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Abstract—Background: Recent emphasis on high qual-
ty prehospital cardiopulmonary resuscitation has resulted
n more out-of-hospital cardiac arrest victims surviving to the
mergency department. As such, standardized in-hospital
ost-cardiac arrest care is necessary to assure optimal neuro-

ogical recovery. Although therapeutic hypothermia has
risen as a key component in the post-cardiac arrest care
aradigm, its interaction with other therapies remains
oorly defined. Objective: The purpose of this communica-
ion is to demonstrate a potential interaction between thera-
eutic hypothermia and routinely administered resuscitation
edications. Case Report: We present a case of idiopathic

entricular fibrillation in a previously healthy 36-year-old
an who developed persistent ventricular fibrillation in the

etting of mild therapeutic hypothermia and high doses of
outine resuscitation medications. Conclusion: This case
llustrates the importance of understanding the potential
nteraction between therapeutic hypothermia and resuscita-
ion medications along with the need for a systematic and
tandardized, multi-disciplinary approach to post-cardiac ar-
est care. © 2009 Elsevier Inc.

Keywords—therapeutic hypothermia; ventricular fibril-
ation; dopamine; dobutamine; drug metabolism

INTRODUCTION

ut-of-hospital cardiac arrest (OHCA) remains a leading
ause of death in the United States. Although overall

ECEIVED: 29 January 2009; FINAL SUBMISSION RECEIVED:

CCEPTED: 8 May 2009

1

urvival rates remain low, many communities have real-
zed substantial improvements in meaningful survival
fter OHCA. This has occurred primarily through
mergency medical services (EMS) systems focusing
n delivering high quality cardiopulmonary resuscita-
ion (CPR) (1,2).

Therapeutic hypothermia (TH) is currently an American
eart Association (AHA) 2005 Guideline IIa therapy for

dult victims who remain unconscious after a ventricular
brillation (VF) arrest in the out-of-hospital setting (3).
lthough TH has been a resuscitation treatment since the
950s, it was not until the concept of mild TH (32–34°C)
eemerged in the late 1990s that the true benefit was real-
zed (4,5). Two landmark studies by Bernard et al. and the
ypothermia After Cardiac Arrest group demonstrated im-
roved survival and neurological outcomes after TH in
atients who survived OHCA with an initial rhythm of VF
4,6). Several additional studies support and substantiate
hese findings (7–9). In a meta-analysis of the three ran-
omized trials evaluating the benefit of TH in the treatment
f VF OHCA, Holzer et al. found a number-needed-to-treat
f 6 to allow one additional patient to leave the hospital
ith a favorable neurological recovery (7). Despite the
uideline recommendation and the aforementioned
ublished evidence, a standardized approach to post-
ardiac arrest care including TH is not routinely prac-
iced in the United States. As such, many emergency

rch 2009;
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hysicians (EPs) have little experience with the asso-
iated concepts and treatments (10).

As EPs gain more firsthand experience with TH,
any of the currently unanswered questions regarding

he details of TH will be answered. The purpose of this
rticle is to demonstrate a potential interaction between
H and routinely administered resuscitation medications.

CASE REPORT

previously healthy 36-year-old man was brought to the
mergency Department (ED) by ambulance after co-
orkers witnessed him suddenly collapse and stop
reathing. Coworkers called 9-1-1 and initiated CPR. An
n-site automated external defibrillator utilized by the
an’s coworkers delivered one shock (Figure 1). EMS

rrived approximately 4 min later and found the patient
n asystole. Parademics followed a minimally interrupted

igure 1. Rhythm strip demonstrating the single defibrillati
atient’s coworkers.
igure 2. Electrocardiogram demonstrating sinus tachydcardia at
ardiac resuscitation protocol. The patient received a
otal of 2 mg intravenous (i.v.) epinephrine and 2 mg i.v.
tropine and had return of spontaneous circulation 11
in into the field resuscitation without further defibril-

ation. He remained unconscious and was orally intu-
ated with a standard 8.0 endotracheal tube. Paramedics
dministered a 100 mg i.v. lidocaine bolus followed by a
mg/min lidocaine drip.
On arrival in the ED, the patient’s vital signs included

blood pressure of 115/60 mm Hg, heart rate of 127
eats/min, core temperature of 37.0°C (98.6°F), and oxygen
aturation of 100% while being bag-valve-mask ventilated.
n physical examination, the pupils were equal and reac-

ive to light. The chest was clear to auscultation; examina-
ion of the heart revealed clear heart sounds without rubs,
allops, or murmurs. There was no jugular venous disten-
ion. Rigid posturing of the extremities was noted on
eurological examination.

tured on the automated external defibrillator used by the
on cap
the time of arrival in the emergency department.
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The initial electrocardiogram revealed sinus tachycar-
ia at 120 beats/min (Figure 2). The portable chest ra-
iograph showed clear lung fields with normal heart and
ediastinal silhouettes. Initial arterial blood gas revealed

H of 7.38, pCO2 of 37, pO2 of 346, and bicarbonate of
1.5. Complete blood count and chemistry-7 panels were
ormal. His cardiac markers were: total CPK (creatine
hosphokinase) of 155, CPK-MB of 3.8, and troponin I
f � 0.10 ng/mL. The urine drug screen was negative
nd the urinalysis was normal.

TH was induced while the patient was in the ED through
closed-loop i.v. catheter and a Coolgard 3000™ fluid

irculator (Alsius, Irvine, CA) 2 h after the initial col-
apse. Intravascular temperature was maintained at
3.5°C. Propofol was administered for sedation and 10
g of vecuronium was administered to prevent shiver-

ng. The lidocaine drip was continued at 2 mg/min and
25 mg of aspirin was administered per rectum.

The patient was transferred to the intensive care unit
ICU) with a core temperature of 33.5°C. Three hours
fter collapse the patient began experiencing recurrent
pisodes of VF (Figure 3.) The following i.v. medica-
ions were initiated: 5 �g/min of epinephrine, 8 �g/
g/min of dobutamine, and 8 �g/kg/min of dopamine.
edside delivery of extracorporeal membrane oxygen-
tion (ECMO) support and the placement of an intra-
ortic balloon pump were required. A left heart cath-
terization was performed and demonstrated normal
oronary anatomy without evidence of an obstructive
esion. A bedside two-dimensional echocardiogram
igure 3. Electrocardiogram performed in the intensive care un
brillation.
emonstrated septal and ventricular akinesis with an
jection fraction of 15%.

Over the course of 9 h in the ICU, VF recurred
ersistently with just brief intervals of normal sinus
hythm (NSR). He received 122 defibrillations at settings
etween 200 and 300 J of biphasic energy. During the
ngoing 9-h resuscitation, totals for the following i.v.
edications were administered: 4.4 mg of epinephrine,

64 mg of dobutamine, 120 mg of dopamine, 795 mg of
miodarone, and 64 mg of procainamide.

Twelve hours after arrival, the patient was transferred
o another facility to be evaluated for potential heart
ransplantation. He arrived at the receiving hospital in
ersistent VF with a core temperature of 33.5°C. It was
roposed by the receiving physicians that either the con-
iderable dosages of cardiac medications or TH was
ausing refractory VF. All vasoactive and beta adrener-
ic agents were abruptly discontinued and TH was with-
rawn. The patient was again defibrillated with 200 J of
iphasic energy and he converted to and remained in
SR. Propofol was discontinued and the patient re-
ained unresponsive. His pupils were reactive.
On hospital day 2, his ejection fraction had increased

o 75%. On day 3, after ECMO support and the intra-
ortic balloon pump were removed, sedation was discon-
inued and he was successfully extubated. He remained
n NSR. Upon regaining consciousness the patient had
mpaired short-term memory which gradually resolved
ver the next 7 days. On hospital day 10, an automatic
mplantable cardioverter defibrillator (AICD) (Medtronic,

inneapolis, MN) was placed and the patient had a full
it demonstrating one self-limiting episode of ventricular
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eurological recovery and was discharged home. One year
fter discharge he is back at work full-time.

DISCUSSION

diopathic Ventricular Fibrillation

diopathic ventricular fibrillation (IVF) is defined as car-
iac arrest in the absence of structural heart disease or
dentifiable causes of VF (11). It occurs in 1–9% of OHCA
urvivors (11). The mean age is 35–40 years, and 70–75%
f the patients are male (11). IVF is a diagnosis of exclu-
ion, making it necessary to rule out all possible causes
f VF (12). This patient underwent cardiac magnetic
esonance imaging, myocardial biopsy, channelopathy
enetic screening, and evaluation for dysrhythmogenic
ight ventricular dysplasia, all of which were normal.
ICDs are currently the treatment of choice, and on-
oing annual evaluations for cardiomyopathy are rec-
mmended (10,11).

ersistent Ventricular Fibrillation

ne of the major challenges in persistent VF is that
atients resuscitated from a VF arrest are at risk of
efibrillation by a variety of mechanisms (13). Initially,
ocal ionic and metabolic changes create electrical myo-
ardial heterogeneity, leading to slow conduction and
icro-reentry circuits (14). These conditions can be fur-

her complicated by hyperkalemia, increased cyclic
denosine monophosphate, disturbed calcium metabo-
ism, and disrupted electrical coupling between cells
14). Myocardial stunning as a result of numerous defi-
rillations, as occurred with our patient, also makes
ermination of the ventricular dysrhythmia progressively
ore difficult (15). Ventricular fibrillation in this patient

ventually terminated after the simultaneous cessation of
oth TH and cardiac life-support medications, making it
ifficult to determine which factor was the primary
ause.

s TH Pro-dysrhythmic at Temperatures between 32°
nd 34°C?

herapeutic hypothermia is a relatively new treatment
odality for many practitioners (10). In 2005, it received

he status of guideline therapy by the American Heart
ssociation; however, details regarding its potential com-
lications and interactions with other therapies need fur-
her delineation (3). To date, the literature demonstrates

hat a core body temperature � 32°C is associated with m
efractory VF, whereas mild TH at 32–34°C is not (4,16).
everal studies have demonstrated no evidence that TH
oses a higher risk for dysrhythmias than normothermic
herapy (4,17,18). The Hypothermia after Cardiac Arrest
roup performed a blinded assessment of 275 patients
ho were either maintained at a normothermic temper-

ture or treated for 24 h with mild TH at 32–34°C. There
as no statistically significant difference between the

wo groups in the rate of dysrhythmias: 32% (44/138) in
he normothermic group compared to 36% (49/135) in
he group treated with mild TH. In this study, TH was
iscontinued to mitigate dysrhythmias in 3/137 cases (6).
ernard et al. studied 77 patients who were assigned to

reatment with TH at 33°C for 12 h vs. normothermia.
lthough numerical data were not published, the authors

ssert that clinically significant dysrhythmias did not
evelop as a result of TH (4).

tiology of Persistent VF

ased on published evidence, we believe that the cause of
ersistent VF in our patient was excessive dopamine
nd dobutamine. At intermediate doses (2–5 �g/kg/
in), dopamine stimulates �-receptors, producing

ositive inotropic effects (19). The adverse effects are
ssociated with excessive sympathomimetic activity
nd include dysrhythmia, tachycardia, hypertension,
nginal pain, nausea, vomiting, and headache (20).
obutamine stimulates myocardial �1-adrenergic

eceptors at doses with a positive inotropic effect
2.5–10 �g/kg/min) (19). The major side effects of
obutamine are dysrhythmia and excessive tachycar-
ia (19). The Heart Failure Society of America guide-
ines recommend that if worsening tachydysrhythmias
evelop during administration of dobutamine, discon-
inuation or dose reduction should be considered (21).
opamine is contraindicated in patients with uncor-

ected cardiac dysrhythmias, including ventricular fi-
rillation or ventricular tachycardia (22).

Dopamine and dobutamine are primarily metabolized
y catechol-o-methyl transferase and monoamine oxi-
ase, which are in highest concentration in the liver and
idneys (19). The effect of TH on the clearance of
xogenous catecholamines and cardiac life support med-
cations has not been specifically evaluated, however,
tudies have demonstrated diminished liver metabolism
y enzymes such as cytochrome P-450 during TH (23–
5). Tortorici et al. described four medications found in
igher-than-expected concentrations in patients cooled
ithin the therapeutic range (24). Additionally, animal

tudies have demonstrated reduced glomerular filtration,
eading to reduced excretion of parent drugs or their

etabolites during TH (26). The specific impact of TH
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n the metabolism and excretion of resuscitation medi-
ations deserves further analysis.

CONCLUSION

e believe that this patient benefited from an integrated
ystem of care encompassing all links in the AHA chain
f survival, including the newest link, therapeutic hypo-
hermia. As therapeutic hypothermia becomes more
ommonly accepted and utilized in clinical practice its
nteractions with other therapies and substantial benefits
ill become better understood.
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