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ABSTRACT

Factors that place patients undergoing total hip
arthroplasty (THA) at increased risk of receiving
an allogeneic or autologous blood transfusion may
aid in determining which patients should predo-
nate blood. The records of 354 consecutive
patients undergoing THA were retrospectively
reviewed to determine patient factors related to
transfusion requirement. The risk of transfusion
requirement was most strongly correlated with low
preoperative hemoglebin level, but also with older
age, higher American Society of Anesthesiologists
physical status rating, female sex, cemented
arthroplasty, and revision surgery. These patients
were also least likely to predonate blood, likely
because of their comorbid status.

Tatal hip arthroplasty (THA) is a common elec-
tive procecure thar may lead to substantal blood
loss. It has been documented that 70% o 90% of
patients undergoing this procedure require blood
transfusion. ' The risk of CONLractng a serious
wansfusion-transmitted discase is approximately 3 in
10,0002 The risk of viral transmission is esdmated at
Iin 63,000 for hepatitis B, 1 in 103,000 for hepatus
C, and 1 in 443,000 for human immunodeficiency
virus.? The fatality rate from allogeneic ransfuston
has been reported as 1 in 433,000 unis ransfused,
with the majority of problems caused by clerical or
laboratory errors?

Pre-THA blood donation has been shown to
decrease the requirement for banked blood transfu-
sion. 258 Oiher techniques have been shown to be
effective in reducing the incidence of allogeneic
blood wansfusion, such as the cell saver and postop-
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erative callection and reinfusion.? These techniques
are costly and may not be required if autologous
blocd 1s available i@

Autologous blood donation is costly for the inst-
tudon, The price of transfusion of a unit of autolo-
gous blood has been estimated art slightly more
than 1.5 times the cost of the wansfusion of an
aliogeneic uni.!" The overall cost per unit trans-
fused is even greater if the donated blood is not
used, as it cannot be saved for use in other
patients. There are no clear guidelines as to how
tmany units patients shouid donate before surgery.
Further, despite the benefits of autologous blood
donation before surgery, not all patients are inter-
ested in participating. Patients who must travel a
great distance often do not want to make an exwa
trip to donate blood. Other patients are unwilling
t0 accept the discomfort and time reguired to pre-
donate their own blood.

Factors that place patients at increased risk of
receiving an allogeneic or autologous blood ransfu-
sion may aid in determining which padents should
predonate their blocd. Previcus work in this area
has analyzed autologous donors and nondonors
together®® or hip and knee replacements togeth-
er®'® or has excluded patients who had donated
awologous blood. ™ Other investigations examined
the effect of patient variables on estimated blood
loss, but not on wansfusion requirement.! The goal
of our study was to identfy patient variables that
aftect the rate of autologous and allogeneic transfu-
sion in patients undergeing elective THA, both in
those who donated autologous blood and in those
who did not.

MATERIALS AND METHODS

All patients who underwent THA by the senior author
over a Zyear period were included in the study. They
were retrospectively reviewed to determine patient fac-
tors related to wansfusion requirements, The patients
were divided into 2 groups, those who predonated their
own blood hefore surgery and those who did not.
Patients who did not predonate bleod either refused o
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Table 1. Patient Variables in Predonation and No-Predonation Groups

Patient Variable Predonation Group No-Predonation Group Bifference Between Groups

Tolal patients e o 140 L e _
Pemary surgery 178 94

Ravision surgery 38 . . Revision or primary surgery, F< .00t
Male 100 43

Femaie 114 g7 Sex, P < 005

Diagnosis of inflammatory arthritis 14 23

Diagnosis of noninflammatory arthritis 200 o 117 - Diagnosis, F < 005 e
Mean age (y) 80.3 67.2 } o Age. P < 001 _
Mean preaperative hemoglobin (g} 322 126.7 . Preoperalive hemoglobin, P < .001
Received atloganeic fransfusion 8 43 o
Received autclogous transfusion 144 0

Notanstusion 62 I
Cemented lemoral component W6 o B

Uncemented temoral component 108 Cemented femoral component, 7 =058
General anesthesia 177

Spinial or epidural anesthesia IR ... Anesthesia, F=78
ASA rating= 1 54 ) :

ASA rating= 2 144

ASA rating= 3 6

ASA raling= 4 0 1 ASAraling, P« .001

ASA=Amefican Soclety of Anesthesiologists.

do so or were unable to because of anemia or medical
disorders. Patienss involved in the predonation program
gave 2 units before primary THA and 3 units before revi-
ston surgery, if possible. The decision to transtuse
patients was based on age, comorbidity, symptoms, and
patient acceptability in each case. There was no specific
hemoglobin level at which patients were vansfused. No
intrapperative salvage techniques were used.

Patient variables examined included age, diagnosis,
preoperative hemoglobin tevel, sex, whether cement was
used for the femoral component, American Society of
Anesthesiologists (ASA) physical status rating, type of
anesthesia, and whether the procedure was a primary
THA or a revision. There are 4 ASA classes that apply (o
patients undergoing elective THAD 1 {no organic, physio-
logic, biochemical, or psvchiatric disturbance), 2 (mild o
moderate systemic disturbance that may or may not be
refated to the disorder requiring surgery), 3 (severe sys-
temic disturbance that may or may not be related o the
disorder requiring surgery), and 4 {severe systemic dis-
turbance that is life-threatening with or without
surgery).'S We did not examine the effect of cementing
the acetabular component because the cementless vari-
ety was used almost without exception. The lowest hemo-
globin level while in hospital was recorded o provide a
reference for the threshold for rransfusion.

Characteristics of the patients are shown in Table L
Univariate analyses using categorical and continuous
techniques (3> and ¢ tests, respeciively} were performed
to determine the significance of each independent vark-
able separately on the ourcome. Before performing mulb
tivariable analyses, the association benveen independent
risk factors was assessed to ensure that highly correlated

independent variables would not be entered into the
model ogether (3° test was used if both variables were
binary, point biserial correlation was used if one variable
was continuous and the other binary, and the Pearson
correlation ceefficient was used when both variables were
continuous). Variakles meeting a 30% level of signifi-
cunce at the univariate stage were entered into a multple
regression model. Multiple Jogisiic regression was used o
assess the agsocindon between the patient variables and
rransfusion, Variables were selected by their contribution
to the likelihood function via the log likelihood ratio west
statistic after other uncorrelated significant variables
were entered into the model, Stepwise regression proce-
dures were also used. Last, we assessed for interactions
between the significant variables.

RESULTS

The patients who predonated had a mean lowest
hemoglobin level while in hospital of 90.5g/1. One
hundred forty-four of the patients who predonated
received an autologous wansfusion, and they were
given an average of 1.94 U of blood per individual
rransfused (range, 1-2 U). Eight patients who pre-
donated required an allogeneic blood transfusion,
with an average of 2.5 U per individual (range,
1—4 Uy. Of the 176 patients undergoing a primary
THA, 166 donated 2 U, and 10 donated 1 U. Of the
38 patients undergoing a revision procedure, 2
donated 1 U, 27 donated 2 U, and 9 donated 3 U.
All patients who donated a single unit did so
because they were unable 1o donaie a second.

B68

DECEMBER 2001




RO HARNETAL

Forty-three of the patients who did not predo-
nate blood received allogeneic transfusions
{average, 2.3 U; range, -9 U}, The patients who
did not predonate autclagous blood had a mean
lowest hemoglobin level while in hosplial of
86.4 g/L.

The groups had satistically significant differ
ences for several of the variables (Table ). Of note,
the group that did not predonate had older
patients, more female patients, lower mean preop-
erative hemoglobin levels, and a greater proportion
of patients who had inflammatory arthritds and
higher ASA ratings and who were undergoing revi-
sion surgery (Table I).

For autofegous donoers, the univariate analysis
showed that female sex, high ASA rating, low pre-
operatve hemoglobin level, and older age were sta-
tistically significant prediciors of transiusion
requirement (P < .05, Table I1). In the multivari-
able analysis, only female sex and low preoperative
hemeoglobin level remained significant (P 5 .05).

Table Il Univariate Analysis of Patient Variables Table [IL. Univariate Analysis of Patient Variables
Among Individuals Who Predonated Blood Among Individuals Whao Did Not Predonate Blood
{dds Ratio Variable Odds Ratio (95% CH* P Vaive
Variable {85% Ch* £ Value
Sex 1.43(0.65-3.31) 37
Sex 5.20 {2.80-8.97} 001 + DOiagnosis 1.98 0.77-4.89) B
Procedura 0.43 (0.23-1.03) 06V
Diagnosis 1.23{0.35-4.80} 73 Camert 0.49{0.24-1.02) 06V +
ASA rating 1.83{0.46-13.2)
Procedure 0.43 10.20-1.10} 08+ 2.52 {0.55~18.07) 49
Angsthasia 0.621{0.21-1.61) 34
Cemeant 1.72 (0.47-3.08) 07~ Age 1.01{0.98-1.04} 30V +
Preoperative 0.85{0.92-0.97) 0001 V +
ASA rating 27 (1.144.13) Bemoglobin
258 (0.74-9.04) 05V
*Cdds ratia lor gach variable: sex {female/mate), diagnaesis
Anesthesia 1.39 (0.65-3.18} 41 {inflarmrmatory artbritisinorinflammatory arthritis), procadure (pri-
mary/revision}, cemant {cemented femoral componen¥nonce-
. : mented femoral component), ASA raling (2/1 and 371, respective-
Age 103 (1.02-1.06} 004~ Iy}, anesthesia {spinad or epiduraligeneral), age {continuous), pre-
operative hemoglobin ievel {continuous).
P Tive . L£5-0, g !+ :
feqperative 0.92 [01.65-0.25) 0001 ¥ v Entered inlo the mulitvariable model.
hemogiobin
+8ignificant (2 £ 05} In the muttivariable anatysis.
Cl = Confidence interval; ASA = American Sociely of
Anesthesiologists. . .
This was at least in part due to the fact that these
"Odds ratic lor each variable: sex (lemale/male), diagnosis variables were collinear—that is, they were associat-
{inflammatory arthritis/moninflammatory arthritis), procedure (pri- ol N -
mary/revision), cement {cemented lemoral component/nonce- ed with each O'thu. .
mented femoral component, ASA rating (2/1 and 3/1, respective- For the patients who did not predonate blood,
k), anesthesia (spinal or epiduralgeneral), age {continuous), pre- preeperative hemoglobin level was the only variable
operafive hemaglobin level {corlinuous), .. = - . . .
that was a statstically significant predicior of transfu-
¥ Enterad into the muttivariable rodst. sion in the univariate analysis (£ €05, Tuble 11,
o o Revision surgery and use of a cemented femoral
+Significant {P< 05) in the multivariable analysis, o R .
component were strong predictoss, but they did not

achieve statistical signilicance (P = .06 for both,
Table 1i}, The mulivariable analysis showed that
older age, low preoperative hemoglabin leved, and
cemented femoral components were all assaciated
with transfusion requirement {P £ .05}, No interac-
tions were significantat the 05 level.

DISCUSSION

We reviewed the records of patients who under-
went THA to determine which variables were asso-
ciatedd with an increased rate of blood transfusion.
The 2 groups of patients studied were inherently
different because the patients who did not predo-
nate were medically unable or unwilling to do so.
These differences are highlighted by ihe fact that
the greup that did not donate blood was older, had
higher ASA ratings, had lower preoperative hemo-
glabin Jevels, and had a greater proportion of
patients who were undergoing revision surgery.
Further, the availahility of autologous blood has
been shown to increase the rate of ransfusion.!?
The groups can therefore not be compared
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because of these differences. However, by studying
the 2 groups separately in a single surgeon’s prac-
tice, we were able to identify criteria that may aid in
predicting which patients would most benefit from
autologous blood predonation.

[t was our practice not to give patients their
autologous blood after surgery if they were asymp-
tomatic and their hemoglobin was not below 100
g/L. Thus, only 144 of the 214 patients who predo-
nated blood were given their predonated units.
This wastage of predonated biood increases the
cost of each transfused unit. We were unable o
stucly predictors of allogeneic transfusion among
the patients who predonated because only 8 of
these patients received allogeneic blood.

For the autologous donors, low preoperative
hemoglobin level, fernale sex, older age, and high-
er ASA rating were associated with increased rrans-
fusion requirement (P £ .03} in the univariate
analyses, Only preoperative hemoglobin level and
female sex remained significant in the muldvari-
able analysis. For the patients who did not predo-
nate, low preoperative hemoglobin level was the
only significant predictor of transfusion in the uni-
variate analysis, but, in the muldvariable analysis,
older age and cemented femoral component
Joined low preoperative hemoglobin tevel as signifi-
cant predictors, For both patdents who predonated
blood and those who did not, preoperative hemo-
globin level was the strongest predicior of transfu-
sion requurement.

Female sex was associated with an increased risk
of transfusion among the autologous donors, likely
because female sex and low preoperative hemoglo-
bin level were very highly correlated in this group.
Preoperative hemogiobin level was more likely
responsible for this increased rate of transfusion,
but it is possible that there is an unrecognized asso-
ciation hetween sex and transfusion requirementin
our patient sample. Age was an important predic-
ter in both groups, probably reflecting the fact that
the treating physician was more likely to transfuse
an elderly padent with a low hemoglobin level o
reduce the risk of an ischemic cardiac or cerebral
event. The same logic applies to ASA rating, which
was a significant predictor for the autologous
donors, as this variable is influenced directly by
comorbidity. Cemented femoral implant was a sig-
nificant predictor in the group that did not predo-
nate, which is likely due o the fact that this variable
was highly correlated with age (P=.0001) and pre-
operative hemoglobin lével {P= .05}, These associ-
ations were due to the fact that the treating sur-
geon tended to use cemented prostheses for older,
female, lowerdemand pasients.

Femnale patients who were 80 years old or older
and who did not predonate blood were given trans-
lusions in 39% of cases {9/23), Twelve of 20
women {60%} who were 70 years old or older had
a preoperative hemoglobin level <125 g/1., and did
not have autologous blood available required trans-
fusion. Of the women in this age group who had
autologous blood available, all (17/17) were given
a transfusion of iheir own blood if their preopera-
tive hemoglobin level was below 125 g/L, and 95%
(86/30) required autologous transfusion if their
preoperative hemogiobin level was below 140 g/L.

Flderly patients who undergo revision surgery
and who have significant comorbidity with a low
preaperative hemoglobin level will have the highest
transfusion requirement. These patents will there-
fore benefit the most from predonation of blood to
decrease their risk of exposure to allogeneic blood.
The cost-effectiveniess of autologous donation
would be increased in these patients, as the num-
ber of donated units transfused per donated unit
would be maximized. However, their general med-
ical condition and/or difficulty with travel to and
from the hospital may prohibit predonation. This is
illustrated by the fact that the patienss who did not
predonate were older, had higher ASA ratings, had
a higher proportion of cases that were revisions,
and had Jower preoperative hemoglobin levels (all
statistically significant differences, P < .05),
Although we did not use preoperative recombinant
erythropoictin in this series, it may be a useful
aption for patients who are unable o donate their
own blood. !

Hatzidakis and colleagues also found age, revi-
sion surgery, and low preoperative hemogiobin
tevel to be correlated with translusion requirement
in patients undergoing hip and knee replace-
ment.® Unfortunately, sex was not evaluated as a
predictor of wransfusion in this study, and it is
unclear il female sex was associated with low hemo-’
globin levels among their patients.

Limitations of this study include the fact that it
was not randomized, and therefore it is possible
that the group thar did not predonate included
patents whe may have been distinguished by their
unwillingness or inability to predonate blood (ie, ill
health, potentially noncompliant). That a single
surgeon performed all the THAs limits our abiliyy
w generalize the conclusions. As well, our transfu-
sion rate was lower than others previously
reported.'? Qur low transfusion rate was likely
related 1o our criteria for ransfusion, which were
also conservative compared with those of other
studies.'? The decision to transfuse each patient
was based on clinical grounds and is therefore a
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possible source of variability.

Padents who are anemic, elderly, or female, who
have significant comorbidity (e, higher ASA rat-
ing) or who are undergoing revision surgery are
most likely 1o require transfusion after THA.
Interestingly, these patients are the ones least likely
t¢ predonate blood. Other investgators have also
shown that elderly patients are less likely to predo-
nate blond.!?

Women who are 70 years old or older and who
have a preoperative hemoglobin level of <120 g/L
are at greatest risk of requiring a ransfusion after
surgery. Although the health and decreased mobili-
v of these padents often complicate predonation, a
concerted effort should be made on behalf of the
healthcare team to allow these individuals the

‘opportunity to predonate blood prior before THA.
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COMMENTARY

This is a timely, useful, practical article that aitempts to
provide guidelines for predicling the need of blood transfu-
sion m {otal hip avibroplasty patienis.  Obuiously, if we
know some ertteria that would predetermine which patients
requive fransficsion, then we can proactively encourage
precperative autologous blood dovation. The authors note
that only 144 of their 214 (67%) patients who did
donale quiologows blood actually veceived their blood post-
operatively. The economic remifications are olnious: one
third of patienis could have aveided the expense of autolo-
gous bload collection and storage.  The authors note that
100% (17 of 17 patients) who met the following criteria
were administered their autslogous blood:  females 70
years or older and preoperative hemoglobin level less than
125 g/L. Ninety-five percent of females who were 70 years
or alder and had precperative hemoglobin level less than
140 g/L recetved their autologous blood. Unfortunalely,
no such strong statements can be made for the yest of the
patienis in this study, other than that patients who were
anenye, elderly, female, and with significant comorbidities
were move (ihely to requive blood transfusion. It has been
estimated nationally that the overall discarded rate for
autologous blood approackes 30% in total joint arthro-
flasty patients. Besides trying 1o vefine owr indications for
obtaining autologous bloed, the medical community needs
to find a way o use auiclogous blood that would otheruase

be discarded,
A. Hevbert Alexanden, MD

Sun Villey Sports Medicine
Ketchum, ID
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