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in a child with severe cardiac failure by surgical mass reduction
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Abstract. We report on a trial of partial kidney transplan-
tation performed on a low body weight child with im-
paired cardiac function due to mitral valve stenosis and
uremic cardiomyopathy. The weight of the donated kid-
ney was successfully reduced by one-third using bench
surgery in order to obtain sufficient graft perfusion and
function. Our procedure is justified when a graft is too
large to be adequately perfused in a recipient suffering
from cardiac failure.
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Introduction

Kidney transplantation is absolutely indicated for chil-
dren with chronic renal failure who exhibit growth poten-
tial. However, few cadaver kidneys are available in Japan
and small kidneys, which are suitable for low body weight
children, are extremely difficult to obtain [6]. Adult kid-
neys are very unlikely to function, due to low output syn-
drome in low body weight children with cardiac failure
under dialysis treatment.

We performed a partial kidney transplantation in a low
body weight child with impaired cardiac function after re-
ducing the mass of her father’s kidney by one-third using
bench surgery, according to predetermined cardiac output
afforded by the patient.

Case report

The patient was an eight-year and two-month-old girl with group 0
blood, weighing 12.8 kg. The child was diagnosed as having familial
juvenile nephronophthisis. CAPD therapy was initiated in February
1985. In April 1986, hemodialysis therapy was initiated because the
CAPD catheter outlet and tunnel were frequently infected.
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The patient’s family made an ardent request for kidney trans-
plantation because the patient’ elder sister had died from uremic
heart failure. A kidney transplantation was planned using the
mother as the donor. Marked growth retardation in the patient was
noted at this stage, her body weight being only 12.6 kg (-5.0 SD) and
height 88.1 cm (-5.5 SD).

On 7 September 1989, when the child was 6 years and 10 months
old, her mother’s left kidney (130 g) was transplanted into the right
iliac fossa, after splenectomy. End-to-side anastomosis of the renal
artery and inferior abdominal aorta and of the renal vein and inferior
vena cava was performed. However, the graft did not function, due
to low output syndrome. The histological diagnosis of cortical ne-
crosis was made on the basis of a renal biopsy taken 29 days after
transplantation.

Hemodialysis was begun again. However, the risk of death due to
heart failure increased as a result of uremic cardiomyopathy associ-
ated with mitral valve stenosis (MS). Since open heart surgery was
considered too dangerous, nonhemorrhagic balloon valvectomy was
performed for MS on 7 September 1990. This therapy was effective
in temporarily reducing MS; however, 3 months later, the patient
began to suffer from MS again. On 8 February 1991, balloon valvec-
tomy was performed for the second time.

Cardiac catheterization showed a severely reduced the output,
which was calculated to be about 1.6-1.8 I/min after fluid load, and
there was no dangerous pulmonary congestion at thisstage. Thus,one
assumed that her heart would be able to sustain about 400450 ml/
min, which corresponds to the blood flow perfused through a graft.

Renal arterial blood flow was determined in three adult kidney
transplant patients. The mean flow was 700 ml/min (range 200-
950 ml/min). Since the child’s father was the only donor candidate,
the decision was made to transplant her father’s kidney after reduc-
ing its mass by one-third in order to decrease blood flow to
400 ml/min.

The second transplantation was ABO-incompatible because the
father had group B blood. Double filtration plasmapheresis (DFPP)
was performed once and immunoadsorption twice in order to de-
crease the anti-B antibody titer to less than eight times, that is a nor-
mallevel[1,2,7]. The immunosuppressive regimens used have been
described in detail elsewhere [4, 6, 8].

Since the first kidney transplantation was made on the right side,
access to the posterior peritoneal cavity was obtained from the left
iliac fossa by making a left lumber incision. The external iliac, com-
mon iliac, and internal iliac were released. The abdominal aorta
above the aortic bifurcation was difficult to detach due tomarked ad-
hesion, resulting from the previous surgical procedures. The internal
iliac vein was ligated and dissected to facilitate anastomosis. The
blood flow in the common iliac artery, determined using an electro-
magnetic flow meter, was 65 ml/min on the average, and lower than
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expected. Since the artery showed a tendency to be compressed
around the aortic bifurcation due to adhesion from the previous sur-
gical procedures, a Gruntzig balloon (5 Fr) was inserted into the in-
ternal iliac artery in order to dilate the arterial lumen from the aortic
bifurcation up to the common iliac artery.

Since aortography showed that the left and right kidneys were in
asimilar condition, the decision was made to remove the left kidney,
which had a longer renal vein. Nephrectomy was performed, yield-
ing a kidney that weighed 220 g.

The isolated kidney was thoroughly perfused and cooled in Col-
lin’s C3 solution. The fibrous capsule was vertically cut with a scalpel
and the capsule detached up to about 1 cm below the incision line on
the parenchyma. An incision line was drawn over the parenchyma
using crystal violet in order to cut and absorb the parenchyma along
the incision line using a cavitron ultrasonic surgical aspirator
(CUSA, Cooper Medical, USA). Released blood vessels were
double ligated using a 5-0 polypropylene suture (Peolene, Johnson
& Johnson Medical, Japan). The graft weighed 150 g after surgical
mass reduction, a reduction of 70 g. The renal calyx and incised pel-
vis were continuously sutured using a 3-0 vicryl absorbable suture
(Johnson & Johnson Medical, Japan). An atom-indwelling tube for
infants (Atom, Japan) was inserted into the ureter and phenolsul-
fonphthalein (PSP) solution was injected through it in order to en-
sure that there was no leakage from the pelvis. Diluted indigo car-
mine was injected into the renal artery in order to ensure that there
was no leakage from blood vessels in the parenchymal stump. Blood
vessels with leakage were sutured with 5-0 polypropylene sutures.
Fine leakage sites were reinforced using Aron Alpha (Sankyo,
Japan). Mattress suture was performed using a 3-0 doubly armed,
catgut straight needle. A dacron patch was used at all sites where the
catgut entered the parenchyma so that no fissure was created when
perfusion resumed. Beriplast P (Hoechst Japan, Japan) was sprin-
kled all over the cut surface to prevent hemorrhaging. Our operative
procedure is depicted in Figs. 1 and 2.

Fig.1. Our surgical procedure (see text)

End-to-side anastomosis of the renal vein and common iliac vein
was performed first, followed by end-to-side anastomosis of the
renal artery and common iliac artery. A slight long, urinary bladder-
ureter anastomosis was performed to allow for the growth of the pa-
tient. The color of the kidney and the blood flow were satisfactory
when perfusion resumed. Initial urine was obtained 12 min after per-
fusion resumed. Renal arterial blood flow was 420 ml/min.

Warm -and total ischemia lasted for about 5 min and 3 h and
10 min, respectively. Surgery was conducted for 10 h and 19 min and
anesthesia for 11 h and 40 min.

The graft functioned satisfactorily after transplantation. An epi-
sode of slight acute rejection was experienced 8 days after transplan-
tation; however, remission was achieved after pulse therapy with
methylprednisolone. The graft is functioning well at present,
9 months after transplantation, with serum creatinine levels of
0.7 mg/dl. Postoperative anti-B antibody titer has been maintained
at four times (physiological saline method), eight times (bromelin
method), and four times (indirect Combs’ method) the present level.
Examinations conducted 1 month after transplantation showed sig-
nificant improvement in cardiac function.

Discussion

Let us take a moment to review problems related to kid-
ney transplantation in low body weight children [3, 5]. For
children undergoing dialysis therapy, cadaver kidneys
from children would seem to be ideal. However, at present
in Japan, such kidneys are extremely rare. Living kidney
transplantation, which makes it possible to obtain imme-
diate function after transplantation, has been considered
preferabie in low body weight children, due to difficulty
with dialysis therapy. In Japan, grafts are most often ob-



tained from patients’ parents. However, adult kidneys are
too large for low body weight children and require more
blood than these patients can tolerate.

When transplanting adult kidneys into low body
weight children, the aorta, which supplies a large blood
flow, is sutured and the graft placed in the peritoneal cav-
ity in order to prevent low output syndrome. The major
disadvantages of this technique include significant surgi-
cal stress, which prevents the GI tract from recovering
peristalsis at an early stage, and a high incidence of
postoperative complications, such as adhesive ileus. Al-
though anastomosis with the aorta and inferior vena cava
is generally considered to present no hemodynamic prob-
lem, the inferior mesentric artery and lumbar artery and
veinmay have to be ligated in some cases, which may pres-
ent future problems. Although CAPD is often conducted
in low body weight children because of the difficulty of
hemodialysis therapy, it cannot be continued after a lapa-
rotomy. Since the adult graft is so large, blood circulation
may be insufficient and graft loss may occur over time.

Among the advantages of partial kidney transplanta-
tion is the fact that the graft mass can be adjusted accord-
ing to the patient’s physical size, cardiac output, and ex-
tracorporeal circulating blood volume. Since partial renal
resection is performed at low temperatures using bench
surgery techniques, the graft is affected to a lesser extent,
even if surgery is prolonged, and hemostasis can certainly
be achieved. Disadvantages of this kind of transplantation
include the possibility of hemorrhage and/or urine leak-
ages that may occur from the cut surface after transplanta-
tion. Violent body movements and rejection at an early
stage after transplantation may lead to renal rupture. How
renal function will change over time remains unknown.

Given the above-mentioned advantages and disad-
vantages, we feel that partial renal transplantation in
children should be considered in the following cases: (1) if
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Fig.2. The appearance of incision
stump of the donor kidney.
Arrow indicates renal artery

and when appropriate cadaver grafts cannot be obtained
and (2} if grafts obtained from adults are not expected to
function due to low output syndrome. Partial kidney
transplantation was conducted in the case described here
as an emergency measure. In children, it is desirable to use
donor grafts from children. However, since they are diffi-
cult to obtain, partial kidney transplantation will remain
the therapy of choice in selected cases.
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