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terval between administration of the drug and *

donor nephrectomy, hydration of the donor, the
interval and severity of hypotension, the length
of warm ischemia, and the preservation time.

In summary, pretreatment with MPSS pro-::
vided protection against ischemic injury, im-#.

proving the percentage of survival as well as-

renal function when given at the appropriate®

interval prior to ischemia (2 hr) and in the

was especially critical.

H. CuarLes MILLER
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UNSUCCESSFUL ATTEMPTS TO CONTROL HYPERACUTE REJECTION OF
HUMAN RENAL HOMOGRAFTS WITH F(ab’): AND CITRATE
ORGAN PRETREATMENT!

The presence of preformed cytotoxic anti-
donor antibodies in the serum of potential allo-
graft recipients leads to the rapid destruction of
the graft by the now well known events of hy-
peracute rejection (10, 21, 2/~-27). Experimental
work in the past several vears at our center and
in other laboratories has been oriented to the
solution of this difficult immunological problem,
not only in the presensitized homotrans-
plantation model but also in strongly incompat-
ible xenograft combinations. Antibody and com-
plement depletion (3-5, 7, 8, 15, 16, 19, 21, 25},
or treatment by the chelating agents, sodium
citrate (72, 14) and ethylenediaminetetraacetate
(EDTA) (1), has been shown to delay hypera-

*This work was supported by research grants
from the Veterans Administration, by Grants RR-
00051 and RR-00069 from the General Clinical Re-
search Centers Program of the Division of Re-
search Resources, National Institutes of Health,
and by Grants AI-10176-01, AT-AM-08898, AM-
07772, and HE-09110 from the United States Public
Health Service.

cute kidney rejection in both experimental mod-
els, whereas anticoagulation with heparin (15)
or cobra venom (6) has yielded equivocal re-
sults. Even the most effective of these therapeu-
tic procedures only delayed the destruction of
the graft.

More recently, encouraging results were ob-
tained by several workers (11, 20, 22) with pre-
treatment of the organ with antidonor IgG frag-
ments (F(ab’).). It was suggested that F(ab’),
fragments were protective by occupying the
donor antigen receptor sites.

Unsuccessful attempts to control hyperacute
rejection ih one of our patients who had pre-
formed circulating cytotoxic antibodies are re-
ported here, using homografts pretreated with
sodium citrate or digested IgG.

CASE REPORT

A 42-vear-old multiparous female with
chronic glomerulonephritis had been on chronic
hemodialysis since 1969 and had received more
than 80 blood transfusions. A bilateral nephree-
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tomy and splenectomy were perforimed in June
1970 and in July she underwent a thymectomy.
She reccived her first renal homograft in August
1970 from a sibling with a C match (one HL-A
incompatibility). Although no cytotoxic antibod-
ies had been detected prior to transplantation,
the graft function deteriorated rapidly and the
organ was removed 5 davs after surgery. It
showed histopathologieal evidence of hyperacute
rejection,

A second transplant from a cadaveric donor
was performed in January 1971, At this time,
the crossmatch for detection of preformed ants-
donor cylotoxic antibedies was weakly positive.
The homograft was hyperacuiely rejected. Oun
several occasions thereafier, the paitent’s rerusn
was tested against a pandd of lymphoeyies hoth
in our and in Dr. Paul Terasaki’s Jaboratory in
Los Angeles and was found postive for pre-
formed cytotoxie antibodies against 90% of the
94 panel members. She also possessed eytotoxic
antibodies against the lymphocytes of her third,
fourth, and fifth renal donors to be described
below.

F(ab’). pretrealment. Recipicut plasma was
obtained by plasmaphoresis, A F(ab’), prepara-
tion of the immunoglobulins was made by the
method of Nisonoff and Wissler (15), obtaining
50 ml with a ¥(al’). conceniration of 6.2 g/100
mi that had the protective effects shown in
Table 1. A panel of lymphocytes was pretreated
with reciptent F(ab’)., washed with Hanks’ bal-
anced solution, and then submiited to Terasaki’s
microcytotoxicity test (17), using unaltered re-
cipient serum as the reagent. Nondiluted F(ab’),
completely inhibited the cytotoxicity to all of the
test lvmphocytes (Table 1). Dilution of the
F(al’)., however, decreased the inhibitory activ-
ity. The low temperature (4 C) did not affect the
results.

TABLE 1

Cyto-  Cytotoxicity titer after
toxicity  exposure of target cells

Lymphecyte HL-A titer to Fab’): dilutions
- . ) using
panel profile una) tered 101
recipient 1:10 1:100

serum  37C 4C

1,2 12, A 1:128

1. B.W 0 0 116 1:64
2. Y.A 2,10 413, C 1:64 0 14 1:64
3. BB 2,9 W19, 4C 1:32 0
4. FB 2,544, 4B 1:64 0
5 1A 17,8 1:64 0

¢ Recipient 1HL-A profile, 3,11 Wi5.
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In November 1971 a kidney from a 15-vear-
old ecadaver domor was pretreated with the
F(aly’), fragments by perfusion for 2 hr at 7 C,
pH 7.15 (corrected to 37 C), and 40 mm Hg
systolic pressure. The perfusate consisted of 450
ml of deflocculated homologous plasma to which
2.6 g of recipient F(ab’). were added. Before
starting the perfusion, the perfusate was tested
for its ability to protect the cells of one of the
panels of Iymphocyte donors (Y.A., Table 1)
against the cytotoxic action of unaltered recipi-
ent serum. After exposure to the perfusate for
45 s, the cells were destroved at a eytotoxic-
iy uter of 1:4, compared ta the previous titer
of 1:84. At the end of the perfusion, however,
ihis titer was 3116, indicating that the perfusate
became less protective with time and that
F(ab’). fragments had probably been partly ab-
sorbed by the kidney.,

Following perfusion the homograft was trans-
planied into the right iBac fossa of the recipient,
No btopsies were taken. After revascularization,
the color of the graft was pale but the organ did
not show gross evidence of hyperacute rejection.
However, the kidney never produced urine, and
a renal scan at 24 hr failed to show any radioiso-
tope uptake. The kidney was removed on the
3rd postoperative day. Histopathological exami-
nation confirmed the diagnosis of hyperacute
rejection, with complete cortical neerosis rimmed
by polymorphonuclear leukocytes, thrombosis of
many of the arteries, and fibrin plugs and plate-
let aggregates in glomerular capillaries. IgG and
C3 were detected in the vascular endothelium by
immunofluorescence. )

Sodium citrate pretreatment. In February
1972 a kidney from a cadaver donor, 114 vears
old, was pretreated with 15 g of sodium citrate
which had been added to a perfusate consisting
of deflocculated crossmatch-positive recipient
plasma collected by plasmaphoresis and pre-
pared by the Belzer technique (2). The organ
was perfused for 2 hr at 7 C (perfusion unit,
Waters Instrument Co., Inc., Rochester, Minne-
sota), being thus exposed to recipient cytotoxic
antibodies, but under conditions of eitration that
prevented complement binding and completion
of the immune reaction.

Under regional heparinization the kidney was
then connected to the recipient’s circulation
thirough a peripheral arteriovenous fistula, which
had been previously established for hemodialysis
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treatment. A roller pump was used to return
venous blood to the patient. Perfusion of the
organ lasted 214 hr and was discontinued be-
cause the patient beeame hypotensive. During
perfusion the Kdney was initially pink but be-
came slightly bluish between 20 and 50 min
when the color again became normal. The con-
sistency of the organ felt normal throughout the
perfusion. Transient hematuria oceurred, and
the kidney produced 105 ml of urine. Initially,
blood flow was poor and vascular resistance was
high, but these improved counsiderably after 35
min of perfusion.

Crtotoxic titers of the perfusate were studied
before and after the addition of citrate to the
recipient plasma and several times during graft
perfusion. During the procedure the concentra-
tion of IgG in the perfusate decreased by one-
half, but IgM and B;. values remained stable,
and the total complement level was unchanged.
Biopsies of the kidney were taken at regular
intervals for routine histopathological and im-
munofluorescence studies. The biopsy sites bled
normally until the end of the perfusion.

Light microscopy showed a progressive in-
crease of polymorphonuclear leukocytes, with a
mean number of 9.8 polymorphs/tuft at 150 min
in the glomeruli. Platelet aggregates, practically
absent at 30 min, were occupying the capillary
loops at the subsequent biopsies: However, no
fibrin was detected. The tubules showed some
damage with eosinophilic casts and flattening of
the lining of proximal convoluted tubules near
the end of the perfusion. Finally, occasional
fibrin thrombi appeared at 90 min in the inter-
lobular arteries and at 150 min in the arcuate
arteries. In spite of this evidence of mild but
progressive hyperacute rejection through the
perfusion period, immunofluorescence failed to
detect IgG or complement deposit in any of the
specimens.

Seven weeks later a cadaver kidney from a
donor. 4 years old, was studied in a similar fash-
jon. Results were much the same except that the
urinary output while the graft was under perfu-
sion was 72 ml. The histopathological studies of
the sequential biopsies were entirely comparable
to the previous experiment. However, linear
binding of IgG and C3 was observed mainly in
the glomérular endothelium, indicating with an
unusual precision the exact localization of the
antigen-antibody reaction. In human cases of

Vel. 16, No. 1

hyperacute rejection, this had never been so
clearly  delineated as in this homograft (G.
Andres, personal communication).

The contralateral kidney of the sccond ca-
daver donor was submitted to the same citrate
pretreatment except that perfusion was for 5
instead of 2 hr. The kidney was then trans-
planted to the right iliac fossa of the recipient
who had been systemically heparinized with 1.25
mg/kg. After revascularization, the homograft
was ohserved for 4 hr. After 14 hr. it turned
slightly bluish, but within another 30 min it
regained its normal pink color. No urine was
ever produced. Twenty-four hours later an ar-
teriogram failed to show any cortical blood flow
and the graft was removed. The histopatho-
logical diagnosis was hyperacute rejection.

CONCLUSIONS

Both experiments were designed to expose the
homograft to preformed antidonor recipient an-
tibodies which were prevented from reacting
normally, in one instance by digestion of the
antibodies  to  the noncomplement-binding
F(ab’). fragment and in the other by citrate
inhibition of complement. These efforts to pre-
vent hyperacuie rejection may have had some
transient effect, but since the organs were even-
tually hyperacutely rejected, no practical benefit
was thereby achieved. The negative results with
F(ab’). are similar to the recently puhlished ex-
perience of Habal et al. (9) in the difficult pig-
dog xenotransplantation model.
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PULSATILE FLOW AND VIABILITY OF ISOLATED PERFUSED KIDNEYS!

At present, the easiest and most commeonly
used criterion in kidney evaluation before clini-
cal transplantation is its pulsatile flow, which,
associated with pressure, pulsation, and other

*Supported by Grant 5-PO2-AML-3083-04 from
the Nafional Tnstitutes of Health.

T e e < s et L Tt Ry

subjective eriteria aids in determining kidney
viability. However, some kidneys which showed
an excellent pretransplant flow had severe renal
insufficiency after transplantation (?). On the
other hand, canine kidneys with poor flow dur-
ing preservation have had excellent renal func-
tion following autoiransplantation. It is our pur-




