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THOMAS A. CAREY, M.D.

The greatest application of whole organ transplantation may
prove to be in_the field of pediatricsedicine, in which the progression

of disease is often due to failure of a single organ system. Under these
circumstances the provision of good renal or hepatic or cardiac function
might be expected to restore normal health. In adult patients comparable
problems are frequently and sometimes unexpectedly complicated by
disorders other than those to which treatment was originally directed;
examples are known of myocardial infarction, stroke or even malignancy
in older patients who had been successfully treated with renal homo-
transplantation.

In this communication an attempt will he made to define the poten-
tial usefulness of homografting procedures in infants and children, .
excluding cases of identical twins. Although experience in all age groups
and in laboratory animals will be alluded to, the principal emphasis will
be directed to the medical, technical, psychologic and sociologic prob-
lems cencountered in treating a series of patients at or below the age
of 18 years. Discussion will be limited to transplantation of the kidney
and the liver. Succeess with the former organ has already been achieved
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to a previously unhoped-for degree. Findings in the laboratory suggest
that comparable results are at least theoretically attainable with the liver.

RENAL TRANSPLANTATION

During the last three years 22 pediatric patients were treated at the
University of Colorado Medical Center with homotransplantation of the
kidney (Table 9). Seven were 12 years or younger at the time of opera-
tion, and 15 were from 13 to 18 years. The original renal disease was
chronic glomerulonephritis in 18 cases, polycystic disease in one and
end-stage pyelonephritis in the other three. The life expectancy without
either dialysis or homotransplantation was only a few days or weeks in
cach instance except one. Most of the patients had had a chronic debili-
tating illuess, but in the minority clinically evident symptoms had been
present for only a few months. In all but one case, resuscitation with
the artificial kidney was necessary before transplantation could be con-
sidered; the greatest number of preoperative hemodialyses was 35
(patient LD 1).

Donor Selection

All 22 patients received kidneys from living volunteer donors. For
reasons discussed below, familial donors were considered to be the most
suitable, particularly at the time of treatment of the first 16 patients
when histocompatibility matching was not being done. Principally be-
cause of the young age of the recipients, most of the kidneys (18 in all)
were obtained from parents. One cach was from a sister, aunt or uncle.
Two homografts were from nonrelatives (Table 9). Two homografts
were used in case LD 19, The first one, obtained from the mother, failed
acutely, presumably because of a donor-recipient blood group incom-
patibility, and wus removed immediately. A second kidney from an unre-
lated donor was placed two weeks later; in the summary statistics only
the second or definitive donor is considered further.

The role of donor and recipient blood groups in determining the
advisability of transpluntation is an important one. It is now recog-
nized*" 4. 8% that tissue transfer between donors and recipients of differ-
ent blood types should conform to the general rules which apply for
unmatched blood transfusions (Table 10). Early in our experience this
scheme was violated on four occasions, including two of the pediatric
cases in the present report. Two homografts of A and B type respectively
failed immediately in O recipients, apparently owing to binding of host
isoagglutinins to the red cell antigens which are known to be present in
renal tissue.!* ' % In a third case (A to O) the homograft functioned
well (Fig. 23) for 202 days, until the recipient’s death from nonrenal
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Table 9. Pediatric Patients Treated with Renal Homografts
at the University of Colorado Medical Center
In all cases the kidmays were obtained from veluntser doners. Survivel is to Nevsember 24, 1965. The creatinine clearances

(Cer), bloed urea mitragen levels (BUN), blood pressures (BP) and prednisone doses are these in October and November, 1965.
All but 6 of these patsenis have bean previously reperied using the same code numbers ® 8

DURA-  DONOR-
LIVING  TION axair- oag- PN

DATS U? on suR- 18NT DUNOR  NAL  UOR [Ty

TRANS- DBAD  VIVAL LO0D RELA- DI~  (ml./ (mg.
LD NO. AGE 8BX PLANT 11/24/65 (DAvs) TYPRS TION BASR  min.) BUN ar PER DAY)

1° 12 M 11/24/62 Living 1096 B+ wB+ Mother CGN 96 19 104/60 v
13°® 15 M 7/3/63 Living 875 A+ tw0A+ Mother CGN 100 17 110/70 7.5
17 15 F 7/19/63 Living 849 O~ 1000+ Mother CPN 64 11 130/70 2.5
1t Kidney removed
19 17 M 7/26/63 7/26/63 — A+t10O+ Mothee CPN — - —_ -
20d

8/9/63  Dead 95 O+tw0O+ UnrelM — _— -_— — —
20 6 M 7/29/63 Dead 202 A-10O+ Mother CGN — - —_— —
22°® 15 F 8/12/63 Living 835 O+ 10 O+ Mother Polycystic 89 24 134/76 10
26 16 F 8/29/63 Dead 2/3duy A+ 1A+ Father CGN — —_ - —
33 18 F 10/7/63 Living 779 A+ twA+ Mother CGN 110 14 120/86 V]
3 8 F 10/11/63 Living 775 O+ 10O+ Mother CGN 89 14 106/68 0
39 17 M 11/13/63 Living 742 O =1t0 O~ Mother CGN 87 20 130/80 7.5
41°° 3 M 11/23/63 Living 732 A+ w0 A+ Mother CGN 36 28 110/82°°° 7.5
50°° 16 F 1/25/64 Living 669 A+ toA+ Father CGN 96 20 120/92°°° 715

Maternal
51 18 M 2/10/64 Liviog 653 O+ 10O+ aunt CGN 104 18 120/80°°° 10
52 15 F  2/17/64 Living 646 O+ t0 O+ Father CGN 85 23 140/70°°° 1.5
Maternal

53 15 M 2/22/64 Living 641 O+1wO+ umcle CGN 96 20 130/90°°° 10
61 S F 3/23/64 Dead 36 O+ 100+ Mother CGN — - -— —_
75 18 M 2/19/65 Living 278 A+ wA+ Father CPN 87.6 36 140/80°°° 25
79 16 M  3/23/65 Liviog 246 A+ t10A+ Mothesr CGN 24 50 110/80°°° 40
80 10 M 3/29/65 Living 240 O+ 10O+ Unrel. M CGN 70 17 118/90°°° 15
85 18 M 4/23/65 Living 215 O+t O+ Sister CGN 80 21 130/80°°° 30
90 18 F  7/23/65 Living 124 O+ w0 A+ Mother CGN 74 30 130/80°°°* 30
93¢ 8 F 8/6/65 Living 110 A'H— o Mother CGN 44 25 100/70°°°* 25

A'B4

° Thvmectomy before transplanation.
¢ Fhymectomy from 10 10 1638 months afier transplantation.
®** Recewving anuhypericsive drags (chlorothiazide, hydraluzine, reserpine or methyl DOPA).

causes (LD 20, Table 9). A fourth patient, an adult of A blood group
who received a kidney from his B type sister, is in good health more than
2 years after operation with excellent renal function. Thus the principal
risk with the use of the unacceptable donor-recipient blood type in-
compatibilities seems to be an acute one due to an immunologic reaction
that may be distinct from that of rejection. Although such tissue com-
binations should not be used in the future because of the danger of
immediate failure, it is pertinent in considering the role of red cell

Table 10. Direction of Acceptable Mismatched Tissue Transfer®

Otonon-O. ... i Safe
RH—twRH+.. ... ... i, Safe

RH4+tw RH=—. . i Relatively safe
AtONON-A. . .. . ... e e Dangerous
Btonon-B....... ... . .. Dangerous
ABtonon-AB........... ... Dangerous

* O is universal donor; AB is universal recipient.
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antigens in rejection that long-term function has been obtained in the
foregoing two cases and in a third patient reported by Lawrence.?®
Having determined the blood type suitability of a willing donor, a
thorough general medical examination is conducted, as well as detailed
renal function tests, multiple urine cultures, and an intravenous pyelo- i
gram. 1f the prospective donor proves to be absolutely normal, a retro- f
grade aortogram is obtained. A kidney with a double arterial supply is
not removed. Although it is not difficult to revascularize such organs,
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the necessary ischemia times have been longer in our hands, a factor
which has a proved adverse effect upon early function.*® The consequent
extra risk of failure is not thought to be justified if a living donor is
involved.

| Histocompatibility Tests

One of the most pressing needs in the field of clinical homotrans-
plantation is the development of accurate and practical methods for
‘ preoperative detection of histocompatibility, since the vigor and perse-
‘ verance of the subsequent rejection are related to the degree of genetic
dissimilarity between the donor and recipient.*® 48 It is undoubtedly for
this reason that the best results in our total experience in all age groups®
and in the collected world statistics®® have been with the use of familial
donors; here the mathematical possibility of fortuitous histocompatibility
matching is increased.*” Nevertheless crushing rejection has been en-
i countered after intrafamilial homotransplantation, emphasizing that not
all related donors are suitable. Conversely, smooth and uninterrupted
recovery has been observed in some patients after homotransplantation
of nonrelated kidneys. It is evident that there is a spectrum of donor
suitability for the individual recipient in both the related and nonrelated
populations. Eventually, it is to be hoped that the favorable and unfavor-
able donors can be distinguished with the antigen matching methods now
being developed in a number of laboratories. Progress in this field was
recently summarized in the proceedings of a National Academy of Sci-
ence Seminar held in June, 1964.7

Until now the development of tissue matching techniques has been
hampered in man by the absence of knowledge about the number, loca-
tion and strength of human histocompatibility antigens. Terasaki, at the
University of California in Los Angeles, has attempted to obtain this kind
of information by retrospective study of chronically surviving recipients
and their donors from the Denver,® Boston®® and UCLA series. His
method involves the use of a panel of different cytotoxic antiserums
obtained from presensitized plasma donors®® which differentially destroy
tested lymphocytes according to their antigen content. In his initial
studies Terasaki found the correlation between the clinical course and
the donor-recipient antigen matches to be irregular and incomplete.
Nevertheless the best results tended to be in those patients who had the
greatest antigen similarity to their donors.®!

Because of these suggestive findings, a prospective study was under-
taken in October, 1984, in which all donors for new cases were selected
partly upon the basis of their antigen match with the recipient. Included
were the last six patients in the presently reported series. Since the insti-
tution of this screening program, uncontrollable rejection has not been
| observed, but the length of follow-up is still too short to permit the
conclusion that the method is of value. All six pediatric patients with

;-g;:
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Terasaki-selected donors are still alive, from 3% to nine months post-
operatively. ‘

The Ethical Issues

The ethical and social problems accompanying clinical research
in the field of homotransplantation have been the subject of editorial
comment by Elkinton,® Robin*® and other prominent members of the
scientific community. At the time the opinions of most of these authors
were expressed, it was not generally known that the results after clinical
homotransplantation had already undergone a remarkable improvement.
It was, therefore, reasonable to question the propriety of applying a form
of therapy which seemed foredoomed to early failure. Unfortunately,
the recognition that transplantation can offer significant prolongation of
life to the uremic patient has not eliminated the moral issues which must
be faced today, particularly in formulating policy for treatment of pedi-
atric patients.

As discussed above, the use of living donors increases the chance of
success, since optimally preserved tissue can be ensured under controlled
circumstances. Moreover, the use of kidneys from blood relatives im-
proves the outlook, since the probability is greater of obtaining a good
donor-recipient histocompatibility match. Thus the best donor, short of
an identical twin, is most likely to be a parent or a sibling who has
reached the age permitting legal consent (21 years). Performance of
homotransplantation under these circumstances provides the best prog-
nosis for the recipient. It also carries a medical risk, however small, for
the donor, and it introduces the possibility that a donor may be selected
on the basis of presumed expendability by familial arbitration and
coercion. Transplantation under less optimum conditions, such as with
the use of unrelated volunteer donors, reduces the chance of recipient
survival.®® ¥ Traditional morality would seem to be best served with
the use of cadaveric organs, if one excludes from consideration the pros-
pective recipient whose chances of living are thereby further reduced.
Even the use of cadaveric organs is not free of onus; the right of a dying
prospective cadaveric donor to receive the full measure of available
therapy must be protected without regard for the events that are ex-
pected to follow after death.

These and other matters have, of course, occupied the attention of
all groups working in this field. Before undertaking the care of children
or infants, additional factors must be considered as described by Riley.4
These include preoperative evaluation of the effect of such an under-
taking on family unity, and upon the mental health of siblings. Perhaps
the greatest doubt of all is posed by the fuct that the ultimate prognosis
is not yet known in that group of survivors now living, in apparent good
health, 14 to three years after operation. If their homografts gradually
fail during the next five or 10 years, will the benefits be comparable to
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those in the vocationally trained adult for whom such an interim of
borrowed time could mean a return to work and pre-existing social
responsibility? Woodruff®® has reminded us that it is not our task to
confer immortality. One might also wonder whether any man has the
wisdom to adjudicate the relative value of another’s years, even those of
a child.

Preservation of Tissue

Whether the homograft is from a living donor or from a cadaver,
it is subjected to a variable period of ischemia. The easiest means of
minimizing the anoxic injury is organ cooling. Kidneys obtained from
volunteer donors are perfused immediately after removal with cold
lactated Ringer’s solution containing 50 mg. of heparin and 1 Gm. of
procaine chloride per liter (Fig. 24). In dogs this simple expedient
provides good protection of the autografted kidney during devasculari-
zation for one or more hours. The duration of permissible total ischemia
for the homograft is probably not us long us this for reasons discussed
elsewhere.*® From practical experience it has been learned that prompt

15°¢ lactated Ringers

with 50mgm heparin

and 1gram procaine
per liter

i
11

Figure 24. Technique of perfu- *
sion of kidneys with cold lactated

Ringer’s solution. Without the addition

of procaine, great difficulty may be en-

countered in obtaining sufficient flow,

possibly owing to afferent arteriolar

constriction. Usually only 200 to 500

cc. is required to cool the orgun to

15 to 20°C. ( By permission of Surgery,

55:195, 1964.)
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renal function of the human homograft can be expected. if the kidney
is cooled by this method and revascularized in the host within 40
minutes." Urine excretion may occur after much longer periods of
ischemia, but reliability of early function is progressively reduced with
greater intervals of tissue anoxia.

Cooling of the postmortem homograft is also of paramount im-
portance. Using various methods of cold perfusion or simple cooling,
Dunea,® MacLean,?®* Hume,?® Hamburger'®* and Mowbray* have all
recently had improved results with cadaveric kidneys. Although prompt
renal function was often not obtained as the consequence of acute tubu-
lar necrosis, skillful post-transplant dialysis care was used to maintain
the recipient patients until the ischemic injury had healed. It is probable
that the ideal candidate for cadaveric transplantation is a patient who
has already entered .and been stabilized on a chronic dialysis program.
If the cadaveric kidney does not function properly at first, the previous
care with the artificial kidney can be continued for some days or even
weeks until the dumaged organ begins to excrete adequate quantities of
urine. As discussed below, special precautions with immunosuppressive
drugs are necessary in such patients with delayed or poor initial function.

The methods of cooling, though valuable, allow only short-term
preservation. In the future, perfusion techniques will probably be de-
veloped which will permit storage for much longer periods of time.
The value of hypothermia in combination with extracorporeal whole or
partial cadaver perfusion has already been demonstrated, " 32 using
a commercial heart-lung apparatus to provide an artificial postmortem
circulation. Perfusion of single organs is more difficult,* but if such
methods become practical, they will make possible the establishment of
banks for which vital organs could be removed from cadavers, have their
function evaluated in the extracorporeal state, and be used for elective
operations.

Technical Problems

Detailed descriptions of the donor operation are available.™ # To
date there have been no reported deaths in living volunteers. The high
degree of safety with which nephrectomy can be carried out is probably
ascribable to two factors. First, the removal of a normal kidney is not
ordinarily difficult. Second, these operations have been performed with
ideal exposure and with unusually great care. None of the living donors
at the University of Colorado Medical Center has required blood trans-
fusion.

All the 22 recipient patients in the present series also had removal
of their spleen und diseased kidneys. The splenectomy and nephrectomies
were performed at the same tine as the transplantation, except in two
cases.

Special problems may be encountered in homotransplantation to
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recipients of young age if adult kidneys are used. For almost all children
12 years or older, the standard extraperitoneal operation of. Kiiss** 4 is
satisfactory. After removal, the kidney is usually placed in the opposite
iliuc fossa of the recipient, thereby reversing the normal anteroposterior
relations of the hilar structures (Fig. 25). In its new position the pelvis
and ureter are anterior, the renal artery is intermediate, and the renal
vein posterior. The renal artery is attached to the hypogastric artery and
the renal vein to the side of the external iliac vein. The ureter is implanted
directly into the bladder by a nipple and tunnel technique (Fig. 25),
or attached with an end-to-end anastomosis to the distal portion of the
recipient urcter; alternatively, ureteropelvic anastomosis may be used.
The preoperatively placed Foley catheter is removed in 24 hours.
Internal splints or catheters are not used.
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In children under 12 in whom the iliac fossa may be too small for
accommodation of an adult kidney, a transperitoneal operation is ad-
visables® through a total midline incision (Fig. 26, insert). The right
colon is reflected to the left, and the renal vessels are anastomosed end-
to-side to the aorta or vena cava or to the common iliac vessels (Fig. 26).
Six of the 22 children in the present series had this operation. There were
no technical failures. Because of the small size of the recipient, the
length of homograft ureter necessary to reach the bladder or to reach
the distal portion of the recipient ureter is not increased. Since the vas-
cular anastomoses are made as large as will ever be required, there
should be no problem of late anastomotic stenosis due to recipient
growth.

Adult homografts have been used in recipients as young as three
years. There have scemed to be no physiologic problems with the use of
such a disproportionately large organ homograft. Heart failure was not
observed. One of the children had intestinal obstruction from an adhesive
band at the site of the right colonic reflection, which was easily treated
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Figure 26. Method for transplantation of an adult kidney to a child recipient.
The operation is done trunsperitoncally through a complete midline incision (insert).
The ascending colon is reflected to the left, und the renal artery and vein are anas-
tomosed to the great vessels of the recipient as depicted. ( By permission of Surg., Gynec.
& Obst., 119:108, 1964.)
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at a secondary operation. Four of the six children operated upon with
this technique are still alive after 3% to 25%% months.

General Postoperative Care

If a well functioning homograft is placed, the problems of fluid and
electrolyte management may be exaggerated in the infant or young
child. Massive diureses have been observed of as much as 2000 ml. per
hour. The electrolyte composition of the urine at this time is usually
about 100 mEq. of sodium, 70 mEq. of chloride and 15 mEq. of potas-
sium.%® Serious errors of fluid therapy can be introduced, however, unless
repeated plasma and urine electrolyte determinations are carried out.
One of the deaths in the present series (LD 26) occurred as a result of
an acute electrolyte disorder during the first postoperative day. Iatro-
genically induced hyponatremia and hyperkalemia were followed by
cardiac arrest.

The acute post-transplant diuresis usually runs its course within
24 to 48 hours. During this time one patient (LD 17) lost more than
30 pounds. A remarkable improvement in their general medical condition
occurs during this time. The patients usually have a much more rapid
early convalescence than their donors. Unless contraindicated, diet is
resumed on the morning after operation and ambulation started that
evening,.

Immunosuppression

Although the above-described technical and general medical details
of care are of the utmost importance, the unique problem of transplanta-
tion surgery is the prevention of homograft repudiation by the host.
If aggressive measures are not taken, the good early function which
follows operation ceases within a few days or weeks in all but the excep-
tional case. Since there is at present no highly specific form of therapy,
consistent success depends upon the combined use of several therapeutic
adjuncts. These include the drugs azathioprine, actinomycin C "and
prednisone. Local homograft irradiation or total body irradiation has also
had wide clinical use.

In most centers the most useful pharmacologic agent has been
azathioprine,® a cytotoxic drug which interferes with nucleic acid syn-
thesis.> 2 Therapy is started at the time of or frequently several days in
advance of homotransplantation. In all cases it has been continued in-
definitely thereafter. An immunosuppressive effect is observed without
suppression of the white cell count to dangerous levels, and, indeed, the
accidental production of leukopenia has been the most common cause of
early failure. The appropriate daily dose of the drug is variable, ranging
from 1 to 6 mg. per kilogram, and is adjusted according to the white
blood cell counts. Since azathioprine has a partial renal pathway of

® Imuran, Burroughs Wellcome & Co., Inc., 1 Scarsdale Road. Tuckahoe. New
York. .
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detoxification,? the dose should be reduced in the event of the secondary
renal failure which may accompany a severe rejection episode. Simi-
larly, if a kidney is transplanted which fails to function properly at the
outset, as is often the case with cadaveric homografts, doses should be
prescribed which are considerably smaller than in the usual case.

In spite of its usefulness in clinical homotransplantation, azathioprine
alone does not usually prevent an acute rejection episode. In our earlier
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experience in which pharmacologic agents were added serially to the
therapeutic regimen, only two of 45 patients escaped rejection. In this
series the use of prednisone in large doses added at the time of acute
postoperative homograft failure seemed to be lifesaving (Fig. 27). Be-
cause of this almost invariable sequence of events and because it was
later observed*® that prophylactic steroids in large doses often reduced
the severity or even prevented early rejection, we now use prednisone
from the time of operation, usually in doses of 0.5 to 1 mg. per kilogram,
until the onset of clinical rejection. At that time the dose is increased
to 2 to 8 mg. per kilogram.

Two other adjuncts are of value at the peak of a rejection crisis.
Actinomycin C, which was demonstrated by Calne and his associates?
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rmal function has persisted for more

and thymectomy prior to transplantation.

biopsy revealed numerous abnormalities, despite which essentially no

than a subsequent year. The patient had splenectomy
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to cause reversal of rejection in animals, is given every four or five days
in doses of 200 to 400 micrograms (Fig. 29). Local homogrift irradiation
is administered in three doses as described by Kauffmann,?? using 150 R
at depth on each occasion.

The use of total body irradiation in American clinics has been largely
abandoned because of the high mortality rate from complications, par-
ticularly sepsis. Hamburger'* ® in Paris has, however, continued to use
total body ionizing irradiation with excellent results. Only one patient
in the Colorado series received total body irradiation (LD 1). His white
cell count was depressed to approximately 500 for almost two weeks
after operation, and after recovery from this episode he was converted
to Imuran and steroid therapy (Fig. 28).

Clinical Features of Rejection in Patients Receiving Immunosuppression

The diagnosis of post-transplant rejection depends upon multiple
clinical observations.t! 4° Its features are most easily recognized in pa-
tients who have had good initial homograft function and are receiving
treatment with azathioprine alone. Under such circumstances a secondary
decline of renal excretion is almost certain evidence of rejection, particu-
larly if a systemic febrile illness is present concomitantly. A classic exam-
ple is shown in Figure 27. The patient, who received a kidney from her
mother, had excellent function for the first postoperative week. At that
time there was a decline in creatinine clearance, a secondary rise in
blood urea nitrogen level, proteinuria, a tendency to hypertension, and
fluid retention. She complained of tenderness over the transplant wound
and had a fever in excess of 39°C. The addition of large doses of
prednisone and intermittent intravenous administration of actinomycin C
to the basic therapy with azathioprine resulted in reversal of these
findings. If prompt improvement is not noted in such cases, local homograft
irradiation is applied immediately.

Although the reversal of rejection is a phenomenon of great impor-
tance in making clinical transplantation a practical undertaking, an
additional feature is equally noteworthy. After reversal has been ac-
complished, the intensity of immunosuppressive therapy is ordinarily
less than that required for control of the initial crisis. It is improbable
that many patients could live for protracted periods of time if the aggres-
sive therapy required early had to be extended into the later course. In
actuality, it is usually possible to begin withdrawal of steroids within
the next few days or weeks. The patient illustrated in Figure 27 had
steroids discontinued altogether after one year. During the subsequent
year she has received only azathioprine, the drug which initially did not
prevent the onset of a relatively severe rejection. Her homograft biopsy
23 months after operation was normal except for a small amount of
subcapsular scarring.

I
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Late Rejection

Although there is an increased element of security with the passage
of time, the threat of late rejection months or even years after homo-
transplantation is a significant one.: 1% 5761 [y the total series ot Colo-
rado cases, including adults, 12 cxamples of delayed rejection have been
observed, three in the pediatric series herein reported (LD 13, 22, 41).
Invariably, these have seemed to be precipitated by the withdrawal or
reduction in dose of prednisone (Fig. 29). Although this complication
was partially reversible, there was some permanent loss of renal function
in most instances. The discontinuance of prednisone or even its reduc-
tion to doses below 0.5 to 1 mg. per kilogram must therefore be done
with caution and with careful weckly re-evaluation of renal function.
The most uscful indicator of late rejection has been the creatinine clear-
ance, which may slowly decline for some days or weeks before clevations
in blood urea nitrogen ure observed. When late rejection is diagnosed
the only effective formn of therapy is intensification of the iinmunosun
pressive regimen, the most important step being to increase the predni-
sone dose.

Causes of Death

One of the four unsuccesstully treated patients (LD 26) in the
present series died of acute electrolyte imbalance during the postopera-
tive diuresis. Another (LD 20) succumbed after 202 days (Fig. 23) of a
central nervous system disorder of unknown origin, Renal function was
adequate. Permission for autopsy was denied. The other two patients
(LD 19, 61) died at 95 and 36 days ot Pneumocystis carinii pneumo-
nitis (Fig. 30) and E. coli septicemia, respectively; the longer survivor
had satisfactory renal function (Fig. 31), but the other child was at the
peak of a rejection cpisode. The contribution of immunosuppressive
therapy to deaths such as the latter two has heen discussed in detail
elsewhere.?

Late Azathioprine Toxicity

Although sepsis during the use of maximal immunosuppressive
therapy is the most common fatal complication carly after homotrans-
plantation, patients who survive beyond the first few months have sur-
prisingly little susceptibility to significant infection. Reactivity to various
test antigens is reduced.® ¢ Nevertheless none of the 18 surviving
pediatric patients has heen troubled with recarrent late infection.

To date the principal late problem with azathioprine has heen
hepatotoxicity. [n dogs this drug has been shown to be a significant
liver poison which causes hepatic injury within a few days atter begin-
ning administration.® The high degree of toxicity is apparently species-
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Figure 30. Terminal pneumonia which was subsequently demonstrated at
autopsy to be due to Pneumocystis carinii. Histologic evidence of cytomegalic inclusion
disease was ulso present. The transplantation was carried out on July 26, 1963, and the
patient died of pulmonary insufficiency on November 12, 1983. The x-ray film was
obtained on November 11, 1963. Renal insufficiency was not a factor in the unfavorable
outcome.

specific for the dog, but four adults in our experience have suffered
severe liver injury after months or years of azathioprine therapy; one
of these patients died of a combination of liver failure and bacterial
sepsis."’ Thus far this has not been observed in patients of 18 years or
less. Nevertheless periodic liver chemistry studies should be obtained on
all patients receiving this agent.

Problems Peculiar to the Pediatric Patient

Although the young victims of terminal renal disease have proved
to be exceptionally favorable candidates for homotransplantation, they
have presented unique problems in care. The technical difficulties and
the complexities of early fluid and electrolyte management have already
been mentioned. An additional feature which deserves special emphasis
is the postoperative tendency of the young patient to bizarre peripheral
blood patterns, particularly normoblastemia. An example is shown in
Figure 23 of a five-year-old boy whose nucleated peripheral blood cell
count of almost 50,000 consisted ot 40,000 normoblasts. Failure to recog-
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Figure 31. Course of an unsuccessful case of renal homotransplantation. The
initial homograft failed immediately because of a blood group incompatibility; the
mother was A Dlood type and the patient was Q. The definitive homograft was from
an unrelated donor of O blood group. Death occurred fromn pulimonary insufficiency
caused by Pneumocystis carinii pnevimonia. The patient’s chest x-ray is shown in Figure
30. Note that renal function was well maintained until just before death.

nize the significance of this peculiar dilferential could lead to the ad-
ministration of cxcessive uazathioprine doses. An association of this
finding with polycythemia has been described by Nies.**

Therapy with prednisone is also a matter of increased concern in
the growing child. The resultant acne, weight redistribution, cosmetic
facial deformity and rapid weight gain may cause an cxaggerated psy-
chologic reaction. In addition, three of the patients in the present series
suffered unilateral or bilateral spontancous fractures of the femoral head,
also apparently as the consequence of steroid therapy.

Finally, the most alarming consequence of steroid administration
has been retardation of body growth in those unfortunate patients who
require this agent chronically in order to maintain homograft function.
The dilemma is illustrated in Figure 32. The children on the left and
right had prednisone discontinued after five months and one year re-
spectively, with rapid subsequent growth, The five-ycar-old boy in the
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Figure 32. Three children (and their donors) who have survived for 2 to 3 years
after renal homotransplantation. The recipients on the left and right have not received
steroid therapy for 214 years and 1 year respectively. Their growth has been normal.
The child in the middle, who is receiving 7.5 mg. of prednisone per day, has grown
only slightly and has other evidence of hypercorticism.

middle had both early and late rejection episodes and is still receiving
7.5 mg. per day. His height has remained almost unchanged during the
two years since transplantation. It is possible that he will ultimately be
a dwarf, with a well functioning kidney.

Splenectomy and Thymectomy

As reported earlier, all patients in the present study had splenec-
tomy, and six have had thymectomy either prior to transplantation or
subsequently.*® . 61 The rationale for and the evidence concerning the
benefit of these adjuvant procedures have been considered at length in
the cited publications. At the moment it is not clear whether either addi-
tional procedure is of value in modifying rejection, although there is

suggestive evidence that thymectomy may .ultimately prove to be use-
M?l. 33, 34, 61
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Table 11. Mortality and Survival in Pediatric Patients Who Recetved
Renal Homotransplantation at the University of Colorado Medical Center

SERIES 1
Total nuinber of patients treated 20 months or longer ago: 16
Paticuts dead: 4
Patients alive as of 11/24/65: 12
20-24 months: 4
2-3 years: 8

SERIES U1

Total number of patients treated from 314 to 9 months ago: 6
Patients dead: 0
Patients alive as of 11/24/65: 6

The operations were performed from November, 1962, to August, 1965, and are
divided into an carly and late series. No pediatric cases were done between March, 1964,
and February, 1965. 'I'he long inuratorium was imposed so that a better view of the long-
term courses could be obtained with the originally treated patients before undertaking
the care of fresh cases. The fact that no deaths or serious complications occurred during
this period prompted the resumption of the pediatric program at a clinical level.

Survival, Renal Function and Rehabilitation

Because of the differences in duration of follow-up, the cases have
been classified as group I and group II. Those in group I were all treated
more than a year and a half ago. Twelve (75 per cent) of these 16
patients are still alive after 21 to 36 months (Table 11). All have good
renal function. Three have had steroid therapy discontinued. Only three
patients are currently receiving as much as 10 mg. of prednisone per
day (Table 9). In each case function has been stable for at least one
year. Five of the 12 patients still receive some antihypertensive medica-
tion for control of blood pressure. The current renal function, steroid
dose, blood pressure, and need for antihypertensive drugs are listed for
each case in Table 9.

The six patients in group II were operated on from 3% to nine
months ago. All are still alive with adequate renal function. Similar data
are given for each of these cases in Tuble 9. Social rehabilitation has been
relatively complete in both groups.

Pathologic Studies

The changes in renal homotransplants carly after operation have
been extensively described.*®: 4* Of greater interest is the appearance of
the chronically tolerated kidney. Eight of the patients in the presently
reported series have received biopsies of their homografts from 21 to 26
months after operation. Only one of the biopsies (I.D 33) was within
normal limits. Seven of the other speciinens showed vasculuar lesions and
cellular infiltration; two in addition showed thickening of the glomerular
capillary basement membranes.

In all the kidneys with vessel changes the interlobular arteries were
narrowed by fibrous intimal thickening (Fig. 33), a process which had
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Figure 33. Biopsy of renal homograft from patient LD 1 at 2 years. There is
intimal thickening of an interlobular artery. Adjacent tubules are lined by fluttened
atrophic epithelium. Weigert's elastic. X 350.

Figure 34. Biopsy of renal homograft from patient LD 13 at 1 year 9 months.
A small area of ischemic tubular atrophy can be seen, associated with interstitial fibrosis,
dense infiltration with mononuclear cells and periglomerular fibrosis. H & E. X 300.
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Figure 35. Biopsy of renal homograft from patient LD 41 at 1 year 10 months.
Upper, By light microscopy the glomerular capillary basement membrane is seen to
be diffusely thickened as in membranous glomerulouephritis. H & E. x 350. Lower,
Electron microscopy of part of one of the glomerular capillary loops shows that the
basement membrane thickening (bm) is caused by irregular deposits of electron-dense
material beneath the endothelium (en), unlike membranous glomerulonephritis, in
which the deposits are usually on the epitheliul side of the membrune. A few of the
cpithelial foot processes (fp) are fused (arrows). cap, Capillary lumen; ep, part of
epithelial cell. Epon; Pb stain. x 8,950.
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gone on to complete obliteration of the lumen in several instances. The
most severe lesions were present in two cases (LD 22, 41) which had
experienced a second phase of late rejection. At present it seems probable

- that these obliterative vascular lesions are the legacy of such past epi-

sodes of acute homograft reaction. Tubular atrophy and interstitial
fibrosis were present in all the cases with occlusive vascular lesions
(Fig. 34); secondary hypertension had occurred in several of these
patients.

In the two renal homografts with glomerular deposits (LD 1, 41)
material staining positively with periodic-acid-Schiff reagent was present
on the tuft capillary basement membranes and between the endothelial
cells, giving an appearance closely resembling that seen in Ellis type 2
glomerulonephritis ( diffuse membranous glomerulonephritis) ( Fig. 35).
There is evidence that this coating substance is gamma globulin, and it
may represent deposits of antigen-antibody complexes.

Many of the host cells infiltrating the interstitium were lurge lympho-
cytes having a prominent Golgi apparatus and pyroninophilic cytoplasm
containing many free ribosomes (Fig. 36). Probably these cells are pro-
ducing antibody against the graft and are evidence of a continuing low-
grade immunologic attack by the host even between the acute episodes
recognized clinically as rejection. The number of small lymphocytes and
plasma cells in the interstitial infiltrate varied. Macrophages and fibro-
blasts were also present.

S ae ke R G MR T NN A o 1 @

Figure 36. Elcctron micrograph of part of biopsy of renal homograft from pa-
tient 1.1 34 at 1 year 11 months. A large lymphoid cell, its cytoplasm full of free nbo-
somnes, lics 1 the interstitium, ty, Part of proximul tubule; b, tabulur basement mem-
braue; n, nucleus of lymphoid cell; m, witochondrion. Spon; Pb stain. x 12,000.
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Figure 37. Biopsy of renal homograft from patient LD 41 at 1 year 10 months.
The juxtaglomerulur apparatus (arrow) is hyperplastic. There is thickening of the
glomernular capillary basement wembranes and an adhesion bhetween tuft and Bowman's
capsule. Interstitiul fibrosis and tubular atrophy are present around the glomerulus. H &
E. x 300.

Table 12.  Summary of the Pathologic Findings in the & Homografts |
Biopsied from 21 to 26 Months After Renal [Homotransplantation i
LD
1 13 17 22 33 34 39 41
Arteriolar hyalinization. . .. ..., .. x X 3
Intimal thickening of interlobular |
Arteries. ... ... .. ... ... XX X X XX b X XX !
Glomerular  basement  membrane
thickening. ... .. ... ... XX XX
Juxtaglomerular hyperplasia. .. ... .. x X X X XX X
Interstitial fibrosis: general. ... X X X X x x x :
superhicial. . ... .. b3 X XX | X XXX X '
Cellular intiltration. . .. ... . .. XX [ Xxx | x X X X X ,
Tubular atrophy .. ... ... S XX X X X X X x i
Rejection (postoperative day) .. .14 13 42 24 0 13 12 6
240 244 290
! ——
Blood pressure at thne of biopsy .. 100 | 104 | 124 Ii 120 ! 11O | tod {120 1128
oal Tol w0l 7ol el 7al o0 | Tve
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Hyperplasia of the juxtaglomerular apparatus was present in six of
the eight transplants (LD 13, 17, 22, 33, 34, 41) (Fig. 37). It was not
necessarily associated with arterial narrowing or hypertension. Since
a similar change is found in renal autografts and isografts, it is possibly
concerned with the maintenance of normal production of renin and per-
haps erythropoietin.

A summary of pathologic findings in these eight kidneys is recorded
in Table 12.

LIVER TRANSPLANTATION

In view of the encouraging results after renal homotransplantation, it
has been natural to think of extending comparable replacement therapy
to diseases which result in functional failure of other organs. At present,
liver transplantation appears to offer the most immediate possibility of
clinical utility.

Orthotopic Liver Transplantation

Such hope derives principally from studies in dogs. The most in-
cisive experiments have involved orthotopic transplantation in which the
recipient animal’s own liver is excised and replaced with a homograft
obtained from an unrelated mongrel animal?! 8. 3¢, 87. 80, 81, 88 wyjth a
technique similar to that depicted in Figure 38. With this preparation
there is no equivocation about the presence or absence of transplant
viability, since survival provides incontrovertible proof of continuous
homograft function.

The immediate operative mortality rate of orthotopic liver trans-
plantation in the dog is 10 per cent or less, and the incidence of long-
term success is comparable to that attainable after homotransplantation
of the dog kidney.® With both organs the severity of the subsequent
rejection is highly variable in individual experiments, a finding undoubt-
edly explained by differences in the quality of chance histocompatibility
matching as discussed earlier. In a recently reported series of nearly a
hundred canine liver homotransplantations in which azathioprine alone
was given for immunosuppression, approximately 20 per cent of the
recipient animals had no clinical evidence of rejection (Fig. 39); the
histologic injury to these homografts was minimal. At the other end of
the spectrum, about one third of the dogs had some delay in the onset of
rejection, but death due to homograft malfunction occurred after one to
six weeks. Finally, half of the dogs had varying manifestations of early
rejection, but with eventual partial or even relatively complete reversal
of the consequent biochemical abnormalities ( Fig. 40); in these animals
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Figure 38. Completed human orthotopic liver homograft. Note that all structures

entering and leaving the liver are reconstructed in a normal anatomic manner. (By
pennission of Ann. New York Acad. Sc., 120:739, 1964.)

immunosuppressive therapy was not intensified during the rejection
episode. This consistent finding emphasizes the important principle that
immunologic rejection tends to be spontancously remittent.

Recently the effects of reversible rejection upon late hepatic func-
tion and structure have been extensively analyzed.®® It seems probable
that all homografts, even those in which function is not demonstrably
impaired, undergo carly invasion by pyroninophilic mononuclear cells,
the maximum infiltration usually being between the first and third weeks.
After this time the predominant histologic features in most homografts
were those of repair and regenceration, with either absent or relatively
minor degrees of continuing destruction. Since the main rejection duamage
was centrizonal, the healing was most prominent in these areas with
interconnecting fibrosis around the central veins, centrilobular bile
canalicular dilatation and cholestasis, and pseudolobule formation. In
some of the homografts, increased connective tissue was also present in
the portal tracts (Fig. 41, upper), but in others, including the longest
survivor, there were no residual abnormalities whatever (Fig. 41, lower).

As after human renal transplantation, the need for immunosuppres-
sive therapy has seemed to be diminished in dogs with chronically func-
tioning orthotopic liver homografts. The four longest surviving dogs in
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our laboratory after hepatic transplantation had azathioprine discon-
tinued after 17 weeks and are still alive, now 12 to 20 months post-
operatively (Fig. 42). In five other dogs, however, cessation of therapy
was followed by indolent and progressive late rejection which either led
to death or necessitated resumption of daily administration of aza-

thioprine.

Despite the demonstration that orthotopic transplantation does not
present insurmountable problems, this method has not been successfully
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applied for the treatment of patients. To date seven attempts have been
made at human orthotopic transplantation, five in Denver,*® %2 one in
Boston®® and one in Paris.® Six of these putients had primary malignancy
or metastasis in their own livers, and the seventh was a child with biliary
atresia; two died during or immediately after operation. The other five
lived for six, seven, 12, 22 and 23 days. Experience with these cases has
delineated certain specific problems which will have to be dealt with
in future trials.

esophagogastric ulcer.
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Figure 41. Histologic appearance of chronically tolerated orthotopic liver homo-
grafts. Upper, Biopsy after 123 days. There is some increase in portal connective tissue,
proliferation of small biliary ductules, and a slight cellular infiltration. This animal
then had azathioprine therapy discontinued, with subsequent survival for 7 months.
The dog ultimately died of a perforated duodenal ulcer. Lower, Biopsy of a histo-
logically normal orthotopic homograft after 302 days’ residence in the host. At the time
of biopsy the animal had not received immunosuppressive therapy for 6 months. The
dog is still alive more than 20 months after operation: The clinical course is depicted
in Figure 39. H & E. X 40.




StarzL, Mancuiono, Ponten, Fams, CARey

- e e

Y

oL
&

&1

)

p

b
.g

Figure 42. Four dogs who are still alive 1 year or longer after orthotopic liver transplantation.
In each case immunosuppression was discontinued after 4 months. The animals have had a total

post-transplant longevity of 376, 487, 504 and 610 days.

First, the degree of anoxic injury to the cadaveric livers used was
moderately severe in all instances, evidenced by abrupt increases in
SGOT and SGPT and bilirubin immediately or early after operation.
Fortunately, this acute anoxic injury proved to be reversible in all but
one of the Colorado cases, but the less than ideal circumstances of tissue
procurement and preservation will continue to be a serious handicap.

Secondly, the technical problems with orthotopic transplantation in
the human patient exceed those of most other kinds of surgery. The
presence of widespread hepatic malignancy (Fig. 43) makes removal
of the bulky livers difficult. Moreover, most such patients have portal
hypertension. In addition, the need for multiple vascular anastomosis
(Fig. 38) and for establishment of internal biliary drainage further com-
pounds the risk.
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Finally, changes in the coagulation mechanisin have proved to be
of the utmost importance. Most patients with terminal liver discase enter
surgery with impaired clotting. During manipulation of the liver and
especially during the anhepatic phase of the actual transplantation, acute
fibrinolysis is characteristic.%® In order to prevent bleeding at this critical
time, the first four patients in the Denver series were given epsilon
aminocaproic acid (EACA), human fibrinogen and fresh blood.

Ironically, the early threat of fatul hemorrhage is succeeded after
successful orthotopic transplantation by a period of hypercoagulability
beginning within a few hours after operation.®® Three of our patients had
peripheral venous thrombosis, apparently at this phase of convales-
cence, " . 62 with the subsequent development of multiple pulmonary
emboli. Evidently a natural rehound hypercoagulability was exaggerated
in these cases by the clot-promoting agents administered during opera-
tion. In future trials iatrogenic manipulation of the coagulation process
seems contraindicated.

Pathologic studies of the homografts from these unsuccessfully
treated patients have not diminished the hope that such operations may
ultimately prove to be feasible. In the Denver series the four patients

Figure 43. Bulky hepatoma removed from a 29-yeur-old woman who received un
orthotopic liver transplant. Only a rim of noral liver tissue remains. ‘The patient sur-
vived for 23 days after the transplant.
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Figure 44. Orthotopic human hepatic homograft at 22 days. There is good
prescervation of liver cells and lobular structure. The portal tract (pt) contains a few
infiltrating mononuclear cells. cv, Central vein, H & E. x 90.

who survived operation and received the same general immunosup-
pressive regimen used for kidneys all had relatively good preservation
of liver architecture (Fig. 44). Mononuclear cell invasion was relatively
minimal, and the degree of hepatocyte loss and reticulin condensation
seemed less than in animals at a comparable stage of convalescence.?. 8%
Death resulted from factors other than crushing rejection, as discussed in
detail clsewhere.®®

Auxiliary Liver Transplantation

At first thought auxiliary hepatic transplantation, in which the pa-
tient’s residual liver tissue is not removed, would seem to have important
advantages for the treatment of benign discases such as congenital biliary
atresia or Laennec’s cirrhosis. With these techniques, first described by
Welch,'" ¥? the homograft is placed in a heterotopic position such as
the pelvis (Fig. 45, A) or left upper portion of the abdomen. It has
recently been demonstrated that the method of venous revascularization
of such a homogratt is of paramount importance in determining its
subsequent fate, at least in animals,

With Welch's prepuration, in which the pelvic homograft received
its venous inflow trom the terminal inferior vena cava, a remarkable
atrophy of the auxiliary liver was noted in dogs treated with azathioprine,
usually beginning within two weceks.® 8 Subsequent studies have ex-
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plained this phenomenon.?® ?® If the portal supply of the extra liver
was derived from the splanchnic venous system (Fig. 45, B), the homo-
grafted liver did not atrophy, and instead there was symmetrical shrink-
age of the host liver. These findings indicate that there can be a
competitive relation between coexistent livers. In dogs the organ which
is perfused with venous return from the splanchnic bed operates at a
physiologic advantage. If neither liver is provided with direct splanchnic
venous blood flow, as illustrated in Figure 46, the hepatic tissue which
receives the greatest total blood is favored, but the degree of preserva-
tion is less complete than with ideal vascularization.? ¢4

In the human patient with terminal benign liver disease, the role of
the foregoing factor of substrate competition is not known. The diseased
liver in such patients has lost much of its capacity for competition, and,
in addition, the portal contribution to total hepatic flow is apt to be
greatly reduced. For these reasons and because provision of splanchnic
flow for the auxiliary homograft is mechanically difficult, two patients

al)
ommon hac
> a+v.

Figure 45. Experimental auxiliary homotransplantation of the liver. A, Welch'’s
original operation. Note that the portal venous inflow is derived from the terminal
vena cava and that the hepatic arterial supply is from the iliac artery. The auxiliary
liver undergoes rapid atrophy beginning within 2 weeks after operation. B, Modifica-
tion of auxiliary homotransplantation in which the homograft portal vein is revascu-
larized from the distal splanchnic venous system. Retrograde splanchnic venous flow
through the homograft is promoted by proximal ligation of the recipient portal vein.
With this method of revascularization the homograft atrophy is avoided; instead, the
recipient’s own liver shrinks. ( By permission of Surg., Gynec. & Obst., 121:17, 1965).
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C. STAGE II.

b2 Roux-Y loop over
VNG TS, left lobe

Aorta
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Figure 46. Method of auxiliary liver transplantation which has received a clini-
cal trial. The procedure has been used twice at the University of Colorado Medical
Center in patients with terminal Laennec’s cirrhosis. A, B, First-stage portacaval anas-
tomosis is performed. This will usually be necessary for control of variceal hemorrhage.
C, Revascularization of the auxiliary liver in the right paravertebral gutter.

treated in Denver received the compromise procedure depicted in Figure
46. Preliminary portacaval anastomoses were performed four days and
one day before the transplantation, respectively. Laennec’s cirrhosis was
the underlying disease.

In both cases the auxiliary livers functioned immediately, but the
improvement in liver chemistries secondarily deteriorated from seven to
10 duys later (Figs. 47, 48). The patients died of septic complications
at 22 and 34 days, before there was evidence of reversal of the clinically
diagnosed rejections. The first patient had staphylococcal pneumonia,
and the second had Pneumocystis carinii, cytomegalic virus inclusion
disease und hemorrhagic monilial enterocolitis.

Pathologic studies of these two auxiliary homografts produced evi-
dence of active rejection in the patient who survived for 22 days. The
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Figure 47. Clinical course of a patient with Laennec’s cirrhosis who received an
auxiliary liver homograft. The preliminary portacaval shunt controlled massive hemor-
rhage from esophageal varices. Note the evidence of function of the transplanted liver
with a fall in the serum bilirubin and a sustained improvement in the prothrombin
time. The bilirubin had begun to rise secondarily at the time of death from septic com-
plications. The donor was a 77-year-old man who died of a cardiac arrest. Both were

A + blood type.
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Figure 48. Clinical course ufter human auxiliary liver transplantation. The pre-

liminary portacaval shunt was done 1 day befure the trunsplant. The donor was a 12-

year-old boy who was killed in an automobile accident. The homograft elaborated bile

within a few minutes after its revascularization. There was late deterioration of homo-

graft function, but the primary cause of death was sepsis.
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portal tracts were infiltrated with mononuclear cells, between 5 and 10
per cent of which were large lymphocytes with pyroninophilic cytopiism
(Fig. 49). There were also foci of fibrinoid necrosis in the walls of sev-
eral of the smaller branches of the hepatic artery. Absence of infiltraung
cells and lack of vascular damage made it difficult to believe that acute
rejection was occurring terminally in the second, longer-lived hepatic
homograft. This liver at 34 days did, however, show necrosis of the
centrilobular hepatocytes, accompanied by collapse and condensa:ion
of the centrizonal reticulin (Fig. 50). Cytomegalic virus inclusions were
present in the biliary epithelial cells (Fig. 51). It is tempting to think
that this centrizonal damage had occurred at the time of rejection and
was in the process of being repaired when the patient died from infec-
tion by opportunistic organisms. Centrilobular cholestasis with bile
“thrombi” was a prominent feature of both hepatic homografts.

In a third case an attempt at auxiliary homotransplantation to a 15-
month-old child with biliary atresia failed immediately because of tech-
nical complications. Other trials have been made by Absolon,! Hermann, !¢
Hume!® and Gliedman,® all resulting in early death. In several of these
cases, difficulty was encountered in closing the abdomen, owing to the
mass of the extra organ. Predictions about the future usefulness of the
auxiliary operations should be held in abeyance for the moment in view
of these mechanical problems, because of the unknown influence of the
physiologic factors alluded to above, and because animal results with
auxiliary transplantation have not been as promising as with the ortho-
topic operation.

THE RoLE oF ORGAN TRANSPLANTATION IN PEDIATRICS

P T LA AR

Figure 49. Auxiliary human hepatic homograft at 22 days. High-power ‘2w
of a portal tract which is densely infiltrated with mononuclear cells. H & E. x 600.
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Figure 50. Auxiliary human hepatic homograft at 34 days. There is necrosis of
the centrilobular hepatocytes and fat droplets in the midzonal and peripheral liver
cells. cv, Central vein; pt, portal tract. H & E. x 80.

Figure 51. Intranuclear inclusion (arrow) of cytomegalovirus disease affecting
an epithelial cell lining a small biliary duct in the human auxiliary hepatic homograft
shown in Figure 50. H & E. x 600.
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SUMMARY

Experience has been recounted with 22 patients treated with renal
homotransplantation at or before the age of 18 years. Eighteen of the
22 patients are still alive from 3% months to three years after operation.
Twelve are alive at least 21 months postoperatively; eight of the 12 are
two to three years. The unique technical, medical and sociologic prob-
lems encountered in treating patients of this age group are described.
Biopsies of eight of the homografts from 21 to 26 months after operation
revealed that only one of the kidneys was normal. The others showed
narrowing of the interlobular arteries by fibrous intimal thickening and
interstitial infiltration by large lymphoid cells. In two of the homografts
there was also thickening of the glomerular capillary basement mem-
branes, giving an appearance resembling diffuse membranous glomeru-
lonephritis. Juxtaglomerular hyperplasia was present in six of the eight
homografts.

Progress in the field of liver transplantation is also cited. The prin-
cipal encouraging developments have been in animal experimentation.
Although long-term survival in human subjects has not yet been
achieved, dogs with orthotopic liver transplantation have been living
in good health for as long as 20 months. Advances have also been made
bearing upon auxiliary liver transplantation, an operation which does
not involve removal of the patient’s own liver. Although preservation of
the patient’s liver would seem to be advantageous for several reasons,
there are also serious and fundamental disadvantages to this approach
which may limit its usefulness.

ADDENDUM

Since submission of this manuscript, two additional patients with
renal homotransplantation have died. The first patient (LD 79), who
had poor function at the time of the original report, died of a fungal
sepsis of the brain and lungs ( Aspergillus fumigatus). There was exten-
sive histologic injury to the homograft. Survival was 254 days.

The second patient (LD 80) died of systemic histoplasmosis. There
was almost no evidence of rejection injury to his kidney. Survival was
295 days.
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