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BRASH syndrome is a newly coined diagnosis consisting of the clinical pentad of bradycardia, renal failure,
atrioventricular (AV) nodal blockade, shock, and hyperkalemia. It is a rare syndrome with just under 50
reported cases. This case report and literature review present a case of BRASH syndrome, refractory to
pharmaceutical measures, and subsequent literature review to assess treatment decisions and overall
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including transcutaneous or transvenous pacing, hemodialysis, and adrenergic support. The early
recognition and initiation of treatment in this patient demographic are paramount to reducing possible multi-
system organ damage and mortality. This case report and literature review aim to improve patient outcomes
and help further elucidate a protocol for treating BRASH syndrome.

© 2022 Steven Imburgio. Hosting by Science Repository.

Introduction

The combination of bradycardia, renal failure, atrioventricular (AV)
nodal blockade, shock, and hyperkalemia is a recently declared
syndrome, described with the acronym BRASH by Farkas et al. in 2016
[1]. This syndrome has only now slowly become recognized in the
literature, and, as aresult, the clinical significance is not well known. We
present a rare case report of BRASH syndrome to bring further
awareness to this new diagnosis, including pathophysiology, possible
risk factors, and management. We then analyse the literature for cases of
BRASH syndrome from 2020 to the present to better understand the
utility of advanced support with cardiac pacing, renal replacement
therapy, and adrenergic support.

Case Presentation

A 66-year-old male with a past medical history of hypertension,
hyperlipidemia, chronic obstructive pulmonary disease, alcohol use

disorder, mood disorder with psychosis, and multiple previous
hospitalizations for drug overdose in the setting of polypharmacy
presented to the emergency department with a 3-day history of lethargy
and shortness of breath. On presentation, the patient had a blood pressure
of 89/55 mmHg, pulse rate of 23, and a Glasgow coma scale (GCS) of
8; he was immediately intubated to protect his airway, and dopamine was
initiated. The patient could not provide history; however, his wife
reported that he recently refilled his metoprolol tartrate prescription. A
subsequent Electrocardiogram (EKG) revealed a third-degree AV block
(Figure 1). Despite increasing doses of dopamine, the patient's blood
pressure was insufficient, and his heart rate remained in the 30s.
Transcutaneous pacing was initiated, followed by the insertion of an
internal jugular vein temporary transvenous pacer (TVP).

Labs at the time demonstrated signs of substantial shock, including
markedly elevated lactic acid and transaminitis with AST (aspartate
transaminase) and ALT (alanine transaminase), both around 1,000 from
a previously normal baseline. Additionally, he was found to have new
onset acute kidney injury with a creatinine of 3.99 and hyperkalemia at
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6.7, requiring hyperkalemic protocol with calcium chloride, insulin, and
dextrose. Of note, the patient’s glucose level was euglycemic at 149
mg/dL, making a pure beta blocker overdose unlikely. Troponins peaked
at 0.44, and serial EKGs showed no signs of ST changes. Blood and urine
cultures and hepatitis B and C and Lyme disease antibody testing were
negative. TSH was elevated, but free T4 was within normal range.

His metoprolol was held, and he was given glucagon due to concerns of
shock secondary to third-degree AV block from possible beta blocker
overdose. The patient was then transferred to the critical care unit, where
he was transitioned to norepinephrine. Continuous IV fluids were
started, with subsequent labs showing improved signs of end-organ
perfusion. After consideration, hemodialysis was not initiated due to
adequate urine output.

Figure 1: EKG showing A-V dissociation in third-degree heart block.

Despite normalization of the patient's potassium level, the patient
remained in persistent bradycardia requiring continuous TVP, which was
upgraded to a permanent pacemaker a few days later. The patient was
diagnosed with BRASH syndrome due to the pentad of persistent
bradyarrhythmia, acute renal failure, history of AV nodal blocking
medication exposure with a beta-blocker, profound hypotension
requiring vasopressors, and elevated potassium that required
hyperkalemic protocol. The patient ultimately recovered and had an
uncomplicated hospital course.

Discussion

The purpose of our case is to highlight the under-recognized diagnosis
of BRASH syndrome. BRASH syndrome is a rare constellation of
clinical features that includes bradycardia, renal failure, AV nodal
blockade, shock, and hyperkalemia [2]. The proposed combination of
signs and symptoms is thought to originate with an insult, such as
dehydration, that induces prerenal acute kidney injury and associated
hyperkalemia [3]. Impaired renal clearance leads to the accumulation of
AV nodal blocking agents such as beta-blockers [4]. The synergistic
effect of hyperkalemia and increased systemic levels of AV node
blockers induce significant bradycardia and decreased cardiac output,
leading to signs of shock [5]. Renal hypoperfusion exaggerates the
preexisting renal failure, further feeding into the cycle known as BRASH
syndrome [6].

The collection of objective clinical findings that compose BRASH
syndrome has only recently become recognized, with the diagnosis being
first described in 2016 by Farkas et al. [1]. As a result, this disorder's
prevalence, management, and overall prognosis are not well known.
Various case reports suggest a higher prevalence in the elderly
population, especially in those with underlying cardiac and renal
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dysfunction [2]. It is important for clinicians to maintain a broad
differential diagnosis when considering BRASH syndrome, especially
since the symptomatology overlaps with other conditions, including
medication overdose causing AV node toxicity and secondary causes of
hyperkalemia [2]. While an AV nodal blocker overdose can mimic the
bradycardia and shock seen in BRASH syndrome, the clinical history
can aid in distinguishing the two disease states since patients with
BRASH syndrome typically report taking their medications as
prescribed [1]. Additionally, measuring the blood sugar level of a patient
can be helpful in ruling-out beta-blocker overdose due to the presence of
hypoglycemia which is wusually seen [2]. Concurrent severe
hyperkalemia is often seen in BRASH syndrome and can be
distinguished by isolated hyperkalemia due to the lack of typical EKG
findings such as peaked T waves and wide QRS complexes [2, 7].

Initial treatment typically includes intravenous (IV) atropine to reverse
bradycardia, aggressive IV fluid resuscitation, and correction of acute
hyperkalemia. [1]. However, as our case exemplifies, more advanced
therapies often need to be initiated in these patients, as this basic
treatment approach can fail to both reinstate hemodynamic stability and
reverse the end-organ perfusion deficit [1].

Despite the critically ill state that these patients present, there is a
substantial gap in knowledge regarding the appropriate clinical
management of this condition. To date, less than 50 documented cases
of BRASH syndrome have been described in the literature. Due to these
patients presenting with acute multi-system organ failure, our goal was
to analyse these case reports to understand better the patient outcomes
and the overall prognosis of this medical condition. Furthermore, we
explored the need to escalate treatment to include three specific
aggressive interventions for BRASH syndrome, including temporary
transcutaneous  or  transvenous pacing due to  persistent
bradyarrhythmias, emergent dialysis for electrolyte imbalances or fluid
overload status, and adrenergic medications to maintain systemic
perfusion. After an extensive literature search of all case reports from
2020 to the present, we identified 17 cases of documented BRASH
syndrome that fulfilled all five components of the diagnosis, including
known exposure to an AV-nodal blocking agent [8-21].

We summarize these findings below (Table 1). Overall, the cases we
review suggest that BRASH syndrome carries a favourable prognosis, as
demonstrated by 82.4% (14/17) of patients being successfully
discharged and only three hospital deaths reported. Despite the low
mortality rate for a medical condition that involves profound multi-
system organ hypoperfusion, aggressive treatment measures to maintain
hemodynamic stasis are often needed, such as with our patients. Most of
the patients we reviewed (11/17) required adrenergic agonists to
maintain systemic perfusion. Dopamine seemed to be the preferred agent
used in 6/11 cases, likely due to its favourable combined vasopressor and
inotropic effect. While atropine was often the typical initial agent to
combat bradycardia, persistent bradycardia was reported in 35.3% (6/17)
of cases, which required further intervention with either transcutaneous
pacing alone (11.8%) or escalation to transvenous pacing (23.5%). The
need for emergent renal replacement therapy was seen in 17.7% (3/17)
of patients. Overall, our retrospective review of the literature suggests
that timely recognition of BRASH syndrome and appropriate treatment
escalation can lead to a promising recovery for patients.
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Table 1: Chart review of studies reporting BRASH syndrome (bradycardia, renal failure, AV nodal blocker, shock, and hyperkalemia) from 2020 to present.

Study Age [Sex Atrioventricular-Nodal Bradycardia Renal Failure|Hemodynamic Alive at
(years Blocker Involved Requiring Requiring Instability Discharge?
old) Pacing? Emergent Requiring

Hemodialysis? | Adrenergic Agonist?

Gouveia et al.|89 Female |Amlodipine No No No Yes

2022

Bailuni etal. 2022 (76 Male Atenolol and Amlodipine Yes (transvenous|No Yes (Epinephrine) Yes
pacing)

Khan etal. 2022 |76 Female | Metoprolol and Amlodipine No Yes Yes (Dopamine) Yes

Shah etal. 2022 |77 Female |Verapamil No No No Yes

Shah etal. 2022 |86 Male Metoprolol No No No No

Takahashi et al.|86 Male Carvedilol and Verapamil Yes (transvenous|No Yes (Dopamine) Yes

2022 pacing)

Takahashi et al.|90 Female |Carvedilol and Amlodipine No No No Yes

2022

Ataetal. 2022 64 Male Bisoprolol Yes (transvenous|No Yes (Phenylephrine,|No
pacing) Norepinephrine,

Vasopressin, and

Dobutamine)

Wong and Jaafar|62 Female |Atenolol and Diltiazem No No Yes (Dopamine) Yes
2021
Wong and Jaafar|44 Female |Metoprolol, Diltiazem, and Felodipine |Yes No Yes (Dopamine) Yes
2021 (transcutaneous
pacing)
Park etal. 2021 |71 Male Amlodipine, Nifedipine, and Carvedilol|No No Yes (Isoproterenol)  [Yes
Ghumman et al.|69 Male Metoprolol succinate and Labetalol No No Yes (Epinephrine) No
2021
Sattar et al. 2020 |66 Female |Carvedilol No No No Yes
Srivastava et al.|62 Female |Carvedilol No No Yes (Dopamine) Yes
2020
Prabhu etal. 2020|N/A  [Female |Carvedilol and Verapamil No No No Yes
Arifetal. 2020 |55 Female |Diltiazem Yes Yes Yes (Dopamine) Yes
(transcutaneous
pacing)
Grigorov et al.[43 Female |Metoprolol tartrate and Diltiazem Yes (transvenous|Yes Yes (Norepinephrine) |Yes
2020 pacing)
Total 6/17 3/17 1117 1417
(35.3%) (17.6%) (64.7%) (82.4%)
Conclusion literature points to the need for clinicians to be proactive in starting
measures to maintain hemodynamic stability including manual
Our case aims to bring further awareness to the rare combination of mechanical pacing, hemodialysis, or medications for vasopressor or
clinical features, along with the complex pathophysiology, that underlies inotropic support. Ultimately, we hope that our contribution to the
BRASH syndrome. After reviewing all currently documented case knowledge of BRASH syndrome may lead to improved patient outcomes
reports, it is clear the rapid progression towards multi-system organ and a more robust treatment protocol in the future.

failure that is often seen in this patient demographic. Our analysis of the
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