600 Reprinted fram the Arehives of Surgery
April 1063 1ol 86, pp. 6004
Copyright 1963, by dmerican Medical lssociafion

Renal Transplantation

in Identical 'Twins

Since 1954, renal transplantation from one
identical twin to another has been veported in
25 cases 0 IREAREE G f which 1R have been
done by Murray and his associates ' 1n Bos-
ton, Inasmuch as such twins develop {rom
the same fertilized ovum, their tissues are
genetically identical and consequently mutu-
ally acceptable for homografting. ' "Fhe
problems encountered with tissue trans-
plantation under these circumstances are
essentially technical and concern details of
procurement, transfer, and revascularization
of the kidney.
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The present report is of a renal transplan-
tation periormed in March, 1962, The kidney
was donated by a healthy 27-vear-old man to
his identical twin brother who suflered from
terminal glomerulonephritis, In earing for
these patients, some variations were evolved
from the operative miethods previously stand-
ardized by Murray, Merrill, and Harrn-
son, ™18 1nvolving not only the removal but
the preservation and reimplantation of the
kidney. In addition, a syndrome of postop-
erative microscopic hematuria occurred in the
recipient patient which, although seen in pre-
vious cases,*® has not been described in the
literature,

Report of a Case

A 27-year-old white male was referred to
the Denver Veterans Administration 1ospi-
tal on I%eb, 6, 1962 in hypertensive erisis, In
1955 the patient had been medically evaluated
because of bilateral costovertebral angle pain.
There was no antecedent ilness. A diagnonis
of acute and chronic glomerulonephritis was
made on the basis of albuminuria, hematuria,
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and mild hypertension, The symptoms. re-
gressed promptly, and he had no further con-
plaints until 1939 Tlowever, a routine
urinalysis performed in 1938 had revea'ed
proteinuria, hematuria, and hyaline, and
granulay casts,

In 1939 the patient first noticed intermit-
tent ankle edema and casy fatigability. In
September of 1960, he was fivst seen by Dr,
Uhillip Clarke of Denver, Colorado,  11is
bload pressure was 160/104 mm. Iz, Urine
findings were unchanged, Dlood urea nitro-
gen was 20 mg.%e, creatinine 2.0 mg.%, total
protein 8.5 gnm.% with 2.9 gm. of albumin.
He was placed on a low salt, low protein chet
and treated with chlorothiazide (Diuril) and
potassivm chloride, On this regimen he be-
came relatively asymptomatic, but by Novem-
ber of 1901, the plasma creatinine had risen
o 4.5 mg.%o, the blood urea nitrogen te 64
mg.%; and the blood pressure to 210/140
nmm. Hg. In January of 1962, the patient le-
veloped headaches, blurring of vision, in-
creased irritability, and intermittent diarrhea.

On physical examination, his blood pres-
sure was found to be 220/145 mw, 1Tg, pulse
&0, respiratioms 26 per minute, temperature
375 C. lie was well oriented, The conjunc-
tivas were pale. On funduscopic examination
there was bilateral arterial spasm, a few flame
hemorrhages, and early papilledema. There
was slight pretibial edema.
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Fig. 1.—Dlond pressure and daily urinary volinne
for the 2 months preceding and the 2 months follow-
ing renal fransplantation.
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Laboratory studies revealed a hematocrit
of 36%, humoglobin 124 gm. %, white blood
count 12,400, with 92 neutrophils. Seclimenta-
tion rate was 38, DBlood urea nitrogen was
39 mg.%, and creatinine 4.6 mg.%. Total
protein was 5.25 gm.% with 2.75 gm, al-
bumin,  Serum clectrolytes were: COy, 17
mliq, per liter, chlorides 115 mEq, per liter,
sodium 144 mli( per liter, potassium 5.0
ml&q. per liter, calcium 9.5 mg.%, and phos-
photus 5.2 mg.%. Urine cultures were nega-
tive. Urinary protein for 24 hours was 4.3
gm. Creatinine clearance was 21.6 and 24.5
cc. per minute, ASO titre was less than 1235
Todd units. Urinary sodium was 39 mliq.
per liter and potassium 22 mliq, per liter,

The patient was treated with phenobarbital,
hydrolazine  (Apresoline), chlorothiazide,
and reserpine, with a prompt drop in blood
pressure (1Iig. 1). The eyeground changes
showed slow but definite resolution over the
next few days. Urinary output remained
relatively constant at about 2,200 cc. daily
(IFig. 1)  Despite control of the patient’s
blood pressure, clinical deterioration  was
rapid, By March 23 the BUN had risen to
104 mg.%6, and the creatinine to 5.3 mg.%
(IFig. 2). During this period, his hematocrit
had falled to 299, Transplantation was car-
ried out on March 27, 1962,
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transplantation.
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Studies on the Donor Patient—ITaving
learned of the presence of a twin brother, Dr.
Phillip Clacke had mitiated studies as carly
as Scptember, 1961, to establish twin identity.
Upon superlicial exanunation, the donor pa
tient did not appear to be an identical twin,
largely because of an orthopedic deformity
which had resulted in rather severe thoraco-
lumbar scoliosis and a reduction in his height,
A pathologic record of the placenta from
their delivery was unobtainable, Plood-group
matchings were obtained (Table) and were

Mutual

transfer of spht thickness skin grafts was

identical for the groups studied,
carrted out between the patients” thighs on
Nov. U1, 1961, Neither graft was rejecled,
andd biopsy of both grafts on I'eb. 19, 1962
revealed no evidence of rejection.
Awintravenous pyelogram in the donor pa
tient was normal. BUN was 15 mg.%, and
was 1.1 A retrograde
aartogram revealed good visualizavon of 1

creatinine mg.%%.
single renal artery to each kidney,
Operation o Donor Patient —The opera
tion was performed through a left flank in-
[2th rib on March 27,
1962, under general body hypothermia of

ciston beneath the

32 C, The scoliosis which projected the left
kidney into the wound insured good expo-
sure. Afteropening Gerota's fascia, the renal
capsule was freed, taking care to lieate ail
vessels, The ureler was mobilized inferiorly
over the pelvic brim, preserving the sur-
rounding areolar tissue. A triangular scction
of arcolar and faltv tissiie between the ure
teral pelvic junction and the renai vessels
wias left with the specimen to insure proper
vascularization of the upper ureter and pelvis
(Tig. 3).
were then cleaned off back to their respective
junctions with the aorta and the inferior vena
cava, The ureter was then transected in the

The renal artery aned renal ven

pelvis, Teaving the Kidney attached only by its
before the
nephrectomy was completed, the patient was

vascular pediele, Ten minules

given 2 mg. per kilogram heparin systeun
cally. Upon subsequent command from the
recipient room, the renal artery and vein were
clamped at their proxunal end, and the ves
sels were transected. The kidney was re
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g, J—Diagram of donor Kidney showing pre-
vention of pelvic and upper ureteral blood supply
moved to the recipient operating raom, and
the stumps of the vessels in the donor pa-
tient were closed with continunus No. 00000
arterial silk. ITmmediately after the nephrec-
tomy had been completed, the donor patient
was given a neutralizing dose of hexadi-
methrine bromide ('olybrene). The wound
was closed i layers without drainage, and
rewarming carried ouf

Operation on Recipient Patient—In the
adjacent aperating room, the graft site was
prepared i the right iliae fossa of the re-
ciptent patient, emploving a transverse lower
abdominal incision which was extended into
the right fank., A retroperitoneal plane of
dissection was used. The commiom, external,
and internal iliac artery, and vein were mobi-
lized. At this time it was determined that the
internal iliac (hypogastric) arfery was par--
tially occluded by extensive atheromata, and
it was decided at this time to implant the
renal artery into the side of the common iliac
artery. The precise Tocation of the proposed
arterial and venous anastomoses was selected,
and instructions were then passed to the
donor operating room to remove and bring
in the kidney,

The douar paticnt’'s left kidney was then
placed in the right iliac fossa so that its
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g, 4~ Donor kidney in recipient site. Note the

reversed remtionship of the pedicle structures in
the graft bed. nd-to-side anastomoses were per-
formed with both artery and vein,

former posterior surface was directed an-
tertorly, thus reversing the relationships of
the renal pedicle (Ifig. 4). An cna-to-side
renal vein to cornmon iliac vein anastormosis
was performed using continuous No, 000000
arterial silk (1%, 4). The end of the renal
artery was aext anastomosed to the silde of
the common iliac artery with a similar tech-
nique. The occluding vascular clamps were
then released, aud prompt revascularization
of the kiduey was noted, The total ischemie
period of the renal oraft was 30 minutes.
Two hundred forty mg. per kilogram of
mannitol was administered intravenously at
this time, and eight minutes later copious
urine flow was noted, Ureterocystostomy was
performed using the technique of Stevens

20

and Marshall *' as modified by Pacuin* in
which a submucosal tunnel is combined with
ureteral tip eversion (Itg, 5). The uretevo-
cystostomy was placed as far posteriorly as
possible 10 order to minimize movement of
[he

raft was fixed in the right iliac {ossa with

the anastomaosis with Dbladder Glling,
capsular sutures. The right kidney was then
removed  through the same retroperitoneal
incision without difficulty, Bladder drainage
was provided with a urethral catheter. Two
drains were left in the retroperitoneal space.
A transfusion of 500 cc. blood was given,

107 Staral el al.

G603

URETEROVESICLE
ANASTOMOSIS

Urster

1\"[u,scle = ——7 fiF Everl'mg sutura
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i, S—Methad  of  wrelerocystostomy  nsing
methad of Paqoin,” emploving combination of sub-
mucosal tomnel and ureteral nipple.

Six days later, on March 2, 1962, a left
nephrectomy was performed through an an-
terior retroperitoneal approach.

Postoperative Course—Both patients re-
covered promptly {rom their surgical proce-
dures, The donor twin was discharged from
the hospital 10 days after operation.

[For tne first 3 davs after transplantation,
the veaipient patient had a marked diuresis,
Urt-
nary clectrolytes during this period were:
sodium 80 to 100 i, per liter, potassim

averaging 0,100 cc, per day (Idg. 1).

10 to 11 mliq. per liter, chlorides 45 to 55
mliq. per hter. The vrinary concentrations
of creatinine and urea during the diuresis
were 38 mg /100 ce and 490 mg/100 cc re-
spectively, By the third postoperative day,
the urinary electrolytes were:  sodium 11
mitq. per hiter, potassium 32 mliq. per liter,
and chlorides 16 mliq. per liter, at which
time the plasma concentrations of urea and
creatinine were within normal hnuts (g,
2). Subsequently in this patient’s course the
urinary concentration of clectrolytes fluc
tuated widely, Fluid therapy during the diu-
rests was based on six hourly determinations
of urinary voluiue and composition. Inttially
fluid and clectrolyles were replaced quantita-
tively,  The
sponded to the pertod of urinary sodium

cessation of  diresis  corre-
conservalion, starting on the third day, and
flindd and eleetrolyte replacement was reduced
accordingly. Diet was resumed on the fourth
postaperabive day.

There was no signihcant change in blood
pressure following the transplantation, but
beginning approximately one week after the
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left nephrectomy, the recipient patient’s blood
pressure dropped o within normal limits
e 1Y, and has remiained at a normal level
for the ensuing six months,

The clinical course of the reciptent patient
after both operations was quite henign exeent
for a transient fever of 103 1€ immediately
after removal of Tus urethral catheter on the
12th day. Urinary culture at this time re-
vealed a light  growth  of  Pseudomonas
acruginosa. e received a five day ceurse of
streptomyein (115 gm. per day), and mul-
tiple cultures were  subsequently negative.
Ile was discharged to the medical service
four weeks after transplantation and right
nephrectomy, and three weeks after the left
nephrectomy. Tle was discharged from the
hospital on June 14, 1962, and has since re-
married. 1le holds a full-time job as an ac-
countant,

Repeated urinary  function  studies have
been done since operation. On April 5, 1962,
nine dayvs after transplantation and three
davs after removal of the remaining kidney,
the one nour phenolsulfonphthalien exeretion
was 3360, and the ereatinine clearance 84 cc.
per ninute. Multiple ereatinine clearance de-
terninations in the hospital (I9g. 2) and
after discharge showed a slow increase, so
that six months postoperatively it was 100 cc.
per minute. Renal blood flow, and tubular
and glomerular function will be the subject
of a separate report,'t but these measures
were higher than normal for a single kidney.

The only disturbing postoperative feature
was the presence of microscopic hematuria
which was first noted immediately after op-
eration and which has continued until the
present time. The red blood cell count in a
2-4 hour speciien ranged from 2 to 100 times
that normally found. The hematuria disap-
peared or was greatly reduced when the pa-
tient was confined 1o bed. The hematuria,

ARCHIVES OF SURGERY

in addition to a low serum complement level,
raised suspicion that the graft was develop-
mg  glomerulonephiritis. The  patient was
given a course of cortisone from May to
August, 1962, The hematuria was uninflu-
enced, and the cortisone therefore withdrawn.

Comment

A ceritical aspect of the preoperative eval-
uation for renal transplantation is the estab-
lishment of true identity between the donor
and recipient twins.  Although there have
heen reperts of prolonged survival of kidney
grafts in nenidentical twins, the recipient pa-
tient requires irradiation or eytotoxic drugs
to suppress the immune mechanism, and with
all present techaiques of host conditioning
the results are indiiferent.!'™!7 i the patients
described here, the difference in appearance,
secondary to an old orthopedic deformity in
the donor, made it at first difficult to believe
that they were identical twins. Tdentity was
proved by the <demonstration that 18 blood
groups were the same in both patients (Ta-
ble), and by the failure of rejection of the
cross-skin grafis.

Another problem was the selection of the
proper kidney for grafting. Scoliosis in the
donor caused the left kidney to be displaced
into an expesed and superficial position, po-
tentially subject to future trauma. For this
reason, it was thought that use of the left
kidney was mandatory. Aortography, per-
formed one month before operation, showed
that thig kidney was supplied by a single ar-
tery of ample length and diameter. 1t is
possible that aortography should be more
commonly performed in the preoperative
evaluation of the donor patients. In the first
12 cases of this ivpe, imformation is avail-
able concerning the anatomy of the arterial
supply ST0I=0%27 Tywo or more 1enal arteries
to the donor kidney were found in four of

Blood Groups of

Major Rh c
Penor 0 B —
Recipiont 0 + -

> C» D E ) P Bl ]
+ — -+ - + t- + +
+ - + - + + + +
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the 12 case< ™2 00 this informmtion were
avatlable madvance, technieal management
could be planned ot leisure, Toaddition, pro-
vision could he made Tor protection of the
graft Trom ischemin by cooling i other
means, sinee the time for reestabhshment of
the vascular supply is inevitably increased
under these cireumstances.

In planming the operation there was eon-

siderable concern about the potential adverse

effects of the ischemic period during transfer
and revascularization of the graft. Despite
the experience in previous cases of renal
grafts that devascularization can be tolerated
for as long as 90 minutes with eventual satis-
factory restoration of function, the most
rapid recovery in terms of immediate dinresis
and restoration of normal bload chenustries
has been i cases of the briefest ischemia,
The patients of Cohn ¢ and TTume and Schili-

D in whonvischemia was limited 1o 22 and

ng
45 minutes respectively, had complete clear-
ing of azotemia in three days. When the de-
vascularized period had exceeded 45 minutes,
azotemia has usually persisted for weeks or
months, Dimesis from the transplant may be
defaved ™2 In Dosseler’s well-studied ease,
in which revascularization required 58 min-
utes, there was serious depression of graft
function which began vn the third postopera-
tive day and lasted for several weeks. Tt
was felt by the authors that this was a de-
laved result of dschenmia, Of particular in-
terest i the difference in late graft function

in the patient reported by Bricker * as com- .

pared to the patient stidied by Guin and his

* I the former case, in which the

associates.
eraft was devascularized {or &) minutes,
there were abmormalities 10 sodium excrefion
one vear after surgery following extracellular
fluid volume alterations. Tn the latter easc,
i which the grafl was devascularized for 45
minuies, sodim exceretion and all other func-
tions were entively normal.

Twins

K Fy*  Ler  Jkv  Jk®  Kpr  Kpb

- 4+ o+ o+
-+ o+ o+

++
'
+
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In the present ease it was hoped (o provide
masinu seentity for the venal graflt in two
wavs, The first of these was to msure maxi-
mum speed of reconstitution of the vascular
supply. Thos was achieved ina period of 36
minutes. Additional protection wes obtained
by subjecting the donor patient to moderate
hypothermia, since it has been shown by
Owensz,"™ Bogardus,® and many subsequent
mvestigators that this adjuvant increases tol-
crance to ischemia.  Although hypothermia
has not been employed in other cases of renal
homotransplantation between identical twins,
it has been described by HHamburger and his
associates 70 in homografts between noniden-
tical twins.

In addition, the donor was given 2 mg. per
kilogram of heparin systemically a few min-
utes before the kidney was removed. This
measure, desioned to prevent clotting within
the organ, was previoasly used by Cohn and
his associates ina clinical case,” administer-
g a neutralizing dose of hexadimethrine im-
medintely alter ramoval of the kidney. In
experimental animals it has heen demon-
strated by Mims ™ that the effective renal
blood flow returns much more rapidly when
the graft has veen heparinized.

In dissecting the kidney in the donor pa-
tient, special care was directed to the preser-
vation of the ureteropelvic blood supply. It is
well known that long segments of nreter can
be mohilized without adverse effects, provid-
mg that the adventitia is retained. Prior to
surgery, it was determined by cadaver dis-
sections that the upper nreter was constantly
supplied by numerous small vessels which
originated  from the reual artery and de-
seended i the fatty arvcolar fissue Tocated n
the trinnguiar space between the renal ves-
sels andd the apper urcter (19 3). This re-
gion was therefore carefully preserved, and
the fatty and arcolar tissue was transplanted
along with the kidney. .

In all previous cases of transplantation in
identical twins, the prinecipal arterial blood
Sup[vly has been restored by an end-to-end
renal artery-hypogastric artery anastormosis,
In Creech's case, the hypogastric artery was
the site of severe atherosclerosis, and a pre-
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liminary endarterectomy was necessary.™ In
our case, multiple atheromata made the hy-
pogastric artery unsuitable for use. Con-
sequently, an alternative
employed using an end-to-side anastomosis
between the renal and the common iliae ar-
teries. Mims ! has studied the relative ef-
fectiveness of end-to-side versus end-to-end
anastomosis in renal transplants in dogs.

procedure  was

These authors found that with an end-to-side
anastomosis, the degree of compensatory hy-
perplasia as well as the renal plasma flow
However, 1 our
case there appeared to he no adverse func
tional effects from this variation in technique.
Postoperative renal plasma flow and other
functional tests were quite satisfactory, both
imumediately and for as long as six months
postoperatively,

were somewhat reduced.

The method of implantation of the ureter
into the bladder would appear to be important
in terms of long-term success, since several
of the previously reported cases have had
persistent urinary tract infections after op-
eration. The method of implantation should
provide free urinary drainage, and prevent
reflux. In the presently reported case, the
method of Stevens and Marshall 21 was em-
ployed as modified by Paquin® A submu-
cosal tunnel was fashioned, through wlich
the ureter was brought. In addition, the tip
of the ureter was folded back 1o form a nip-
ple projecting into the interiar of the bladder
(Tig. 5).
demonstrated to be imimpeded, and theve was
no pyelographic evidence of regurgitation.

In our case urinary drainage was

One of the most dreaded late comiplications
of renal transplantation, particularly in pa-
tients whaose initial disease was glomerulo-
nephritis, has been recurrence of the disease

When
glomerulone-
phritis bas run an aceelerated course. There

in the transplanted kidney.18 this

has occurred, the recurrent

g suggestive evidence that removal of the
diseased kidueys may help contravert this

complication. !

The timing for removal of
the recipient patient’s own kidneys has var-
icd Trom seven days to six months. o our
case, the recipient’s right kidney was re-

moved through the same retroperitoneal in-

ARCHIVIES OF SURGIIRY

ciston used for the transplantation, I'rom a
technical point of view, this was casily ac-
complished,  The second or left kidney of
the recipient patient was removed six days
later through a separate incision,

It has been noted on numerous eecasions
that a successful renal transplant provides a
copious immediate diuresis. A large part of
this effect is probably attributable to the
osmotic diuretic effect of the clevated plasma
urea. In the present case, mannitol was given
at the ume of transplantation in order to pro-
mote an mmediate diuresis. Whether this
form of therapy is advisable is open to ques-
tion in view of recent studies which suggest
that mannitol may complicatethe postopera-
tive course by causing sodium loss.2 Tn addi-
tion, 1t is doubtful that mannitol acts in a
manner different from that of endogenous
urci. . Whether mannitol is or is not given,
it is cicar that a precise record of not only
water but eleccrolyte losses must be kept in
order to treat rapid and potentially lethal
fluid or electrolyte depletion effectively.

The recovery of the recipient patient from
the two operaiive procedures was surpris-
mgly Lenign in view of his eritically i1l and
feeble condition. One postoperative fnding
which oceasioned considerable anxiety was
the cirly development and snbsequent per-
sistence of mreroscopic hematuria. This was
noted i the tummediate postoperative period
and continued for many moaths, A strik-
ing feature ot the hematuria was its almost
complete disappearance when the patient was
confined to bed rest. This complication has
not been previously deseribed in the litera-
ture, but it has been noticed by Murray.1®
The exact imechanisin of the persistent hema-
turia is not clear, but is it influenced by
position. i‘wther information on this post-
operative complication would appear to be
mpartant, particalarly in ditfferentiating 1t
from the hematuria which might be antici-
pated if recuirent glomerulonephritis super-
venesl masmivch as the therapy would be
quite different.

Summary

A successful case of renal transplantation

from one tdentical twin to another has been
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preseoted. The variations from previously
ctnploved techgues have been disceussed.

Gratetul acknowledgment 1z made (o the large
aroup of physicians and surgeons whe participated
in the care of the patients before, during and after
operation. These incladed Do Gilbert Hermann,
De. Phillip Choke, Des Richard Sanders, T, Don-
ald Dickhans, Dr. Jocl Tolmes, De. Martin ilutt,
Dr. Gordon Meiklejohn, Dr. Frank Bland, and
Dre. William Rettherg.

Thomas T5. Starzl, M., Associate Professor of
Surgery, University of Colorado Medical Center,
4200 15, 9th Ave., Denver 20, Colo.

Addendum

The patient continues to be in good health
with excellent function, 10 months
after vrenal transplantation.

renal
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