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BACKGROUND: Allogeneic blood transfusions have
been reported to increase susceptibility to postoperative
infection, but the findings were inconclusive. This study
was designed to investigate the effect of buffy coat-de-
pleted allogeneic and autologous transfusion on postop-
erative infection in patients undergoing orthopedic sur-
gery.
STUDY DESIGN AND METHODS: Patients (n = 385)
undergoing elective orthopedic surgery (primary and re-
vision joint replacement, spinal, or pelvic surgery) were
included in a prospective observational study of the inci-
dence of postoperative infection between April and De-
cember 1996. Infection rates in patients who received al-
logeneic buffy coat-depleted blood transfusions were
compared with those in patients who received no trans-
fusion or only autologous (buffy coat-depleted) blood.
RESULTS: Patients without exposure to allogeneic
blood (no blood or only autologous blood) had an infec-
tion rate of 3.9 percent, as compared to a rate of 12.2
percent for those with exposure to allogeneic blood (allo-
geneic blood, autologous plus allogeneic blood) (odds
ratio 3.442; 95% CI, 1.349-10.40; p = 0.006). Of the 385
study patients, 309 underwent primary hip or knee re-
placement surgery. In this homogeneous subgroup, the
postoperative infection rate was 4.6 percent after no
transfusion or autologous transfusion and 11.9 percent
after allogeneic transfusion (odds ratio 2.827; 95% CI
1.059-8.799; p = 0.036). Multivariate regression analysis
confirmed buffy coat-depleted allogeneic blood transfu-
sion as an independent variable associated with high
risk for postoperative infection.
CONCLUSION: Buffy coat-depleted allogeneic blood
transfusion increases the incidence of postoperative in-
fection in patients undergoing uncontaminated orthope-
dic surgery.

Since the early work of Opelz et al. in 1973,1 alloge-
neic blood transfusions have been known to
downregulate the recipient’s immune system. This
immunosuppression might be beneficial for al-

lograft survival, but there are also reports of increased tu-
mor recurrence and postoperative infection rate after allo-
geneic blood transfusion.2 The results of retrospectively and
prospectively randomized clinical trials on this topic are
conflicting, and at present it remains unclear whether al-
logeneic blood transfusions per se—and what amount of
transfused allogeneic white cells (WBCs)—are critical to
clinically relevant immunosuppression, which increases
perioperative morbidity.3,4 It is generally accepted that the
immunosuppressive effect of allogeneic blood transfusion
results from donor WBCs and possibly plasma, pyrogens,
and cytokines, the last two of which are released during
storage of blood components.5-10 Although the idea of a
critical threshold below which donor WBCs provoke almost
no immunosuppression is not approved, the degree of im-
munosuppression following blood transfusion supposedly
depends on blood component preparation. Whole blood
contains a substantial amount of WBCs (5-9 × 109/unit),
while packed red cells (RBCs) contain fewer WBCs (2-3 ×
109/unit) and little residual plasma. Further reduction of re-
cipient exposure to allogeneic WBCs can be provided by
removal of the buffy coat (<1.2 × 109 WBCs/unit). Since 1992,
buffy coat-depleted (BCD)-RBCs have been the standard
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preparation at our institution for autologous and allogeneic
blood transfusion, whereas WBC-filtered preparations are
used for special indications only. However, the general use
of WBC-filtered blood components is now under discus-
sion, as some authors suggest a WBC-reduction threshold
of 107 WBCs per unit or less to prevent WBC-mediated ad-
verse reactions.10

Two reports11,12 found higher postoperative infection
rates in orthopedic patients after transfusion of allogeneic
blood than after that of autologous blood, whereas two
other studies13,14 found no association between allogeneic
transfusion and postoperative infection. Moreover, packed
RBCs or whole blood was used for those transfusion regi-
mens, which prompts the question of whether BCD-blood
components exhibit the presumed immunosuppressive
effect.

To estimate the immunosuppressive potential of cur-
rently used allogeneic components, with moderate WBC
contamination, we compared the impact of allogeneic
BCD-transfusions and of autologous BCD-transfusions on
the incidence of postoperative infection in patients under-
going uncontaminated orthopedic surgery in which condi-
tions in surgery and after surgery were standardized.

MATERIALS AND METHODS
Selection of patients
A total of 385 consecutive patients who decided on preop-
erative autologous blood donation for elective orthopedic
surgery (primary and revision joint replacement, spinal,
and pelvic surgery) at Innsbruck University Hospital
(Innsbruck, Austria) were enrolled in our present prospec-
tive observational study between April and December 1996.
Given the risks of allogeneic transfusion, random assign-
ment to an autologous or allogeneic transfusion regimen is
unacceptable for ethical reasons. Therefore, patients were
divided into two groups (donors and nondonors of autolo-
gous blood) at time of admission, according to their own
decision to provide autologous blood or not. Patients with
coexisting diseases that prevented the treating physicians
from consenting to autologous blood donation were not
included in the study. Reasons for not donating autologous
blood were personal refusal, difficulties reaching the De-
partment of Transfusion Medicine at Innsbruck University
Hospital, too little time for blood donation, and unsuccess-
ful venipuncture.

Clinical experience shows that about 30 percent of au-
tologous blood donors require additional allogeneic trans-
fusion, while about 20 percent of autologous blood
nondonors need no perioperative transfusion at all. A ret-
rospective scrutiny of actual transfusion regimen was there-
fore necessary. Accordingly, at discharge, patients were di-
vided into four groups according to the actual type of
perioperative transfusion received (autologous, allogeneic,

both, none) and into two further groups (any allogeneic
transfusion, no allogeneic transfusion). Data were obtained
from patients’ records and interviews (preoperative blood
donation, reasons for no preoperative blood donation, his-
tory of chronic systemic illness, current medication). Pa-
tients were observed from the beginning of their hospital
stay until discharge.

Clinical data

Data collected from medical records include age, sex, body
mass index (BMI, kg/m2), admission hematocrit (Hct), WBC
count, surgical procedure, type of anesthesia, estimated
blood loss (blood collected intraoperatively by suction de-
vice plus blood loss on the floor, in sponges; postoperative
loss into surgical drains), duration of surgery, number and
type of transfused RBCs (including intraoperative and post-
operative autologous blood collection), units of transfused
fresh-frozen plasma (FFP), therapeutic use of antibiotics,
and length of hospital stay.

Perioperative management

All patients received standard general or regional anesthe-
sia. General anesthesia was induced by use of thiopental so-
dium, fentanyl, and vecuronium bromide and maintained
with inhalation of isoflurane in a nitrous oxide and oxygen
mixture and additional bolus doses of fentanyl and
vecuronium bromide given intravenously. Regional anes-
thesia was performed as spinal or combined spinal-epidu-
ral anesthesia, using plain bupivacaine at 0.5 percent. All
patients were actively warmed by the use of fluid warmers
(Biegler, Biotest Pharmazeutika, Vienna, Austria) and a con-
vective warming system (Bair Hugger, Augustine Medical,
Eden Prairie, MN). Monitoring during surgical intervention
included blood pressure measurement, electrocardiogram,
pulse oximetry, capnometry, and urine output measure-
ment. Intraoperatively, a cell-saver system (Haemonetics 3,
Haemonetics Corp., Braintree, MA) was used for salvage
and processing of RBCs. Postoperative autotransfusion of
shed blood was performed in all patients undergoing revision
joint surgery, knee replacement surgery, and cementless hip
replacement surgery. Postoperative analgesia was performed
by intermittent intravenous application of piritramide or
patient-controlled analgesia (intravenous piritramide or epi-
dural bupivacaine-fentanyl-adrenaline).

Each patient received second-generation cepha-
losporin on the day of surgery. A Foley urinary catheter was
inserted before surgery and usually removed on the morn-
ing of the second postoperative day. All patients underwent
thrombosis prophylaxis with enoxaparin 12 hours preop-
eratively, and this was followed by daily postoperative ad-
ministration until the third postoperative day and further
oral anticoagulation with acenocoumarol.
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Preparation of blood components
Autologous and allogeneic blood transfusions, provided by
the Department of Transfusion Medicine of Innsbruck Uni-
versity Hospital, were prepared in the same manner: 450
mL ± 10 percent of whole blood was collected in top and
bottom bags (Gerätezentrale Österreichisches Rotes Kreuz,
Eugendorf, Austria) using automatic mixing and weighing
devices (Biotrans GmbH, Dreieich, Germany). Anticoagu-
lation was performed with CPDA-1. Within 16 hours of stor-
age at 20°C, the whole blood was centrifuged at 3550 × g  for
10 minutes. BCD-RBCs in additive solution (100 mL saline-
adenine-glucose-mannitol) were separated by using an
automatic system for blood component preparation
(Compomat, NPBI, Amsterdam, Netherlands) and kept in
the blood bank at 4°C. Plasma was frozen within 1 hour af-
ter separation (–30°C core temperature) and stored at –30°C.
Residual WBC counts in BCD-RBCs were analyzed with an
automatic cell counter (STKS, Coulter, Miami, FL) in 1 per-
cent of the produced units with regard to the Austrian regu-
lations and guidelines for quality control. The median re-
sidual WBC count was 1.1 × 109 per unit (range, 0.42-1.93 ×
109/unit).

All intraoperative or postoperative transfusions of
RBCs were given according to the hemodynamic status of
the individual patient. For all perioperative transfusions,
fluid warmers (Biegler, Biotest Pharmazeutika) and 40-µm
blood filters (Microtrapper, Miramed, Mirandola, Italy)
were used. In the autologous transfusion group, autologous
FFP was used for volume replacement. Allogeneic FFP was
transfused to patients with severe coagulopathy only.

In all patients, urine samples were taken at the time of
removal of the urinary catheter for microbiologic cultures,
while other microbiologic specimens were ordered only if
signs of infection were clinically apparent. In-hospital in-
fections were identified by positive results of microbiologic
cultures, and antibiotics were consequently administered.
Patients with positive preoperative cultures were not clas-
sified as developing postoperative infection if the same
pathogens were also observed postoperatively. The diagno-
sis of pneumonia was established
when the classic clinical signs (fever,
leukocytosis, and chest infiltrate)
were observed, and a purulent exu-
date was adequate evidence of
wound infection.

Statistical analysis
Kruskal-Wallis and Mann-Whitney U
tests were used 1) to determine varia-
tion in infection rates among the four
transfusion groups (autologous, allo-
geneic, both, none); 2) to compare the
infection rates in patients who did not
receive allogeneic transfusions (au-

tologous only, none) with rates in patients who received
allogeneic transfusions (allogeneic only, autologous plus
allogeneic); and 3) to perform univariate analysis of con-
tinuous variables associated with postoperative infection.
Fisher’s exact test (odds ratio) was used to estimate the in-
fluence of categorical variables on the relative risk for de-
velopment of postoperative infection.

Further analysis was limited to patients undergoing
primary hip and knee replacement surgery only (n = 309;
80.3% of patients). Univariate (odds ratio, Fisher’s exact test;
mean values, Mann-Whitney U test) and multivariate logis-
tic regression analysis was performed to determine which
of the independent variables associated with allogeneic
transfusion accounted for the development of postopera-
tive infection. Variables that had significantly contributed
to the development of infection in univariate analysis were
forced into multivariate logistic regression analysis. Vari-
ables that predicted only the need for allogeneic blood were
replaced with allogeneic BCD-RBCs. Values are reported as
mean ± SD, and the relative risk estimate is given with a 95%
CI.

RESULTS
Patient characteristics, admission Hct, WBC count, and type
of elective orthopedic surgery are listed in Table 1. Of 385
patients, 188 (48.8%) underwent preoperative autologous
blood donation (1-6 units depending on type of surgery;
mean, 2.7 autologous units; total, 501 units), while 197
(51.2%) did not. Patients who did not participate in preop-
erative blood donation were significantly older and pre-
dominately female and had a higher admission Hct and
WBC count than those in the autologous blood donor
group.

Rate of in-hospital infection, length of hospital stay,
transfusion regimen, and type of anesthesia are shown in
Table 2. Of the 188 autologous donor patients, 150 (79.8%)
received their autologous BCD-RBCs, while 68 (36.7%) pa-
tients additionally needed allogeneic BCD-RBC transfu-

TABLE 1. Patient characteristics at admission and type of planned surgery
in 385 orthopedic patients (continuous variables as mean ± SD)

Autologous Nondonors of
blood donors autologous blood

(n = 188) (n = 197) p value

Characteristics
Female/Male (%) 52.6/47.3 71.1/28.9 <0.001
Age (years) 62.4 ± 14.6 68.3 ± 14.6 <0.001
Weight (kg) 75.0 ± 14.0 71.0 ± 14.0 0.003
Height (cm) 167 ± 9.0 164 ± 9.0 <0.001
Admission Hct (%) 37.4 ± 3.4 40.8 ± 4.3 <0.001
Admission WBC count (×109/L) 6.7 ± 1.7 7.2 ± 2.0 0.008

Surgery
Primary hip and knee replacement (%) 85.1 75.6
Revision hip and knee replacement (%) 6.9 18.8 0.04
Spinal surgery (%) 7.4 4.6
Pelvic surgery (%) 0.5 1.0



INNERHOFER ET AL.

628   TRANSFUSION   Volume 39, June 1999

sions (mean, 3.4 units) and 6 patients (3.2%) also received
allogeneic FFP (mean, 2.7 FFP). Of 197 patients who did not
participate in preoperative autologous blood donation, 36
(18.3%) did not receive any blood transfusion, whereas 162
(81.7%) received allogeneic BCD-RBCs and 18 (9.1%)
needed allogeneic FFP. Patients without available autolo-
gous blood had a significantly greater postoperative infec-
tion rate and longer hospital stay than did the autologous
donor group. Total numbers of BCD-RBC units transfused
(autologous and allogeneic) and of FFP (autologous) were
higher in the autologous donor group and can be explained
by the lower admission Hct in autologous donor patients
and our institutional agreement to use autologous FFP for
volume replacement (81.9% of autologous blood donors
received their autologous FFP).

Of 385 patients, 34 (8.8%) developed postoperative in-
fections; two of these were wound infections, but the rest
had no connection to operation site (Table 3). Although our
patients received prophylactic antibiotics, most (29/34) di-
agnosed infections were culture-proven, with the exception
of purulent conjunctivitis, pneumonia, and tracheobron-
chitis. All diagnosed infections were considered clinically
relevant, and antibiotic therapy was consequently admin-
istered by the treating physicians.

All patients were divided into four groups according to
perioperative transfusion regimen. The incidence of infec-
tions in patients receiving no blood was 4.7 percent (2/42
patients), that in autologous blood recipients was 3.5 per-
cent (4/113 patients), that in allogeneic blood recipients
14.8 percent (24/162 patients), and that in patients receiv-

ing autologous and allogeneic transfusions 5.9 percent (4/
68 patients). The difference between the groups’ infection
rates was significant (Kruskal-Wallis test, p = 0.005), and al-
logeneic blood recipients had significantly more infections
than did autologous blood recipients (Mann-Whitney U
test, p = 0.002). Patients receiving both autologous and al-
logeneic BCD-RBCs showed a trend toward lower infection
rates than did those who received only allogeneic blood
(Mann-Whitney U test, p = 0.059), while no difference was
seen in relation to patients who received only autologous
blood or no blood (Mann-Whitney U test, p = 0.459; p =
0.802) (Fig. 1).

Further comparison of infection rates in patients with
exposure to any allogeneic BCD-RBCs (allogeneic BCD-
RBCs, autologous plus allogeneic BCD-RBCs) and in those
without such exposure (no transfusion or autologous BCD-
RBCs only) revealed a postoperative infection rate of 12.2
percent (28/230) after any allogeneic BCD-RBC transfusion
versus 3.9 percent (6/155) without allogeneic BCD-RBC
transfusion (odds ratio 3.442; 95% CI, 1.349-10.40; p =
0.006), a difference that is significant (Fig. 2).

Univariate analysis of potential variables predicting
postoperative infection identified transfusion of allogeneic
BCD-RBCs, advanced age, female sex, low body weight and
height, and small numbers of transfused allogeneic FFP as
significant factors associated with postoperative infection
(Table 4). Infection rates increased significantly with in-

TABLE 2. Rate of postoperative infection, length of
hospital stay, transfusion regimen, and type of

anesthesia in 385 patients who did (n = 188) and did
not (n = 197) preoperatively donate autologous blood

(continuous variables as mean ± SD)
Autologous Nondonors of

blood autologous
donors blood p value

Postoperative infection (%) 4.3 13.2 0.002
Length of hospital stay (days) 14.6 ± 3.0 15.4 ± 3.7 0.013
Total BCD-RBCs (units) 3.6 ± 2.44 3.3 ± 2.7 0.048
Total FFP (units) 2.5 ± 1.3 0.5 ± 1.8 0.017
Intraoperative blood salvage (%) 47.9 43.1 NS
Postoperative blood salvage (%) 45.7 41.1 NS
Regional anesthesia (%) 48.9 44.2 NS
General anesthesia (%) 51.1 55.8 NS

TABLE 3. Type of postoperative infections (n = 34) in
385 patients after elective orthopedic procedures

between April and December 1996
Infection Number of patients

Urinary tract 27
Tracheobronchitis 1
Pneumonia 2
Wound 2
Purulent conjunctivitis 2

Fig.1. Dependence of postoperative infection frequency on

type of transfusion regimen in 385 patients. A significant dif-

ference was found after transfusion of allogeneic or autolo-

gous BCD-RBCs (p = 0.002). Patients receiving both autolo-

gous and allogeneic transfusions showed a trend toward lower

infection rates than did recipients of allogeneic transfusions (p

= 0.059).
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creasing numbers of allogeneic transfusions (Fig. 3A), but
not with the total number (autologous and allogeneic) of
transfused BCD-RBCs (Fig. 3B).

Although blood loss, duration of surgery, and use of in-
traoperative  and postoperative blood salvage were vari-
ables without statistical significance for increased infection
rate in all 385 patients, clinical experience shows that the
extent of intraoperative trauma is dependent on the type
of surgery and might be related to postoperative infection
rate. Therefore, further statistical analysis was performed
for a more homogeneous study group of 309 patients un-
dergoing exclusively primary hip and knee replacement
surgery (80.3% of all enrolled patients), of which 27 devel-

oped postoperative infections. The infection rate was 11.9
percent (21/177 patients) after transfusion of allogeneic
BCD-RBCs and 4.6 percent (6/132 patients) after the trans-
fusion of autologous BCD-RBCs only or no transfusion
(odds ratio 2.827; 95% CI, 1.059-8.799; p = 0.036). Univariate
and multivariate analysis of variables confirmed transfu-
sion of allogeneic BCD-RBCs as an independent variable
predicting postoperative infection. Patients with postop-
erative infection were also older and predominately female,
and they received more antibiotics. Increasing total num-
bers of transfused BCD-RBCs, small numbers of transfused
FFP, smaller body mass index, and female sex were associ-
ated with the need for allogeneic transfusion (Table 5).

DISCUSSION
The present study demonstrates a greater risk for postop-
erative infection in patients exposed to allogeneic BCD-
RBCs than in patients receiving only autologous BCD-RBCs
or no perioperative transfusions. This result implies that
buffy coat removal is not a sufficient processing method in
cases where transfusion-induced immunosuppression is a
concern.

The present study was prospective but not randomized
(for ethical reasons) and was conducted in a homogeneous
population of patients; much effort was made to guaran-
tee uniform perioperative clinical management. The influ-
ence of potentially confounding variables on the outcome
for transfused patients was shown to distort results for post-
operative infection after allogeneic transfusion.15 In con-
trast to the retrospective study of Vamvakas et al.15 and the
other clinical trials comparing postoperative infection af-
ter autologous or allogeneic transfusions,11-14,16,17 this study
excluded possible effects of nonstandard perioperative
conditions on the occurrence of postoperative infection, as
in this single-center study, the intraoperative anesthesia
management, the use of Foley urinary catheters, the appli-
cation of postoperative analgesia, and the use of intraop-
erative and postoperative autologous blood salvage were
similar for patients with and without available autologous
BCD-RBCs. In addition, the duration of surgery and blood
loss proved to be nonsignificant for the development of
postoperative infection. Moreover, autologous and alloge-
neic blood components were prepared in the same man-
ner as BCD components. Thus, in our study, the main dif-
ference between the perioperative management of the
transfusion groups was the presence or absence of alloge-
neic BCD-RBCs and autologous FFP.

However, the findings that patients with infections
were also older, were predominately female, had low body
weight and height, and received only small numbers of FFP
demand some explanation. These characteristics describe
patients belonging to the group that did not donate autolo-
gous blood, 81.7 percent of whom received allogeneic BCD-
RBCs, but only 9.1 percent of whom received FFP. Therefore,

TABLE 4. Potential variables predicting
postoperative infection in 385 orthopedic patients

undergoing elective surgery
Variables p value

Exposure to allogeneic BCD-RBCs 0.006
Numbers of allogeneic BCD-RBCs 0.003
Total numbers of BCD-RBCs NS
Transfusion of autologous FFP 0.001
Total numbers of FFP 0.017
Age 0.002
Sex 0.013
Weight 0.008
Height 0.014
Admission Hct NS
Admission WBC count NS
Blood loss NS
Intraoperative autologous blood recovery NS
Postoperative transfusion of shed blood NS
Duration of surgery NS
Length of hospital stay NS

Fig. 2. Postoperative infection rate after any exposure to allo-

geneic transfusion of BCD-RBCs as compared to that after no

exposure (no transfusions or only autologous transfusion) (p =

0.006).
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these variables indicate the need for allogeneic transfusion
rather than a contribution to an increased infection rate.
This suggestion was also confirmed by results of multivari-
ate analysis in a subgroup of patients undergoing primary
endoprosthetic surgery.

Our findings of a threefold increase in postoperative in-
fection rates due to allogeneic transfusion are in agreement
with the findings of others. Triluzi et al.11 reported a fivefold
infection rate in orthopedic patients who were exposed to
allogeneic transfusion when undergoing spinal surgery. The

inclusion of patients with neuromus-
cular scoliosis, who are known to be
at high risk for postoperative infec-
tion, and the use of autologous whole
blood and allogeneic RBCs might ex-
plain the more pronounced differ-
ence between study groups. Murphy
et al.12 even found a 10-fold rate of
postoperative infection after alloge-
neic transfusion than after autolo-
gous transfusion, patients, but only a
few patients with diagnosed infection
who had received allogeneic blood
had positive bacterial cultures. One
could argue that results were influ-
enced by soft criteria for diagnosis of
infection, but in patients undergoing
prophylactic antibiotic therapy, cul-

TABLE 5. Analysis of potential variables predictive for allogeneic
transfusion and development of postoperative infection in 27 of 309

patients undergoing primary hip and knee replacement surgery
Univariate analysis Multivariate analysis

Categorical and Allogeneic Postoperative Allogeneic Postoperative
continuous variables transfusion infection transfusion infection

Exposure to allogeneic BCD-RBCs 0.036 <0.001
Total numbers of BCD-RBCs <0.001 NS <0.001
Total numbers of FFP <0.001 0.011 <0.001
Age <0.001 0.001 NS <0.001
Antibiotics NS <0.001 <0.001
Body mass index   0.002 NS NS
Sex <0.001 0.011  NS*
Intraoperative blood recovery NS NS
Postoperative blood recovery <0.001 NS NS
Admission Hct  NS* NS NS
Anesthesia NS NS
Operation (hip vs knee) NS NS

* p = 0.064

Fig. 3. A) In 385 orthopedic patients, a dose-response relationship between postoperative infection and number of transfused BCD-

RBCs was found for allogeneic transfusion only (p = 0.017). B) In 385 orthopedic patients, no dose-response relationship between

postoperative infection and the total number of transfused BCD-RBCs (autologous and allogeneic) was observed (p = 0.529).

A B
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ture data used as sole criteria may lead to false-negative di-
agnosis.

Nevertheless, controversial results were reported by
Fernandez et al.13 and Vamvakas et al.14 Neither study was
able to detect an association between allogeneic transfu-
sion and the rate of postoperative infection. The definition
of diagnosed infection was similar to that in our study, and
both those studies and ours involved comparable numbers
of orthopedic patients. However, those retrospective re-
views included patients in several local hospitals. In con-
trast to our results, multivariate analysis yielded more sur-
gical variables, such as duration of operation and blood loss,
that were associated with postoperative infection. The in-
significant influence of these variables in our study may be
due to our prospective single-center approach and strictly
standardized intraoperative anesthesiologic management,
including active warming of patients with the intention to
prevent hypothermia, which can be accompanied by ad-
verse effects on coagulation, blood loss, and even resistance
to infection.18,19 Besides, we did not include posthospital
infections in the present analysis, because differing posthos-
pital conditions can uncontrollably influence the incidence
of infection. We additionally investigated the relationship
between allogeneic BCD-RBC transfusion and postopera-
tive infection in a subgroup of patients undergoing prima-
ry hip or knee replacement. From a clinical point of view,
surgical trauma, blood loss, time of surgery, and expected
postoperative infection rate are homogeneous and compa-
rable in these patients. We verify here that allogeneic trans-
fusion is an independent variable associated with increased
postoperative infection.

We found an 8.8-percent overall incidence of in-hos-
pital infection (mainly, urinary tract infections), a rate that
is slightly higher than that in other studies of orthopedic pa-
tients. The predominance of infections unrelated to wound
site is also reported by others.11-14 This might be the conse-
quence of systemic immunosuppression following alloge-
neic transfusions, which leads to an increased susceptibil-
ity to nosocomial infections, whereas wound infections
largely depend on surgical factors and hospital setting. As
reported by these other investigators,11-14 diagnosed infec-
tions were not clinically severe, and no deaths occurred, but
allogeneic blood recipients received more antibiotic
therapy and had a longer hospital stay. Although prolonga-
tion of hospital stay was moderate in our study, which in-
cluded otherwise healthy patients, a much greater effect of
infection on length of hospital stay has been reported in pa-
tients undergoing abdominal cancer surgery.20, 21 The inci-
dence of deep operative-site infections, which are delete-
rious in elective joint replacement surgery, is known to be
below 1 percent at our institution (0.5% in the present
study), while that in other reports on wound infection rates
is 2.0, 7.1, 1.6, and 3.1 percent, respectively.11-14 The fact that
only two patients developed wound infection may be due
to meticulous aseptic strategy (including preoperative

management on the ward) and the use of laminar flow in
primary endoprosthetic surgery.

All the previous studies comparing on infection rates
after allogeneic and autologous transfusions used packed
RBCs or whole-blood preparations that contained different
amounts of WBCs per unit and plasma. Because either fac-
tor may influence the degree of immunosuppression, a com-
parison of patients receiving autologous whole blood with
those receiving allogeneic RBCs seems difficult.4,11-14,16,17 In
our study, all transfused patients received BCD-RBCs, but the
postoperative infection rate was associated only with allo-
geneic transfusions. These findings, as well as the results
of four single-center studies on the effect of WBC reduc-
tion,22-25 suggest that, in fact, exposure to allogeneic blood
components, containing even moderate numbers of WBCs,
causes observed immunosuppression. It is not yet clear,
however, which WBC proteins are involved and whether
transfused WBCs have to be viable to produce this effect. It
is interesting that, in a recently published study comparing
the outcome after allogeneic BCD or WBC-reduced trans-
fusions, no difference was observed whether blood was fil-
tered freshly or after storage.25 Nevertheless, a large
multicenter trial showed no differences between transfu-
sion groups (BCD vs. WBC-reduced), but transfusion per se
proved to be an independent variable predicting an in-
creased postoperative infection rate.26

However, in the present single-center study with
strictly standardized perioperative management, infection
rates increased significantly with increasing numbers of al-
logeneic transfusions, but not with the total number (au-
tologous and allogeneic) of transfused BCD-RBCs. Further-
more, total numbers of BCD-RBCs as well as FFP transfused
were significantly higher in the autologous donor group, but
the infection rate was significantly higher in the nondonor
group. This indicates that, under standardized conditions,
the exposure to allogeneic BCD-RBCs, rather than the need
for or the effect of transfusion per se, might be the reason
for increased postoperative infection. It interesting that we
also found lower infection rates in patients receiving both
autologous and allogeneic blood than in recipients of ex-
clusively allogeneic BCD-RBCs. This supports the sugges-
tion that autologous blood may offer some active protec-
tion against postoperative infection, as suggested by Heiss
et al.,16 and contradicts the hypothesis that RBC transfu-
sions engage the reticuloendothelial system, which impairs
the clearance of bacteria by phagocytic cells, and so leads
to transfusion-associated postoperative infections.26

One of the potential limitations of our study is that it
was not randomized, for ethical reasons. In addition, pa-
tients in the group that did not donate autologous blood
were predominately female and older, which are clinical
variables that in part proved to be associated with the need
for allogeneic transfusion.

In conclusion, we found a significantly higher rate of
postoperative infection in patients after allogeneic BCD-
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RBC transfusion than in patients who received either no
blood or only autologous blood. The rate of infection in-
creased with the number of transfused allogeneic units,
even when identically prepared blood components having
moderate WBC counts were used. Although the precise
mechanism(s) of immunosuppression after allogeneic
blood transfusion are not yet clear, our results support the
concept of an immunosuppressive potential of allogeneic
blood transfusions and reveal buffy coat depletion to be an
insufficient processing method for preventing transfusion-
induced immunosuppression. We thus conclude that the
universal WBC filtration of blood for transfusion must be
considered to prevent any adverse effects of this important
therapy.20
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