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Parenthood 1n
Renal Homograft Recipients

Israel Penn, MD; Edgar Makowski, MD; William Droegemueller, MD;
Charles G. Halgrimson, MD; and Thomas E. Starzl, MD, PhD

Nineteen male recipients of renal homografts were responsible for 23
pregnancies, resulting so far in 19 live births and one abortion; three
additional wives have not yet been delivered of infants. Eighteen of the
19 infants were normal; the abnormal infant had a myelomeningocele
and other anomalies. Eight female recipients have become pregnant ten
times. Two of the pregnancies were terminated with therapeutic abortions,
and two more are in progress. The other six resulted in live births. There
were only two infants with a completely uncomplicated neonatal period.
One premature baby died a few hours after birth from hyaline membrane
disease. The other five survived, but one had pulmonary valvular steno-
sis, two had evidence of transient adrenocortical insufficiency plus
lymphopenia, and one child had the respiratory distress syndrome. Renal
function of three mothers underwent deterioration during pregnancy,

but was restored after its termination

nd-stage renal disease is often
E associated with loss of libido,
amenorrhea in females, and
impotence in males. A gratifying fea-
ture of successful renal transplanta-
tion is the restoration of sexual
function and the opportunity of par-
enthood, should this be desired. The
special questions to be asked under
these circumstances are the follow-
ing: What are the chances that the
offspring of an immunosuppressed
male or female parent will be nor-
mal? In the case of females, is there
a risk to life or homograft viability
with maternity?
Thus far, there have been very few
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reports of cases of parenthood in
renal transplant recipients. In 1963,
Murray et al' described two success-
ful pregnancies in a patient who had
been given a kidney isograft from her
identical twin sister. Three preg-
nancies occurred in the University of
Virginia series, all in recipients of
kidney homografts from related liv-
ing donors. Of these, one ended in a
spontaneous abortion.>® Further
successful pregnancies were reported
by Kaufman et al* and by Merkatz
and Stenzel.® Caplan et al® have re-
ported delivery of a normal full-term
infant by a cadaver renal recipient.

The present communication will
attempt to expand this experience by
describing 33 pregnancies involving
eight female and 19 male renal trans-
plant recipients treated at the Col-
orado General Hospital and the Den-
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ver Veterans Administration Hospi-
tal. Twenty-five of these pregnancies
have already resulted in live births,
five more are still in the gestational
process, and the other three have
ended in abortions (two elective and
one spontaneous).

Methods

Between March 1962 and March
1970, a total of 292 patients were
treated with renal homotransplanta-
tion, with the use of well-established
surgical and immunosuppressive
techniques.”* In almost all instances,
the diseased native kidneys as well
as the spleen were removed at the
time of transplantation. The most
common indications for operation
were glomerulonephritis and pye-
lonephritis; these diseases accounted
for approximately 909, and 59, re-
spectively, of the total case load.
Two hundred of the recipients were

See also page 1749.

male, and 92 were female. Excluding
69 patients who died within six
months of transplantation, 31 chil-
dren who are still prepubertal or
young teen-agers, two postmeno-
pausal women, and one woman who
had tubal ligation, there was a total
of 189 patients theoretically capable
of having children (129 male and 60
female).

Because of uncertainties about
their life expectancy, continuing ren-
al function, and the prospects of hav-
ing normal children, many patients
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sought advice about family planning.
Unless there was a strong desire to
have children, they were encouraged
to practice contraception. This gen-
eral policy probably reduced the
number of babies that would have
been produced without such consel-
ing. In spite of the high incidence of
family planning, pregnancy was
totally unforeseen in a few instances,
since some of the patients were un-
der the mistaken impression that
they could not have children.

Eventually, pregnancies were con-
tributed to by 27 recipients: 19 male
and eight female. Twelve of these 27
patients received their kidneys from
their parents, 11 from siblings, one
from an identical twin brother, one
from an aunt, and two from unrelat-
ed donors (one volunteer and one
cadaver). In each instance, the
homograft was placed extraperi-
toneally in the iliac fossa. In the
women, five of the transplants were
on the right side and three were on
the left; urinary reconstruction of
three was with ureteroneocystosto-
my and that of five was with uretero-
ostomy.’

Except for the recipient who re-
ceived a graft from an identical twin,
all patients had immunosuppression
with azathioprine and prednisone.
Fifteen of the recipients had re-
ceived additional treatment with
heterologous antilymphocyte globu-
lin which had been discontinued af-
ter the first four months, from 4.5 to
23 months before conception. In the
female recipients, no significant
changes in immunosuppression were
made during pregnancy or post part-
um, except that each patient re-
ceived supplemental hydrocortisone
intravenously during labor or at the
time of therapeutic abortion.

Standard renal function tests, in-
cluding determinations of blood urea
nitrogen levels, creatinine levels, and
creatinine clearance, were performed
frequently. The urine was analyzed
for specific gravity, 24-hour protein
content, and electrolyte levels, and
in addition, microscopic examina-
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Table 1.—Parenthood in Kidney Homograft Recipients
No. of
No. of Clw_c:lr"en
0. O ¥
No. of No. of No. of Current No. of Congenital
Parents Pregnancies Abortions Pregnancies Live Births Defects
Fathers 19 23 1 3 19 1
Mothers 8 10 2% 2 6 1
Total 27 33 3 5 25 2
*Both abortions were therapeutic.
Table 2.—Female Patients Who Became Pregnant
After Renal Transplantation®
Onset of
Pregnancy Prednisone
After Dose During Duration of
No. of Age, yr, at Renal Transplanta- Pregnancy, Pregnancy,
Case Pregnancy Donor tion, mo mg/Dayt Weeks
1 21 Father 31 10 39
2a 20 Mother 23 10 37
b 23 59 10 8 (still
pregnant)

3 24 Cadaver 8.5 27.5 12
(therapeutic
abortion)

4a 23 Brother 19.5 10 33

b 24 32 15 34

5 23 Mother 28 15 29

6 23 Mother 46.5 0 41

7 25 Sister 48 5 20 (still
pregnant)

8 29 Mother 12 17.5 .
(therapeutic
abortion

*The original renal disease was chronic glomerulonephritis in all but case 2, in which
the diagnosis was left renal aplasia and right pyelonephritis.
tPatient weights at onset of pregnancies were 40.1 to 76.5 kg (88,4 to 168.6 Ib).

tions were performed and cultures
were obtained. The patients’ blood
pressure and body weight were also
recorded at regular intervals.

At the time four of the female re-
cipients were delivered, the cord
blood, maternal blood, colostrum,
breast milk were examined for 6-
mercaptopurine, a pharmacological-
ly ‘active metabolite of azathioprine.
The isotope dilution technique used
was capable of detecting levels as low
as 0.5ug/ml.

Results

Male Recipients.—Nineteen of 129
male recipients were responsible for
23 pregnancies (Table 1). These re-
sulted in live births in 19 cases. In
three more cases, the wives have not
yet been delivered. There was one
spontaneous abortion.

Female Recipients.—Eight of the
60 females had ten pregnancies

(Tables 1 and 2). Six of these preg-
nancies ended in live births. Two pa-
tients are currently pregnant, and
two others underwent therapeutic
abortions. All patients were nullipar-
ous, although one had had a spontan-
eous abortion two years prior to re-
ceipt of the kidney (case 5). Before
transplantation, the patients were
either amenorrheic for intervals of
up to two years or had infrequent
episodes of vaginal bleeding every
three to six months. Following op-
eration, menses reappeared after 3
to 12 months (mean, 6 months). The
ten pregnancies occurred from 8.5 to
59 months after transplantation,
with a mean of 30.8 months. The
daily prednisone doses at the onset
of and throughout pregnancy were 0
to 27.5 mg. The follow-up period af-
ter the termination of each preg-
nancy is now two weeks to 30 months
(mean, 14 months)
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Table 3.—Laboratory Data Before, During, and After
Pregnancy in Female Renal Homograft Recipients
Data
r?,‘f" 2 Length of

Case Studies™ Before During After Follow-Up
"1 BUN 24 20 27 6 mo after de-

Creatinine Clearance 77 t88 tr7a2ce livery

Albuminuria trace race

Biood Pressure 114/80 112/82 98/50 )

2a BUN 9 9 12 30 mo after first
Creatinine Clearance 60 71 64 delivery
Albuminuria trace trace trace
Blood Pressure 116/78 128/80 110/82

2b BUN 12 10 (2 mo pregnant)

Creatinine Clearance 64 82
Albuminuria trace trace
Blood Pressure 110/82 120/68 )

3 BUN 26 16 11 41, mo after
Creatinine Clearance 109 108 125 abortion
Albuminuria 1.4 >6.0 1.5
Blood Pressure 116/92 138/110 136/108 (122/90)

4a BUN 9 9 11 19 mo after first
Creatinine Clearance 97 114 85 delivery
Albuminuria trace trace trace
Blood Pressure 104/82 110/78 110/80

4b BUN 11 9 12 5 mo after sec-
Creatinine Clearance 85 97 83 ond delivery
Albuminuria trace trace trace
Blood Pressure 110/80 108/74 100/70

5  BUN 44 a7 51 20 mo after de-
Creatinine Clearance 24 25 20 livery
Albuminuria 1.4 10.8 2.4
Blood Pressure 110/78 140/90 142/100 (130/82)

6 BUN 15 16 17 27 mo after de-
Creatinine Clearance 92 102 87 livery
Albuminuria 0.4 0.6 trace
Blood Pressure 134/96 142/108 128/100 (120/84)

7 BUN 20 16 (5 mo pregnant)

Creatinine Clearance 66 64
Albuminuria trace trace
Blood Pressure 122/96 120/70

8 BUN 39 33 (too recent) 2 weeks after
Creatinine Clearance 49 41 abortion
Albuminuria 3.2 3.9
Blood Pressure 140/100 122/90

“The BUN and creatinine clearance figures are average values for six months before

pregnancy, during pregnancy, and in entire postpartum course. The albuminuria and blood
pressure figures are maximum values for respective intervals. Included in parentheses are
current blood pressure readings of those patients who were initially hypertensive post
partum. BUN is given in mg/100 mi; creatinine clearance, ml/min; albuminuria, gm/24 hr;
and blond pressiire, mm Hg.

Conbuct oF LABOR.—Premature
rupture of the membranes in one pa-
tient (case 4b) was managed by in-
duction of labor with oxytocin. The
other five labors were quite uncom-
plicated; normal vaginal deliveries
were performed with the patients un-
der local anesthesia, with or without

ography was performed during labor.
Late in the pregnancies, pyelocaliec-
tasis was seen, similar to that expect-
ed during the gestation of normal
mothers (Fig 1 and 2). Compres-
sion of the pelvic ureter by the infant
head was not evident during labor
after urinary tract reconstruction

low forceps assistance. with either ureteroureterostomy
PYELOGRAPHIC STUDIES.—During (Fig 1) or ureteroneocystostomy
five of the six pregnancies that re- (Fig 2). Following delivery, the

sulted in live births, intravenous
pyvelograms were obtained. In two
patients who were coincidentally be-
ing studied with pelvimetry, pyel-
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pyelocaliectasis regressed to the pre-
existing state.

RenaL FuncrionN.—The function
of the renal homografts before the
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ten pregnancies in eight women
ranged from essentially normal to
markedly impaired (Table 3). The
most severe preexisting renal func-
tional defects were in the patient in
case 5; this patient had mild azote-
mia and a creatinine clearance of
only 24 ml/min prior to conception.

The course during pregnancy was
variable. Five of the eight patients
did not have any significant altera-
tions in either renal function or
blood pressure in the gestational
period, nor did such changes evolve
after termination of their pregnan-
cies. In contrast, the other three de-
veloped hypertension severe enough
to treat with medications (cases 3,
5, and 6) and in two of these three
patients, there was significant al-
buminuria (cases 3 and 5). One of
the latter pregnancies (case 3) was
terminated with a therapeutic abor-
tion. The other two women (cases 5
and 6) were delivered of live babies,
although the child in case 5 was pre-
mature and did not survive. After
abortion or delivery, the abnormali-
ties receded (Table 3).

The primary indication for the
two abortions was the desire of the
patients to avoid childbearing. The
decisions to proceed were made
easier by the presence of abnormali-
ties of renal function that either pre-
ceded pregnancy or developed with
it (cases 3 and 8), as well as by the
emotional instability of both women.

The Infants.—PATERNITY.—Eigh-
teen of the 19 babies were normal.
The abnormal baby was born with a
large myelomeningocele, bilateral
dislocated hips, and bilateral talipes
equinovarus. The mother of the in-
fant apparently had an uncomplicat-
ed pregnaney and had not taken any
medications. This case has been re-
ported by Tallent et al.’®

MATERNITY.—Only two of the six
live-born offspring (Table 4) had a
completely uncomplicated neonatal
period (cases 4a and 6). One of the
other four (case 5) was markedly
premature and died a few hours after
delivery of pulmonary hyaline mem-
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brane disease. An additional infant
(case 4b) also had pneumonitis and
respiratory distress after birth, but
recovered.

Both of the other infants had evi-
dence of adrenocortical insufficiency
and lymphopenia. The most extreme
example was in case 2, At birth on
March 15, 1968, the baby was small
for her gestational age, but otherwise
vigorous and apparently healthy.
The white blood cell count (WBC)
was 9,500/cu mm, but with a lymph-
ocyte count of 760 cells per cubic
millimeter. The serum sodium and
potassium concentrations were 127
and 6.0 mEq/liter, respectively, ap-
proximately 60 hours later. The sig-
nificance of these findings was not
appreciated until March 20, when
the baby became lethargic, mottled,
and hypotensive. Repeated WBC
was 8,100/ cu mm, with a lymphocyte
count of 558/cu mm. An x-ray film
was Interpreted as not showing a
thymic shadow. It was suspected

that the infant had a state analogous
to that of congenital thymic aplasia.
Therapy was instituted with hydro-
cortisone, gamma globulin, antibiot-
ics, and the appropriate electrolyte
solutions. There was marked im-
provement, and one, two, and ten
days after the crisis, the total WBCs
were 6,600, 6,600, and 10,000 per
cubic millimeter, respectively, with
lymphocyte counts of 2,600, 3,100,
and 4,100 per cubic millimeter, re-
spectively.

The baby in case 1 developed a
similar syndrome, including the
same electrolyte and white blood cell
abnormalities. Treatment was insti-
tuted within the first day of life, and
there was prompt recovery. A high-
grade pulmonary valvular stenosis
was also diagnosed in this child and
corrected surgically four months
later.

Special Studies.—Gross and mi-
croscopic examinations of the pla-
centas showed no abnormalities.

Study of the cord blood, maternal
blood, colostrum, and milk showed
no detectable levels of 6-mercapto-
purine. On the basis of the latter
findings, it is planned to permit fu-
ture mothers to breast-feed their in-
fants.

Comment

There are special implications of
parenthood by immunosuppressed
graft recipients. One which probably
applies to both paternity and ma-
ternity is the possibility that the
agents used to prevent rejection may
contribute to fetal defects. At our in-
stitution, the studies by Githens and
Roserkrantz and their associates'**
showed that a high incidence of
skeletal and central nervous system
anomalies could be produced by giv-
ing large doses (4 to 30 mg/kg of
body weight) of azathioprine to fe-
male mice during early pregnancy.
Because this agent causes chromo-
some aberrations,'® it might be as-

1. Intravenous pyelograms. Left, Seventeen months after renal homotransplantation and seven months before
pregnancy. Note ureteroureterostomy (arrow). Center, During labor. Pyelogram was obtained in the course of
pelvimetry. Right, Thirteen months post partum. Appearance is now similar to before pregnancy (left).
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Table 4.—Data on Live-Born Offspring From Female Kidney Recipients

Ges;ationai WBi_rt'r‘lt
: eight, ‘
h(!::'s:f Sex Wegeeks gr%l Classification™ Neonatal Problems _
T Y I 39 2,870 (61b 5 02) AGA Adrenocortical insufficiency, lymphopenia;
recovered. .
Congenital pulmonary artery stenosis;
N surgically corrected at 4 months.
2 T F - 37 2,100 (4 1b 10 02) ~ SGA Adrenocortical insufficiency, lymphopenia,
shock; recovered.
4a M 33 1,920 (41b 4 02) AGA Normal
N 4b M 34 71,910 (4 1b 4 02) AGA Respiratory distress syndrome and
7 pneumonia; recovered.
5 F 29 1,040 2ib5o0z) AGA Prematurity, hyaline membrane disease;
died at 8 hours.
6 F 41 3,500 (7 1b 15 02) AGA Normal

*AGA signifies size for gestational age; SGA, small for gestational age.

sumed that sperm could be affected
and that males under treatment
could, therefore, also contribute to
fetal abnormalities, even though
Rosenkrantz et al could not confirm
the hypothesis.'* By the same logic,
it would be reasonable to suspect an
adverse role of adrenocortical ste-
roids, since they lead in animal ex-
periments to fetal anomalies' by un-
known mechanisms.

In spite of the formidable theoreti-
cal reasons to fear complications of
parenthood, there is now enough evi-
dence to indicate that the risks are
not exorbitant, particularly for pa-
ternity. In our own experience with
19 pregnancies brought to term by
wives of male transplantation pa-
tients, there has been only one anom-
alous offspring. That child is the one
described in a report of a case by
Tallent et al.'"® The authors quite
properly speculated about the role of
the transplantation setting in the
etiology of the complication. How-
ever, to place this case in a more
realistic perspective, it is important’
to realize that it was the only such
example in the Colorado series of
male parents from which it was
culled, and that, as such, it repre-
sented an incidence of 5.39%,.

In the six live-born infants of
female renal homograft recipients,
there was also an example of a con-
genital anomaly; this was a pulmo-
nary valve stenosis that required
surgical correction at four months.
Although the other five babies did
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not have such structural defects, this
did not assure newborn vigor or even
viability, since there was one death
in the group. It is of interest that the
infant that died was premature and
was delivered from the woman with
the worst homograft. Prematurity is
not uncommon with nontransplanta-
tion patients with poor renal func-
tion.'> However, in the offspring of
other mothers with good renal func-
tion, there were examples of babies
that were small or subject to res-
piratory complications. These un-
favorable conditions have been seen
in infants whose mothers have been
receiving steroid therapy.'®

In addition, two of the six infants
had a complication to which both
azathioprine and prednisone prob-
ably contributed. Neonatally, the
babies had few peripheral lympho-
cytes, and in the one case in which
an x-ray film of the chest was ob-
tained, the thymic shadow could not
be seen. In addition, there was both
clinical and laboratory evidence of
adrenocortical insufficiency. Fortu-
nately, the features of this syndrome
regressed spontaneously within a
few days. However, failure to take
the proper therapeutic measures
might have resulted in death.

Thus far, in this comment, atten-
tion has been confined to the infant
risk. There is probably also a higher-
than-normal hazard to prospective
mothers whose good health is de-
pendent upon continuing function
of their transplants. Conceivably,
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the heterotopic location of the homo-
graft could be responsible for me-
chanical dystocia, but only under
conditions that have not yet been
encountered. With the standard
technique for renal transplantation,
the kidney is placed in the iliac
fossa™ outside the true pelvis, where
it should not interfere with delivery.
However, in some instances the
homograft may lie within the birth
canal, in which case special precau-
tions would be necessary. This dan-
gerous state could be identified with
pyelograms.

It may be conceded that maternal
morbidity is slight from mechanical
injury to the homograft. The same
may not be true for other kinds of
homograft deterioration. Moore and
Hume® and Caplan et al® recorded
cases in which homograft function
became impaired during late gesta-
tion and did not recover afterward.
It could be argued that the renal
damage in these patients was the
consequence of coincidental chronic
rejection, transmission glomerulo-
nephritis, or other factors having
nothing to do with the pregnancy.
In our own observations, this ex-
planation did not seem to pertain.
There were three women who had
worsening of function during preg-
nancy with return of function to the
preexisting state after termination
of pregnancy, suggesting that the
gestational process was in some way
responsible for the initial adverse
changes.
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2. Intravenous pyelograms. Upper left, Three years
after transplantation. Urinary reconstruction

was with ureteroneocystostomy. Upper right,

Four and a half years after transplantation,
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3145 weeks before childbirth. Lower left, During labor.
Lower right, Fourteen months post partum. Because
of peristalsis, distal ureter (arrow) appears
smaller than before pregnancy (upper left) .

Parenthood in Renal Recipients—Penn et al



In caring for a large number of
long-term survivors after renal ho-
motransplantation, we are often
asked to provide opinions about the
advisability of having children. On
the basis of the studies of both males
and females described in the pres-
ent communication, some practical
guidelines have evolved. Men are
told that the prospects of having
normal children are excellent and
that the major consideration should
be that their own long-term progno-
sis and consequent prospects of rais-
ing the offspring are still not known.
Women are told approximately the
same thing concerning the problems
5f anomalies and of their own life
expectancy. Hqowever, it is also em-
phasized that risks in neonatal life
are greater to the child and that,
furthermore, there may be a slight
intrinsic hazard to the homograft
during gestation.

This investigation was supported by
Public Health Service grants AM-12148,
AI-AM-08898, AM-07772, AI-04152, RR-
00051, RIR-00069, and HE-09110.

Gertrude B. Elion, PhD, performed the
6-mercaptopurine studies.

Nonproprietary and Trade Names
of Drugs

Azathioprine—Imuran.
Oxytocin—Pitocin, Syntocinon, Uteracon.
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