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Dexmedetomidine-Ketamine Sedation in a Patient With 
Dilated Cardiomyopathy

Trent Simsa, c, Christopher McKeeb, Joseph D. Tobiasb

Abstract

Sedative and analgesic medications may impact physiologic function 
resulting in adverse effects especially in patients with co-morbid dis-
eases. We present the successful use of a combination of dexmedeto-
midine and ketamine to provide sedation and analgesia in a 9-month-
old patient with dilated cardiomyopathy undergoing hemodynamic 
cardiac catheterization with angiography. Co-morbid conditions in-
cluded depressed myocardial function, hypertension, right renal ar-
tery agenesis, and narrowing of the abdominal aorta. A combination 
of dexmedetomidine and ketamine was used to provide procedural 
sedation while maintaining spontaneous ventilation. A review of pre-
viously published reports of dexmedetomidine and ketamine for pro-
cedural sedation is reviewed and the potential efficacy of this combi-
nation for procedural sedation in patients with depressed myocardial 
function is presented.
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Introduction

The American Heart Association defines cardiomyopathies as 
“a heterogeneous group of diseases of the myocardium associ-
ated with mechanical and/or electrical dysfunction that usu-
ally exhibit inappropriate ventricular hypertrophy or dilation” 
[1]. Cardiomyopathy results in ventricular dysfunction which 
places children at risk for cardiac arrhythmias, heart failure, 
and multi-organ system dysfunction. Although cardiomyo-
pathy in children is often idiopathic, it may be secondary to 
congenital heart disease, infection, drugs, genetic disorders or 

other medical conditions. Chronic medical support and fre-
quent diagnostic and invasive procedures are often necessary 
in the care of children with cardiomyopathy. These procedures 
often require deep sedation or general anesthesia to ensure pa-
tient cooperation, minimize the deleterious physiologic impact 
of pain, and facilitate successful completion of the procedure. 
However, patients with significant co-morbid conditions such 
as depressed myocardial function are at higher risk for compli-
cations during the provision of procedural sedation or general 
anesthesia [2, 3].

The provision of adequate sedation and analgesia during 
such procedures may be problematic given the tenuous nature 
of myocardial function and the potential impact of sedative and 
analgesic medications on cardiac output and peripheral vascu-
lar resistance. Commonly used agents such as propofol may 
result in adverse hemodynamic and respiratory effects [4, 5]. 
We report our experience with a combination of dexmedeto-
midine and ketamine for sedation during hemodynamic car-
diac catheterization and angiography in a 9-month-old infant 
with dilated cardiomyopathy and comorbid renal and cardiac 
involvement. The potential applications of this combination in 
procedural sedation are discussed and the potential efficacy of 
this combination in patients with depressed myocardial func-
tion is presented.

Case Report

Approval for the retrospective review and presentation of iso-
lated case reports is not required by the Institutional Review 
Board at Nationwide Children’s Hospital (Columbus, OH, 
USA). The patient is a former full-term, now 9-month-old, 
8.5-kg male infant who was born via spontaneous vaginal de-
livery. He had been developing normally until approximately 
2 months prior to hospital admission. During this time, he 
had been having intermittent episodes of emesis with signifi-
cant weight loss causing him to fall off of the growth curve. 
The week prior to hospital admission, our patient developed 
increased emesis with pallor and increased work of breath-
ing, which prompted his presentation to the hospital. Upon 
evaluation, he was found to be in acute heart failure. His vital 
signs on presentation included a heart rate (HR) of 155 beats/
min, a respiratory rate (RR) of 52 breaths/min, a blood pres-
sure (BP) of 91/77, and an oxygen saturation of 98%. Perti-
nent physical examination findings upon presentation included 
tachypnea with subcostal retractions, sinus tachycardia with 
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S4 gallop, delayed capillary refill at 3 s and pallor. Chest ra-
diography revealed interstitial pulmonary edema with small 
pleural effusions and cardiomegaly with left ventricular and 
right atrial enlargement. The 12-lead electrocardiogram (ECG) 
showed normal sinus rhythm with right atrial enlargement, left 
ventricular hypertrophy and T-wave inversion in lateral leads. 
Transthoracic echocardiogram showed severe dilation of the 
left ventricle (LV), biventricular dysfunction with an estimated 
LV ejection fraction of 37% and an LV fractional shortening of 
12.5%, moderate to severe mitral valve regurgitation and trivial 
tricuspid valve regurgitation with no evidence of elevated pul-
monary artery pressures. Patient was admitted to the CTICU for 
evaluation and management of acute heart failure in the setting 
of dilated cardiomyopathy. During his hospitalization, follow-
ing stabilization, he presented for sedation during a hemody-
namic cardiac catheterization with angiography.

The patient was kept nil per os for 6 h, during which 
time maintenance intravenous fluids were provided through a 
24-gauge peripheral intravenous cannula. A second 22-gauge 
peripheral intravenous cannula was inserted uneventfully. Pre-
operative vital signs included an HR of 109 beats/min, an RR 
of 40 breaths/min, a BP of 122/86, and an oxygen saturation 
of 100%. On arrival to the operating room, standard American 
Society of Anesthesiologists’ monitors were placed. Supple-
mental oxygen (2 L/min) was administered and end-tidal car-
bon dioxide (ETCO2) was measured via a nasal cannula. Base-
line vital signs in the cardiac catheterization suite revealed an 
HR of 139 beats/min, a respiratory rate of 19 breaths/min, a 
BP of 170/81 mm Hg, an oxygen saturation of 98%, and an 
ETCO2 of 43 mm Hg. Bolus doses of dexmedetomidine (1 µg/
kg) and ketamine (2 mg/kg) were administered over 5 min fol-
lowed by a dexmedetomidine infusion at 0.2 µg/kg/h which 
was titrated up to 0.5 µg/kg/h for optimal sedation and an-
xiolysis. Following the initial dose of dexmedetomidine and 
ketamine, the patient’s HR lowered from 139 to 104 beats/
min and his BP lowered from 170/81 to 128/53 mm Hg. An 
additional 20 mg of ketamine was administered prior to infil-
tration of the groin and placement of the arterial and venous 
cannulae. A right heart catheterization, retrograde left heart 
catheterization, and angiography of the aorta from the aortic 
valve to just proximal to its bifurcation into the iliac arteries 
was performed. During the procedure, there were no clinically 
significant changes in the oxygen saturation, ETCO2 or res-
piratory rate. The HR varied from 98 to 139 beats/min and 
the BP from 106/42 to 170/81 mm Hg. The lowest BP read-
ing was 106/42 mm Hg. Additional doses of dexmedetomidine 
(2 µg) and ketamine (10 mg) were administered near the end 
of the case prior to cannula removal. Total sedation time was 
117 min. The procedure was completed without difficulty and 
the patient was uneventfully transported to the post-anesthesia 
care unit (PACU). In the PACU, the patient required no addi-
tional analgesic medications or sedation. He was then returned 
to the inpatient cardiology unit.

Following the procedure, the patient was hospitalized for 
an additional 2 weeks for further evaluation and management 
of his acute heart failure and other medical problems. Further 
investigation revealed a non-functioning right kidney with el-
evation of both renin and aldosterone. His dilated cardiomyo-
pathy was thought to be secondary to long-standing hyperten-

sion. Follow-up transthoracic echocardiogram was obtained 
prior to discharge which continued to show severe LV dys-
function with an estimated EF of 32%, severe dilation of the 
LV, and mild to moderate mitral valve regurgitation. His hy-
pertension was well controlled with oral enalapril. Additional 
medications for his chronic congestive heart failure included 
carvedilol and furosemide. As an outpatient, his symptoms of 
depressed myocardial function have been well controlled with 
his chronic medication regimen. He continues to gain weight 
appropriately. The most recent echocardiogram showed reso-
lution of the LV dilation with normal biventricular systolic 
function and trivial mitral valve regurgitation.

Discussion

Dilated cardiomyopathy and severe left ventricular dysfunc-
tion placed our patient at high risk for adverse effects during 
procedural sedation as there were both decreased myocardial 
function and limited cardiac reserve. In a retrospective anal-
ysis, Kipps et al evaluated complications after non-cardiac 
procedures with general anesthesia in 26 children with car-
diomyopathy, ranging in age from 5 days to 18.3 years [6]. 
Approximately half of the patients (46%) had a complication 
during the procedure with 83% of the complications occurring 
in patients that had severe ventricular dysfunction. Complica-
tions included hypotension, arrhythmias, need for mechanical 
support (extracorporeal membrane oxygenation), and death. 
Patients with severe ventricular dysfunction, defined as a 
fractional shortening less than 16%, had a prolonged hospital 
length of stay (P = 0.006) compared with patients with mild or 
moderate dysfunction (6 days in severe ventricular dysfunction 
versus 2 days with mild or moderate dysfunction, P = 0.006).

Although general anesthesia with endotracheal anesthesia 
is a viable option for such procedures, endotracheal intubation 
and positive pressure ventilation can have negative effects on 
cardiac output [7]. This can include decreased right ventricular 
(RV) preload, increased RV afterload, decrease LV preload and 
alterations in ventricular interdependence [8]. Therefore, we 
chose to use a combination of dexmedetomidine and ketamine 
to provide procedural sedation with a native airway, thereby 
avoiding the potential negative impact of positive pressure 
ventilation.

Dexmedetomidine is an α2-adrenergic agonist which ini-
tially received FDA approval in the United States in 1999 for 
the sedation of adults during mechanical ventilation and subse-
quently in 2009 for monitored anesthesia care (MAC) of adults 
[6]. While it is FDA-approved only for use in adults, dexme-
detomidine has been used safely and successfully in several 
different clinical scenarios in infants and children including 
sedation during mechanical ventilation, procedural sedation, 
supplementation of postoperative analgesia, prevention of 
emergence delirium, control of post-anesthesia shivering, and 
the treatment of withdrawal. Although generally effective for 
sedation during non-invasive procedures, dexmedetomidine as 
the sole agent has not been uniformly successful for invasive 
procedures [8-10].

Given the limited analgesic effects of dexmedetomidine 
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alone, ketamine was used to provide analgesia especially for 
the invasive aspects of the procedure such as placement of ar-
terial and venous femoral cannulae [11]. In our patient, a dex-
medetomidine loading dose of 1 µg/kg with ketamine (2 mg/
kg) administered over 5 min was followed by a dexmedeto-
midine infusion of 0.2 - 0.5 µg/kg/h. This provided effective 
sedation without untoward effects on hemodynamic or respira-
tory function. Ketamine is often used for the induction of an-
esthesia in high-risk patients because of its favorable hemo-
dynamic profile which results from the release of endogenous 
catecholamine stores and the inhibition of neuronal catecho-
lamine reuptake [12]. Rare anecdotal cases of cardiovascular 
collapse have been reported in patients with severe myocardial 
dysfunction as ketamine’s negative inotropic effects may pre-
dominate when endogenous catecholamine stores are depleted 
by chronic stress or illness [13-15].

Two previous reports have outlined the use of a combina-
tion of dexmedetomidine and ketamine during cardiac cathe-
terization [16, 17]. These and other reports of this combination 
of agents for procedural sedation have outlined several poten-
tial benefits. Most importantly, ketamine will provide analgesia 
which is limited with dexmedetomidine. With ketamine as part 
of the regimen for the induction of sedation, the onset times 
may increase especially in regimens where dexmedetomidine 
is used as the sole agent with the loading dose administered 
over 10 min. Dexmedetomidine will blunt the tachycardia, hy-
pertension, salivation, and emergence phenomena from keta-
mine, while ketamine may prevent the bradycardia and hypo-
tension which has been reported with dexmedetomidine [18].

Although anecdotal reports exist regarding adverse hemo-
dynamic effects of dexmedetomidine in adults with co-morbid 
cardiac disease, the literature supports the relative safety of 
dexmedetomidine in pediatric patients with congenital and 
acquired heart disease including patients following cardiac 
transplantation [19-23]. Bradycardia is the most concerning of 
the commonly reported side effects seen with dexmedetomi-
dine. This is particularly concerning in the pediatric popula-
tion where cardiac output is heart rate dependent. However, the 
concurrent administration of ketamine attenuates this effect 
through the centrally mediated sympathetic stimulation and an 
increase in endogenous catecholamine levels.

Although dexmedetomidine has generally been shown to 
be devoid of clinically significant effects on respiratory func-
tion, occasional episodes of upper respiratory obstruction have 
been reported [24, 25]. Clinical studies demonstrate fewer ef-
fects on central control of ventilation and upper airway patency 
when compared with propofol [5]. In general, the respiratory 
effects of dexmedetomidine parallel changes seen during natu-
ral sleep. Although there may be changes in minute ventilation, 
the slope of the CO2 ventilatory response curve is maintained 
[26].

Although anecdotal, our case illustrates the potential util-
ity of the combination of dexmedetomidine and ketamine for 
procedural sedation especially in patients with compromised 
cardiac function. When compared with other agents used for 
procedural sedation, these two agents should have limited ef-
fects on ventilatory function, while their hemodynamic effects 
should negate each other. Dexmedetomidine can be expected 
to prevent the tachycardia and hypertension from ketamine, 

while ketamine prevents the bradycardia and hypotension 
which has been reported with dexmedetomidine. Ketamine as 
part of the sedation regimen provides added analgesia which is 
limited with the use of dexmedetomidine alone.
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