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Notice to CE enrollees:

A closed-book, multiple-choice examination following
this article tests your ability to accomplish the following
objectives:

1. Discuss the dysrhythmias that may occur during
donor care

2. Identify pharmacological considerations of managing
cardiac dysrhythmias during donor care

3. Describe treatment strategies to manage specific
dysrhythmias that are likely to occur during donor care

he incidence of cardiac dysrhythmias (arrhyth-

mias) during donor care is difficult to determine.
A search of the PubMed database and the authors’ files
produced few related citations'® (Table 1). Similarly,
publications about extended somatic support after
brain death’" did not identify dysrhythmias in that
group. Data from Table 1 suggest that about 20% to
30% of donors experience a dysrhythmia. Sinus tachy-
cardia (depending on the heart rate definition of tachy-
cardia) appears most common, occurring in 20% to
50% of donors, followed by sinus bradycardia in 15%,
atrial fibrillation in 10%, and other dysrhythmias less
commonly. Treatment of dysrhythmias is not always
necessary but may be required if the dysrhythmia
causes a change in blood pressure.
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Organ procurement coordinators must treat various cardiac dysrhythmias (arrhyth-
mias), including rhythm disturbances that may cause or follow a cardiac arrest, in
about 15% to 50% of donors. Treatment decisions should be based on the particu-
lar dysrhythmia and its effect on donor blood pressure. Medications selected
should be effective but short acting. In this article, data available in publications
located through a PubMed search are reviewed and specific dysrhythmias that are
likely to occur during donor care are described. Treatment recommendations are
based on guidelines from the American Heart Association. (Progress in Trans-
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Cardiac arrest does not preclude subsequent organ
donation, even donation of the heart,”'* but obviously
requires treatment of the precipitating and possibly
continuing dysrhythmia(s). Organ procurement and
transplantation data from December 3, 2004, provided
by the United Network for Organ Sharing (UNOS),
indicate that 4.7% of donors in 2002 and 4.9% in 2003
had a cardiac arrest during their hospitalization before
organ removal. In 3 other reports,"'*” 7%, 16%, and
25% of donors sustained a cardiac arrest. Solomon et al"’
defined cardiac arrest as any episode of observed ven-
tricular fibrillation or asystole; the type of arrest was
not defined in other publications. Successful trans-
plantation occurred after arrest times of more than 3
minutes,” 4 to 90 minutes,"” and 18.8 (SD 14.6) min-
utes (in children).”® Some of these publications and the
UNOS data indicate that some cardiac arrests occurred
while the patient was being cared for before certifica-
tion of brain death, but other arrests occurred after con-
sent for donation had been given and while the donor
was being prepared for organ removal. Therefore, organ
procurement coordinators may be required to initiate
treatment of significant dysrhythmias, including dys-
rhythmias that occur during a cardiac arrest.

Dysrhythmias are well documented during the
evolution of brain death in experimental animals."” The
dysrhythmias appear to be influenced by the speed
with which brain death is induced® and are more com-
mon immediately after brain herniation.”* Sinus brady-
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Table 1 Publications citing dysrhythmias during donor care

No. of
Reference  Study design  patients Comments
Nygaard Retrospective 114 27% had dysrhythmias; 25% had cardiac arrest; dysrhythmias not specified if
etal before/after brain death; specific dysrhythmias not identified
Logigian  Prospective 18 Describes terminal rhythm changes after discontinuation of mechanical ventilation; before
et al ventilation was stopped 2 patients (11%) had sinus bradycardia; 4 (22%) had sinus
tachycardia, and 2 (11%) had atrial fibrillation
Drory et Not specified 28 Sinus rate 90-122/min in 41%; sinus bradycardia in 14%; patients not supported as
aP donors; “terminal” phase of brain death marked by atrial fibrillation in 58%, ventricu-
lar fibrillation in 17%
Muhlberg  Retrospective 144 All supported with pulmonary artery and arterial catheters; cites high frequency of
etal abnormal electrolyte levels; 30% had unspecified bradycardia
Dujardin ~ Retrospective, 66 Ventricular dysrhythmias more common (32%) when decreased left ventricular func-
etal® consecutive tion, occurred overall in 9 (14%) of 66 donors; donors with known heart disease or
chest trauma were excluded
Griepp et Retrospective 22 Donors supported; sinus tachycardia (50%); atrial premature beats (number not speci-
alr fied); atrial tachycardia (9%)
Dosemeci  Prospective 94 Nonspecified dysrhythmias in 21.3%; ventricular fibrillation cardiac arrest in 1%; brady-
et al® cardia in 1%; sinus tachycardia in 15%; and atrial tachycardia in 4% (A. Ramazanoglu,

L. Dosemeci, personal communication)

cardia and tachycardia and ventricular premature beats
occur most consistently in these experiments.*'** Sim-
ilarly, anecdotal comments from several publications
cited in Table 1 suggest a greater predilection to dys-
rhythmias in humans soon after brain death and less so
during subsequent donor care.

Older publications*'* describing the “natural his-
tory” of brain death emphasize the inevitability of car-
diac collapse and terminal dysrhythmias within hours
to, at most, a few days after brain death. That data must
be reconsidered, however, as donor care provided in
those earlier years did not aggressively support somatic
organ function as is customary now.

As brain death evolves, it causes significant phys-
iological changes in cytokine production and cardiac
histopathology, enzyme release, and contractility.**
Paramount among these changes are high concentra-
tions of catecholamines circulating in the blood and
dysfunction of the sympathetic and parasympathetic
nervous systems. Hypotension resulting from reduced
myocardial contractility and the conflicting effects of
hormonal and nervous system changes after brain death
may cause coronary artery constriction and ischemia-
induced dysrhythmias. Changes in plasma fluid and
electrolyte concentrations may also predispose organ
donors to instability in myocardial depolarization and
repolarization processes.” Vasoactive drugs required
to provide inotropic support or peripheral vasocon-
striction may also stimulate increased heart rate (pos-
itive chronotropic effect) and changes in cardiac
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depolarization/repolarization. Such influences may cre-
ate a physiological environment that predisposes the
heart to dysrhythmias.

Clinical Interventions

This discussion highlights the changes in cardiac
rate and rhythm reported in Table 1 and such changes
encountered in the authors’ experience. Readers are
assumed to have a fundamental knowledge of electro-
cardiography, the ability to perform or assist in electri-
cal cardioversion, and the support structure of a hospital
or organ procurement organization (OPO) that has
physicians readily available for consultation. It is
assumed that interventions have been completed or are
underway to minimize the effects of vasoactive drugs
and to optimize blood oxygen and electrolyte levels,
pH, and blood pressure.” These suggestions are based
on the assumption that treatment will be needed for a
relatively short time (<24 hours) before organ removal.

Pharmacological Considerations

The pharmacological “half-life” of a medication
means the time required, after the medication is dis-
continued, for drug metabolism and excretion to reduce
the blood concentration of the medication to half its
original therapeutic level. Accepted pharmacological
principles indicate that about 4 half-lives are needed
to ensure complete elimination of a drug. For exam-
ple, if a medication’s pharmacological half-life is 10
hours, 40 hours will be needed to eliminate the drug
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Figure 2 Sinus tachycardia.

from the circulation. Medication half-life is dependent
on such factors as patient/donor age, general metabolic
rate (as affected by body temperature), how the drug is
metabolized (eg, by liver, kidney), and in which body
compartments (eg, fat stores, entire body water) the drug
is distributed. In general, it is reasonable to select med-
ications with short half-lives during donor care so as to
provide “drug-free” organs for transplantation.

The importance of clearing the donor’s circulation
of medication is unclear, however, because the amount
of any drug in a single implanted organ is unknown. For
example, amiodarone is very lipid soluble and, accord-
ingly, has a very long half-life because it is reabsorbed
and recirculated from its lipid reservoirs throughout the
body. This characteristic would seemingly be a disad-
vantage during donor care. However, most amiodarone
would remain in the donor’s lipid stores after organ
removal. Therefore, although the concentration of amio-
darone, or any drug, in a single transplanted organ is
unknown, it is most likely low enough not to endanger
the recipient” Similarly, many harmful effects from
drugs depend on the length of time the medication has
been given. During donor care, the duration of treat-
ment is expected to be brief. Therefore, although this
issue has not been studied, the risk to transplant recipi-
ents from drugs administered during donor care to treat
dysrhythmias is likely to be very low.

Supraventricular Dysrhythmias

Bradycardia. Sinus bradycardia (Figure 1) is
encountered during the evolution of brain death, com-
monly as part of the Cushing reflex (hypertension and
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bradycardia). Nonsinus (eg, junctional) bradycardia may
represent an “escape’” mechanism should the sinus node
fail. The initial treatment for both would ordinarily be
administration of atropine (0.5-1.0 mg) via the intra-
venous route. However, if vagal nuclei in the brain
have already been compressed, atropine may not have
an effect,” and medications with a direct positive
chronotropic effect on the heart must be used. The most
effective is isoproterenol (Isuprel, 1.0 g intravenously,
may be repeated each minute to increase heart rate).
Isoproterenol may induce hypotension and ventricular
dysrhythmias, and it must be used cautiously. Unfor-
tunately, isoproterenol is commonly nonformulary in
many hospitals because it is seldom prescribed. Other
agents with positive chronotropic actions include any
of the commonly used inotropic agents (ie, dopamine,
epinephrine, or dobutamine) in standard doses used
for hypotension.

External, transcutaneous pacing may be consid-
ered for treating refractory sinus bradycardia, nonsinus
bradycardia, or conduction disorders within the heart
if chronotropic medications are ineffective.”! Rarely,
temporary transvenous pacing may be required if
medications fail and/or transcutaneous pacing is inef-
fective. Assistance from a physician is needed for inser-
tion of the pacing wire and initiation of therapy. OPO
protocols should guide the sequential treatment of sig-
nificant bradycardia.

Sinus Tachycardia. Sinus tachycardia (Figure 2)
is common because of persistently elevated concen-
trations of catecholamines in the blood. Tolerance of
rapid heart rates depends on donor age, historical or
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Figure 3 Atrial fibrillation.

current intrinsic cardiac function, abnormal anatomy
or function of the heart valves, and so on. Some donors
may tolerate heart rates greater than 130/min without
adverse effect, whereas congestive heart failure and
hypotension may be precipitated in older donors or in
any donor if cardiac function is already compromised.
OPO guidelines should specify when treatment of
sinus tachycardia should be initiated.

Common causes of sinus tachycardia in patients
(ie, pain, anxiety, fear) do not apply to donors. Hyper-
thyroidism would be rare and would most likely be
known beforehand, and fever after brain death is unusual.
Hypovolemia, anemia, and high catecholamine levels in
circulating blood, however, are common causes of
tachycardia among donors and should be excluded by
appropriate evaluations. Vasoactive drugs often cause
sinus tachycardia and should be reduced to the lowest
effective dose.

Esmolol (Brevibloc), a B-receptor blocker, is
considered the drug of choice for “harmful” levels of
sinus tachycardia. The effects of esmolol begin about
10 minutes after the start of its infusion and are gone
15 to 30 minutes after its infusion is stopped.” An ini-
tial intravenous “loading” dose of 250 to 500 pg/kg is
given for 1 minute, or as quickly as possible while the
mean arterial blood pressure is maintained above 65
mm Hg. Thereafter, an intravenous infusion is begun
at 25 pg/kg per minute and titrated to a desirable heart
rate as determined by OPO guidelines. The infusion rate
should always be less than 300 pg/kg per minute.”” All
B-receptor antagonists, such as esmolol, labetalol, or
metroprolol risk hypotension as an important side effect,
especially if hypovolemia is present. Bronchospasm
may be precipitated in donors with preexisting asthma
or bronchospastic chronic bronchitis. 3-blockers may
also be relatively contraindicated when cardiac contrac-
tility is low as indicated by the ejection fraction on an
echocardiogram, low blood pressure, or intravascular
hemodynamic measurements.

The duration of the effect of 3-blockers other than
esmolol may be too long. Labetalol is considered rel-
atively short-acting, as repeated small boluses or an
infusion,” but its effect continues for at least 2 to 4
hours after discontinuation. Most cardiac transplantation
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programs prefer that a donor heart not be suppressed by
medications during removal and implantation.
Diltiazem, a calcium channel antagonist, can also
be used to urgently treat sinus tachycardia.** A 10-mg
bolus is administered slowly and an intravenous infu-
sion of 5 to 15 mg/h is used to titrate the heart rate
downward. A higher infusion rate, up to 30 mg/h, was
used in a recent study.* The half-life of a bolus of dil-
tiazem is about 3.4 hours but increases to 4.1 to 4.9
hours when an infusion continues more than 24 hours.
Atrial Fibrillation. The irregularly irregular R-R
intervals of this supraventricular dysrhythmia are
characteristic (Figure 3). Atrial fibrillation is common
because of preexisting or concurrent heart disease or
cardiac “stress” factors present after brain death. Other
causes, such as pulmonary embolism and hyperthy-
roidism, are less likely. Atrial fibrillation may cause
decreased cardiac output because the atrial contraction
at the end of diastole is lost, thus decreasing end-diastolic
volume (preload). Formation of a thrombus within the
noncontracting atrium could cause embolization to the
lung or donated organs but this scenario would be
unlikely during the short duration of donor care. Anti-
coagulation is, therefore, not recommended.
Long-term patient studies, not including donors,
have shown little benefit to converting the heart to a nor-
mal sinus rhythm if the ventricular rate is controlled.”
The decision to attempt cardioversion or to simply pro-
vide medication to control heart rate should be deter-
mined by each OPO. If cardioversion to normal sinus
rhythm is desired, electrical or pharmacological methods
are available. Urgent or emergent electrical cardiover-
sion is indicated when the ventricular response rate dur-
ing atrial fibrillation is very rapid (>130/min) and causes
significant hypotension. The method for cardioversion is
described in the guidelines from the American Heart
Association.* Pharmacological conversion and rate con-
trol are attempted with several drugs (Table 2). OPO pro-
tocols for specific medications should define when and
which medications should be used and/or discontinued
before organ removal. Use of a heart for transplantation
that remains in atrial fibrillation was not reported in any
publications we found, but if normal sinus rhythm
resumes, perhaps the heart could be reconsidered.
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Table 2 Possible medications for pharmacological cardioversion or ventricular rate control in atrial fibrillation®*

Medication Dose and method of administration

Comments

Esmolol Same as recommended for sinus tachy-

cardia (see text)

Digoxin recommended if heart failure present.
(digoxin 0.50 mg intravenous, then 0.25 mg intravenous in 2 hours)

Amiodarone 150 mg for 30 min; then infuse 1 mg/min  Preferred when left ventricular failure present; ~48% success; may cause

for 6 hours, then 0.5 mg/min

Diltiazem

hypotension, bradycardia, or atrioventricular block; extended half-life

Initial bolus 0.25-0.35 mg/kg; follow with  ~94% response; hypotension (13% of patients); intravenous adminis-

intravenous infusion of 5-15 mg/h titrated tration of calcium may decrease any hypotension that occurs

to heart rate or conversion

Ibutilide
after 10 min)

1-mg bolus for 10 min (may repeat once  Use only for cardioversion; does not control heart rate; concerns: pro-
longs QT interval; torsade de pointes (~4% of cases); ventricular tachy-

cardia in 1.5%-2.6% of cases; less hypotension after administration of
ibutilide than after administration of amiodarone; elimination half-life 6

hours

——t
'

Figure 4 Supraventricular tachycardia.

Atrial Tachycardia. Dysrhythmias that show a nar-
row QRS complex, a regular R-R interval, and rapid
ventricular response (Figure 4) may indicate an atrial
or perhaps nodal tachycardia, both often referred to as
supraventricular tachycardia.” The rate and hemody-
namic response (hypotension) of supraventricular
tachycardia dictates the urgency and choice of thera-
peutic options. Severe hypotension demands emergent
synchronized electrical cardioversion.” Significant but
less severe hypotension usually allows pharmaceutical
treatment. Administration of 6 mg of adenosine as a
rapid intravenous bolus is recommended, followed by
a second dose of 12 mg in 2 minutes if the heart has
not converted to a sinus rhythm or the ventricular rate
has not slowed.” Administration of diltiazem should
follow conversion to sinus rhythm so as to decrease
the incidence of recurrent supraventricular tachycardia.
The assistance of a physician should be sought when
adenosine is administered because of its potential to
induce other dysrhythmias. If administration of adeno-
sine is not successful, diltiazem or esmolol should be
tried, and if these fail, amiodarone is recommended.*

Other Supraventricular Dysrhythmias. Other
rhythm changes during donor care may indicate other
atrial or nodal ectopic foci or conduction abnormali-
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ties. These causes of rhythm changes appear, from
reports in Table 1, to be uncommon. A physician should
be consulted to determine the diagnosis and available
treatment options.

Ventricular Dysrhythmias

When the QRS complex is wide (>0.12 seconds),
either a supraventricular rhythm with aberrant con-
duction or a ventricle-based dysrhythmia is present.
Differentiation between these 2 mechanisms is beyond
the scope of this discussion.* Importantly, however,
supraventricular foci with aberrant conduction through
the heart may not require therapy unless the rhythm is
sustained or causes hypotension.*

Ventricular dysrhythmias may occur as single
beats, groups of 2 or more beats, or as a sustained
rhythm at various rates of ventricular contraction,
including ventricular tachycardia® (Figure 5). Loss of
an organized focus for depolarization may allow
“degeneration” of ventricular tachycardia to ventricular
fibrillation, wherein the ventricles cease contraction.

Ventricular fibrillation demands immediate elec-
trical defibrillation and initiation of cardiopulmonary
resuscitation.’ Amiodarone is recommended at the
higher bolus dose of 300 mg intravenously if the ven-
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Figure 5 Ventricular tachycardia.

tricular fibrillation is resistant to defibrillation.** Treat-
ment of ventricular tachycardia and other ventricular
dysrhythmias depends on their rate and hemodynamic
effect (hypotension).

Treatment of occasional premature ventricular con-
tractions, groups of such contractions, and nonsustained
ventricular tachycardia is considered optional,” although
attempts to suppress the latter rhythm with amiodarone
may be desirable.* Sustained ventricular tachycardia
causing loss of arterial blood pressure should be treated
as ventricular fibrillation with full cardiac resuscitation
including synchronized cardioversion. When blood
pressure is sustained in the presence of recurrent or
continuing ventricular tachycardia, use of several drugs,
including amiodarone, is recommended in the guide-
lines of the American Heart Association.” No studies
of sustained or recurrent ventricular tachycardia during
donor care were located, but use of amiodarone would
seem appropriate until a physician can be consulted.

Summary

Dysrhythmias occurring during donor care appear
more likely to occur soon after brain death. With the
exception of sinus tachycardia, the incidence of dys-
rhythmias is relatively low during donor care (15%-
20%). The occurrence of cardiac arrest and associated
dysrhythmias is also uncommon at 5% to 15%. Avoiding
electrolyte changes, hypoxemia, or hypotension is funda-
mental to preventing dysrhythmias. Although not all car-
diac rhythm abnormalities require treatment, associated
hypotension caused by the dysrhythmia often forces
intervention. In general, short-acting intravenous medica-
tions are preferred but may not be available for all rhythm
changes. Only the intravenous route is appropriate during
donor care. The organ procurement coordinator should be
familiar with the guidelines of the American Heart Asso-
ciation, particularly the medications recommended and
the adverse effects of medications described therein.
OPO protocols should direct appropriate treatments for
commonly encountered dysrhythmias. In-house physi-
cian support that is immediately available should also be
part of OPO support and hospital development. Although
uncommon, dysrhythmias may rapidly cause hypoten-
sion that risks recovery of all organs.
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CE Test Test ID 4000-J43: Cardiac dysrhythmias during donor care

Learning objectives: 1. Discuss the dysrhythmias that may occur during donor care. 2. Identify pharmacological considerations of managing cardiac
dysrhythmias during donor care. 3. Describe treatment strategies to manage specific dysrhythmias that are likely to occur during donor care.

1. What is the incidence of dysrhythmias during donor care?
a. 10% to 20%
b. 20% to 30%
c. 30% to 40%
d. 40% to 50%

2. Which of the following is the most frequent dysrhythmia
experienced by donors?

a. Sinus bradycardia

b. Atrial fibrillation

c. Sinus tachycardia

d. Premature atrial contractions

3. What percentage of donors experience a cardiac arrest during
hospitalization before organ removal?

a. Less than 5%

b. 5% to 10%

c. 10% to 15%

d. Up to 25%

4. Successful transplantation has occurred during what time frame
after arrest?

a. Less than 3 minutes

b. 3 to 5 minutes

c. 5 to 10 minutes

d. Up to 90 minutes

5. How many half-lives are needed to ensure complete elimination
of a drug?

a. One

b. Two

c. Three

d. Four

6. Which of the following is the most effective medication for the
management of nonsinus (eg, junctional) bradycardia?

a. Atropine

b. Isuprel

¢. Amniodarone

d. Epinephrine

7. Which of the following is not a common cause of sinus tachycardia
in donors?

a. Hypovolemia

b. Anemia

c. Vasoactive drugs

d. Fever

8. What agent is considered the drug of choice for harmful levels of
sinus tachycardia?

a. Diltiazem

b. Labetalol

c. Esmolol

d. Inderal

9. Urgent or emergent electrical cardioversion is indicated when atrial
fibrillation occurs at what rate in conjunction with hypotension?

a. Less than 100 beats/min

b. 100 to 110 beats/min

c. 110 to 120 beats/min

d. Greater than 130 beats/min

10. What agent is indicated for the treatment of atrial tachycardia
with severe hypotension?

a. Diltiazem

b. Labetalol

c. Esmolol

d. Adenosine

11. What is the incidence of cardiac arrest and associated dysrhythmias
during donor care?

a. Less than 5%

b. 5%

c. 5% to 10%

d. 5% to 15%

12. A wide QRS complex of what measurement identifies a
ventricular-based dysrhythmia?

a. 0.08 seconds

b. 0.10 seconds

c. 0.12 seconds

d. Greater than 0.12 seconds

Test answers: Mark only one box for your answer to each question. You may photocopy this form.
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