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Abstract
Background: Patients with co-morbidities are particularly vulnerable to severe COVID-19 disease. Critically
ill patients with COVID-19 frequently experience severe tachycardias and avoidance of these is important
in some co-morbidities, for instance cardiovascular disease. There is growing interest in beta blockade in
critical illness as their use been associated with improved outcomes in a variety of conditions. We report
the real-world use of heart rate management in patients during the first wave of the COVID-19 pandemic.
As retrospective data are prone to an Immortal Time Bias, we created a Cohort Trial such as might be
used for a future prospective trial and used Time Dependent Covariate Analysis for its analysis.
Methods: Data for all PCR-proven COVID-19 patients ventilated in the Intensive Care Unit (ICU) were
extracted from the hospital databases. To compensate for the risk of immortal time bias, we restricted
analysis to 144 patients who achieved a heart rate (HR) of 90 beats per minute for more than 12 hours
and were treated with norepinephrine. We recorded time from these ‘entry criteria’ to first beta blocker
dose. Those patients who did not receive a beta blocker were given a nominal time to beta blocker
beyond the censor day. Outcome was mortality censored at 28 days.
Results: In the study group, 83/144 patients (57.6%) received a beta blocker. The median interval from
entry criteria to beta blocker was 7.91 days (IQR 3.89, 13.15) and median duration of treatment was 7.00
days (IQR 4.00, 14.00). Twenty-four beta blocker patients (28.9%) died within 28 days compared with 29
(47.5%) who did not (adjusted OR 0.43; 95% CI 0.20-0.95, P=0.036). Cox Regression with time-dependent
covariate analysis revealed there was an increased, but not significant, risk of death with beta blocker
delay (Hazard Ratio 1.42 p=0.264). Mortality was also reduced for each day treated with beta blockade
(adjusted Odds Ratio 0.76, 95% CI 0.64-0.91; P=0.002).
Conclusions: In a retrospective analysis of critically ill ventilated patients with COVID-19 who developed a
tachycardia >90 beats per minute and were treated with norepinephrine, beta blockade was associated
with reduced mortality.

Background
Patients with co-morbidities are particularly vulnerable to severe COVID-19 disease, with the UK’s
RECOVERY trial reporting diabetes in 27% of patients, heart disease in 26%, and chronic lung disease in
22%, with 57% having at least one major co-morbidity (1). Patients with COVID-19 can progress to a
hyper-inflammatory state characterized by hypotension and tachycardia with high inflammatory markers
(C-reactive protein (CRP), procalcitonin and ferritin) often requiring organ support in a critical care unit
(ICU).
The avoidance of tachycardia is important in patients with cardiovascular disease. It is well established
that a raised heart rate on admission to hospital for acute myocardial infarction is an independent
predictor of mortality (2–4). A recent review suggested that discharge heart rates below 80 were also
protective in hospitalized patients following myocardial infarction (5) and, importantly, with those with
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hypertension (6) and that this protection was noted at longer-term follow up (7). Although it is unknown
whether this protection extends to patients infected with COVID-19, some clinicians prescribe beta
blockers to mitigate potential occult ischemic heart disease and to protect patients following reports of
COVID-induced myocarditis and cardiomyopathy (8, 9).
Although developed for cardiovascular protection (10, 11), a growing body of evidence suggests that
patients may benefit from beta-blockade through immunomodulation. The majority of lymphoid cells
express beta-adrenergic receptors on their surface after acute activation (12). Acute autonomic
dysfunction and tachycardia are associated with a poor outcome in hyper-inflammatory states such
bacterial septic shock (13) with mortalities over 70% (14). Beta blockade has also been associated with
improved outcomes in a variety of conditions including septic shock (15), myocarditis (16), liver failure
(17), multiple myeloma (18), traumatic brain injury (19), trauma (20) and burns (21).
Physicians in our institution (an NHS hospital with one of the largest cohorts of COVID-19 patients in the
UK) used individual judgement to prescribe beta-blockade to control persistent tachycardia in critically ill
COVID-19 patients. During otherwise highly protocolized treatment of COVID-19, beta-blockade was one
of the few aspects of patient management left to individual clinical discretion. Overall, our clinicians who
direct care on the ICU were in equipoise about the utility of beta-blockade to affect the outcome of COVID19 disease, a necessary precondition for leading the STRESS-L study (STudy into the REversal of Septic
Shock with Landiolol (Beta Blockade)) (22).

Methods

Setting
This audit was undertaken at University Hospitals Birmingham NHS Foundation Trust (UHB), which
serves an ethnically diverse population of approximately 1.5 million people and to which 1671 patients
with Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) proven COVID-19 disease were admitted
during the timespan of the audit. This was a single-institution audit which was registered and approved
by the UHB Clinical Audit Registration & Management System (Reference: CARMS-16024), and which did
not require separate ethical approval.

Population
In the absence of prior data on beta-blocker use in COVID, we used all available patient data without a
prior power calculation, based on all hospital admissions between mid-February and mid-November 2020
which included the peak period (March to May) of the pandemic locally. We studied all patients where
COVID-19 was PCR-confirmed from nasopharyngeal, sputum or bronchoalveolar samples.
During this phase of the pandemic, patients admitted to our hospital were treated with oxygen, selfproning and thromboprophylaxis (enoxaparin 1 mg/kg/day) as standard general ward care. Antibiotics
were administered to patients with known or suspected bacterial infection. At the time of data collection,
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our Institution recruited to RECOVERY (23) and REMAP-CAP (24) platform trials which were open-labelled
studies. We identified all prescription data for steroids (25). Those patients who met the criteria of a
respiratory rate of 30 or more breaths per minute, and inspired oxygen fractions (FiO2) at 0.6 or more to
maintain oxygen saturations (SpO2) of 92% and with an Oxford Clinical Frailty Score (CFS) (26) of 4 or
less were admitted to the ICU for invasive mechanical ventilation. Once the decision to admit to ICU had
been made, patients were intubated and ventilated according to a pre-defined protocol. We selected this
period of audit as ICU management was consistent during this phase of the pandemic. Our institution did
not use non-invasive respiratory support during this period of intense COVID surge. ICU care was
protocolized as far as possible.
The use of beta-blockade was at the decision of the consultant (attending) covering each twelve-hour
shift which meant that there were no fixed criteria for beta blocker initiation nor by how much the heart
rate should be reduced. The senior clinicians were in equipoise around the utility of beta blockade and
were free to stop existing prescriptions. We were aware that observational retrospective data analysis
presents the risk of immortal time bias as participants must have survived to receive the intervention (27).
We therefore created a 28-day Cohort Trial (28, 29) whose entry criteria (based on the STRESS-L study)
(22) were to be receiving treatment with norepinephrine and to have a heart rate (HR) of 90 beats per
minute (bpm) for more than 12 hours.. We recorded time from entry criteria to the first dose of beta
blocker. Patients who received beta blockade before ICU admission were excluded. As the trial was
censored at 28 days, those patients who did not receive a beta blocker were allocated a nominal time to
beta blocker treatment of 29 days, beyond the censor point for the purposes of the analysis. Patients who
were discharged from hospital by day 28 were assumed to have survived beyond the 28-day censor.

Data extraction
The variables extracted from the electronic medical records were demographic data: sex, age, ethnicity
(White, Black, Asian, Minority Ethnic), dates of admission and discharge to hospital, dates of admission
and discharge to ICU, status at ICU and hospital discharge (dead/alive). Clinical data included: betablockade (type, time of dose), heart rate (bpm) and Entry criteria and at discharge from hospital or day 28
whichever was later, APACHE II score (30), steroid use (type, dose) and admission laboratory results (CRP
(mg/L), Neutrophil (10^9/L), Lymphocyte (10^9/L), Neutrophil:Lymphocyte ratio). For ease of
interpretation and because patient numbers were relatively small, ethnicity was classified as a binary
status (“white” or “non-white”). Steroid use varied in type (dexamethasone, prednisolone, methyl
prednisolone) and dose, so steroid use was classified as steroid status (“Yes” or “No”).

Exposure of interest
The main exposure of interest was treatment with beta-blockade.

Outcomes
The primary outcome of interest was death within 28 days of entry into the Cohort Trial. Secondary
outcomes included overall survival in-hospital, length of stay on ICU and changes in white cell count and
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CRP.

Statistical analysis
Descriptive statistics of patient characteristics and outcomes were compared between the beta-blockade
and no beta-blockade groups to identify potential confounders. Continuous outcomes were summarized
using mean and standard deviation (SD) and compared using a two-sample t-test. Categorical data were
compared using frequency and percentage and compared using the chi-square test or Fisher's exact test.
Any non-normal data were summarized using the median and inter-quartile range (IQR) and compared
using the Wilcoxon rank-sum test. The starting norepinephrine dose used in the adjusted mortality was
normalized by log(e) transformation.
For the primary outcome of interest, data were analyzed using Cox Regression with Time Dependent
Covariate Analysis to estimate the changes in mortality associated with increasing delay to first dose
beta-blockade. All analyses were adjusted for potential confounders - age, gender, ethnicity, APACHE II
score, steroid status and log-transformed norepinephrine dose at Cohort Trial start. Data results were
presented using adjusted hazards ratio.
Secondary outcomes were analyzed using linear regression (continuous dependent variable) and logistic
regression (binary dependent variable). The secondary analyses were adjusted for the same variables as
the primary analyses. The adjusted effect estimate and 95% CI are presented for all analyses. As use of
beta blockade was not protocolized and some patients only received a few days’ treatment, we performed
an adjusted mortality analysis using similar covariates but adding the duration of treatment with beta
blockers.
All statistical tests were two-sided and statistical significance was assessed at the 5% level. Analyses
were conducted using IBM SPSS 26 (IBM, Armonk, NY).

Results
We extracted data for 276 patients who were admitted to the ICU with COVID-19 who were positive or
became swab positive during their admission (Consort diagram, Fig. 1). Of these, five (1.8%) died within 6
hours of ICU admission and would not have been considered for beta blockade. A further 14 (5.1%) never
reached the entry criterion of a heart rate greater than 90 bpm for 12 hours, while a further 22 (8.0%) were
excluded because they were receiving beta blockers before admission to ICU. This left a cohort of 235
(85.1%) patients, 144 of whom received norepinephrine and were included in the analysis.
The characteristics of patients are summarized in Table 1. Average age was 56.1 years (SD 13.9), 102
(70.8%) were male, 54 (37.5%) were of white ethnicity and 90 (62.5%) were of non-white ethnicity.
Patients had a mean APACHE II score of 14.3 (SD 4.0), a mean heart rate of 99.3 (SD 13.1) and mean
CRP 183 (IRQ 111, 267). The predominance of males is consistent with national UK data (31). Males were
also more likely to receive beta blocker treatment and this precluded a matched analysis. The only
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significant difference was a lower final lymphocyte count in patients receiving beta blockade (1.2 vs 1.6
x10− 9/ml, p = 0.042).
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Table 1
Baseline demographic and clinical characteristics summarized by beta blockade status
Criteria

No Beta
Blockade
(N = 61)

Beta Blockade

Overall

(N = 83)

(N = 144)

Pvalue

Age (years), Mean (SD)

57.1 (12.8)

55.3 (12.5)

56.1 (13.9)

0.399

Gender (male), N (%)

35 (57.4)

67 (80.7)

102 (70.8)

0.002

White

23 (37.7)

31 (37.4)

54 (37.5)

0.965

Non-white

38 (62.3)

52 (62.6)

90 (62.5)

Steroid use (Yes), N (%)

32 (52.5)

46 (55.4)

78 (54.2)

0.724

Apache II, Mean (SD)

14.3 (4.4)

14.3 (4.0)

14.3 (4.0)

0.970

0.58 (0.18,
1.48)

0.38 (0.16,
1.23)

0.50 (0.17,
1.32)

0.422

0.06 (0.03,
0.10)

0.07 (0.03,
1.04)

0.07 (0.03,
0.10)

0.547

Start

99.2 (13.1)

99.4 (13.3)

99.3 (13.1)

0.904

End

95.8 (22.7)

94.0 (18.1)

94.8 (20.1)

0.593

Start

194 (141, 280)

173 (101,
252)

183 (111, 267)

0.200

End

97 (18, 215)

61 (14, 174)

63 (16, 197)

0.167

Ethnicity, N (%)

Time from ICU Admission to Heart
Rate > = 90
Median (IQR) Days

Norepinephrine Dose
Median (IQR) mcg/kg/min
Start*
Heart Rate
Mean (SD) bpm

C-Reactive Protein
Median (IQR) mg/L

IQR: 25% and 75%
* All alive patients had been weaned from Norepinephrine at 28-days
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Criteria

No Beta
Blockade
(N = 61)

Beta Blockade

Overall

(N = 83)

(N = 144)

Pvalue

Lymphocyte Count
Median (IQR) x 10− 9 /ml
Start

1.0 (0.6, 1.3)

1.0 (0.7, 1.5)

1.0 (0.6, 1.4)

0.382

End

1.2 (0.9, 1.9)

1.6 (1.1, 2.2)

1.4 (1.0, 2.1)

0.042

Start

8.8 (6.7, 12.0)

8.3 (5.9, 13.1)

8.45 (6.3,
12.4)

0.805

End

9.4 (6.3, 13.9)

8.1 (5.7, 14.5)

8.8 (5.9, 14.3)

0.522

Start

8.27 (6.36,
13.45)

8.30 (5.58,
15.23)

8.28 (5.85
13.71)

0.528

End

7.84 (3.95,
13.94)

4.77 (3.18,
12.33)

6.01 (3.33,
12.94)

0.079

Neutrophil Count
Median (IQR) x 10− 9 /ml

Neutrophil:Lymphocyte Ratio
Median (IQR)

IQR: 25% and 75%
* All alive patients had been weaned from Norepinephrine at 28-days
For the beta blocker group, the mean time from entry criteria to starting beta blockers was 7.91 days (IQR
3.89, 13.15) (Table 2). The median length of treatment was seven days with 25% of patients receiving
fewer than four days treatment (IQR 4.0–14.0). Beta blockers were used for 396 days (17.4%) out of a
possible follow up period of 28 days in 83 patients (Total possible 2324 days) and only 46 of the 83
(55.4%) patients demonstrated a reduction in heart rate of 10% or more of baseline in the 24 hours
following initiation.

Page 8/16

Table 2
Beta Blocker Compliance with Therapy
Time from Cohort Trial Entry to Beta Blocker

7.91 (3.89,
13.15)

Median (IQR) Days
Duration of Beta Blocker Therapy

7.0 (4.0, 14.0)

Median (IQR) Days
Number of Beta Blocker Treated patients with 10% decrease of Heart Rate at 24
hours

46/83 (55.4%)

Of the 83 beta blocker patients, 24 (28.9%) died within 28 days compared with 47.5% of those not treated
with beta blockers. From the adjusted primary analyses, there was a statistically significant association
with beta blocker treatment and 28-day mortality (adjusted odds ratio 0.43 95% (CI 0.20–0.95) p = 0.036)
(Table 3 and Fig. 2). To compensate for the risk of immortal time bias, we performed Cox regression with
time-dependent covariate analysis. This suggested that delay in exposure to beta blockade was
associated with an increased risk of death, though this did not achieve statistical significance (Hazard
Ratio 1.42 p = 0.264). Exposure to beta blockade was associated with an adjusted odds ratio for death of
0.76 (95% CI 0.64–0.91; P = 0.002) for each day treated with beta blockade.
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Table 3
Mortality data summarised by beta blockade status
Analysis

Cox Regression Analysis
Died in ICU within 28 days

No Beta
Blockade

Beta
Blockade

(N = 61)

(N = 83)

29/61
(47.5%)

24/83
(28.9%)

Adjusted OR (95%
CI); P-value:
0.43 (0.20, 0.95); P
= 0.036

N (%)
Cox Regression with Time Dependent Analysis
Died in ICU within 28 days

Exp(B); P-value:
1.42; P = 0.264

N (%)
Logistic Regression of Beta Blocker Exposure

396/2324
(17.4%)

No of Days out of total possible (%)

Adjusted OR (95%
CI); P-value:
0.76 (0.64, 0.91); P
= 0.002

Length of ICU stay (days), median (IQR)

13.7 (6.6,
21.4)

23.8 (15.8,
33.1)

< 0.001

Length of Hospital stay (days), median (IQR)

19.8 (10.1,
34.2)

34.2 (22.8,
47.5)

< 0.001

Adjusted for the variables Age, Gender, APACHE-II, Ethnic Status, Steroid use and Log Transformed
Norepinephrine Dose at Trial Start
In both Cox Regression analyses, Gender and Log Transformed Norepinephrine Dose were significant
at P < 0.05
For the secondary outcomes (Table 3), there was a statistically significant difference in the median
lengths of ICU stay (beta blockade group 23.8 days (IQR 15.8, 33.1), no beta-blockade group 13.7 days
(IQR 6.6, 21.4) (p < 0.001), and hospital stay 34.2 days (IQR 22.8, 47.5) versus 19.8 days (IQR 10.1, 34.2)
(p < 0.001) respectively.

Discussion
We report an association between treatment with beta-blockade and lower 28-day mortality in critically ill
COVID-19 patients with tachycardia requiring norepinephrine to support blood pressure. Some of this
effect is attributable to immortal time bias (27): the difference was no longer statistically significant
following Cox regression with time dependent covariate analysis. Our Cohort Trial was similar to the
prospective trial STRESS-L (22) currently under way for septic shock in the UK to test the hypotheses that
beta blockade is protective from adverse effects of catecholamine exposure. Autonomic dysfunction and
tachycardia are associated with a poor outcome in septic shock (13, 14), and may be driven by the use of
norepinephrine: bradycardia is protective (32). Tachycardia is associated with increased mortality in ICU
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COVID-19 (33). We hypothesize that in severe COVID-19, IL-6-mediated systemic inflammation (34–36) is
further aggravated by β2-adrenergic stimulation, while beta-blockade may counteract this effect by
protecting the synthesis of anti-inflammatory cytokines (for example, IL-10) (37–39).
We protocolized the management of our critically ill Covid patients in almost all respects except use of
beta-blockade and management of heart rate targets which reflects clinician equipoise for the STRESS-L
study participation. Most patients (88.2%) received bisoprolol and so we were unable to perform an
analysis to distinguish whether more benefit was derived from cardioselective agents. We attempted a
matched analysis but were unable to match the groups in large enough numbers to be meaningful. As
these patients were all treated with norepinephrine, use of beta blockade was delayed and low. It may be
that more aggressive dosing would have had a detectible effect. Treatment with beta blockade was also
associated with longer ICU stay; it is conceivable that the use of beta-blockade may have enabled survival
(with a prolonged ICU stay) of patients who would otherwise have died earlier.
Given a signal for benefit, and the absence of evidence of harm, we would propose that critically ill Covid19 patients should be included in current randomized controlled trials of beta-blockade in sepsis.

Conclusions
In a Cox Regression with Time Dependent Covariate of retrospective data, delay of introduction of beta
blockade was associated with an increased but non-significant mortality but was accompanied by an
increase in ICU stay during management of critically ill COVID-19 patients with severe COVID-19 disease.
A prospective study of heart rate control with beta-blockade to improve outcomes in COVID-19 disease is
recommended.
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Figure 1
CONSORT Diagram for Audit Population
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Figure 2
Cox Regression Analysis adjusted by Age, Gender, APACHE-II, Ethnic Status, Steroid use and Log
Transformed Norepinephrine Dose at Trial Start with High Risk of Immortal Time Bias
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