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PREGNANCY AFTER KIDNEY AND KIDNEY-PANCREAS
TRANSPLANTATION UNDER TACROLIMUS: A SINGLE CENTER’S

EXPERIENCE

ASHOKKUMAR B. JAIN, RON SHAPIRO, VELMA P. SCANTLEBURY,
SANTOSH POTDAR, MARK L. JORDAN, JAREEN FLOHR, AMADEO MARCOS, AND JOHN J. FUNG

Background. Chronic renal failure leads to amenor-
rhea, and successful pregnancy is rare. The aim of the
present report is to examine the outcome of pregnan-
cies under tacrolimus after kidney transplantation
(KTx) and simultaneous kidney-pancreas transplanta-
tion (SPKTx).

Method. All pregnancies under tacrolimus after KTx
or SPKTx from 1993 to April 2002 were retrospectively
examined. Renal function and the mother’s survival

were followed until December 2002.
Results. Thirteen mothers after KTx delivered 19 ba-

bies, and 2 mothers after SPKTx delivered 3 babies. All
mothers survived the pregnancy and retained allo-
graft function. One mother had a stillborn baby from
an unrecognized amniotic fluid leak and a small isch-
emic placenta. The mean gestational period was
34.4�5.1 weeks. Mean birth weight was 2373�1001 g.
Birth-weight percentile to gestational period was
40�28. None of the mothers experienced rejection dur-
ing the pregnancy. Three pregnancies in mothers with
KTx experienced toxemia of pregnancy, and one
mother with SPKTx developed pre-eclampsia during
both pregnancies. Five mothers (6 deliveries, 27.3%)
required caesarian section. During the follow-up pe-
riod, one mother died from a cerebrovascular acci-
dent. Another five mothers returned to dialysis

Thomas E. Starzl Transplantation Institute, UPMC Montefiore,
Pittsburgh, PA.

Address correspondence to: Dr. Ashokkumar B. Jain, 601 Elmwood
Avenue, Box SURG, Rochester, NY 14642. E-mail: Ashok_Jain@
urmc.rochester.edu.

Received 6 August 2003. Accepted 21 October 2003.

DOI: 10.1097/01.TP.0000117564.50117.FB

JAIN ET AL.March 27, 2004 897



55.6�32.4 months after the last delivery and 99.4�28.5
months after the last KTx. Both SPKTx mothers have
maintained normal renal and pancreatic allograft
function 42 and 62 months postdelivery.

Conclusion. All mothers survived the pregnancy.
One baby was stillborn. Forty-one percent of babies
were either preterm or premature, and 27% of babies
were delivered by caesarean section. Toxemia of preg-
nancy or pre-eclampsia was observed in 23% of preg-
nancies postKTx and SPKTx. None of the mothers ex-
perienced rejection during their pregnancy.

Chronic renal failure can often lead to amenorrhea, and
successful pregnancy is rare. After successful kidney trans-
plantation (KTx), pregnancy is possible. There are several
reports of pregnancies after KTx under cyclosporine, azathio-
prine, and steroids (1, 2). Although there are reports suggest-
ing that tacrolimus is safer in pregnancy compared with
cyclosporine after liver transplantation, in terms of less hy-
pertension and toxemia of pregnancy (3, 4), very little data
are available on pregnancy after KTx under tacrolimus-
based immunosuppression (5, 6).

PATIENTS AND METHODS

All pregnancies between January 1993 to April 2002 under tacroli-
mus-based immunosuppression after KTx or simultaneous kidney-
pancreas transplantation (SPKTx) were examined retrospectively.
The course of pregnancy in the mother, changes in renal/pancreatic
function and immunosuppression, gestational period, type of deliv-
ery, reason for caesarean section, birth weight, and presence of
congenital anomalies were recorded. The birth-weight percentile for
the gestational period was calculated using the Lubchenco et al. (7)
chart. The survival of mothers and their allograft function were
followed until December 2002.

RESULTS

Fifteen mothers (13 KTx and 2 SPKTx) delivered 22 babies
(13 girls and 9 boys). One mother delivered three babies, and
five mothers delivered twice. One mother (case 6) had an
uneventful pregnancy course but delivered a stillborn baby at
32 weeks gestational period. This was thought to be related
to an unrecognized amniotic fluid leak with a small ischemic
placenta from renal impairment; however, 19 months later,
she delivered a viable baby. Their primary diagnosis, interval
to pregnancy from transplantation, gestational period, birth
weight, birth-weight percentile for gestational period, along
with the route of delivery, the reason for caesarean section,
and the course of pregnancy are shown in Table 1. Two
mothers received a living-related KTx, whereas the remain-
ing 11 underwent cadaveric KTx. All mothers were on tacroli-
mus from the time of the KTx. Two patients (cases 4, 13) had
more than one KTx before pregnancy. Two mothers (cases 7,
14) underwent SPKTx, and another mother (case 15) under-
went combined retransplantation of the liver and kidney. Six
mothers (cases 1, 4, 8, 9b, 11, 12) were on antihypertensive
medications before pregnancy.

Allograft and Mother Survival

All 15 mothers survived the pregnancy and retained renal-
allograft function during the pregnancy without requiring
dialysis (all cases n�15). One mother (case 4), born with
spina bifida, received her first KTx at the age of 14 years and
her second KTx at 19 years of age. She delivered 50 months

after the second KTx; 25 months after delivery (75 months
after the second KTx), she lost the kidney to chronic rejection
and returned to hemodialysis. She died 33 months later, after
starting hemodialysis (58 months postdelivery and 97
months after the second KTx), of a cerebrovascular accident.

Course of Pregnancy after KTx

Three mothers (cases 3, 4, 14) developed toxemia of preg-
nancy. They presented with proteinuria and pedal edema in
their third trimester. They all were managed medically. One
of the mothers (case 11) also developed worsening hyperten-
sion with prolonged labor. She underwent caesarian section,
whereas the other two delivered vaginally at 37, 27, and 37
weeks, respectively. One mother (case 5) was diagnosed with
incontinence of the cervix during the first pregnancy. When
she conceived a second time, at 19 weeks, she was managed
by a cervical stitch with complete bed rest for 6 weeks, and
labor was induced at the 25th week. Five more babies were
delivered by caesarean section in 4 mothers (Table 1).

Course of Pregnancy after SPKTx

Two mothers (cases 7a, 7b, 14) delivered three babies.
Mother 7 delivered twice. She developed pre-eclampsia dur-
ing both pregnancies and presented with edema of the feet
and proteinuria. She was managed medically, labor was in-
duced, and the babies were delivered vaginally. Pancreatic
function and renal function were well maintained during the
entire pregnancy, and at last follow-up 62, 37, and 42 months
postdelivery and 91 and 94 months postSPKTx.

Renal Function for All Mothers

Renal function in all 22 pregnancies during the entire period
of pregnancy remained stable. There was an overall decrease in
the serum creatinine from 1.38�0.47 prepregnancy to
1.19�0.47 in the first trimester, 1.13�0.44 in the second tri-
mester, and 1.26�0.46 in the third trimester. Individual pa-
tients’ serum creatinine in each trimester and at last follow-up
are shown in Table 2. Five mothers (cases 2, 6, 8, 10, 13) lost
renal function 26, 60, 98, 71, and 20 months (mean 55.6��32.4)
postdelivery and 56, 132, 107, 112, and 90 (mean 99.4�28.5)
months posttransplantation, respectively. The mean serum cre-
atinine in these five mothers before pregnancy was 1.6�0.7
(median 1.6, range 0.9–2.8) mg/dL, whereas the mean serum
creatinine in mothers who retained renal function was 1.25�0.3
(median 1.3 range 0.9–1.7) mg/dL .

Gestational Period

The mean gestational period for all 22 deliveries was
34.4�5.1 (median 36.5, range 24–40) weeks. Nine (40.9%)
babies were born with less than 36 weeks of gestational
period, and five (23.8%) with less than 30 weeks (Table 1).

Birth Weight

The mean birth weight for the 21 viable babies was
2,373�1,011 (median 2,386, range 540–4,261) g. Six (28.6%)
babies were less than 2,000 g, and two (9.5%) were less than
1,000 g (Table 1).

Birth-Weight Percentile for the Gestational Period

The mean birth-weight percentile for the 21 viable new-
borns was 40�28 (median 34, range �10 to �90). Thirteen
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(61.9%) were below the 50th percentile for the given gesta-
tional period, six (28.6%) were below the 25th percentile, and
five (23.8%) were below the 10th percentile. All 21 babies are
alive and well at last follow-up.

Rejection/Immunosuppression

Although there was a considerable decrease in tacrolimus
trough levels, with the increase in body volume during the
pregnancy, the dosage of tacrolimus was not increased. Acute
rejection was not seen during pregnancy, and patients did
not require any additional treatment.

Four mothers were on a small dose of prednisone at 2.5 to
7.5 mg per day. In most cases, it was reduced during the
pregnancy. Three mothers (cases 7a, 7b, 14, 15), were on
azathioprine, 75 to 100 mg per day, and it was continued
during all three pregnancies.

Patient 12 was on mycophenolate mofetil before pregnan-
cy; it was discontinued when the pregnancy was confirmed.
Details of immunosuppression are shown in Table 3.

Congenital Anomaly

All viable babies were normal, and no congenital anomaly
was detected in any of the babies. An autopsy was not per-
formed on the stillborn baby; however, no external anomaly
was observed.

DISCUSSION

In the past, we reported the largest single-center experi-
ence of pregnancy after liver transplantation under tacroli-
mus, with satisfactory outcomes, which has been confirmed
by others (8, 9). Either small case studies or review articles
are available on pregnancy after SPKTx (10, 11).

Excluding our brief citation on pregnancies in renal trans-
plantation under tacrolimus (12), this is the first report on a
large series of pregnancies under tacrolimus after KTx from
a single center. Although all mothers survived and main-
tained allograft function, one baby was stillborn at 32 weeks
gestation. She delivered a viable baby 19 months later.

There are several reports of successful pregnancies after
KTx under azathioprine and cyclosporine (1, 2). Preterm
delivery and premature delivery with low birth weight and
intrauterine growth retardation have been the common prob-
lems in immunosuppressed mothers. A pre-eclampsia rate of
approximately 30% has been reported under cyclosporine for
KTx patients. In the present series, the pre-eclampsia rate
was 13.6% for the KTx patients. In the three SPKTx preg-
nancies, one mother experienced pre-eclampsia during both
pregnancies, whereas the other mother did not. Rejection
during pregnancy is a rare phenomenon under cyclosporine,
but postpartum rejection and deterioration in renal function

TABLE 2. Renal function

Mother
no.

Baby
no.

Before
pregnancy First trimester Second

trimester Third trimester Last Follow up December 2002

BUN CREAT BUN CREAT BUN CREAT BUN CREAT Months
postKTx

Months
postdelivery Renal function/creatinine/dialysis

1 1 21 1.5 18 1.3 20 1.5 18 1.7 86.57 74.84 2.1
2 2 34 1.7 16 0.9 81.05 50.31 Began dialysis 26 months post first

and 3 months post second
delivery

2b 3 81.05 27.49

3 4 29 1.6 26 1.5 25 1.6 19 1.6 110.31 67.72 1.8
4 5 22 1.2 16 1.4 22 1.3 20 1.3 Died, see text
5 6 16 1.5 16 1.2 15 1.3 13 1.2 128.90 102.89 1.3
5b 7 18 1.3 12 0.8 11 1 13 1.2 128.90 62.50
6 8 22 2 23 1.8 21 1.8 124.85 53.09 Began dialysis 60 months post

second delivery
6b 9 29 2.8 40 2.4 31 2.2 29 2.3 143.02 71.26
7 10 14 0.9 12 0.8 12 0.7 9 0.9 91.36 62.04 1.0
7b 11 11 1.1 10 0.7 9 0.9 8 0.9 91.36 37.41
8 12 12 0.9 8 0.6 8 0.6 11 1.1 125.22 110.57 Began dialysis 98 months

postdelivery
9 13 14 0.9 12 0.8 10 0.6 10 0.7 82.92 58.33 0.8
9b 14 11 0.6 12 0.6 8 0.6 10 0.6 82.92 29.39

10 15 20 1.6 14 1.6 9 1.3 8 1.3 127.16 112.58 Began dialysis 98 months post first
and 52 months post third
delivery

10b 16 27 1.3 1.6 127.16 85.75
10c 17 15 1.6 20 1.4 16 1.7 127.16 67.16
11 18 23 1.4 21 1.2 17 1.2 16 1.1 155.80 71.43 1.5
12 19 14 0.9 13 0.8 11 0.9 10 0.8 103.97 37.87 1.1
13 20 17 1.2 12 0.9 105.39 35.80 Began dialysis 20 months

postdelivery
14 21 29 1.5 25 1.5 93.99 41.64 1.3
15 22 23 1.4 20 1.1 13 1 21 1.3 77.70 8.80 1.1

Mean 20.05 1.38 17.22 1.19 15.25 1.13 14.44 1.26 107.60 60.79
SD 6.72 0.47 7.73 0.47 6.81 0.44 5.84 0.46 23.67 28.14
Median 19.00 1.35 14.00 1.20 13.50 1.10 13.00 1.20 105.39 62.50

BUN, blood urea nitrogen mg/dL; CREAT, Serum creatinine mg/dL.
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has been observed. In this series with tacrolimus, we did not
observe any episode of rejection during pregnancy, although
there was a reduction in prednisone dosage and a decrease in
the tacrolimus concentration by nearly 32%.

There was no increase in serum creatinine during the
pregnancy. However, five (38%) mothers lost renal-allograft
function 20 to 98 months postdelivery and 56 to 132 months
posttransplantation. The impact of pregnancy on graft loss is
difficult to evaluate, but the high rate of graft loss is clearly
of concern. This observation is also different than what is
observed in pregnancies after liver transplantation under
tacrolimus (10, 11).

Pregnancy after SPKTx has been previously reported. In
this series, there were three deliveries in two mothers; one
mother delivered twice and experienced pre-eclampsia on
both occasions. She was managed medically and delivered
successfully. Both mothers maintained pancreatic and renal
function 42 to 62 months after the first delivery.

CONCLUSIONS

Pregnancy after KTx and SPKTx under tacrolimus-based
immunosuppression has the same problems of prematurity,
preterm delivery with low birth weight, and intrauterine
growth retardation that have been observed with pregnancy
after transplantation with other immunosuppressive agents.
Although impaired renal function at the time of pregnancy
should be considered an important risk factor, toxemia of
pregnancy, deterioration of allograft function, or rejection
were relatively rare during pregnancy.
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CRITICAL EVALUATION OF THE AMINO ACID TRIPLET-EPITOPE
MATCHING CONCEPT IN CADAVER KIDNEY TRANSPLANTATION

GUNTER LAUX, JOANNIS MYTILINEOS, AND GERHARD OPELZ

Background. A computer-based approach for deter-
mining human leukocyte antigen (HLA) compatibility
between kidney donors and recipients on the basis of
differences of amino acid sequences as motifs for im-
munogenic epitopes was proposed by Duquesnoy et al.
The HLAMatchmaker algorithm focuses on HLA class
I polymorphisms of serologically defined antigens en-

coded by the HLA-A and -B loci. HLA phenotypic mis-
matches that represent only a few mismatches at the
amino acid triplet level are held to be not or only
mildly immunogenic. This approach was proposed as
being especially suitable for the allocation of donor
kidneys to highly sensitized patients.

Methods. We reexamined this attractive concept us-
ing the data of the Collaborative Transplant Study.
Intra- and interlocus comparisons for HLA-A and -B
were performed according to the original HLAMatch-
maker algorithm. To exclude the influence of HLA-DR,
only transplants with no HLA-DR mismatch were con-
sidered. Patients who had one HLA-A and one HLA-B
antigen mismatch were separated into subgroups, de-
pending on the number of triplet mismatches as cal-
culated by the HLAMatchmaker software. Separate
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