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Sirolimus in de novo heart transplant recipients
with severe renal impairment

Sirolimus is a new immunosuppressive agent, which

reduces acute rejection in solid transplants and may per-

mit the avoidance of calcineurin inhibitors (CNI) nephro-

toxicity. Most of the current experience with this drug

comes from the field of renal transplantation. In cardiac

transplantation, the experience with sirolimus is limited.

In heart recipients with significant nephrotoxicity related

to CNI, late conversion to sirolimus has been reported.

Sirolimus has also been studied de novo after cardiac

transplantation, although in addition to reduced dosages

of cyclosporine. However, there is not much experience

with the use of sirolimus de novo without associated CNI

in cardiac transplantation. We report two heart transplant

recipients with severe pre-existent nephrotoxicity – requi-

ring chronic dialysis therapy – in whom an immunosup-

pressive regimen based on the sirolimus (without

association of CNI) was used de novo and was successful

in avoiding the development of permanent renal impair-

ment, with eventual recovery of a reasonable spontaneous

renal function.

Case 1

A 70-year-old patient received a heart transplant 10 years

ago. He developed significant chronic nephrotoxicity on

cyclosporine therapy (creatinine 2.5 mg/dl). In February

2004, he was listed for retransplantation because of the

presence of diffuse and severe coronary vasculopathy with

advanced graft dysfunction. Shortly afterwards, the

patient developed refractory heart failure. In spite of ino-

tropic support with dobutamine and high doses of diuret-

ics, the clinical condition progressively worsened.

Oligoanuria and rising levels of creatinine (4–5 mg/dl
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Summary

Two patients with end-stage heart failure and advanced renal dysfunction

(under chronic dialysis therapy) underwent heart transplantation. In order to

avoid further renal impairment, a calcineurine inhibitor-free immunosuppres-

sion regimen based on the sirolimus was used. Although temporary periopera-

tive support with hemofiltration and dyalisis was needed, both patients

eventually regained a reasonable renal function with no episodes of clinical

rejection and normal cardiac function at 13 and 11 months, respectively, after

transplantation. Sirolimus-based immunosuppression might be an interesting

alternative to calcineurine inhibitors in the management of patients with signi-

ficant renal impairment.
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range) required nine dialysis sessions over a 4-week per-

iod. On April 2nd, 2004, the patient was retransplanted.

In the immediate postoperative period, he developed

acute tamponade, needing emergency reoperation. In

order to avoid further renal impairment, the immunosup-

pression regimen was based on the sirolimus, started on

the first postoperative day (2–3 mg/day, trough levels

8–12 ng/ml), mycophenolate and prednisone in standard

dosages. No induction therapy was used. The postopera-

tive period was complicated with a pneumonia (Staphylo-

coccus epidermidis), which resolved with antibiotic

therapy (imipenem and linezolid). Also, he developed

generalized muscular debility, consistent with the syn-

drome of ‘polineuropathy of the critically ill patient’. In

the first 10 postoperative days, the patient required two

additional dialysis sessions. The creatinine level progres-

sively decreased and stabilized around 2 mg/dl with res-

toration of diuresis (Fig. 1). After intensive rehabilitation,

the patient regained adequate muscular function and

mobility, and was discharged in good clinical condition

65 days after retransplantation. Echocardiographic moni-

torization of graft function showed excellent biventricular

ejection fraction. On the 4th month after transplantation,

the patient developed intermittent fever. A cytomegalo-

virus infection was diagnosed, which responded

adequately to valganciclovir. Thirteen months after

retransplantation, the patient is asymptomatic and leading

an active life. Sirolimus dosage is 3 mg/day and trough

levels range from 7 to 9 ng/ml. Prednisone dosage is

5 mg/day. Because of persistent leukopenia in spite of

progressive Mycophenolate dosage reductions, the drug

was finally stopped at the end of the first year after trans-

plantation. There have been no clinical rejection episodes,

and the graft function is completely normal, with an ejec-

tion fraction of 63% and normal wall thickness at the last

follow-up visit. The creatinine level is 2.2 mg/dl, the esti-

mated creatinine clearance (Cockroft-Gaul) is 35 ml/min

and diuresis is adequate without diuretics.

Case 2

A 60-year-old patient with a terminal dilated cardio-

myopathy and severe malignant arrhythmias was listed

for elective transplantation. He also had severe renal

impairment (creatinine 3.5 mg/dl), oligoanuria and fluid

retention, which needed seven dialysis and ultrafiltration

sessions over a 7-week period before transplantation.

While on the last preoperative dialysis procedure, the

patient became hemodynamically unstable and developed

a severe arrhythmic storm, with repetitive ventricular

fibrillation episodes. The patient required mechanical ven-

tilation, intra-aortic counterpulsation and inotropic sup-

port with catecholamines. An emergency transplant was

performed 24 h later. The immediate postoperative period

was characterized by vasoplegic shock, which responded

to noradrenaline and vasopresine infusion. In spite of

adequate graft function and normal cardiac output,

anuric renal failure persisted and was managed with the

use of continuous hemofiltration for 5 days. The immun-

nosuppresive regimen was based on the sirolimus (1 to

3 mg/day, trough levels 8–12 ng/ml), mycophenolate, and

steroids at standard dosages. Three doses of daclizumab

(1 mg/kg) were also given along the first 4 weeks. Over

the ensuing 5 week period, 10 additional dialysis sessions

were performed. The creatinine level finally stabilized

around 2 mg/dl, and the patient regained normal diuresis

with furosemide. He was discharged in excellent clinical

condition. At subsequent follow-up visits, the creatinine

levels progressively decreased and the diuretic dose could

be reduced. One year after transplantation, the creatinine

level is 1.1 mg/dl and the estimated creatinine clearance is

80 ml/min (Fig. 2). The patient leads a normal physical

activity without symptoms. No fluid retention is present

on 20 mg of furosemide. Immunosuppression consists in

sirolimus (dosage 2 mg/day, trough levels of 7.5–12 ng/

ml), mycophenolate (500 mg b.i.d.), and prednisone

(5 mg every other day). There have been no clinical
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Figure 1 Creatinine levels (mg/dl) and

creatinine clearance (calculated accord-

ing to the Cockroft–Gault formula)

before and after transplantation in

patient # 1 (Arrows represent dialysis

sessions. Sirolimus was started on post-

operative day 1).
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rejection episodes, and the graft function is completely

normal by echocardiography. The left ventricular ejection

fraction is 69%, with normal wall thickness.

Discussion

Standard de novo immunosuppression in solid organ

transplantation is currently based on CNI (cyclosporine

or tacrolimus) with the addition of antimitotic agents

and corticosteroids. Although CNI have a proven record

of efficacy in rejection prophylaxis, they are frequently

associated with significant nephrotoxicity. Moreover,

advanced renal dysfunction is frequently seen in the set-

ting of heart failure [1]. Therefore, renal dysfunction

often complicates the already difficult perioperative per-

iod after heart transplantation. Severe acute nephrotoxici-

ty because of CNI can be anticipated in heart recipients

with pre-existent renal impairment. Thus, new immuno-

suppressive agents without inherent nephrotoxicity – like

sirolimus and everolimus – are being actively investigated.

Sirolimus has been extensively studied in renal trans-

plantation [2]. Several immunosuppressive regimens have

been tried, either in combination with reduced dosages of

cyclosporine [3] (which may be withdrawn after some

time [4]) or in CNI-free protocols [5,6]. There is also an

evolving experience in hepatic [7] and lung transplanta-

tion [8].

In heart recipients, sirolimus has been introduced at

different intervals after transplantation in patients in

whom CNI resulted in significant nephrotoxicity. Late

conversion to sirolimus (eliminating the CNI) usually –

but not always – results in at least partial recovery of the

renal function, and has been reported both in adults

[9–11] and children [12].

In the acute setting, i.e. right after transplantation, sir-

olimus has been used in most cases in association with

the reduced doses of CNI, usually cyclosporine. In a

recent randomized study, sirolimus combined with a rel-

atively low cyclosporine dosage has been compared with

full dose cyclosporine and azathioprine [13]. Although

both the rate of rejection and transplant vasculopathy

were reduced in sirolimus randomized patients in com-

parison to those randomized to azathioprine, the inci-

dence of nephrotoxicity was very high, probably because

of the pharmacological interaction between sirolimus and

cyclosporine. The results of another similar trial with

everolimus (a derivative of sirolimus) combined with

cyclosporine also showed reduced rejection and graft vas-

culopathy rates, but nephrotoxicity was also higher with

the everolimus–cyclosporine combination [14].

On the other hand, the experience with sirolimus

de novo, i.e. in CNI free immunosuppressive regimens, is

somewhat limited in cardiac recipients [15]. Our two

reported patients underwent the transplantation proce-

dure in complicated clinical scenarios, and the renal func-

tion was severely impaired, requiring temporary dialysis

therapy. In those situations, we considered that the neph-

rotoxic effects of CNI, especially in the perioperative per-

iod, would possibly perpetuate the loss of renal function.

Thus, we decided to use sirolimus based, CNI-free immu-

nosuppressive regimens. Although the perioperative

course was certainly complicated in both patients, need-

ing ultrafiltration and dyalisis therapy for some time, a

reasonable spontaneous renal function was eventually

reached and remains stable at a follow-up of 13 and

11 months respectively. In patient 1, a significant degree

of renal dysfunction persists (creatinine clearance of

35 ml/min), probably reflecting the previous long-time
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Figure 2 Creatinine levels (mg/dl) and

creatinine clearance (calculated accord-

ing to the Cockroft–Gault formula)

before and after transplantation in

patient # 2 (Arrows represent dialysis

sessions. Sirolimus was started on post-

operative day 1).
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exposure to CNI (he was on cyclosporine for almost

10 years). In any case, sirolimus use prevented the total

loss of renal function, which could have most likely

ensued if CNI were used after the retransplantation, and

the patient has adequate diuresis and no fluid retention

without the need of diuretics. In patient 2, in whom there

was no previous contact with CNI, renal function

returned to practically normal levels (creatinine clearance

of 80 ml/min). Also, there were no clinical or echocardio-

graphic signs of graft dysfunction. As is the current prac-

tice at our institution, no routine cardiac biopsies are

performed in asymptomatic patients with no signs of

heart failure, a good ejection fraction and normal ventric-

ular thickness by echocardiography. This has been the

case of the two reported patients, which had completely

normal graft function as assessed by echocardiography at

regular intervals during the follow-up.

Our experience suggests that a sirolimus based, CNI-free

immunosuppression might be a very interesting alternative

for patients receiving a heart transplant in the context of

significant renal impairment, by avoiding the likely devel-

opment of permanent renal failure because of CNI. How-

ever, further experience is needed to confirm the

apparently appropriate anti-rejection efficacy of sirolimus

when this drug is used without concomitant CNI. Also,

the correct therapeutic range and the side effects profile of

this promising immunosuppressant should be elucidated

before its widespread use could be recommended [16].
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