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Abstract

Daclizumab is a commonly used immunosup-
pressive agent for prophylaxis of solid organ
rejection. Although rare, the cardiovascular adverse
effects of daclizumab include sinus tachycardia,
hypotension, and hypertension. Here, we report 3
patients who developed significant and prolonged
sinus bradycardia after receiving daclizumab
following orthotopic liver transplant. Daclizumab
should be considered a possible cause of brady-
cardia following its administration in orthotopic
liver transplant.
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Because of the safety profile of daclizumab, use of this
immunosuppressive agent for prophylaxis against
solid organ rejection has increased. An anti–inter-
leukin-2 receptor monoclonal antibody, daclizumab
specifically binds to the alpha subunit of the
interleukin-2 receptor that is expressed only on the
surface of activated lymphocytes, thereby reducing
interleukin-2–mediated activation of T cells. Thus,
daclizumab reduces the frequency of acute rejection
episodes and improves patient outcomes without
significant toxicity or increased susceptibility to
infection (1-4).

Few cardiovascular adverse effects have been
associated with this agent. As listed on the package
insert, these cardiovascular adverse effects include
hypotension, aggravated hypertension, pulmonary

edema, and tachycardia. To our knowledge, there has
been no reported case of bradycardia in patients
treated with daclizumab. Here, we report 3 patients
who developed significant and prolonged sinus
bradycardia after receiving daclizumab following
orthotopic liver transplant.

Case 1
A 32-year-old man underwent an uneventful
orthotopic liver transplant for primary sclerosing
cholangitis. During the immediate postoperative
period, the patient was hemodynamically stable, in
sinus rhythm at 94 bpm, with a P-R interval of 184
msec, and a corrected QT (QTc) interval of 480 msec.
The first dose of daclizumab (1 mg/kg IV) was given
on the day of the procedure. Thirty hours later, the
patient developed sinus bradycardia at 58 bpm. His
P-R interval was 124 msec and his QTc interval was
464 msec. Medications at that time included
famotidine, dexamethasone, clotrimazole, trimeth-
oprim/sulfamethoxazole, valganciclovir, sevelamer,
ursodiol, and calcium carbonate.

The patient was still in sinus bradycardia when he
received the second dose of daclizumab (1 mg/kg IV)
on the fourth day after surgery. Despite a transient
fever of 39.2°C, asymptomatic sinus bradycardia as
low as 47 bpm continued until the 10th day after
surgery. The patient’s renal function remained stable
(creatinine level, 123.7 µmol/L [1.4 mg/dL]), and his
electrolyte levelswere in the normal range. Tacrolimus
was started on the fourth day after surgery, and the
trough serum level was 4.5 ng/mL on the fifth
postoperative day. Because the patient developed
biopsy-proven acute graft rejection 6 days after the
transplant, antithymocyte globulin was added to the
immunosuppressive regimen (which also included
mycophenolate mofetil). No further episodes of
bradyarrhythmia were documented, and the patient
was discharged 15 days after surgery (Figure 1).
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Case 2
A41-year-oldmanwith a 10-year history of hepatitis B
cirrhosis received a deceased-donor orthotopic liver
transplant because of fulminant hepatic failure with
grade-3 hepatic encephalopathy and oliguric acute
renal failure. Postoperatively, the patient’s pulse rate
was 101 bpm, and an echocardiogram showed a P-R
interval of 144 msec and a QTc interval of 395 msec.
Forty-four hours after receiving the first dose of
daclizumab (1mg/kg IV), the patient developed sinus
bradycardia at 54 bpmwith a normal blood pressure of
118/71 mmHg.

The patient remained in sinus bradycardia at
approximately 40 bpm until the seventh day after
surgery. The P-R interval was 168 msec and the QTc
interval was 452 msec. Serum electrolyte levels were
in their normal ranges, and the total bilirubin level
decreased from 482.2 µmol/L (28.2 mg/dL) before
the transplant to 205.2 µmol/L (12 mg/dL). The
patient’s renal function worsened, with a peak
creatinine level of 194.4 µmol/L (2.2 mg/dL) on the
first day after surgery. Medications included
lamivudine, dexamethasone, trimethoprim/sulfa-
methoxazole, clotrimazole, calcium carbonate, urso-
diol, famotidine, valganciclovir, aspirin, regular
insulin, fentanyl, midazolam, hepatitis B immune
globulin, and mycophenolate mofetil. The patient
received a second dose of daclizumab (1 mg/kg IV)
on the fourth day after surgery while his pulse rate
was between 46 and 56 bpm. The patient remained
in sinus bradycardia until the eighth day after
transplant, at which time his heart returned to sinus
rhythm.

Case 3

A 65-year-old woman received a deceased-donor
orthotopic liver transplant for end-stage liver disease
and hepatocellular carcinoma associated with
hepatitis C virus. She had history of hypothyroidism,

septal myocardial infarction, insulin-dependent
diabetes mellitus, and chronic renal insufficiency
with a baseline creatinine level of 291.7 µmol/L (3.3
mg/dL).

Sinus bradycardia at 48 bpm was observed 12
hours after a daclizumab (1 mg/kg IV) injection.
Serum electrolyte levels were within the normal
range, and the total bilirubin level was 83.7 µmol/L
(4.9 mg/dL). Other medications included
midazolam, fentanyl, famotidine, cefotaxime,
fluconazole, methylprednisolone, insulin, val-
ganciclovir, trimethoprim/sulfamethoxazole, clot-
rimazole, lamivudine, aspirin, and levothyroxine.
Famotidine was discontinued on the fourth day after
transplant, and sucralfate was started for stress ulcer
prophylaxis. Tacrolimus (1 mg bid) was started on
the fourth day after transplant and its level was 3.2
ng/mL on postoperative day number 6. A second
dose of daclizumab (1 mg/kg) was also given on
postoperative day number 4.

The patient remained in sinus bradycardia until 6
days after transplant, at which time her pulse rate
decreased to 38 bpm. Other values included a BP
range of 120/49 to 125/54 mm Hg, a P-R interval of
184 msec, and a prolonged QTc interval of 607 ms.
Several doses of atropine were given (total, 2.4 mg
IV) with no improvement in pulse rate. A
transcutaneous pacemaker was placed and set on
demand mode. A 2-dimensional echocardiogram
showed normal left ventricular function and size.
The level of thyroid stimulating hormone was within
the normal range. While the patient remained in
sinus bradycardia, all electrolyte levels were within
their normal ranges except for a magnesium level of
1.19 mmol/L (2.9 mg/dL). Her peak total bilirubin
level was 68.4 µmol/L (4.0 mg/dL). Six days after the
transplant, the patient developed an episode of
paroxysmal atrial fibrillation with a rapid ventricular
response, which lasted for 48 hours, and was treated
with diltiazem. On the eighth day after transplant,
the patient’ heart rate returned to sinus bradycardia
until approximately the 10th day after transplant, at
which time it returned to sinus rhythm.

Discussion

We have discussed 3 patients who underwent
orthotopic liver transplant who developed an
episode of clinically significant postoperative sinus
bradycardia 12 to 44 hours after their first injection
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Figure 1. Heart rate recorded in all 3 patients starting from admission
until discharge from the ICU following liver transplant.
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of daclizumab. The bradycardia lasted 6 to 9 days.
All 3 patients had no known history of bradycardia.
In our third patient, when the heart rate decreased to
38 bpm, an unsuccessful attempt wasmade to correct
the bradycardia using 2.4 mg of atropine; this failed,
and a transcutaneous pacemaker eventually was
used.

Daclizumab is an effective agent for inducing
immunosuppression in kidney (4-6) and liver
transplant (7-9). Unlike OKT3 or calcineurin
inhibitors, it has no neurotoxicity or nephrotoxicity
and does not cause cytokine release. Daclizumab is
not associated with cardiovascular toxicity.
Occasional instances of hypotension, sinus tachy-
cardia, hypertension, and pulmonary edema have
been reported, but no instances of significant sinus
bradycardia have been reported until now.

In liver transplant recipients, perioperative
bradyarrhythmias have been observed pre-
operatively, intraoperatively, and postoperatively.
Sinus bradycardia often complicates severe hyper-
bilirubinemia (typically above 342 µmol/L [20
mg/dL]), possibly due to bile salt deposition in the
SA node (10-12). The patients reported here did not
have severe hyperbilirubinemia, and bilirubinemia
at the time of the bradycardic event was declining.

During surgery, sinus bradycardia can be
observed as a component of the postreperfusion
syndrome (13). These patients did not have
reperfusion syndromes, and the bradycardia
occurred several hours after completion of the
transplant. Postoperative sinus bradycardia may be
seen after IV administration of certain
immunosuppressive agents such as tacrolimus (14,
15), cyclosporine (16), or FTY720 (17, 18).

Other possible causes of sinus bradycardia
include pre-existing autonomic neuropathy,
increased vagal tone, myocardial ischemia with A-V
node ischemia and electrolyte imbalance, drug
toxicity, and drug interactions. Autonomic neuro-
pathy may complicate end-stage liver disease
irrespective of its cause. The severity of the
neuropathy correlates with the degree of liver failure
(19) and improves rapidly following liver transplant
(20, 21). Our patients presented no evidence of
dysautonomia, myocardial ischemia, or increased
vagal tone.

A direct cardiotoxic effect of daclizumab causing
sinus bradycardia, such as that associated with
cyclosporine and tacrolimus, although possible,

appears unlikely. In this series of patients, an adverse
drug-drug interaction appears to be the most likely
cause of sinus bradycardia. Among the medications
that these patients were concomitantly receiving with
daclizumab, the histamine-2 receptor blocker,
famotidine, deserves special consideration. All 3
patients were receiving famotidine for stress ulcer
prophylaxis.

The chronotropic adverse effects of histamine-2
receptor blockers have been described since 1977 (22-
25), especially with ranitidine (26-30). The effect of
famotidine on heart rate is controversial. In addition to
sinus bradycardia, transient atrioventricular blockade,
especially after rapid IV administration, has been
described (31, 32). The mechanism of this bradycardia
is unknown. The proposed hypotheses include
unopposed histamine-1 receptor activity causing
prolongation of AV conduction time, reversal of
histamine-induced positive chronotropic activity,
blockage of the histamine-2–mediated coronary artery
dilation, and increased secretion of prolactin causing
dysrhythmias (33, 34). However, in a study evaluating
the cardiovascular effects of IV administration of
famotidine in critically ill persons, 2047 doses of IV
famotidine were administered with close
cardiovascular monitoring. There were no clinically
significant cardiovascular abnormalities related to
famotidine, whether the drug was administered by
rapid IV injection or slow IV infusion (35).

Another possible drug-drug interaction involves
the opioid analgesic, fentanyl, which can induce a
vagally mediated sinus bradycardia. Two of our
patients had been receiving fentanyl at the time the
bradycardia started.However, these episodes persisted
for 10 days despite discontinuation of the fentanyl.

The potential association of daclizumab with
bradycardia may be important when selecting
immunosuppressive agents in the posttransplant
setting. Patients with underlying cardiac dysfunction
or pre-existing bradycardia may not tolerate this drug
well, and other agents should be considered.

In conclusion, each patient presented here
underwent an orthotopic liver transplant and had a
subsequent episode of prolonged sinus bradycardia 12
to 44 hours after receiving the first dose of daclizumab.
The bradycardia episode lasted 6 to 8 days. The
mechanism of this arrhythmia is unclear.We postulate
that it might have been due to an as yet undefined
direct cardiotoxic effect of the drug, ormore likely, to a
drug-drug interaction between daclizumab and
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another medication that these patients routinely were
given in the early postoperative period. Among the
suspected medications, famotidine, and to a lesser
degree, fentanyl, deserve special consideration.

We hope to foster awareness that combining
daclizumab with some other medications might not
be prudent in patients who would be unlikely to
tolerate significant bradycardia. Prospective studies
are needed to determine the incidence and the
significance of this observation as well as its
mechanism.

References

1. Webster AC, Playford EG, Higgins G, Chapman JR, Craig J.
Interleukin 2 receptor antagonists for kidney transplant recipients.
Cochrane Database Syst Rev. 2004;(1):CD003897.

2. Niemeyer G, Koch M, Light S, Kuse ER, Nashan B. Long-term
safety, tolerability and efficacy of daclizumab (Zenapax) in a two-
dose regimen in liver transplant recipients. Am J Transplant.
2002;2(5):454-460.

3. Adu D, Cockwell P, Ives NJ, Shaw J, Wheatley K. Interleukin-2
receptor monoclonal antibodies in renal transplantation: meta-
analysis of randomised trials. BMJ. 2003;326(7393):789.

4. Webster AC, Playford EG, Higgins G, Chapman JR, Craig JC.
Interleukin 2 receptor antagonists for renal transplant recipients: a
meta-analysis of randomized trials. Transplantation.
2004;77(2):166-176.

5. Vincenti F, Kirkman R, Light S, et al. Interleukin-2-receptor blockade
with daclizumab to prevent acute rejection in renal transplantation.
Daclizumab Triple Therapy Study Group. N Engl J Med.
1998;338(3):161-165.

6. Nashan B, Light S, Hardie IR, Lin A, Johnson JR. Reduction of acute
renal allograft rejection by daclizumab. Daclizumab Double
Therapy Study Group. Transplantation. 1999;67(1):110-115.

7. Eckhoff DE, McGuire B, Sellers M, et al. The safety and efficacy of
a two-dose daclizumab (Zenapax) induction therapy in liver
transplant recipients. Transplantation. 2000;69(9):1867-1872.

8. Nashan B, Schlitt HJ, Schwinzer R, et al. Immunoprophylaxis with
a monoclonal anti-IL-2 receptor antibody in liver transplant
patients. Transplantation. 1996;61(4):546-554.

9. Emre S, Gondolesi G, Polat K, et al. Use of daclizumab as initial
immunosuppression in liver transplant recipients with impaired
renal function. Liver Transpl. 2001;7(3):220-225.

10. Bashour TT, Antonini C Sr, Fisher J. Severe sinus node dysfunction
in obstructive jaundice. Ann Intern Med. 1985;103(3):384-385.

11. Agarwal BP. Symptomatic extreme bradycardia in obstructive
jaundice. J Assoc Physicians India. 1990;38(7):515.

12. Postovit VA. Significance of cholemia in the origin of bradycardia
in jaundice [in Russian]. Vrach Delo. 1971;(6):148-151.

13. Acosta F, Sabaté A. Post-reperfusion syndrome in orthotopic liver
transplantation [in Spanish]. Rev Esp Anestesiol Reanim.
1996;43(8):276-280.

14. Cox TH, Baillie GM, Baliga P. Bradycardia associated with
intravenous administration of tacrolimus in a liver transplant
recipient. Pharmacotherapy. 1997;17(6):1328-1330.

15. Nishimura M, Kim K, Uchiyama A, et al. Tacrolimus-induced life-
threatening arrhythmia in a pediatric liver-transplant patient. Intensive
Care Med. 2002;28(11):1683-1684.

16. Kelleher SP, Davis WR, Paraskevopoulos N. Gout, bradycardia, and
hypercholesterolemia after renal transplantation. South Med J.
2001;94(7):732-734.

17. Budde K, Schmouder RL, Brunkhorst R, et al. First human trial of
FTY720, a novel immunomodulator, in stable renal transplant
patients. J Am Soc Nephrol. 2002;13(4):1073-1083.

18. Kahan BD, Karlix JL, Ferguson RM, et al. Pharmacodynamics,
pharmacokinetics, and safety of multiple doses of FTY720 in stable
renal transplant patients: a multicenter, randomized, placebo-
controlled, phase I study. Transplantation. 2003;76(7):1079-1084.

19. Fleisher LA, Fleckenstein JF, Frank SM, Thuluvath PJ. Heart rate
variability as a predictor of autonomic dysfunction in patients
awaiting liver transplantation. Dig Dis Sci. 2000;45(2):340-344.

20. McDougall AJ, Davies L, McCaughan GW. Rapid improvement of
autonomic and peripheral neuropathy after liver transplantation: a
single case report. Liver Transpl. 2002;8(2):164-166.

21. Pérez-Peña J, Rincón D, Bañares R, et al. Autonomic neuropathy in
end-stage cirrhotic patients and evolution after liver transplantation.
Transplant Proc. 2003;35(5):1834-1835.

22. Reding P, Devroede C, Barbier P. Bradycardia after cimetidine. Lancet.
1977 10;2(8050):1227.

23. Mehta AB, Goldman JM. Cimetidine and Cardiac Dysrhythmias. Ann
Intern Med. 1982;97(2):283.

24. Matthews SJ, Michelson PA, Cersosimo RJ. Cimetidine-induced sinus
bradycardia. Clin Pharm. 1982;1(6):556-558.

25. Iberti TJ. Hemodynamic effects of H2-receptor antagonists. DICP.
1990;24(Suppl 11):S35-S37.

26. Smith CL, Bardgett DM, Hunter JM. Haemodynamic effects of the
i.v. administration of cimetidine or ranitidine in the critically ill patient.
A double-blind prospective study. Br J Anaesth. 1987;59(11):1397-
1402.

27. Coursin DB, Farin-Rusk C, Springman SR, Goelzer SL. The
hemodynamic effects of intravenous cimetidine versus ranitidine in
intensive care unit patients: a double-blind, prospective, cross-over
study. Anesthesiology. 1988;69(6):975-978.

28. Khera DC, Smith SL, Slabic SF. Ranitidine-induced bradycardia. Am J
Gastroenterol. 1988;83(3):332-333.

29. Velasco P, Armengol S, Rodríguez G, Xirgu J, Pardo C, Oms M.
Extreme bradycardia and administration of ranitidine [in Spanish].
Gastroenterol Hepatol. 1996;19(3):186.

30. Hart AM. Cardiac arrest associated with ranitidine. BMJ.
1989;299(6697):519.

31. Baller D, Huchzermeyer H. Histamine effects on the heart with special
reference to cardiac side effects of H2 receptor antagonists [in
German]. Klin Wochenschr. 1989;67(15):743-755. Review.

32. Borow KM, Ehler D, Berlin R, Neumann A. Influence of histamine
receptors on basal left ventricular contractile tone in humans:
assessment using the H2 receptor antagonist famotidine and the
beta-adrenoceptor antagonist esmolol as pharmacologic probes. J
Am Coll Cardiol. 1992 May;19(6):1229-1236.

33. Hinrichsen H, Halabi A, Kirch W. Clinical aspects of cardiovascular
effects of H2-receptor antagonists. J Clin Pharmacol. 1995;35(2):107-
116.

34. Cohen N, Modai D, Golik A, Eshkoly M, Theitler J, Scapa E.
Cimetidine-related cardiac conduction disturbances and confusion. J
Clin Gastroenterol. 1989 Feb;11(1):68-69.

35. Fish DN. Safety and cost of rapid i.v. injection of famotidine in critically
ill patients. Am J Health Syst Pharm. 1995;52(17):1889-1894.

83


