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Purely technical considerations play an im-
portant role in successful renal homotrans-
plantation. Minimization of homograft
ischemia is critical. Additional important
factors involve the site of placement of the
homograft, provision for unkinked vascular
channels, selection of a method of uretero-
neocystostomy which permits early removal
of the urethral catheter, and use of a one-
stage operation incorporating bilateral ne-
phrectomy and splenectomy in addition to
homotransplantation.

In the present study, the methods used to

" meet these purely surgical requirements will
be described as they have evolved in the
course of caring for the first 42 patients
treated with renal homografts from living
donors. Consideration will not be given to
patients receiving cadaveric kidneys ! or two
who received homografts from identical
twins,? since the circumstances in such cases
are different than those which obtained with
our major experience.

The prerequisites and techniques of the
donor operation have recently been fully doc-
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umented by Marchioro and his associates. It
should be noted that the homograft is cooled
and heparinized in every case in order to
minimize the ischemic injury during transfer
of the kidney.® The following description
will treat only of the procedures which are
directly applied to the recipient patient.

Surgical Techniques

General Considerations—A description of the
surgical techniques employed involves considerably

" more than just the homografting procedure, since

bilateral nephrectomy and splenectomy are an in-
tegral part of the total therapy,* and are usually
performed at the same time as homotransplantation
(Table 1). The additional adjuvant procedure of
thymectomy ® which was used in eight patients
early in the series has been discontinued, at least
until long term follow ups are obtained on those
patients already so treated.

The technical problems are no different from
those encountered in any major surgical operation.
Nevertheless, the predictably poor healing processes,
caused by the metabolically depleted state of the

TABLE 1.—Comparison of Results with Staged
Versus One-Stage Surgical Treatment*

No. Alive Dead
One-8tage 31 19 12
T'wo or more stages 11 § []

[V] A 18

* All patients had transplantstion 98 days or longer prior to
Feb 27, 1964. The average survival in the living petients is 217
days, ranging from 95 to 461. The average survival of those
who died was 66 days, with a range of 1 to 208,
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Fig 1.—Course of a patient who received staged
surgical care because of urinary tract infection. The
child had polycystic kidney disease with coliform
and fungal infection within multiple cysts of each
kidney. Bilateral nephrectomy and splenectomy were
carried out at a first stage, resulting in prompt relief
of the preexisting hyperpyrexia. Three weeks later,
renal transplantation was performed. She is now
eight months postoperative.

patients and by the necessity for immunosuppressive
therapy, reduce the margin of safety which may
permit success in other operations in spite of the
commission of small errors. It is mandatory to ob-
tain primary wound healing. Wound drains or
cystostomies are never used, and urethral catheters
which are inserted at the time of operation are
extracted within 24 hours.

Intervelationship of Operation and Incisions.—
Originally it was thought that multiple operations
would be required, but subsequent experience has
shown that this is not the case. Bilateral nephrec-
tomy, splenectomy, and homotransplantation are well
tolerated in one stage (Table 1), and unless there
is a specific contraindication, this is the method now
used except for those patients in whom an upper
urinary tract infection is present. In the latter cir-
cumstances, splenectomy and bilateral nephrectomy
are carried out initially (Fig 1), and transplanta-
tion is performed two or three weeks later after
good wound healing from the original operation has
occurred.

. é&yzanety of exposures have been used for pa-

'vihich both kidneys and sbfé;x are

which do not have a single renal artery,’ dissection
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peritoneally, in combination with an extraperitoneal
transplantation to either the right or left iliac fossa
(Fig 2C). 1f transplantation is planned of a donor

- left kidney to the right iliac fossa, both transplanta-

tion and right. nephrectomy can be done extraperi-
toneally through an oblique right lower abdominal

. incision, and left nephrectomy and splenectomy per-

formed transperitoneally through a separate left
subcostal incision (Fig 24). In transplant-
ing a donor right kidney to the left iliac fossa,
three incisions may be used—one for the extraperi-
toneal transplantation, another for transperitoneal
left nephrectomy and splenectomy, and a third for
either extra or intraperitoneal right nephrectomy
(Fig 2B). In three children of 3 to 8 years,® the
entire operation was performed transperitoneally
through a total midline abdominal incision (Fig 2D),
using relatively oversized homografts from adult
donors. o

Homotransplantation.—The donor kidneys are
usually but not necessarily placed in the contralateral
iliac fossa after the method described by Kiiss,” and
popularized by Murray and Harrison® and Hume.’
The anteroposterior rclationships of the hilar struc-
tures are thereby usually reversed, placing the pelvis
anteriorly and the renal vein posteriorly in the new
location. There are no important differences in
technique with transplantation to one as opposed to
the other side, so the following description in which
the homograft is placed on the right applies equally
to the comparable operation on the left. In the usual
case, the splenectomy and nephrectomies have al-
ready been completed as described above, and the
upper abdominal incision or incisions have been
closed. In four cases, donor right kidneys were
placed in the right iliac fossa with good results, so
the use of contralateral homografts as described be-
low is not mandatory. Deviations from the standard
technique to be described constitute a special prob-
lem, and have been described in detail elsewhere.***

An oblique lower abdominal incision is made, and
deepened to the extraperitoneal plane (Fig 3 and 4).
The inferior epigastric vessels (Fig 4C) and the
spermatic cord (Fig 4D) are quadruply ligated
and divided. If the recipient’s right kidney is to be
removed through this incision, this is done now.

The lymphatic and areolar tissue overlying the
external iliac vein is incised, ligating all filaments of
tissue (Fig SE) in order to prevent postoperative
lymph leakage. The presence of valves in the ex-
ternal iliac vein is noted, and when possible the
venous anastomosis is performed either above or
below these structures. If this is inconvenient, the
valves are excised at the time of the anastomosis.*
The hypogastric artery is then denuded of surround-
ing tissue and cleaned to the point of its first division
(Fig SF and 5G). Since kidneys are no longer used

Vel &9, July, 19643
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?f the branches of the hypogastric artery fc;r ek

in multiple vessel anastomoses is not necessary.
When it has been ascertained that the donor kl"

ney will be available within a few minutes, a pot -

tion of the external iliac vein is isolated i)etwé ”

Brown ™ * sponge rubber, noncrushing clamps (

64 and 6B). A disc of tissue is excised from i

_anterolateral wall of the vessel (Fig 6B) and it

stay sutures of 5-0 arterial silk are placed (#l
6C). Exposure is maintained and all activity slli-

.’ pended until arrival of the kidney.

$ Edward Weck & Co., Long Island, NY.
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Fig 2.—Various combi-
nations of incisions used
for one-stage renal trans-
plantation, hilateral
nephrectomy, ai.d splenec-
tomy. A, incision com-
monly employed when
transplantation is to the
right side; B, combination
of incisions which may be
used when transplantation
is to the left side; C, most
commonly used incisions
at the present time (see
text) ; D, total abdominal
incision used for the treat-
ment of infants.

Wi the kidney is delivered, it is oriented in the

i
Jji 1

I

)

””‘gmic position as existed in the donor pa-
'if 6C). The previously placed guide sutures
i 1ed to the appropriate portions of the renal

ayers of the two vessels are coapted (Fi

I kidney is then rolled laterally and 5
jlAy suture placed in the midportion of the
) all of the renal vein (Fig 7E). Traction

|1“l the kidney is guided into position until the
'I

"pqial and lateral stay sutures helps in pre-
'ggide.ntnl grasping of the opposite wall
“r'pmung the_venoq; anastomosis. One of
filde sutures is then used to perform a con-




Fig 3.—Exposure for
renal transplantation to
the right iliac fossa. 4,
line of incision; B, inci-
sion of muscle layers.

nique. It is usually easier to sew the anterior row
first, then reflecting the kidney medially in order to
obtain access to the posterior surface (Fig 7E and
7F).

After completion of the venous anastomosis, the
kidney is placed into what appears to be the most
comfortable position in the iliac fossa. The distal
hypogastric artery is ligated at this time, and after
placement of a noncrushing clamp across the origin
of this vessel from the common iliac artery, it is
transected. The cut is made with an angulation (Fig
84) to allow the subsequent formation of a smooth
“@irve at the site of anastomosis. After placement of
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Incision line .- .
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,Campers fascia
,,,' P Ext. oblique (split)

’
4

/" Internal oblique (cut)

7/ / Transverse abd.

(Fig 8B), an anastomosis is performed with 6-0
silk, using a continuous everting technique
(Fig 8C-E).

After completion of both anastomoses, the clamps
are released, taking care that arterial and venous oc-
clusion are relieved simultaneously. The clamps are
released abruptly rather than in a graduated fashion.
The suture lines are scrutinized for leak and are
systematically repaired with additional sutures. Un-
der no circumstances is the blood supply to the
kidney ever interrupted again. It is always possible
to repair the small suture line leaks without reoc-
cluding the circulation. :
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RENAL HOMOTRANSPLANTATION

At this time, experimentation is again conducted
to determine the most comfortable position of the
homograft. The most consistently useful rule to
be followed is that the kidney will usually seek the
position which is most suitable. A location which
requires extensive capsular fixation is not desirable,
and no restraining sutures of any sort are used to
prevent. movement. The ultimate location of the
kidney has varied considerably (Fig 9). Usually
the hollow of the ilium is adequate to accommodate
the organ, but in some cases, most or all of the
homograft is extrapelvic.

Having settled the location of the homograft, the
ureter is anastomosed to the bladder by a modifica-
tion of the method of Pacquin and Marshall®® As

Starsi et al

‘Spermatic cord

Fig 4.—Exposure of
retroperitoneal space. C,
ligation and division of
inferior epigastric artery
and vein; D, quadruple
ligation and division of
the spermatic cord (or
round ligament in fe-
males).

little mobilization of the bladder as possible is car-
ried out. If possible, the retropubic space is not
entered, thereby preventing the formation of a post-
operative dead space. A small incision is made in
the dome of the bladder near the peritoneal reflec-
tion. By appropriate manipulation of thin-bladed
deep retractors, an adequate view can be obtained
of the interior of the bladder (Fig 104). .

A site is selected 2 or 3 mm above the ipsilateral
ureteral orifice for the location of the new ureteral
tip. After making a small mucosal incision at this
point, a similar counterincision is made 1 or 2 cm
higher on the lateral wall (Fig 10B), and the in-
tervening mucosa is tunneled by blunt hemostat dis-
section (Fig 10C). A right angle clamp is then




Fig 5.—Exposure of the
iliac vessels. E, dissection
of the external iliac vein.
Note that all tissue in this
area is doubly ligated
before division in order
to prevent the subsequent
development of lymphatic
leak. F, the external iliac
vein is freed to the point
where it is crossed by the
hypogastric artery. G, the
hypogastric  artery is
denuded distally to its
major division.

thrust through the upper mucosal incision and out
the lateral bladder wall (Fig 10D). The tip of the
ureter is brought into the bladder (Fig 10D), and
then through the previously formed submucosal tun-
nel (Fig 10E).

The upper mucosal incision is closed (Fig 11F)
and attention directed to the formation of a ureteral
nipple with a mucosal-to-mucosal anastomosis. The
excess ureter is drawn up with a clamp (Fig 11G
and 11H) and partially transected with formation

- of a fish mouth in the posterior or most inaccessible
portxon (Flg 11H). The principal ureteric blood
essels are identified near the site of transection and
A g\i }h 5-0 plain catgut. Three 5-0

are than placed, catching first

second layer is also with continuous 4-0 chromic

{Incision line
L-10 uncaover
7 ext.iliac v

E

,-Incigion line to uncover
hypogastric a.

\

the bladder mucosa, then the ureteral adventitia 3
or 4 mm proximal to the cut end, and finally grasp-
ing the edge of the ureteral mucosa (Fig 11/).
When these three sutures are tied, a nipple is formed
(Fig 11J). Transection of the excess ureter is then
completed, fashioning an eccentric flap (Fig 11,/-L)
which forms the rest of the nipple. After tacking
the rest of the ureteral nipple into position (Fig
11L), a three-layer closure of the cystotomy is
carried out. The mucosal layer is closed with con-
tinuous 4-0 chromic catgut, with eversion of the
bladder mucosa in order to prevent intraluminal
bleeding from the raw mucosal surface, and in
order to obtain a reliable watertight closure. The
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Fig 6.—Venous anasto-
mosis. A, general opera-
tive field; B, excision of
an ellipse of the antero-
lateral wall of the external
iliac vein; C, placement
of guide sutures connect-
ing the renal and external
iliac veins.

L,
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o
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Ureter

catgut, catching the detrusor muscle. An external
layer of interrupted 4-0 silk is employed.

Many of the details of the bladder and ureteral
manipulation are planned to achieve two specific ob-
jectives: first, the procurement of a clean dry wound
which can be closed without drainage, and secondly,
the establishment of a situation in which the ure-
thral catheter can be safely removed within 12 to
24 hours after operation. The precautions that are
exercised to obtain complete and reliable closure of
all mucosal rents, to protect the blood supply of the
ureter, to obtain the flap valve action provided by a

long submucosal tunnel, and to obtam a watemght

closure of the cystotomy are all designed to remove
the need for prolonged postoperative decompression
of the bladder.

Prior to closure, a check is made for absolute
hemostasis, and then the wound is irrigated with
1,000 to 2,000 cc saline solution. Before closure with
fine silk technique, an antibiotic solution of 0.5 gm . .
neomycm and 50,000 units of bacitracin suspmded, i
in 50 cc isotonic saline is instilled.

Results . e
The Influence of Hamograft Qdalzty =
As descrxbed in prevmus pubhcatlon




Fig 7.—Venous anasto-
mosis  (continued). D,
fixation of the venous
anastomosis by tying the
guide sutures; E, per-
formance of circumferen-
tial anastomosis using
continuous silk  suture
which is carried around
the entire 360°; F, com-
pletion of anastomosis.

homografts were cooled and heparinized
either by systemic heparinization and the in-
duction of total body hypothermia in the
donor patient, or by intra-arterial infusion
of chilled lactated Ringer’s solution to which
heparin and procaine were added. Despite
these precautions, evidence of acute tissue in-
jury was often observed despite relatively
short periods of ischemia. The analysis be-
low concerns the function obtained from 44
~homografts used in the treatment of 42 pa-

ER

which had to be removed immediately after
their revascularization because of an acute
hemagglutination reaction.13.14

With 24 of the homografts, time from oc-
clusion of the donor renal artery to restora-
tion of blood flow in the recipient ranged
from 17 to 30 minutes, the mean being
25.4=%0.7 (SE) minutes. Homograft func-
tion was generally prompt in these cases and
a massive diuresis ensued, the hourly
volumes for the first half day being 51156
(SE) ml/hour (Table 2). Within 48 hours,

. Vc_’l 89, July, 1964
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the mean BUN fell from 71.2+4.8 (SE)
mg% to 24.5+3.0 (SE) mg%. Creatinine
clearance rose to 97.9+7.7 (SE) ml/min.
The mean interval between revascularization
and the beginning of urinary excretion was
33.7%x7.6 (SE) minutes.

Ischemia times of 31 to 43 minutes were
inflicted upon 17 homografts with a mean of
38.1+0.8 (SE) minutes. In these cases,
early function was also obtained, the hourly
urine volume for the first 12 hours being
393+47 (SE) ml/hour. The average in-

Starel et al

Fig 8. —Arterial anasto-
mosis. 4, the hypogastric
artery has been ligated
distally and is cut. Note
bevel of incision line
which makes a smoother
curve of the reconstructed
vessels. B, fixation sutures
connecting the two ves-
sels; C, dilatation of the
smaller of the two vessels,
the renal in this instance;
D, completion of the ante-
rior row and beginning
rotation of the anastomot-
ic line; E, continuous
suture of the posterior
suture line,

terval between the times of revascularization
and urine excretion was 30.7%=83 (SE)
minutes. BUN’s fell from 97.9+11.9 (SE)
mg% to 38.4+6.7 (SE) mg%. The mean
creatinine clearance was 53.4=+5.6 (SE)
ml/min.

Three additional homografts required 61,
71, and 84 minutes of ischemia for transfer.
Times from revascularization to notation of
the first urine flow were 30 minutes, 600
minutes, and never, respectively. The hourly -
urine volumes for the first 12 hou

“at




Fig 9.—Various positions assumed by the homo-
grafted kidney. The placement selected is the one
which appears at the time of operation to be the
most comfortably accommodated.

202, 63.4, and O ml. After 48 hours, BUN’s
in these three cases went from 63.5 to 60
mg%, 84 to 87 mg%, and 100 to 118 mg%,
respectively. Creatinine clearances were 22,
15.6, and 0 ml/min.

Analysis was conducted of the significance
of differences observed in those homografts
receiving less than 30 minutes of ischemia
and those with 31-43 minutes of ischemia.
On the average, it will be noted (Table 2)
that the performance of the kidneys with
lesser degrees of ischemia was superior in all
parameters except for the time of onset of
urine flow which was equal in both groups.
Statistically, the most easily demonstrable
effect of ischemia was observed in measure-
ments of creatinine clearance in which the
differences in the two groups was highly sig-
nificant (P<0.001). Even within the group
ischematized less than 30 minutes, rank order
analysis demonstrated a positive correlation
between ischemia time and early postopera-
tive creatinine clearance (p=0.494), the con-
fidence level being 5%.

Noninfectious Complicatioﬁ—;Vascular-
Anastomoses: There were 97 blood .vessel
anastomoses, five homografts requiring re--
construction of a double arterial renal blood
supply. No known anastomotic failures oc- "
curred. Although closure of “an . arterial ..
anastomosis would certainly become clinically
evident, there is no assurance that a venous
occlusion would be detectable without ex-
amining the specimen, as illustrated by the
following case: '

Five weeks after homotransplantation, a patient
(Denver Veterans Administration Hospital, A-
15442) had a massive pulmonary embolus which
was treated by cardiopulmonary bypass and pul-
monary embolectomy.® Two days later, a Spencer
vena caval plication® was performed. The patient
recovered from these operations and had good renal
function until his death from sepsis almost three
months later. At autopsy it was found that the entire
iliocaval system was completely thrombosed, includ-
ing that segment into which the renal vein was
anastomosed. Furthermore, the renal vein itself was
occluded out to its smaller branches. There were
extensive collateral veins in the surrounding tissue
which had provided adequate drainage.

Ureteral Anastomoses: Ureteral implanta-
tion was also singularly free of technical
complications (Table 3). In one case, a
ureteral fistula at the ureteroneocystostomy
site developed six days after operation. Re-
implantation was carried out immediately
with an apparently satisfactory early result.
Nevertheless, the patient ultimately died of
a perinephric abscess surrounding the homo-
graft.!

In a second case, a small area of necrosis
developed on the anterior surface of the
pelvis of a renal homograft which had func-
tioned satisfactorily for almost three weeks
after operation. The patient had entered a
rejection crisis a few days previously. At
reoperation the interior of the ureteropelvic
junction had patchy necrosis and the extra-
renal collecting system was filled with debris
and tissue which appeared to have blocked
the distal ureter. It was not possible to be
certain if this complication represented
thrombosis of the blood supply to the ureter
and pelvis, if it was secondary to a technical
error resulting from obstruction of the

* - ureter, or if it was the consequence of the

19645
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tissue injury incurred during the rejection
crisis. The homograft was removed.
Genitourinary Hemorrhage : Serious hem-
orrhage was encountered from the lower
urinary tract in four of the 42 cases (Table
3). In each case, the hemorrhage began a
few hours after operation after an early
period of relatively clear urinary excretion.
Once initiated, the tempo of the hemorrhage
increased progressively until transfusions
were required in two cases. In each instance,
the urethral catheter was removed, and the
hemorrhage ceased within minutes. In sub-

Starzl et al

Fig 10.—Ureteroneo-
cystostomy. A, bladder
cystotomy performed. B,
beginning of creation of
the submucosal tunnel by
performance of two muco-
sal incisions. Note prox-
imity of lower incision to
trigone. C, completion of
tunnel with blunt hemostat
dissection; D, the ureter
is pulled through the
bladder wall at an angle
so that an additional
tunnel effect is created. E,
extraction of the intra-
vesicle ureter through
the preformed submucosal
tunnel.

sequent cases, it was noted at the time of
operation that the area of the trigone had
sometimes developed a beefy red area of
hemorrhagic cystitis near contact with the
Foley catheter. This finding, combined with
the observation that removal of the catheter
resulted in cessation of bleeding, has made it -

appear likely that such a focus of hemor- | .-

rhagic cystitis was respon51ble for thls dlS-
quieting complication.

Ileus: In 36 of the 42 cases, it was possxble
to remove the gastrlc tube -and- resun)




Fig 11.—Ureterc
cystostomy (contir"

F, the upper riicosal . .

sion has been closed and
the ureteral length decided
upon. Note that the vascu-
lar bundle of the ureter
has been ligated. G, the
ureter has been hemi-
transected and a fish
mouth is being created.
Note that the latter cut is
made at the most recessed
and inaccessible portion of
the ureter. H, a 5-0 or 6-0
catgut suture is placed
from the bladder mucosa
to the ureteral adventitia
and to the apex of the
fish-mouth incision. I,
placement of similar cor-
ner sutures catching the
tips of the fish-mouth
flaps; J, the three anchor-
ing sutures have been tied
and a flap of ureteral
mucosa is fashioned for
the ultimate formation of
a hood. K, continuation of
flap incision; L, the ec-
centric flap is completed
and sutured in place. M-P,
bladder closure; note that
the inner two layers are
of continuous catgut, in-
suring a water-tight clo-
sure. The external layer
is of interrupted black
silk.

Incision in bladder closed

In the other six, gastric suction was re-
quired for two to eight days (Table 3).
During this time, therapy with azathioprine
was provided with an intravenous solution,!?
and steroid therapy was given, if required,
with intramuscular prednisolone. Two pa-
tients had operation for intestinal obstruc-
tion, 29 and 32 days after transplantation,
both requiring adhesiolysis.
Thromboembolic Complications: Nine pa-
tients had clinical evidence of thrombo-
phlebitis during convalescence, and in five of

these, the presence of one or more pulmonary
emboli was proved either at the time of pul-
monary embolectomy or at autopsy. Pul-
monary embolization was not the direct cause
of death in any of these five patients, and it
was recognized clinically in only two in-
stances. In two of the nine patients, heparin
therapy was begun but had to be discontinued
because of serious hematuria.
Gastrointestinal Hemorrhage: (The im-
munosuppressive regimen employed involves
the almost invariable use of large doses of
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RENAL HOMOTRANSPLANTATION

TaBLE 2.—Effect of Duration of Ischemia on
Function in 44 Homografis

TABLE 3.—Noninfectious Complications in
First 42 Cases

Less Than 30 Min

No Mean SD SE

1. Time urine onset (min) 24 3.7 36.9 7.6
2. Diuresis/hr for first 12hr, ml 24 511 2750 56
3. Preop BUN, mg % 24 71.2 23.7 48
4. Lowest 3LUN within 2 days, 22 24.5 14.3 3.0
mg %
5. Highest Ccr, ml/min with- 22 97.9 36.2 7.7
2 days
31 to 43 Min
1. Time urino ounset, min 17 30.7 U2 8.3
2. Diuresis/hr for first 12 hr, m} 17 393 183 47
3. Preop BUN, mg% 17 979 494 119
4. Lowest BUN within 2 days, 17 38.4 27.7 6.7
mg %
5. Highest Ccr, ml/min with- 15 - 53.4 21.6 5.6
in 2 days

Sixty-one, 71, and 84 minutes (3 cases) (see text).
Cer indicates creatinine clearance.

prednisone at some time during the post-
operative period in order to reverse a rejec-
tion crisis. During maximum steroid therapy,
80% of the patients developed guaiac posi-
tive stools. In seven cases (Table 3), the
hemorrhage was of sufficient magnitude to
require transfusions. The most massive
bleeding occurred in a 46-year-old man who
required eight units of blood in one 12-hour
period. The hemorrhage ceased abruptly just
as he was being transferred to the operating
room. Unfortunately, he sustained a coronary
occlusion during this time, with eventual re-
covery. Another patient died six months and
23 days post-transplantation, ten days after
suture ligation of a bleeding duodenal ulcer,
combined with pyloroplasty and vagotomy.
At autopsy, multiple fungal brain abscesses
were also found.

Pancreatic Complications: All patients
treated with prednisone developed some
evidence of steroid-induced diabetes mellitus.
The tendency to hyperglycemia or glycosuria
was progressive, usually requiring several
weeks to develop. In the most severe ex-
amples polydipsia, polyuria, weight loss,
acidosis, and ketosis were present. In the
majority of cases, therapy with insulin was
not necessary, and the alterations in carbo-

Urinary fistula
Testicular necrosis
Bladder hemorrhage
Renal hemorrhage (on heparin Rx)
Paralytic ileus
Intestinal obstruction
Operntive cardiac arrest
Thrombophlebitis
with pulmonary emboli
without pulmonary emboli
Diabetes mellitus
Pancreatitis
Hepatitis
Gastrointestinal hemorrhage
Coronary occlusion
Aseptic bone necrosis
Neurologic complications
Neuropathy and/or myopathy
Coma
Convulsions
Stroke
Brain abscess
Psychosis
Arthralgia

(5 proved)

b‘ﬂﬂ&uawaat‘h’ﬁn‘i—ﬁ

—
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* The complication was present before operation in all 18 pa-
tients.

hydrate metabolism were quickly reversed as
the steroid doses were subsequently reduced.
In 13 instances, however, the diabetes was
severe and required the institution of a
program of active management (Table 3).
As much as 120 units daily of isophane in-
sulin suspension was administered, although
the usual maintenance doses were 30 to 50
units per day. In all but two cases, the need
for insulin was eliminated when the quantity
of prednisone was dropped to less than 30
mg per day. In these two exceptional pa-
tients, who were possibly latent diabetics to
begin with, there has been a continued need
for insulin despite reduction of prednisone
to 5 and 15 mg per day respectively.

Five patients developed biochemical evi-
dence of pancreatitis (Table 3), and in three
of these the diagnosis was confirmed at
autopsy. In one case? this complication,

which can be induced with steroids in man 18

or experimental animals,'® was the only.post-
mortem explanation for death (F1g 12). .

Neurologic Complications: The most fre-
quent of all complications _vxflgqlved itp

central or peripheral nervous systema"'(’l'able
3), the neurologm odisability - fr requentl
B
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, "Myar-old ‘woman who
! died of acute and chronic
! pancreatitis 83 days after
| _homotransplantation
i Prednisone schedule was
| unusually protracted be-
! cause of two rejection
episodes. The pancreatitis

was thought to have been
steroid induced.

originating in the preoperative period. Ad-
vanced neuropathy or myopathy, which were
much more common in older patients, proved
to be bad prognostic omens. If such changes
were severe enough to prevent effective
ambulation during the postoperative period,
prolonged survival was not attained in a
single case. Such bedridden patients fre-
quently developed decubiti, could not eat well,
and were unusually susceptible to drug
toxicity.

The relative irreversibility of uremic
neuropathy is of interest. Two patients with
relatively advanced foot drop have now been
followed for 7 and 13 months with almost no
improvement. The correction of the original
metabolic abnormalities cannot, therefore, re-
- store the neurologically crippled patient to a
state of health in the case of advanced
neuropathy.

Acute neuropsychiatric disorders such as
convulsions, behavioral disorders, or coma
occurred both in the pre- and postoperative
periods (Table 3), and these did not have a
grave prognostic significance except when
the underlying cause was brain abscess (three
cases) or a massive stroke (one case). In
two patients with postoperative convulsions,
the seizures occurred during the acute post-
transplant diuresis, and were probably due to
rapid shlfts in body water composmon.

days later. Another developed testicular ne-
crosis postoperatively, necessitating orchiec-
tomy. There were two cases of nonfatal
hepatitis. Five patients developed postopera-
tive arthralgia which seemed to be related to
the use of antihypertensive drugs. One pa-
tient had aseptic necrosis of the first lumbar
vertebra, necessitating operation for spinal
fusion.

Infectious Wound Complications. Failure
of primary healing of a wound or subsequent
dehiscence, following initial skin healing, oc-
curred at 14 sites in ten patients (Table 4).
Staphylococcus aureus, coagulase positive,
was involved in nine instances and was ac-
companied by other pathogens in only one.

TaBLE 4.—Clinical Wound Infections in 42 Patients

Controlled Uncontrolled

Transplant wound
Superficial 1 ] 0
Deep 1 0 1
Thymectomy wound
Superficial 1 1 0
Deep 1 0 1
Splenectomy-Nephrectomy .
Superficial 3 3 []
Deep o 0 [}
Other wounds (deep)
Cardiac arrest, thorawb 1 0 1
omy wound
Previous flank nephrec- 1 0 1
tomy
Intestinal obstruction -1 0 <L 1
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In “thr wounds in which only S albus,
coagulase negative, was isolated, the delayed
wound closure was primarily the result of
hematoma. formation. Further, this same
situation undoubtedly obtained in the two
other wounds in which cultures, taken prior
to antibiotic therapy, remained sterile.

The significance of the extent of wound in-
volvement is apparent from the fact that the
four patients who had five deep wound ab-
scesses eventually died from failure to con-
trol these infections. In contrast, all
superficial infections responded promptly to
local drainage and systemic antibiotic ther-
apy. More inclusive epidemiologic studies,
details of infections other than those found
in surgical wounds, and a description of anti-
biotic management and infectious disease
care have recently been published by Rif-
kind.2%-2

Comment

Certain complications which have been ob-
served are not unique to renal homotrans-
plantation, but they appear to occur with a
much higher frequency in this than in other
major surgical procedures. The operation it-
self and the therapy necessary to achieve
chronic function of the homograft impose
an increased danger in several pathophysio-
logic areas.

The cyclic course which follows renal
homotransplantation has been fully described
elsewhere.#172 Briefly, a technically success-
ful operation is followed by a temporary
period of good renal function and restoration
of well-being. At a varying interval post-
operatively, ranging from 1 to 40 days, it has
almost invariably been necessary to pass
through a rejection crisis, at which time the
homograft is threatened with repudiation.
The acute illness which occurs at this time,
with fever and with evidence of acute func-
tional deterioration of the homograft, can
usually be reversed with the addition of mas-
sive doses of steroids and actinomycin C to
the regimen of azathioprine already in use.
Many of the complications which have had
their inception at this critical time are
probably related to the presence in the retro-

Starsl et al

perxtoneal space of forelgn tissu
under immunologic assault;"
pharmacologic agents which must-
high doses at this time. ;... ;

F:. ~xample, the high incidence of gastro- -
inte: - .al blezding was closely related tem- -
porally to the rejection crisis. At least two’
ulcerogenic mechanisms are present at this
time. One results from the administration of
large doses of prednisone, a drug which is
necessary for control and reversal of the re-
jection process, but which is also a well-
known cause of acute gastrointestinal
ulceration. In addition, the secondary uremia
which occurs temporarily during this phase
of recovery may be an important contribu-
tory factor. Fortunately, the gastrointestinal
bleeding was controllable in all but one case
with conservative measures. In the patient
requiring gastric surgery, bleeding was first
noted early in the postoperative period, al-
though operation was not ultimately required
until six months after transplantation.

In addition to gastrointestinal hemorrhage,
other complications are attributable either di-
rectly or indirectly to the temporary high
dose prednisone therapy. These include the
development of moon facies and abnormal
fat distribution, steroid-induced diabetes
mellitus, osteoporosis or aseptic bone necro-
sis,? and pancreatitis.’®® One patient (Fig
12), who died of pancreatitis 83 days after
operation, had passed through two rejection
episodes and had good renal function until
the day of death.

The high incidence of thrombotic com-
plications is also of interest. Virtually all
the recipients were in the terminal phase of
uremia at the time of first consideration of
homotransplantation. Their degree of muscle
wasting, debility, and inactivity was usually
extreme. During the early postoperative
period, accentuation of weight loss was fre-
quently seen, some patients losing as much as
50 or 60 1b (22.7 or 27.2 kg). Such patients
would be expected to have a heightened in-
cidence of thrombophlebitis, after any sur-
gical operation.

With renal transplantatlon, spcctﬁc dan-
gers are added. There is the necessi
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direct manipulation and anastomosis of the
external iliac vein. Postoperatively, there are
major changes in body fluid composition
during the diuretic phase, with a sudden rela-
tive dehydration. Finally, the use of the ad-
juvant procedure, splenectomy, is known to
cause thrombocytosis and may accentuate a
clotting tendency.

In the care of patients with renal trans-
plantation, the control of infectious disease
constitutes a special problem which has been
analyzed in detail in other publications.202!
Lethal infections were involved in more than
80% of the failures encountered in the first
45 cases, septicemia and pneumonia-account-
ing for most of the septic complications.*. It
is encouraging to note, howeyer, that an un-
controllable infection in either the splenec-
tomy-nephrectomy or transplant wounds
occurred on only one occasion in the pres-
ently reported series, and that superficial in-
fections could be effectively treated.

Nevertheless, the risk of wouna sepsis is
predictably increased by the relative im-
munoparalysis necessary to prevent homo-
graft rejection. If healing is to be ex; ected,
it is mandatory that all wounds be clean and
biologically sealed by the time of the rejec-
tion crisis. It is toward this end that many
of the technical features of the operation are
directed. In order to prevent retrograde
bacterial contamination, no drains or cystos-
tomies are employed, and even the use of
indwelling urethral catheters is limited to
the first' few postoperative hours. Vigorous
antibiotic therapy is instituted before or
after operation on the basis of specific cul-
ture data in order to eradicate foci of patho-
genic bacteria before it becomes necessary to
embark on the excessive pharmacologic regi-
men required for reversal of rejection. The
use of a one-stage procedure makes it un-
necessary to impose further operative trauma
upon the patient during this phase of re-
covery.

In an undertaking as inherently hazardous
as renal homotransplantation, the need to ob-
tain good immediate homograft function is
obvious. In the present study, an effort was
made to define the spectrum of renal ischemia

ently met. Even when the’
cularization ‘was reasonably$
appeared to be a correlati
quality of function and the time required for
transfer of the homograft. “These - findings
emphasize the need to develop facility in
performance of vascular anastomoses before
attempting clinical homotransplantation pro-
cedures. The data support the view that
predictably good function can be obtained
if the period of ischemia can be kept to less
than 40 minutes, but they also suggest that
even within this interval early excretory ca-
pacity is roughly related to the time ex-
pended in revascularization.

Before accepting 40 minutes as a permis-
sible time of renal ischemia, it must be em-
phasized again that some form of homograft
hypothermia was invariably applied in the
series from which this figure was derived.
It is probable that inconsistent results would
follow even shorter ischemic periods under
normothermic conditions.

In the final analysis of the reasons for
success or failure of renal homotransplanta-
tion, there is often an urge to ascribe failure
to poor control of rejection. It is important
to suggest that there may be a significant
interrelationship between the ease with which
this process can be managed and the degree
of anoxic injury inflicted upon the trans-
planted kidney. The clarity with which com-
plications can be tabulated as technical or
nontechnical may not be as great as with
other kinds of surgery. Without question,
many homotransplantation procedures have
failed as the result of rejection in which a
complex chain of events was initiated and
rendered unmanageable by the use of less
than optimal homografts. Acceptance of
these failures as essentially nontechnical may
not be justified.

Summary

Purely technical considerations play a
significant role in successful renal homo-
transplantation. Minimization of homograft
ischemia is critical. If blood supply to the
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cooled homograft can be restored within 40
minutes, prompt urinary excretion can be
expected to follow. Longer periods of de-
vascularization result in inconsistent early
function. Even with ischemic intervals of
less than 40 minutes, there is an inverse cor-
relation between the times necessary for vas-
cular reconstruction and the quality of early
renal function.

Additional important technical factors in-
volve the site of placement of the homograft,
provision for unkinked vascular channels,
selection of a method of ureteroneocystos-
tomy which permits early removal of the
urethral catheter, avoidance of all drains,
and use of a one-stage operation incorporat-
ing bilateral nephrectomy and splenectomy
in addition to the homotransplantation. The
methods by which these objectives are met
are described in detail.

Certain postoperative complications which
have been observed are not unique to renal
homotransplantation, but they appear to oc-
cur with a much higher frequency in this
than in other major surgical procedures.
These include infections, gastrointestinal
hemorrhage, diabetes mellitus, pancreatitis,
thromboembolism, and neurologic disorders.
The high incidence of such complications
appears to be due to the high dose immuno-
suppressive therapy necessary to maintain
viability of the homograft during the rejec-
tion crisis, to the terminal uremia from
which all patients are suffering at the time
of operation, and to specific elements of the
total operative care such as splenectomy and
instrumentation of the pelvic veins.

Thomas E. Starzl, MD, Department of Surgery,
University of Colorado Medical Center, Denver,
Colo 80220.

Generic and Trade Names of Drugs
Neomycin—Mycifradin, Myciguent, Neomycin. '
Pacitracin—Baciguent, Bacitracin.

Heparin sodium—Heparin sodium, Liquaemin so-
dium,

Azathioprine—Imuran.

Prednisolone—Delta Cortef, Hydeltra, Meticorte-
lone, Meti-Derm, Paracortol, Sterane, Sterolone.

Prednisone—Deltasone, Deltra, Meticorten, Para-
cort.

Starsl et al

Isophane insulin suspens
Insulin.

May 15, 1964. ——Twenty-three
patlents who were alive in_ Februa

All are residing at home. The smgle addi-
tional death occurred 295 days after homo- -
transplantation as a consequence of late re-
jection. ‘

REFERENCES

1. Marchioro, T. L., et al: Use of Extracorporeal
Perfusion for Obtaining Postmortem Homografts
Surgery 54:900, 1963.

2. Starzl, T. E,, et al: Renal Transplantation in
Identical Twins, Arch Surg 86:600, 1963.

3. Marchioro, T. L., et al: Use of Living Donors
for Renal Homotransplantation, Arch Surg 8:711-
720, 1964.

4, Starzl, T. E. et al: Factors in Successful
Renal Transplantation, Surgery, to be published.

5. Starzl, T. E., et al: Splenectomy and Thymec-
tomy in Human Renal Homotransplantation, Proc
Soc Exp Biol Med 113:929, 1963.

6. Starzl, T. E., et al: Technique for Use of
Adult Renal Homografts in Children, Surg Gynec
Obstet, to be published.

7. Kiiss, R.; Teinturier, J.; and Milliez, P.: Some
Notes on Renal Homotransplantation in Man, Mem
Acad Chir (Paris) 77:755, 1951.

8. Murray, J. E,, and Harrison, J. H.: Manage-
ment of 50 Patients With Kidney Transplants In-
cluding 18 Pairs of Twins, Amer J Surg 105:205,
1963.

9. Hume, D. H., et al: Renal Homotransplanta-
tion in Man in Modified Recipients, Ann Surg 158:
608, 1963.

10. Starzl, T. E.: Transplantation of the Kidney,
Philadelphia: W. B. Saunders Co, 1964.

11. Brown, L.: Vascular Clamp Utilizing Sponge
Rubber, Arch Surg 83:645, 1961.

12. Paquin, A. J.: Ureterovesical Anastomosis:
Description and Evaluation of Technique, J Urol
82:573, 1959.

13. Starzl, T. E, et al: Renal Homografts in
Patients With Major Donor-Recipient Blood Group
Incompatibilities, Surgery 55:195, 1964.

14. Starzl, T. E, et al: Incidence, Cause and
Significance of Immediate and Delayed Oliguria or
Anuria After Human Renal Transplantation, Surg
Gynec Obstet 118:819, 1964.

15. Marchioro, T. L., et al: Pulmonary Embolec-
tomy in Patient With Recent Renal Homotrans-
plantation, Surgery 55:505, 1964.

16. Spencer, F. C., et al: Plication of Inferior
Vena Cava for Pulmonary Embolism: Report of
20 Cases, Ann Surg 155:825, 1962.




“17-8tarzl, T. E. et al: Problems in Renal

Honiotransplantation, JAMA 187:734, 1964.

18. Carone, F. A, and Liebow, A. A.: Acute
Pancreatic Lesions in Patients Treated With
ACTH an: Adrenal Corticoids, New Eng J Med
257:690, 17/, .

" 19. Bencosme, S. A., and Lazarus, S. S.: Pancreas
of Cortisone-Treated Rabbits, AMA Arch Path 62:
285, 1956.

20. Rifkind, D., et al: Infectious Diseases As-
sociated With Renal Homotransplantation: I
Incidence, Types and Predisposing Factors, JAMA,
to be published.

21. Rifkind, D., et al: Infectious Diseases As-
sociated With Renal Homotransplantation: IIL
Differential Diagnosis and Management, JAMA, to
be published.

22. Starzl, T. E.; Marchioro, T.L.; and Waddell,
W. R.: Reversal oi Rejection in Huma.n Renal
Homografts With Subsequent .Development of
Homograft Tolerance, Surg Gynec Obstet 117 :659,
1963.

23. Boksenbaum, M., and Mendelson, C. G.:
Aseptic Necrosis of Femoral Head Associated With
Steroid Therapy, JAMA 184:262, 1963.

DISCUSSION

Craupe R. Hrrcrcock, MD, Minneapolis: Dur-
ing recent months my colleagues and I have
increasingly appreciated the outstanding and monu-
mental contributions of Dr. Starzl and his group
to the overall field of homografting. I believe they
have moved the whole program along to a new
level of accomplishment within the short span of
18 months. '

It is well known that the terminal uremic patient
is a very poor operative risk and that hemorrhagic
diatheses, for example, are frequently frightening.
Dr. Starzl and his colleagues have blazed a trail of
technical surgical excellence that is an inspiration to
all surgeons. This has been exemplified for us
strongly of late as our two teams have joined forces
to collaborate in a joint study for heterografting
baboon kidneys into humans.

An initial group of six patients has been operated
on. Each patient has had a strong compelling reason
why a heterograft should be tried; commonly a
suitable donor was not available. The technical
aspects of these operations are of great importance.
While it is difficult to homograft kidneys success-
fully in the human, I assure you it is even more
difficult to heterograft with the smaller size organs
from subhuman primates. The ureters of the sub-
human primate are particularly difficult to implant
into the recipient’s bladder. Our groups have learned
several important things and we would like to pass
- them on to you at this time.

T Whlle blood grouping, as has been shown in Dr
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important in heterograftmg .The baboon has weak ..
red cell antigens, however, and this animal's kidneys

may ultimately be ‘more readnly accepted than those . - )

from some other~subhuman primates with more
potent antigens as. demonstrated by prucnt tech-
niques. i B pee

However, thh farmhanty with the subhuman
primate which you are going to use (in this case,
the baboon), and with careful control of the animal’s
health, and with proper anesthesia and management
during surgery, and with perfection in all technical
details of the organ harvesting and of the recipient
surgery, we now can say that the immediate rejection
of these heterografted tissues from the baboon can
be controlled.

It is a singular fact that, even in those three of
our six cases where a deliberate mismatch of the
blood groups was performed, immediate success was
achieved. The organs took and functioned although
we have lost several of these patients up to this time.

We now believe the crucial problem revolves
around prolonged control of the rejection reaction,
with particular reference to the exceptionally heavy
therapeutic artillery that is necessary to provide the
immunosuppressive effect.

The drugs azathioprine and prednisone, and later
regional x-ray to the kidney itself, seem to work
well, but the dosages must be high and the patient
does pay the price of greatly suppressed immune
response on a broad scale. Slow and insidious rejec-
tion is still a real and perplexing problem.

At this time, our two groups wish to advise
prudence and caution regarding heterografts into
humans. Following the pattern for homografting,
as popularized by the Denver group, homografts can
become increasingly successful especially when
ischemia time is reduced by using good-quality living
donors.

We believe we have a moral obligation to our
patients to advise homografting whenever possible;
this is as we see the problem today. At this point
in time, we wish to emphasize that for homografting
the road is treacherous, but success is improving;
for heterografting the pitfalls are many but the
potential is great, and the future of heterografting
beckons with hope and rich rewards for many pa-
tients needing organ replacement of several kinds.

TaOoMAS E. StaRzL, MD, Denver: I would like
to thank Dr. Hitchcock for his discussion and state
our feeling even more strongly. We are not planning
to do any more heterografts.

Despite this, the heterografts, in view of what
might have been expected from an historical point
of view, have done extraordinarily well. There

-may be some indirect social consequences in which

we humans may have to reevaluate our own exalted
view of our phylogenetic status.




