals, resulting in less
negative slopes compared to pre–COVID-19 slopes. Results
of pre–COVID-19 and COVID-19 ECG PR:HR slope anal-
ysis are given in Table 2.

Average length of hospital stay was 11.7 6 0.7 days
(range 3–28). Median length of stay was 10.0 days. Patients
who displayed a positive PR:HR slope during their COVID-
19 hospitalization were more likely to meet the endpoint of
death (11/37 vs 3/38; P5 .019); were more likely to require
endotracheal intubation (16/37 vs 8/38; P 5 .050); and had
significantly higher peak INR measurement (Table 3). All
other laboratory test values were not significantly different
between the 2 groups, although a trend toward higher peak
hs-troponin T levels was noted (P 5 .053).
COVID-19 PR:HR slope

VID-19 PR:HR slope behavior

P value
gative PR:HR slope
5 38)

Positive PR:HR slope
(n 5 37)

.2 6 2.0 66.8 6 2.4 .89
(52.6) 18 (48.6) .82
(23.7) 4 (10.8) .23
(13.2) 5 (13.5) 1
(13.2) 5 (13.5) 1
(0) 3 (8.1) .11
5 136) (n 5 132)
2.5 6 162.9 1616.2 6 259.0 .035*
6 6 0.1 3.6 6 0.1 .94
.1 6 2.3 80.2 6 2.2 .74
5 130) (n 5 116)
3 6 0.7 4.8 6 0.6 .14
4 6 0.1 3.1 6 0.1 .12
.2 6 2.4 88.1 6 2.3 .57



Table 2 Results of PR:HR slope analysis in 75 paired patients

Negative PR:HR
slope (n 5 38)

Positive PR:HR
slope (n 5 37) P value

Pre–COVID-19 slope –0.7 6 0.2 –0.9 6 0.2 .47
COVID-19 slope –0.6 6 0.1 10.5 6 0.1 ,.001*
Slope change 10.1 6 0.0 11.4 6 0.2 ,.001*

Values are given as mean 6 SEM unless otherwise indicated.
COVID-19 5 coronavirus 2019; HR 5 heart rate.

*Statistically significant.
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Discussion
AV nodal conduction is expected to improve as HR in-
creases, resulting in shortening of the PR interval with sinus
rate acceleration. Sympathetic stimulation shortens the PR
interval and is well described during exercise and beta-
agonist exposure.13,14 However, there are few published
data on PR interval behavior during illness. Fever has been
reported to be associated with PR interval shortening, and
Karjalainen and Viitasalo15 made the observation that
“.even patients who demonstrated AV block during fever
had shorter PR intervals than during the control period.”
PR interval shortening has also been described in fever-
induced Brugada syndrome.16 To date the only febrile state
known to be associated with PR interval prolongation is acute
rheumatic fever.17 Similar to COVID-19, rheumatic fever is
known to be associated with elevations in C-reactive protein
and various cytokines.18 A case report described the develop-
ment of PR interval prolongation associated with bradycardia
in a fatal case of swine influenza.19 A recent paper referenced
a single case of heart block in a patient with COVID-19 that
resolved as the patient’s condition improved.20
Table 3 Clinical outcomes and laboratory measurements of study patie

Entire cohort
(N 5 75)

Clinical endpoints
Death 14 (18.7)
Endotracheal intubation 24 (32.0)
Mean length of hospital stay (days) 11.7 6 0.7
Patients needing ICU stay (n) 42 (56)

Laboratory values
Peak hs-troponin T (ng/L) 159.8 6 46.4
Peak C-reactive protein (mg/mL) 21.2 6 1.6)
Peak D-dimer (ng/mL) 4899.7 6 1347.3
Peak ferritin (ng/mL) 2158.5 6 476.2
Peak creatine phosphokinase (U/L) 762.1 6 194.5
Peak pro-calcitonin (ng/mL) 10.00 6 6.0
Peak pro-BNP (ng/L) 4031.9 6 1407.1
Peak INR 1.31 6 0.0
Peak fibrinogen (mg/dL) 698.9 6 34.3
Peak IL-6 (pg/mL) 408.4 6 206.9

Values are given as n (%) or mean 6 SEM unless otherwise indicated.
BNP5 B-type natriuretic peptide; COVID-195 coronavirus 2019; HR5 heart rat

interleukin 6; INR 5 international normalized ratio.
*Statistically significant.
PR interval behavior in COVID-19
Our data demonstrate that in patients with COVID-19, the PR
interval showed prolongation or absence of shortening with
increasing HR in 37 of 75 patients (49.3%). Even in the re-
maining patients in whom the PR interval shortened, the de-
gree of shortening was blunted in 22 of 38 patients (57.9%)
compared to their PR:HR slopes on pre–COVID-19 ECGs
acquired during previous hospitalizations. Average sinus
rates were significantly higher on COVID-19 ECGs
compared to pre–COVID-19 ECGs, consistent with a height-
ened sympathetic milieu. Although the temperature of each
patient was not noted when the ECGs were obtained, it is
likely that at least some of these patients were febrile at the
time of ECG acquisition. Pre-existing conduction system dis-
ease is unlikely to be the underlying explanation for the
observed PR interval behavior as most of the patients did
not have previous cardiac disease and had exhibited appro-
priate PR interval shortening during previous illness at com-
parable HRs. Finally, use of AV nodal blocking medication
was infrequent and comparable in the 2 groups.

Importantly, patients who showed PR interval prolonga-
tion or absence of shortening with increasing HR were
more likely to meet both endpoints of death and need for
endotracheal intubation. No significant association was
found between PR interval slope and any other clinical vari-
ables or laboratory test results except for peak INR value,
which was significantly higher in patients with positive
PR:HR slopes. Although not a planned analysis, when pa-
tients who died were compared to those who did not, the
only statistically significant differences were higher peak
values of hs-troponin, C-reactive protein, and ferritin among
the patients who died. These findings are consistent with pre-
vious publications.1,2
nts grouped according to COVID-19 PR:HR slope

COVID-19 PR:HR slope behavior

P value
Negative PR:HR slope
(n 5 38)

Positive PR:HR slope
(n 5 37)

3 (7.9) 11 (29.7) .019*
8 (21.1) 16 (43.2) .050*
11.0 6 0.9 12.4 6 1.10 .31

17 (18.4) 25 (67.6) .06

64.1 6 17.6 243.5 6 83.5 .053*
19.2 6 2.2 23.2 6 2.5 .22

3411.7 6 1570.6 6387.8 6 2184.4 .27
1912.9 6 435.1 2356.4 6 790.0 .65
614.0 6 233.5 918.3 6 316.1 .44
13.13 6 10.8 6.41 6 3.7 .58
3778.4 6 1957.8 4299.5 6 2079.9 .86
1.232 6 0.0 1.380 6 0.0 ,.001*
758.6 6 45.7 654.5 6 48.3 .14
908.8 6 627.1 173.0 6 51.7 .10

e; hs-troponin5 high-sensitivity troponin; ICU5 intensive care unit; IL-65
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Possible pathophysiology
The underlying mechanism of cardiac involvement in
COVID-19 remains speculative. Elevated antiphospholipid
(anticardiolipin) antibodies and activated partial thrombo-
plastin time have been reported in patients with
COVID-19.21,22 Antiphospholipid antibodies, specifically
anticardiolipin, are frequently associated with viral infec-
tions.23 Anticardiolipin antibodies have an established path-
ogenic role in rheumatologic conditions such as systemic
lupus erythematosus, in which myocarditis, pericarditis, cor-
onary arteritis, and AV conduction failure are seen. An
antigen–antibody reaction affecting the cardiac conduction
system has been proposed based on the finding of ribonucleo-
protein antibodies in the sera of mothers with lupus whose in-
fants exhibit congenital AV block.24 These data may provide
a plausible pathophysiological explanation for our findings
and may prompt assessment of PR interval behavior in
patients with other viral illnesses.

Study limitations
Study limitations include those inherent to retrospective ana-
lyses of observational data. Less than 25% of screened pa-
tients met inclusion criteria, primarily because we had to
limit our analysis to patients with at least 2 ECGs in order
to calculate PR:HR slopes. Although this strict inclusion cri-
terion may have selected a sicker baseline patient population,
the availability of previously recorded ECGS allowed each
patient to serve as his or her own control. The inclusion
criteria were applied to all patients, and possible selection
bias does not explain the differences in PR interval behavior
seen during COVID-19 compared to that during previous ill-
nesses. PR measurements can be prone to error, but we used
the superimposed median format at twice magnification and
twice paper speed along with electronic calipers to minimize
such errors. Another limitation relates to the time span over
which ECGs were acquired. Pre–COVID-19 ECGs were ob-
tained over a longer period of time (mean 3.5 years)
compared to COVID ECGs obtained during the index hospi-
talization (mean 5.5 days). Accordingly, the COVID PR:HR
slopes was selected as the dichotomizing variable rather than
the slope difference over time. At the time of submission,
some patients still were hospitalized and their ultimate out-
comes are unknown. Finally, the full complement of labora-
tory tests was not performed on all patients.

Conclusion
We demonstrated PR interval prolongation or absence of
shortening given increasing HRs in approximately half of pa-
tients with COVID-19. Such PR interval behavior was asso-
ciated with both a higher risk of death and the need for
endotracheal intubation. The underlying pathophysiology re-
mains unknown at this time. If confirmed by additional
studies, paradoxical PR interval behavior with varying HRs
on serial ECGs may be a simple parameter to help identify
sicker patients with COVID-19.
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