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ABSTRACT: High dose corticosteroid therapy is widely used as attack therapy of inflammatory central nervous system disorders and can induce
several adverse reactions. Bradycardia is an infrequent event after corticosteroids administration and is often asymptomatic. We report a case of
a woman admitted to the neurological department of our hospital for paraesthesias of the lower limbs. She received adiagnosis of inflammatory
myelitis and high dose corticosteroid therapy was prescribed. During the therapy she complained of chest tightness, dyspnoea, weakness and
malaise. An electrocardiogram revealed sinus bradycardia. A significant increase in body weight, probably due to plasma volume expansion,
was detected. Bradycardia and high blood pressure spontaneously resolved in few days. We provide a collection and a statistical analysis
of literature data about steroid induced bradycardia. We found that higher total doses are associated with lower pulse rate and symptomatic
bradycardia. Bradycardia is more frequent in older patients and those with underlying cardiac disease or with autonomic disturbance. However
clinicians must be aware about the occurrence of symptomatic bradycardia in all patients who undergo high dose corticosteroid therapy, not

only in those at risk, to early detect and treat this potentially dangerous condition.
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Introduction

Corticosteroids (CS) have a wide range of uses, mainly related to
their strong anti-inflammatory and immune-modulating proper-
ties. Inflammatory myelitis is commonly treated with pulse corti-
(PST)  (high-dose  of
methylprednisolone at 1000mg daily for 3-7days).! The most

costeroid  therapy intravenous
common side-effects of high-dose PST are hyperglycemia, gas-
trointestinal intolerance, minor infections, and psychiatric symp-
toms. Minor adverse effects can be considered as transient facial
flushing, a brief disturbance of taste, distal paresthesia, insomnia,
and mild weight gain. Overall, cardiac arrhythmias (atrial fibrilla-
tion/flutter, ventricular tachycardia, and sinus bradycardia) have
been reported in 1% to 82%23 of patients undergoing high-dose
corticosteroid therapy. Bradycardia is a rare adverse effect! of PST
and is often asymptomatic.** In this case report, we describe an
episode of severe and symptomatic sinus bradycardia, developed
after 5days of PST in a 48-year-old woman with a inflammatory
myelitis. We also provide a statistical analysis of the published data
regarding bradycardia associated with steroid treatment, to iden-
tify variables related to the occurrence of this side-effect.

Case Presentation
A 48-year-old white woman was admitted to the neurological

department of the Careggi Hospital (Florence, Italy) for a

15-month history of paresthesias of the lower limbs, in the
absence of motor deterioration. Her medical history was only
significant for gastric ulcer (chronically treated with proton-
pump inhibitors [PPIs]) and smoking (about 20 cigarettes). A
spinal cord magnetic resonance imaging (MRI) showed signal
abnormalities in cervical (C2-C6) and thoracic (D6) regions;
none had contrast enhancement (Figure 1). A brain MRI
revealed a 44-mm meningioma situated on the floor of left
middle cranial fossa, without signs of raised intracranial pres-
sure. A lumbar puncture was performed, demonstrating 2.05g
of total proteins, normal cell count, link index of 0.66, and oli-
goclonal immunoglobulin G (IgG) with a mirror pattern.

The patient received a diagnosis of inflammatory myelitis
and then a 5-day course of intravenous methylprednisolone
was prescribed. On Day 3 of PST, she complained of chest
tightness, which worsened over the next 2days. On Day 5, she
also developed dyspnea, weakness, and malaise. Her blood
pressure was 170/90 mm Hg and her pulse rate (PR) was rang-
ing from 37 to 40 bpm. Pulse corticosteroid therapy was imme-
diately suspended. An increase in body weight (S5kg) was
detected compared with Day 1. A 12-lead electrocardiogram
(ECG) revealed sinus bradycardia (37bpm), without signs of
acute myocardial infarction, acute coronary syndromes, atrio-

ventricular block, or other forms of arrhythmias (Figure 2). A
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prior ECG, done a month earlier, showed normal sinus rhythm
at 76bpm. Cardiac biomarkers were normal and blood tests
showed mild anemia, slight elevation of creatinine (0.95 mg/
dL), potassium level of 3.9 mEq/L, sodium level of 141 mEq/L,
calcium level of 8.4 mg/dL, and a mild decrease of total protein
5.6g/dL. A normal left ventricular function was proved with

Figure 1. The patient spinal cord MRI showing signal abnormalities in
cervical (C2-C6) and thoracic (D6) regions. MRI indicates magnetic
resonance imaging.

echocardiography. A cranial computed tomography (CT) scan
was performed, which did not show any significant modifica-
tions compared with prior brain MRI images. The patient did
not receive any treatment, whereas high blood pressure and
bradycardia spontaneously resolved in few hours and 4days,
respectively.

Statistical Analysis and Review of the Literature
Considering cases already reported in the literature and the
one described here, we performed a correlation study of demo-
graphic, clinic, and laboratory data (Table 1). Depending on
the distribution of data, we used t-test and non-parametric
Mann-Whitney U tests for between groups’ comparisons and
non-parametric Spearman p (rho) to evaluate correlations
between groups’ numeric measures. We used chi-square test to
compare categorical data. We included in this analysis patients
whose data were available: 34 cases, including 27 women
and 7 men.

InTable 2, mean and SD for age, number of doses, daily dose,
total dose, systolic blood pressure before CS (pre-sBP), diastolic
blood pressure before CS (pre-dBP), pulse rate before CS (pre-
PR), and minimal pulse rate after CS (min-PR) are reported.
Most subjects developed bradycardia at the first day (46.7%) and
at the third day (10%) of administration. According to the devel-
opment of symptoms of bradycardia, we divided the whole sam-
ple in 2 groups, asymptomatic subjects (n=23) and symptomatic
subjects (n=11). These 2 groups had comparable sex, number of
doses, pre-PR, pre-sBP, and pre-dBP. As expected, symptomatic
patients reached a lower min-PR (P=0.001). Total dose, but not
daily dose, was different between the 2 groups, being signifi-
cantly lower in patients w developed symptoms (P<<0.034).
There were no differences in age, pre-PR, pre-sBP, pre-dBP, and
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Figure 2. The patient ECG showing isolated sinus bradycardia (37 bpm). ECG indicates electrocardiogram.
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Table 1. Cases of bradycardia associated with steroids administration included in our analysis.

REFERENCE PATIENTS DISEASE DAILY DOSE* NO. OF ROUTE SYMPTOMATIC
DOSES
Tvede et al.® 5 patients: 4 female (21- Rheumatoid arthritis 1250mg 2-3 v 1 patient
52years) and 1 male
(53years)
Guillén et al.” 73-year-old female Pulmonary-renal syndrome  375mg 1 v Yes
Kugikosmanoglu  14-year-old male Glomerulonephritis 1875mg 1 v Yes
etal®
Pudil and Hrncir® 2 female (14-28years) Rheumatoid arthritis, 156.3mg 4-5 v No
polyarticular arthritis
syndrome
Jain et al.”° 10 patients: 9 female Pemphigus vulgaris 933.3mg 1 v No
(29-58years), 1 male
(39years)
Al Shibli et al." 14-year-old female Steroid-sensitive nephrotic ~ 80mg 7 Oral No
syndrome
Taylor and Gaco®  45-year-old female Multiple sclerosis 1250mg 5 Oral No
Kundu and 48-year-old female Multiple sclerosis 1250mg 4 \Y) Yes
Fitzgibbons'?
Dominguez- 15-year-old male Juvenile idiopathic arthritis ~ 312.5mg 3 v No
Pinilla et al.™®
John et al. 58-year-old male Laryngeal edema 50mg 2 v Yes
Beyan et al.!® 2 patients: 1 female (24years)  Behget and LES 1250 and 150mg  3-4 v 1 patient
and 1 male (25years)
Dashore et al.'® 5 female patients (34- Pemphigus vulgaris 125mg 2-3 v 2 patients
67 years)
Marinov et al.'” 51-year-old female Postoperative nausea and 25mg 1 \Y) Yes
vomiting
Hasan and 54-year-old female Adrenal insufficiency 100mg 1 Oral Yes
Al-Khazraji'®

Abbreviation: |V, intravenous.
*steroids daily dose.

min-PR between female and male patients. Symptomatic
patients were older than asymptomatic patients, although this
difference was not statistically significant (P=0.07).

Discussion

High-dose corticosteroid therapy is widely used as attack ther-
apy of inflammatory central nervous system (CNS) disorders
and their relapses. Tachyarrhythmia and sinus bradycardia have
been both reported as adverse effects; however, bradycardia is
often asymptomatic.** Bradycardia is generally associated with
high-dose intravenous corticosteroid administration, but some
cases after low-dose intravenous and oral corticosteroid therapy
have been reported.'>151718 In a review of the literature by
Stroeder et al.,'? 93 cases of bradycardia attributed to PST have
been reported, from 1970 to 2014. Other cases, not included in
this work, have been reported!?141718 reaching a total amount
of 105 cases of bradycardia consequently to corticosteroids
administration (11 case reports, 6 case series, 2 prospective stud-
ies, and 1 retrospective study).

Nowadays, the pathogenetic mechanism of CS-associated
bradycardia remains unclear. An animal study suggests that a
single large dose of methylprednisolone may cause a depres-
sion of alpha- and beta-1-receptor sensitivity in myocardial
cells.?® In humans, CS work on kidneys’ mineralocorticoid
receptors inducing an excretion of potassium and reabsorp-
tion of sodium, leading to an expansion in extracellular vol-
ume and rise in blood pressure.?! Sudden changes in serum
potassium levels may alter potassium flux across the cardio-
miocyte’s cellular membrane, causing an alteration in the
cardiac rhythms.?23

It is possible that expansion of plasma volume induces a
reflex bradycardia by activation of atrial baroreceptors.?
Indeed, our patient showed a fluid accumulation attested by a
5-kg weight gain during the steroid therapy, which could
explain the increase in the blood pressure and the bradycardia
described in our report.

According to our analysis, we can suggest that lower total
doses may be associated with lower PR and with symptomatic
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Table 2. Demographic characteristics and steroid dosage of patients in analysis.

WHOLE SAMPLE (N=34)

ASYMPTOMATIC (N=23)

SYMPTOMATIC (N=11)

Age (+SD) years 42.20 (+15.09) 38.81 (+12.93) 47.55 (=17.53) 0.077
Sex (women/men) 27/7 19/4 8/3 0.505
No. of doses (+SD) 2.23 (+1.50) 2.43 (+1.67) 2.36 (+1.20) 0.856
Pre-sBP (+SD) 119.27 (+15.25) 118.05 (+9.63) 122.11 (+£24.46) 0.859
Pre-dBP (+SD) 73.90 (+9.32) 73.05 (+7.76) 75.89 (+12.56) 0.449
Pre-PR (+SD) 80.43 (+12.08) 77.86 (+11.95) 84.80 (+11.33) 0.135
Min-PR (+SD) 46.70 (+71.73) 49.68 (+6.00) 38.18 (+8.01) <0.001
Daily dose (+SD) 687.15 (+524.98) 778.83 (+443.85) 495.45 (+645.25) 0.106

0.034

Total dose (=SD) 1435.65 (+1542.83)

1559.23 (+1.49)

1177.27 (+1.68)

Abbreviations: min-PR, minimal pulse rate after CS; pre-dBP, diastolic blood pressure before CS; pre-PR, pulse rate before CS; pre-sBP, systolic blood pressure before CS.
Values quoted in the table are mean (+SD); age is expressed in years; Pre-sBP and Pre-dBP are expressed in mmHg; Pre-PR and Minimal PR are expressed in beats

per minute; daily dose and total dose are expressed as prednisone equivalent in mg.

P-value indicates level of significance for comparison between asymptomatic and symptomatic (significant differences at P <0.05, in bold characters).

bradycardia. This could be explained by the sudden treatment
discontinuation that happens when symptoms appear, leading to
a lower total dosage of steroids in these patients, if compared
with asymptomatic group. Daily dose mean values instead do not
differ significantly in the two groups. Other authors showed that
bradycardia is more frequent in older patients and those with
underlying cardiac disease?® or with autonomic disturbance like
sphincter dysfunction.?® In the absence of these conditions, cor-
ticosteroid bradycardia seems to be well tolerated.#?

Considering the analysis of the literature, as most cases of
bradycardia due to PST are asymptomatic, it is probable that
this condition is underdiagnosed. It could be appropriate to
identify patients with risk factors for cardiac arrhythmias before
the first administration of PST. These patients should require
close monitoring, recording continuously or at least in 3 phases:
at the beginning, in the middle, and at the end of the daily ster-
oid treatment. An earlier detection of bradycardia could lead to
a prompt interruption of the steroid therapy, possibly avoiding
that the arrhythmic condition became symptomatic. Moreover,
early identification, and eventually treatment of bradycardia, is
crucial, especially in older patients, to reduce the risk of falls and
to avoid the consequent injuries and hospitalization.

Old age and the presence of underlying cardiac disease or
autonomic disturbance are neither necessary nor sufficient to
early identify patients who will develop steroid-induced brady-
cardia, as demonstrated in the case we report. It could also be
useful to monitor steroid-induced fluid retention by daily
weight measurement and serum electrolytes variations, to iden-
tify patients at risk for this adverse event.

Conclusions

CS therapy is a wide-ranging therapy. In many inflammatory
diseases of CNS, high-dose corticosteroid is used as attack
therapy of relapse of the disease. Many different adverse

effects are frequent in chronic and in PST, but only few cases
of bradycardia are reported in the literature. Bradycardia may
happen both after intravenous and oral administration and is
asymptomatic in most of cases; moreover, PR generally nor-
malizes spontaneously in few days after discontinuation of
the therapy. However, severe bradycardia is an uncomfortable
experience and potentially dangerous, as described in our
case. Clinicians should be aware of this adverse effect and
consider that some patients have a higher risk.Author
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