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During the 7-year period from March 1984 to June 1991, 86
haploidentical living related kidney recipients were entered into
one of three donor-specific transfusion (DST) and cyclosporine
treatment protocols: (1) Multiple pretransplant DSTs with cy-
closporine begun after transplant, n = 34; (2) Multiple pretran-
splant DSTs with cyclosporine begun pretransplant, n = 31; and
(3) a single DST 24 to 48 hours before transplant with intra-
venous cyclosporine initiated after the transfusion, n = 21. Triple
immunosuppression (prednisone, azathioprine, and cyclosporine)
was continued in all groups after transplant. The 1-year patient
(97%, 97%, and 93%, p = not significant) and graft (91%, 90%,
and 87%, p = not significant) survival were similar for the three
groups. No differences were seen in the incidence of rejection at
1 year (61%, 45%, and 60%, p = not significant) or in the inci-
dence of infectious complications (26%, 42%, and 47%, p = not
significant). It is concluded that a single DST given 24 to 48
hours before operation followed by pretransplant cyclosporine
is as effective as classic DST conditioning of recipients using
either pretransplant or post-transplant cyclosporine. The single
DST protocol has the advantage of not eliminating any donors
because of sensitization and was less costly and easier to ad-
minister.

I N 1973 OPELZ ET AL. I REPORTED that random donor
blood transfusion before cadaveric renal transplant
improved allograft survival. The beneficial effects of

blood transfusion were further documented by Salvatierra
et al.,2 who achieved a 38% improvement in 1-year graft
survival after giving deliberate donor-specific blood trans-
fusions (DST) before kidney transplants from one-hap-
lotype-mismatched living related donors (LRD). All of
the recipients had high responses of their lymphocytes
against donor cells in mixed lymphocyte cultures (MLC).
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The protocol of three pretransplant DSTs, however, was
complicated by sensitization to the proposed donor in
29% of the pairs.2 Although this sensitization and elimi-
nation of recipients at a higher risk for rejections may in
part account for the exemplary results of this study, the
loss of 29% of potential donors was a significant disad-
vantage. Several studies have since demonstrated that the
incidence of sensitization can be reduced to 8% to 14%
through concurrent administration of azathioprine at the
time of the initial transfusion and thereafter.3'5
The introduction of cyclosporine resulted in a re-

markable increase in survival for both living related and
cadaveric renal allograft recipients.6 With cyclosporine,
the graft survival advantage provided by transfusion de-
creased to approximately 5% in cadaveric transplants and
to 2% to 3% in LRD one-haplotype-mismatched trans-
plants when examined at 3 months and 1 year.7 Similarly,
the benefit ofDST has been reduced to 3% to 9% in living
related kidney recipients.8'9 In light ofthe reduced benefits,
the burden imposed on the donor and recipient by re-
peated pretransplant blood transfusions with pretransplant
immunosuppression, and donor exclusion because ofthe
persistent 10% incidence of sensitization, many centers
have abandoned DST in LRD transplants. Recent studies,
however, have suggested that DST can induce a specific
suppression of the immune system, allowing a decrease
in the requirement for nonspecific immunosuppression
over the long term, with a coincident decrease in adverse
effects, while maintaining or improving allograft sur-
vival.9'10
Animal studies have demonstrated synergy between

cyclosporine and DST given 24 hours before transplan-
tation with no evidence of sensitization.' 1-13 Furthermore,
a clinical study treating human cadaveric transplant re-
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cipients with a single DST and cyclosporine infusion 24
hours before transplantation resulted in immunologic hy-
poresponsiveness to the donor (by MLC) and a decrease
in severe rejection episodes requiring OKT3 treatment in
the first 6 months after transplant.'4

Since April 1989, we have adopted a protocol ofgiving
a single pretransplant DST 24 to 48 hours before trans-
plantation followed immediately by initiation of a cyclo-
sporine infusion for one-haplotype-mismatched LRD
renal transplant recipients to eliminate the sensitization
caused by multiple DSTs. The safety and efficacy of this
protocol is compared with two prior one-haplotype-mis-
matched LRD treatment protocols that used multiple
pretransplant DSTs and cyclosporine initiated either be-
fore or after the transplant.

Materials and Methods

Patients

Eighty-six one-haplotype-mismatched LRD-recipient
pairs were prospectively entered into a DST/cyclosporine
treatment protocol and underwent transplantation be-
tween March 1984 and June 1991. There were no exclu-
sionary criteria. Treatment protocols were approved by
the Institutional Review Boards of the University of Cin-
cinnati and The Christ Hospital.

Experimental Groups

Three sequential treatment protocols have been used
during this period:

Group 1: Multiple pretransplant DSTs with cyclosporine
initiated in the post-transplant period, n = 34. Recip-
ients received approximately 150 mL fresh or stored
donor whole blood or packed cells on three separate
occasions at 2-week intervals. Three patients received
two transfusions, and two patients received six trans-
fusions (each had three stored and three fresh). Two
weeks after the last transfusion, recipients underwent
a final cross-match and were transplanted shortly
thereafter. Recipients who developed a warm B-cell-
positive cross-match after the last transfusion (4/34,
12%) were challenged with one or more additional
transfusions and transplanted when the cross-match
reverted to negative after this challenge. Seventy-one
per cent of group 1 patients received continuous aza-
thioprine immunosuppression (1 mg/kg/day initial
dose, with adjustments in dosage according to the re-
cipient's white blood cell count) during the period of
DST administration. Two patients received buffy coat
transfusions with RhoGAM (Ortho Diagnostic, Rari-
tan, NJ) rather than whole blood or packed cells because
of Rh incompatibility. Oral cyclosporine was initiated
at a dose of 4 mg/kg twice daily after good renal func-

tion was established (mean, 5.31 ± 1.5 days after op-
eration), except for one patient who developed severe
acute rejection before initiation of cyclosporine.

Group 2: Multiple pretransplant DSTs with pretransplant
cyclosporine, n = 31. This group was transfused using
a protocol similar to that for group 1. All patients re-
ceived three transfusions, except for one patient who
developed a warm B-cell cross-match (given an addi-
tional fresh DST) and a patient whose transplant was
delayed because of an upper respiratory tract infection
(given a fourth fresh DST). Two patients were given
buffy coat transfusions and RhoGAM to prevent Rh
sensitization. Eighty-four per cent of the recipients re-
ceived azathioprine immunosuppression concurrently
with DST. Cyclosporine was started the day before
transplantation as either an oral dose (4 mg/kg twice
daily) (48%) or as a constant intravenous infusion (3
mg/kg/day) (52%). Patients were converted to oral cy-
closporine in the post-transplant period as soon as they
were able to take oral medications.

Group 3: Single pretransplant DST with pretransplant
cyclosporine, n = 21. Recipients were transfused with
250 mL donor whole blood or packed cells 24 to 48
hours before their transplant (mean, 37.7 ± 2.44 hours).
Three patients received buffy coat transfusions and
RhoGAM. No patient in this group received azathio-
prine in the pretransplant period. An intravenous in-
fusion of cyclosporine (3 mg/kg/day) was initiated im-
mediately after the completion ofDST and continued
into the post-transplant period. Cyclosporine levels were
measured approximately every 6 hours. At the time of
transplantation, cyclosporine levels ranged from 289
to 932 ng/mL (mean, 494 ± 43 ng/mL) by whole blood
polyclonal fluorescent polarization immunoassay
(FPIA).'5 Conversion to oral cyclosporine was per-
formed as early as possible. As a preliminary study, a
subgroup of six patients were also given a single 2.5-
mg (4 patients) or 5-mg (2 patients) dose ofOKT3 im-
mediately before the DST to assess the efficacy of pre-
transplant T cell depletion. All patients underwent
hemodialysis before the OKT3 administration, but be-
cause of the concern regarding ablation of the DST
effect, the patients were not pretreated with steroids
before the OKT3.

Intraoperative and Post-transplant Immunosuppression

Immunosuppression was maintained after transplant
using triple therapy (cyclosporine, azathioprine, and
prednisone) in all groups. Cyclosporine was initiated ac-
cording to treatment protocol. Cyclosporine doses were
adjusted to maintain 12-hour whole blood trough levels
during the first month at approximately 200 ng/mL, using
a high-pressure liquid chromatography assay or 350 to
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500 ng/mL by FPIA polyclonal assay. Azathioprine was

given in a dose of 3 to 4 mg/kg intravenously in the op-
erating room and then 1.5 mg/kg/day intravenously or

orally, adjusted only for leukopenia. Methylprednisolone
(Solu Medrol; UpJohn, Kalamazoo, MI) was given in a

dose of 250 mg (groups 1 and 2) or 125 mg (group 3)
intravenously in the operating room and prednisone (125
mg/day) (groups 1 and 2) or 1.0 mg/kg/day (group 3) was
begun orally after transplant, and rapidly tapered to 20
mg/day with a more gradual taper over the first year as
rejection episodes allowed. Rejection episodes were iden-
tified by a sudden and persistent elevation in serum cre-

atinine and blood urea nitrogen associated with clinical
findings of rejection in the absence ofother causes of renal
dysfunction. Percutaneous biopsy was performed if the
diagnosis was in doubt or if rejection episodes failed to
respond to initial therapy. Mild rejection episodes were

treated initially with bolus injections of methylprednis-
olone (250 mg intravenously daily for up to 4 days). If
there was no response or a worsening of renal function
or if the initial biopsy showed moderate or severe acute
cellular rejection or any component of acute vascular re-

jection, therapy was changed to OKT3 (5 mg/day intra-
venously for 7 to 14 days) or Minnesota antilymphoblast
globulin (15-20 mg/kg/day intravenously for 7 to 14
days). In selected instances, refractory rejection in patients
with contraindications to further high-dose immuno-
suppression were treated with local graft irradiation (150
rad/day for 3 days).

Outcome Variables

Treatment complications were compared, including
presumptive evidence of cyclosporine nephrotoxicity

Ann. Surg. * June 1992

within the first 14 days, indicated by a rise in creatinine
managed by withdrawal or reduction in cyclosporine dose.
Graft loss was dated as the time of return to chronic he-
modialysis due to loss of graft function or time of trans-
plant nephrectomy. Patient death from any cause was
included as a graft loss. Actual and actuarial patient and
graft survival were calculated at 1 year. Rejection episodes
were compared at 6 months and 1 year. Severe rejection
was defined as rejection requiring treatment with OKT3,
Minnesota antilymphoblast globulin, or graft irradiation.
Infectious complications within the first year were in-
cluded ifthey required inpatient or outpatient antimicro-
bial therapy. Cytomegalovirus (CMV) infections were de-
fined as clinical symptoms characteristic ofCMV infection
that correlated with an increase in CMV titers or positive
CMV cultures.

Statistics
Statistical analysis was performed on the PC SAS system

(version 6.04, SAS Institute, Inc., Cary, NC). Comparisons
between groups were performed using the chi square test,
Fisher's exact test, Wilcoxon rank sum test, t test, or one-

way analysis of variance with Duncan's multiple range

test, where appropriate. Graft survival curves were cal-
culated using the product-limit survival estimates method
(Kaplan-Meier). All means are reported as mean ± stan-
dard error of the mean. Significance was accepted if p
< 0.05.

Results

There were no significant differences between treatment
groups on the basis of sex, race, incidence of diabetes,
primary disease process, or pretransplant panel-reactive
antibody (Table 1). The patient-versus-donor MLC was

TABLE 1. Recipient Characteristics

Group 1 Group 2 Group 3

Multiple Multiple Single DST
DST After DST Before Before

DST Protocol Cyclosporine Transplant Transplant Transplant p

N 34 31 21
Age (mean) 39.3 ± 2.0 yr 39.6 ± 2.1 yr 37.6 ± 2.6 yr NS
Female 17/34 (50%) 10/31 (32%) 12/21 (57%) NS
Race NS

Black 5/34 (15%) 4/31 (13%) 4/21 (19%)
White 28/34 (82%) 27/31 (87%) 16/21 (76%)
Asian 1/34 (3%) (0%) 1/21 (5%)

Diabetes 12/34 (35%) 13/31 (42%) 6/21 (29%) NS
Second transplant 1 3 0 NS
PRA (mean) 2.2 ± 2.0% 5.6 ± 1.2% 3.9 ± 2.8% NS
MLC stimulation index (mean) 9.4 ± 2.8 11.8 ± 2.1 20.3 ± 4.5 <0.05 for I vs. 3
Third-party transfusions 19/34 (56%) 17/31 (55%) 11/21 (52%) NS
Mean (units) 5.2 ± 1.7 7.7 ± 2.2 12.5 ± 5
Median (units) 3 5 4

DST, donor-specific transfusion; NS, not significant; PRA, panel-reactive antibody; MLC, mixed lymphocyte culture.
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TABLE 2. Donor Demographics

Characteristic Group 1 Group 2 Group 3 p

Age (mean) 37.2 ± 2.3 yr 35.4 ± 1.9 yr 33.3 ± 2.8 yr NS
Female 8/34 (53%) 17/31 (55%) 7/21 (33%) NS
Relation NS

Parent 7/34 (20%) 4/31 (13%) 5/21 (24%)
Sibling 17/34 (50%) 19/31 (61%) 9/21 (43%)
Offspring 8/34 (24%) 8/31 (26%) 7/21 (33%)
Other 2/34 (6%) 0% 0%

NS, not significant.

significantly higher in the single-DST group (group 3 ver-
sus group 1), however. Approximately 55% of the patients
from each group received third-party transfusions (Table
1), with a median of 3 to 5 units. Mean follow-up for the
three groups varied from 72 ± 1.6 months for group 1 to
14.3 ± 1.6 for group 3..Analysis therefore was confined
to the first year for statistical comparisons.
Donor characteristics (Table 2) were similar between

groups.

Transplant Outcome

Initial graft function was excellent in all groups. Ex-
amination of the serum creatinine during the first 5 days
disclosed no significant difference in initial function be-
tween groups; all groups had good early function (Fig. 1).
The grafts continued to function well through the first
year of follow-up, with a mean serum creatinine for all
groups remaining below 1.7 mg/dL (Fig. 1). Patient sur-
vival at 1 year was uniformly good for all groups (Table
3). Two of the three patients who died within 1 year of
transplant died as a result of nonimmunologic events.
The single death in group 1 was a patient who committed
suicide 18 days after transplant, and the death ofa patient
in group 3 was due to anaphylactic response to protamine
sulfate during cardiac surgery at another institution 88
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TABLE 3. Patient and Graft Survival

Survival Group 1 Group 2 Group 3* p

1-yr patient
survival 33/34 (97%) 30/31 (97%) 14/15 (93%) NS

1-yr graft survival
(all causes) 31/34 (91%) 28/31 (90%) 13/15 (87%) NS

Corrected 1-yr graft
survival
(excluding death
from suicide and
allergic reaction) 31/33 (94%) 28/31 (90%) 13/14 (93%) NS

* Includes only patients with follow-up longer than 1 year.
NS, not significant.

days after transplant. Both patients died with excellent
graft function. One-year graft survival also was similar for
all groups. Elimination of graft losses due to nonimmu-
nologic-related deaths allowed for analysis of immuno-
logic graft survival related to treatment protocol (Table
3) and also demonstrated no differences between groups.
Actuarial graft survival curves are presented in Figure 2.
The prednisone doses for each group over the first year

were not significantly different except at 6 months, when
the doses for both groups receiving pretransplant cyclo-
sporine were significantly lower. This effect was lost by 1
year (Fig. 3). All patients continued to receive steroids by
the end of the first year, but many were subsequently
withdrawn from this drug (comparison ofgroups not pos-
sible at this time).

Rejection

There were no hyperacute rejections seen in any ofthe
groups, but all had a similar incidence of early rejections
described in DST protocols.'6 Thirty-eight per cent ofthe
recipients in the single-DST group (group 3) had a rejec-
tion episode within the first 14 days, compared with 23%
in group 2 and 35% in group 1 (p = not significant). All
but two of these rejection episodes resolved with antire-
jection therapy. One patient in group 3 and one in group
1 underwent transplant nephrectomy because of irre-
versible rejection at postoperative days 7 and 22, respec-
tively. A third patient in group 2 recovered from an initial
rejection episode at 13 days, but had two additional re-
jection episodes in the following 30 days and subsequently
lost her graft on post-transplant day 56.

Fifty-two per cent ofthe patients receiving a single DST
(group 3) had a rejection within the first 6 months, com-
pared with 45% for group 2 and 56% for group 1 (Table
4). The rejection episodes in the single-DST group tended
to be more severe, because 48% ofthe patients experienced
a severe rejection during this period. This was not statis-
tically different from the other groups, however. The pat-
terns of rejection also were quite similar at 1 year. None
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FIG. 2. Actuarial graft survival (no
exclusions).
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ofthe groups had a high incidence ofpatients experiencing
more than one episode of severe rejection within the first
year. Rejections also tended to occur within a similar time
frame for all groups, with no difference in time to first
rejection during the first year after transplant. The use of
pretransplant azathioprine and conditioning with fresh or
stored blood did not significantly impact on rejection.
Third-party transfusions tended to improve the freedom
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from severe rejection in group 3 (p = 0.08 by Fisher's
exact test; p = 0.05 by chi square test), but not in groups
1 or 2.
Examination of the pretransplant immunologic status

ofthe recipient showed no relation between panel-reactive
antibody and rejection. Pretransplant MLC, however, was
related to the incidence of severe rejection. Patients who
experienced a severe rejection within 6 months had a
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TABLE 4. Patients with Rejection Episodes

Group 1 Group 2 Group 3 p

Rejection within first 6
months

Total 19/34 (56%) 14/31 (45%) 11/21 (52%) NS
Severe 13/34 (38%) 8/31 (26%) 10/21 (48%) NS

Rejection within first yr
Total 21/34 (61%) 14/31 (45%) 9/15 (60%)* NS
Severe 14/34 (41%) 8/31 (26%) 9/15 (60%)* NS

More than 1 rejection
episode first yr

Total 9/34 (26%) 4/31 (13%) 4/15 (26%)* NS
Severe 3/34 (9%) 2/31 (6%) 2/15 (15%)* NS

Time to first rejection
(within 1 yr) 50.5 ± 17 days 32.4 ± 13 days 20.9 ± 10.4 days NS

* Includes only patients with follow-up longer than 1 year.

mean stimulation index of 19.8 ± 4, compared with 9.3
± 1.3 for patients without severe rejection (p < 0.05).
This relationship also was seen at 1 year with stimulation
indices of 18 ± 4 versus 8.8 ± 1.2, respectively (p < 0.05)
(Fig. 4). Similarly, patients with a stimulation index > 20
in their pretransplant MLC were more likely to experience
severe rejection at both 6 months and 1 year (p < 0.05).
None of five patients with a stimulation index > 50 were

free from severe rejection at 1 year. Pretransplant MLC
did not, however, impact on graft survival or the incidence
of mild rejections.

Complications

There was concern that administration ofcyclosporine
before transplantation might jeopardize allograft function
because of vasoconstriction and early cyclosporine tox-
icity. The groups treated with post-transplant versus pre-

transplant cyclosporine had a comparable incidence of
early renal dysfunction that was perceived to be associated
with cyclosporine therapy (Table 5). The cyclosporine

25
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5-

NS, not significant.

level at the time of transplant (available only for group

3) did not impact on early function, nor did the route of
administration (oral or intravenous) in group 2.

There were no differences in the incidence of bacterial,
viral, or fungal infections except for an unexplained sig-
nificantly higher incidence of CMV infection in group 2
(Table 5). One of the patients from group 2 developed
life-threatening CMV infection and a lymphoproliferative
disorder and subsequently died. The incidence of malig-
nancy was low during the first year. In addition to the
lymphoproliferative disorder in group 2, there were three
skin malignancies (1 squamous cell and 2 basal cell car-

cinomas).

OKT3 Pretreatment

Six of the patients in group 3 were treated with OKT3
in the pretransplant period in addition to a single DST
and pretransplant cyclosporine. There was a 33% inci-
dence of rejection in the first 6 months in this subgroup.
More importantly, without steroid pretreatment, all of
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FIG. 4. Relation of pretransplant MLC to severe rejection episodes.

TABLE 5. Patients With Complications in the First Year

Group I Group 2 Group 3 p

Infections
Total 9/34 (26%) 13/31 (42%) 7/15 (47%)*

Bacterial 7/34 (21%) 7/31 (23%) 6/15 (40%)* NS
Viral 2/34 (6%) 8/31 (25%) 2/15 (13%)* NS
Cytomegalovirus (0%) 5/31 (16%) (0%)* NS
Fungal 1/34 (3%) 2/31(6%) (0%)* <0.05

Malignancies 1/34 (3%) 3/31 (10%) (0%)* NS
Presumptive CsA

toxicity in first
14 days 2/34 (6%) 3/31 (10%) 3/21 (14%) NS

* Includes only patients with follow-up longer than 1 year.
NS, not significant.
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the patients had moderate to severe reactions to the
OKT3. One woman required intensive care after OKT3,
necessitating a 3-day delay in her transplant. These pa-
tients also tended to form anti-OKT3 antibodies. Two of
the six developed titers of 1:100 and 1:1,000 after the
single dose, and a third patient developed a titer of 1:100
after an 1 -day course of OKT3 for early rejection.

Discussion

Since the commercial availability of cyclosporine in
late 1983, there has been controversy over the deliberate
administration of DST in LRD renal transplant recipi-
ents.'17'9 The early benefits of DST on graft and patient
survival have been markedly reduced to 3% to 9% by cy-
closporine therapy8 9 and exclusion of approximately 10%
of potential donors because of sensitization has continued
to occur. Conversely, experimental data have demon-
strated repeatedly that cyclosporine and donor antigen,
including DST, can prolong allograft survival synergisti-
cally. '13,20-22 Furthermore, there is the potential that
immune modification through DST can decrease the need
for continued immunosuppression and the severity of
chronic rejection with respect to long-term graft survival
in humans. Donor-specific transfusion treatment can in-
duce the development of hyporesponsiveness of donor-
specific cytotoxic T-lymphocytes23'24 and MLC'425-27 in
human renal allograft recipients. In one-haplotype-mis-
matched living related kidney recipients, Reed et al.'° have
shown that three DSTs significantly improved freedom
from rejection, increased the rejection-free interval, and
improved the ability to aggressively withdraw steroids
when compared with random donor transfusions. Sal-
vatierra et al.9 recently described excellent results over the
first 4 years in a protocol using DST and Minnesota an-
tilymphoblast globulin/cyclosporine sequential therapy.
In this report, DST provided a 9% benefit at 1 year and
a 33% enhancement in allograft survival at 4 years over
non-DST/Minnesota antilymphoblast globulin/cyclo-
sporine-sequential therapy. The DST group also tended
to have lower prednisone doses.
A persistent disadvantage of DST protocols is the oc-

currence ofa high incidence of sensitization. The original
DST protocol introduced by Salvatierra et al.2 in 1980
consisted of three fresh whole blood transfusions at 2-
week intervals. This was complicated by a 29% incidence
of sensitization, resulting in elimination of these donors.
Modifications of this protocol through the use of stored
whole blood,28 a single transfusion 2 weeks before trans-
plant,29 concurrent azathioprine, or cyclosporine30 has
reduced the rate of sensitization to 9%, 4%, 8% to 14%,
and 4%, respectively. Although these sensitized patients
may successfully undergo transplantation from a different
living related or cadaveric donor, this creates a significant

reduction in the donor pool. Prolonged pretransplant im-
munosuppression also may cause bone marrow toxicity
and infectious complications. In the current study, all of
the patients that received a single DST and cyclosporine
24 to 48 hours before transplantation were transplanted
with organs from their initially intended donor. This pro-
tocol maintained the excellent graft survival seen in our
previous multiple-DST/cyclosporine groups without sig-
nificantly increasing the incidence of rejection or com-
plication. The relationship ofpretransplant MLC to severe
rejection episodes suggests that the single-DST/cyclo-
sporine group may have been at a higher risk for severe
rejection, yet the protocol maintained a similar profile of
rejection episodes. Thus, 10% ofpotential donors expected
to be excluded because of DST sensitization were not
eliminated by this protocol and their kidneys were not
lost from rejections. The burden on both the donor and
recipient also was significantly reduced with regard to the
pretransplant commitment to multiple transfusions, the
potential risks of prolonged pretransplant immuno-
suppression, and costs associated with the transfusion
therapy and added immunologic testing.

Concern regarding the effect of preoperative adminis-
tration of intravenous cyclosporine was unfounded. There
was no increase in early renal dysfunction or early cyclo-
sporine toxicity from this treatment. Although no relation
of cyclosporine level at transplant to early renal dysfunc-
tion could be demonstrated in this study, careful adjust-
ment of cyclosporine dosage with frequent monitoring of
levels seems warranted. The problem ofcyclosporine tox-
icity has been more evident in cadaveric organs, where
cyclosporine appears to potentiate the tubular damage
from ischemia and storage.

Pretransplant T-cell depletion through the use of
monoclonal antibodies has been shown to augment the
transfusion effect induced by a single pretransplant DST.3'
The clinical application of this approach with OKT3 in
six patients in this study demonstrated drawbacks asso-
ciated with this therapy. There was a uniform incidence
of moderate to severe reaction to the OKT3 dose, and a
significant percentage of the recipients developed anti-
OKT3 antibodies after treatment. Similar findings in a
preliminary group of four cadaveric kidney recipients
(unpublished data) confirm the adverse effects of pre-
transplant OKT3 dose without steroid pretreatment. This
treatment did not lead to a significant reduction in early
rejection and was therefore abandoned.

In summary, a single pretransplant DST combined with
pretransplant initiation of a cyclosporine infusion is safe
and maintains the same efficacy as previous multiple-
DST/cyclosporine protocols. The burden of pretransplant
conditioning is reduced, and the loss of organ donors due
to sensitization is eliminated, therefore increasing the pool
of living related donors. Although the major deterrents
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to DST have been removed, the long-term benefits of
combined DST and cyclosporine administration need to
be studied further.

Acknowledgments

The authors thank the transplant coordinators, Rebecca Bolce, Deb-
orah Taylor, and Dottie Dreyer, and Clinical Nurse Specialist, Pat Weis-
kittel, for their assistance in data collection, and Kathy Storer for tran-
scribing this manuscript. The statistical analysis was performed by Laura
James, M.S., in the Department of Surgery. Finally, the authors thank
the surgeons and nephrologists who have graciously allowed them to

study and include their patients: James P. Fidler, M.D., Rino Munda,
M.D., Israel Penn, M.D., Sundaram Hariharan, M.D., Gregory Stephens,
M.D., Michael Cardi, M.D., Alan Manzler, M.D., Loren Cohen, M.D.,
Nina Mendoza, M.D., David Clyne, M.D., Frank Giese, M.D., Kenneth
Newmark, M.D., Lionel King, M.D., Thomas Shaughnessy, M.D., Robin
Estes, M.D., Vo Nguyen, M.D., and Stephen Dumbauld, M.D.

References

1. Opelz G, Senger DPS, Mickey MR, Terasaki PI. Effect of blood
transfusion on subsequent kidney transplants. Transplant Proc
1973; 5:253-259.

2. Salvatierra 0 Jr, Vincenti F, Amend W, et al. Deliberate donor-
specific blood transfusions prior to living related renal transplan-
tation. Ann Surg 1980; 192(4):543-552.

3. Glass NR, Miller DT, Sollinger HW, Belzer FO. A four-year expe-
rience with donor blood transfusion protocols for living-donor
renal transplantation. Transplantation 1985; 39(6):615-619.

4. Salvatierra 0 Jr, Melzer J, Vincenti F, et al. Donor-specific blood
transfusions versus cyclosporine-the DST story. Transplant Proc
1987; 19(l):160-166.

5. Anderson CB, Sicard GA, Etheredge EE. Pretreatment of renal al-
lograft recipients with azathioprine and donor-specific blood
products. Surgery 1982; 92(2):316-321.

6. Leivestad T, Albrechtsen D, Flatmark A, Thorsby E. Renal trans-
plants from HLA-haploidentical living-related donors. Trans-
plantation 1986; 42(l):35-38.

7. Cicciarelli J. UNOS Registry data: effect of transfusions. Chapter
40. In Terasaki P, ed. Clinical Transplants 1990, UCLA Tissue
Typing Laboratory, 1990, pp 407-416.

8. Barber WH, Hudson SL, Deierhoi MH, et al. Donor antigen-specific
immunosuppression in cadaveric and living-related donor kidney
allograft recipients. Chapter 30. In Terasaki P, ed. Clinical Trans-
plants 1990, UCLA Tissue Typing Laboratory, 1990, pp 289-
300.

9. Salvatierra 0, McVicar J, Melzer J, et al. Improved results with
combined donor-specific transfusion (DST) and sequential ther-
apy protocol. Transplant Proc 1991; 23(1):1024-1026.

10. Reed A, Pirsch J, Armbrust MJ, et al. Multivariate analysis of donor-
specific versus random transfusion protocols in haploidentical
living-related transplants. Transplantation 1991; 5 1(2):382-384.

11. Brunson ME, Tchervenkov JI, Alexander JW. Enhancement of al-
lograft survival by donor-specific transfusion one day prior to
transplant. Transplantation 1991; 52(3):545-549.

12. Cofer BR, Tchervenkov JI, Alexander JW, et al. Donor specific
transfusion and cyclosporine prolong allograft survival when given
in the peroperative period. Transplant Proc 1991; 23:157-158.

13. Tchervenkov JI, Epstein MD, Alexander JW, Schroeder TJ. The
effect ofdonor specific blood transfusion, cyclosporine and dietary
prostaglandin precursors on rat cardiac allograft survival. II: Ef-
fectiveness of a 24 hour induction period with DST and cyclo-

)ST IN LRD TRANSPLANTS 625

sporine in inducing long-term graft survival. Transplantation
1989; 47:177-181.

14. Alexander JW, Babcock GF, First MR, et al. Immunologic hypo-
responsiveness is induced by preoperative donor specific trans-
fusions and cyclosporine in human cadaveric transplants. Trans-
plantation 1992; 53:423-427.

15. Schroeder TJ, Brunson ME, Pesce AJ, et al. Comparison of the
clinical utility of the RIA, HPLC and TDx cyclosporine assays
in outpatient renal transplant recipients. Transplantation 1989;
49:262-266.

16. Sells RA, Scott MH, Prieto M, et al. Early rejection following donor-
specific transfusion prior to HLA-mismatched living related renal
transplantation. Transplant Proc 1989; 21(1): 1173-1174.

17. Editorial. Time to abandon pre-transplant blood transfusion? Lancet
1988; 1(8585):567-568.

18. Groth CG. There is no need to give blood transfusions as pretran-
splant for renal transplantation in the cyclosporine era. Transplant
Proc 1987; 19:153-154.

19. Garcia VD, Kraemer ES, Prompt CA, et al. Donor specific blood
transfusions do not improve graft survival in living related donor
transplantation. Transplant Proc 1987; 19(1):2271-2273.

20. Tsuda T, Kahan BD. A potential synergistic effect of donor antigenic
extracts and cyclosporine on the prolongation of rat renal allo-
grafts. Transplantation 1983; 35(5):483-489.

21. Yasumura T, Kahan BD. Prolongation of rat kidney allografts by
pretransplant administration of donor antigen extract or whole
blood transfusion combined with a short course of cyclosporine.
Transplantation 1983; 36(6):603-609.

22. Oluwole SF, Fawwaz RA, Reemstsma K, Hardy MA. Induction of
donor-specific unresponsiveness to rat cardiac allograft by donor
leukocytes and cyclosporine. Transplantation 1988; 45(6): 1131-
1135.

23. Grailer AP, Sollinger HW, Kawamura T, Burlingham WJ. Donor-
specific cytotoxic T lymphocyte hyporesponsiveness following
renal transplantation in patients pretreated with donor-specific
transfusions. Transplantation 1991; 51(2):320-324.

24. Hadley GA, Kenyon N, Anderson CB, Mohanakumar T. Down-
regulation of antidonor cytotoxic lymphocyte responses in recip-
ients of donor-specific transfusions. Transplantation 1990; 50(6):
1064- 1066.

25. Burlingham WJ, Sparks EMF, Sondel PM, et al. Improved renal
allograft survival following donor-specific transfusions. Trans-
plantation 1985; 39(l):12-17.

26. Leivestad T, Thorsby E. Effects of HLA-haploidentical blood trans-
fusions on donor-specific immune responsiveness. Transplanta-
tion 1984; 37(2):175-181.

27. Bean MA, Mickelson E, Yanagida J, et al. Suppressed antidonor
MLC responses in renal transplant candidates conditioned with
donor-specific transfusions that carry the recipient's noninherited
maternal HLA haplotype. Transplantation 1990; 49:382-386.

28. Whelchel JD, Curtis JJ, Barger BO, et al. The effect of pretransplant
stored donor-specific blood transfusion on renal allograft survival
in one-haplotype living-related transplant recipients. Transplan-
tation 1984; 38(6):654-656.

29. Squifflet JP, Pirson Y, Bruyere MD, et al. Preliminary results of
one-haplotype-matched living-related donor renal transplantation
using a single donor-specific transfusion. Transplant Proc 1984;
16(l):20-22.

30. Cheigh JS, Suthanthiran M, Fotino M, et al. Minimal sensitization
and excellent renal allograft outcome following donor-specific
blood transfusion with a short course of cyclosporine. Trans-
plantation 1991; 51(2):378-381.

31. Brunson ME, Tchervenkov JI, Alexander JW, Cofer BR. Partial T-
cell depletion with monoclonal antibody improves the enhancing
effect of donor-specific transfusion plus cyclosporine. Transplant
Proc 1991; 23(l):307-308.

Vol. 215 * No. 6


