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Abstract. The impact of a systematic, nondonor-specific, 
pregraft blood transfusion (BT) protocol was evaluated 
retrospectively in 446 consecutive, first renal transplant 
recipients with regard to graft survival rate, rejection, and 
incidence of infectious episodes. Cyclosporin A was the 
maintenance immunosuppressive treatment in all patients 
after a 2-week course of antithymocyte globulin or anti- 
IL-2 monoclonal antibody. Recipients were assigned to 
three groups according to the number of pregraft BT (one 
or two, three or four, or more than four). When nonimmu- 
nological failures were excluded from the study, patients 
receiving three or four BT had statistically better graft sur- 
vival ( P  c 0.02) and a lower incidence of rejection epi- 
sodes ( P  c 0.05) than those in the other groups. There 
were no significant differences between the three groups 
in the distribution of HLA mismatching (A, B and DR), 
time interval between the last BT and transplantation, 
DR6 recipient phenotype, or nonimmunological failures. 
Our results show that the number of pregraft BT is an im- 
portant factor in transplantation. 
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The beneficial effect of pregraft blood transfusions (BT) 
has been well documented in animals [5,8,16,24] and hu- 
mans [9, 10,211, and systematic BT policies are now the 
rule prior to renal transplantation. Today, as new immu- 
nosuppressive regimens, including bioreagents and cy- 
clospcirin A (CyA), increase the rate of successful graft 
function, the beneficial effect of BT must be reappraised. 
Some recent reports advocate BT [lo, 17,211, but similar 
graft survival rates in nontransfused, Cy A-treated pa- 
tients have also been published [4,13,15]. These conflict- 
ing data are all the more reason to reappraise pregraft BT 
benefit while taking into consideration the increasing risk 
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of viral contamination (e.g., from human immunodefi- 
ciency virus, hepatitis or cytomegalovirus) or of HLA im- 
munization. Optimal BT parameters (number, timing, 
quality, etc.) need to be determined in transfused popula- 
tions. As a result of increasing rates of actuarial graft sur- 
vival, more detailed analyses of rejection frequency [14], 
level of graft function, and incidence of infectious epi- 
sodes are also required. 

This paper reports the results of a retrospective study 
of BT protocol in an ABO isogroup of kidney allograft re- 
cipients treated with a stereotypic immunosuppressive 
regimen including a bioreagent and CyA. Optimal results 
were achieved when a moderate number of BT - three or 
four - were performed before grafting. 

Materials and methods 

Patients and transfusion profocols 

Only consecutive. first cadaveric graft recipients (287 males, 159 fe- 
males: mean age 39.3 years, range 6-66 years) were included in the 
study. Follow-up was more than 1 year for 319 patients and more 
than 4 years for 103. All patients were prospectively and deliberately 
transfused prior to transplantation according to a protocol described 
in detail elsewhere [23]. Briefly, patients received one BT (one 
packed 250-ml blood unit) every 3 rnonlhs starting from the time 
they were placed on a waiting list. Panel-reactive antibodies (PRA) 
against Tand B lymphocytes were checked serially after BT (days 15 
and21) andevery2 months.Thissystematic BTregimen wasdiscon- 
tinued if patients had immunization above 20% of anti-T PRA or 
40% of anti-B PRA. as assessed by lymphotoxicity on a panel of 
30 cells. Some patients received one or more additional BT units in 
case of emergency or of leukocyte-poor blood resulting from chronic 
anemia. Finally, all patients were systematically transfused (two 
units) during transplant surgery. 

In order to assess the minimum number of BT that would pro- 
duce the most beneficial effect, patients were divided into three 
groups, depending on the number of pregraft BT received (one or 
two, three or four, or more than four). The distribution of the pa- 
tients excluded from and included in the three groups was: 13/126 
(103%). W122 (123%), and 23/198 (116%), respectively. The dis- 
tribution of pregnancies (105 women) was not statistically different 
between groups. Within this follow-up group, 51 patients (1 1%) lost 
their graft due to technical or nonimmunological failure (including 
arterial and venous thrombosis, ureteral necrosis, accidental death, 
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Number of pregraft transfusions 
Fig.l. Histogram of the number of pregraft blood transfusions (BT) 
in the population studied. BT given systematically on the day of 
transplantation are not included. Patients included in the groups; 
0 patients excluded due to nonimmunological failure of graft 

and cardiovascular stroke). There were no statistical differences be- 
tween groups with regard to these incidents. Data are given with the 
incidents excluded and included since a specific BT effect may have 
been involved. 

The mean mismatching indices were 0.98 f 0.6 and 1.12 f. 0.6, re- 
spectively, for HLA-DR-B and -A antigens. All transplantations 
were performed with a negative crossmatch on donor T lymphocytes 
using current sera, regardless of reactivity on donor B lymphocytes, 
as described by Bignon et al. [l]. 

Immrinosiippressive regimen 
During the first 2 weeks after transplantation, patients were treated 
using a sequential prophylactic strategy including either antithymo- 
cyte globulin (ATG, Institut Mkrieux, Lyon, France;78%), antiblast 
globulin [3,11] (3%). or an anti-IL-2 receptor monoclonal antibody 
[25,26] (19%), followed by CyA as previously described [26]. Be- 
tween January 1982 and April 1988, prednisone (Pred) and azathio- 
prine (Aza) were definitively stopped after day 45. After April 1988, 
the maintenance regimen consisted of a combination of CyA and 
Aza. as described previously [12], and only Pred was stopped on 
day 45. Patients with chronic rejection or chronic CyA toxicity rc- 
ceived triple therapy (CyA, Aza. and Pred). Acute rejection epi- 
sodes were treated with boluses of Pred for 5 consecutive days (cu- 
mulative bolus dose 20mgkg). Followed by 1 mglkg oral Pred, 
gradually tapered (10 mg/week) until definitive withdrawal. 

Statistical analysis 

Graft survival, expressed as actuarial survival, was compared using 
the log-rank test. Differences in distribution percentages were com- 
pared using the nonparametric Kruskal-Wallis analysis when the 
chi-square test could not be applied to ordinal data. 

Number of transfusions and immunization 

The number of BT before transplantation is given in 
Fig.1: 28.2% of the patients received one or two BT, 
26.9% three or four, and 44.8% more than four. These 
groups were arbitrarily defined to represent the usual 
pregraft transfusion categories and to facilitate statistical 
analysis by obtaining relatively balanced groups. At the 
time of transplantation, 65% of the patients had no anti-T 
PRA, 25% had 4%-50%, 4% had 50%-80%, and 6% had 
more than 80%. The percentage of patients who became 
immunized before transplantation (i.e., > 4% PRA) was 
significantly ( P  c 0.05) and linearly (r = 0.63) correlated 
with the number of pregraft BT (Fig.2). When the correla- 
tion is made according to level of immunization, only pa- 
tients with less than 50% anti-T PRA are involved, sug- 
gesting that hyperimmunization cannot be predicted from 
the number of BT. 

The distribution of blood groups was statistically signi- 
ficant (P = 0.005) within the three groups. Patients in 
blood group 0 were transfused more often than those in 
group A (7.57 BT vs 5.83; NS), probably because of their 
longer dialysis period ( P  ~0.001).  There were more 0 
(32.4%) than A (15.1%) patients in the group with inter- 
mediate immunization (4%-50% anti-TPRA; P c 0.005). 
Moreover, 0 patients were more closely matched with 
their donors (four HLA-B-DR mismatches: 16.55% A, 
4.23% 0; P c 0.001 and full HLA mismatches: 27.4% A, 
6.5% 0). Conversely, match distribution (HLA-A, B, DR 
and B-DR) was independent of the BT groups studied 
(data not shown). 

Patient and graft survival; rejection incidence 

Actuarial survival according to the number of BT is shown 
in Fig.3 A (NS). Patients with three or four BT had better 
graft survival than those with one, two or more than four, 
although this difference was not statistically significant 
(Fig. 3 B). Technical and nonimmunological failures were 
the major cause of graft loss (511450; 1lY0), and the in- 
cidence of these failures had no significance according to 
BT group. When these failures are excluded (Fig.3 C), the 
differences become statistically significant, indicating that 
patients with three or four BT had better graft survival 

0 
0 Fig.2ACorrelation between the number of BT 

received before grafting and immunization against 
the panel of allogeneic T lymphocytes. Patients 

blood level was above 4%. The correlation is statis- 
tically significant (Kruskal-Wallis P c 0.005, 
r = 0.63). B,C When the transfused population is 

B 2 L 6 8 10 were considered as immunized when anti-PRA 

divided according to PRA level, the correlation is 
not significant in highly immunized patients 
(B: anti-T PRA > 50%, r = 0.35; C: anti-T PRA 
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than those in the other groups taken together ( P  < 0.02 at 
48 and 60 months). Moreover,patients transfused three or 
four times prior to transplantation also had a significantly 
lower graft rejection incidence than those who received 
one, two, or more than four BT ( P  < 0.05 in both cases; 
Fig. 4). HLA matching, duration of dialysis, and PRA lev- 
els were not statistically different in the groups studied 
and thus could not account for the variations observed. 

Finally, the mean time interval between the last BT and 
transplantation did not differ in the three groups. There 
was no statistical difference in the time interval between 
the last BT ( < 1, < 3, or < 6 months) and transplantation 
(data not shown), although graft outcome always ranked 
better when the BT was closest to transplantation time. 
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Months post-transplantation 
Fig.3.A Actuarial patient survival in the three groups of patients 
studied. Differences are not statistically significant (log rank). 
x-x 1-2 BT; t. 3 4  BT; M > 4 BT B Actuarial graft survival 
according to the number of BT received (NS: X2= 1.4 for 2 dF at 
48 months). Symbols as for A. C Actuarial graft survival in the pa- 
tients with three to four BT and in the other two groups combined. 
The differences are significant if nonimmunological failures ( n  = 51. 
11% of all patients) are excluded ( P  ~0.02. X2=5.75 for 1 dF at 
48months;P =0.05,X2=3.98for 1 dFat36 months).Thenumberof 
patients at 48 months are indicated for each group. t. 3-4 BT; 
-<3and > 4 B T  

<3 BT 3-4 BT >4 BT 
Fig.4. Incidence of acute rejection episodes according to the num- 
ber of BT received before transplantation. Incidences are statisti- 
cally significant (Kruskal-Wallis, P c 0.005) among the groups. This 
difference is also significant when assessed group by group ( P  c 0.05 
for group c 3 BTvs group 3-4 BT and for group > 4 BT vs group 3- 
4 BT). No rejection; 1 rejection; 2 rejections; > 2 rejec- 
tions 

Infectious episodes 

The incidence of overt cytomegalovirus disease episodes, 
herpes simplex, septicemia, and urinary tract infections 
was analyzed according to the number of BT received. 
There were no significant differences in the frequency of 
these infectious episodes. However, when analysis was 
performed according to the number of BT, assessed unit 
by unit, there was a significantly higher incidence of her- 
pes simplex infection (33%) in patients who received 
more than eight BT than in others ( P  > 0.05). The time in- 
terval between BT and transplantation had no influence 
on incidence of infection. 

Discussion 

Before the development of new immunosuppressive regi- 
mens including bioreagents and CyA, it was assumed that 
BT had a beneficial effect on graft survival [17, 19, 211. 
This assumption has recently been contested in reports 
showing no statistically significant difference in survival 
between nontransfused and transfused patients [4,13,15]. 
This apparent discrepancy could be related to differences 
in BT preparation protocol (i.e., packed blood versus 
frozen blood, etc.) or to practices in different centers. Our 
results in  a population studied within a single center and 
receiving a uniform therapeutic regimen indicate that pa- 
tients transfused three or four times prior to transplanta- 
tion had the best graft survival. These same patients also 
had a lower incidence of acute rejection episodes than 
those with less than three or more than four BT. However, 
these effects were only statistically significant when non- 
immunological failures were excluded. Such exclusion 
could be considered logical. BT effect is probably medi- 
ated by immunological mechanisms, and nonimmunologi- 
cal factors are the major cause of graft failure, Before the 
CyA era, other authors had suggested that 6-20 BT had a 
beneficial effect LlS, 191. In our study, this benefit was 
shown for a lower number of BT (i. e., three to four). In ad- 
dition, graft outcome appeared to be better when the last 
transfusion was performed near the time of transplanta- 
tion, although results were not statistically significant. 

Although it has recently been reported that a beneficial 
transfusion effect is observed in patients without HLA- 
DR matching [6,15,22], the better results in our three to 
four BT group could not be attributed to a significant dif- 
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ference in HLA matching. Duration of dialysis, PRA lev- 
els, time interval between the last BT and transplantation, 
and recipient DR6 phenotype were not significantly dif- 
ferent between our groups. Although there were more 
blood group A patients in the one to two BT group, this 
fact cannot account for the improved effect of three to 
four BT since there were no differences in graft outcome 
or rejection incidence according to A, B, and 0 distribu- 
tion within the whole population or in the BT groups. 

Our results suggest that the number of BT received 
prior to transplantation is an important factor in deter- 
mining how beneficial the transfusion effect will be. This 
factor may be affected by the use of other blood prepara- 
tions since the choice of an optimal number of BT is prob- 
ably dependent on the type of blood used and may thus be 
valid only for a given clinical practice. Our experience in- 
dicates that no more than four BT are required and that 
larger quantities of blood may correlate with increased in- 
cidence of viral infection [7,22], cancer [2], or risk of HLA 
immunization. 

A recent multicenter study [20] indicated that graft 
outcome remained slightly better in transfused than in 
nontransfused patients, even with CyA as maintenance 
therapy. One-year actuarial graft survival was increased 
by 6% after a single transfusion (75%) but was not statis- 
tically improved by additional transfusions (79% for three 
to four BT). However, our study suggests that the effect of 
BT may be optimal in patients receiving three to four of 
them. Survival was 9.6% better at 42 and 48 months com- 
pared to all other patients. This would seem to justify con- 
tinued application of a systematic BT policy, provided that 
careful screening for viral contamination is performed. 
This regimen should be limited to three to four BT since a 
greater number has no beneficial effect and increases the 
potential risk of HLA immunization. 
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