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Abstract

Background Revision total hip replacement (THR) is
associated with increased blood loss and extended
hospitalization.

Materials and methods We reviewed 146 patients who
underwent revision THR to identify predictors of blood loss,
transfusion requirements, and length of hospitalization.
Results  Blood loss was greater with increasing age and in
men. Femoral and dual-component revision and revision of
cemented hip components were also associated with
greater blood loss. Transfusion requirements were greater
in patients who had lower preoperative hemoglobin con-
centration and in patients undergoing dual-component
revision. Length of hospitalization was significantly
increased in patients who received transfusion but less in
patients who underwent isolated acetabular-component hip
revision.

Conclusions This study shows significantly greater blood
loss in men, older patients, revision surgery of cemented
implants, and dual-component revisions. More complex
revision surgery and preoperative anemia are clearly
associated with increased transfusion requirements and
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length of hospitalization. Identification and treatment of
patients at higher risk of transfusion may guide likely
transfusion requirements, shorten the length of hospital-
ization, and reduce the overall cost of treatment.
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Introduction

Patients undergoing revision total hip replacement (THR)
are at greater risk of perioperative blood loss, requiring
transfusion [1] and extended length of hospitalization [2],
which can have substantial cost implications. Allogenic
transfusion carries the risk of disease transmission and
immunological reactions and has been shown to increase
the length of hospitalization [3]. Identification of patients
potentially requiring transfusion is desirable to improve
blood use and more accurately identify which patients
should receive established pre- and perioperative blood
conservation interventions. In this study we examined the
influence of variables such as age, gender, preoperative
hemoglobin concentration and type of revision surgery on
blood loss, transfusion rates, and length of hospitalization
following revision THR.

Materials and methods

A retrospective analysis was conducted on 146 patients
who underwent elective revision total hip arthroplasty
(THA) in our unit over a 5-year period. Operations were
performed by four consultant surgeons using various
surgical and anesthetic techniques. The analysis did not
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specifically look into the modes of implant failure and
excluded cases of revision THA for infection or fractures
as well as early revisions for dislocations secondary to
implant malposition. Data were grouped according to the
type of THR component that was revised (acetabular,
femoral, or dual components).

The electronic database was searched, and variables
such as pre- and postoperative hemoglobin concentrations,
patient demographics such as age and gender, type of
revision surgery, transfusion rates, and length of hospi-
talization were recorded. Blood loss was estimated by
measurement of pre- and postoperative hemoglobin con-
centrations (24 h after surgery); the difference between
concentrations was recorded in each case. Anemia was
defined as hemoglobin levels <12 g/dl in women and
<13 g/dl in men [4].

Data were analyzed using statistical software (SPSS
16.0 for Windows—SPSS Inc., Chicago, IL, USA). Pear-
son’s correlation coefficients were calculated to examine
the relationship between blood loss, transfusion require-
ments, length of hospitalization, age, and preoperative
hemoglobin levels. Continuous data were analyzed using
the Student’s ¢ test and categorical data by the Mann—
Whitney U test. Multiple linear regressions were used to
examine the relationship between blood loss, length of
stay, and transfusion rates with the variables analyzed. For
comparing the percentage of patients receiving blood
transfusion in the different subgroups, Fisher’s contingency
table analysis was performed. A P value <0.05 was con-
sidered to be significant.

Data were retrieved from case notes and did not involve
direct patient participation. No identifiable parameters
were investigated or recorded. The regional ethics com-
mittee authorised the study and advised that informed
consent from patients was not required due to the retro-
spective nature of the analysis.

Results

One hundred and forty-six patients who underwent elective
revision THR surgery were reviewed in this study. Table 1
describes patient characteristics and shows that men
(n = 50) and women (n = 96) were evenly matched for
age.

The average drop in hemoglobin concentration follow-
ing elective revision THR was 4.6 g/dl (32%) in men and
3.5 g/dl (27%) in women (p = 0.021). The preoperative
hemoglobin concentration was, as expected, significantly
higher in male patients. No significant difference was
observed in the percentage of cases receiving transfusion or
overall transfusion numbers between male and female
patients (Table 1).
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Table 1 Characteristics of cases of revision total hip replacement

Male Female P value
Number of cases (n) 50 96 -
Age (years) 673+ 122 702+ 113 0.555
Preoperative hemoglobin  14.2 £ 1.36 127 £ 1.25 <0.001*
concentration (g/dl)
Blood loss (g/dl) 4.6 £ 1.75 35+ 1.64 0.021%*
Length of hospitalization  12.8 + 9.3 149 £ 17.5 0.545
(days)
Number of units 71 188 0.295
transfused (n)
Number of patients 22 (44%) 51 (53%) 0.258

transfused (n)

* Statistically significant

Relationship between blood loss and type of THR
component revision

In 23 cases, there was insufficient information in the
electronic database about the components that were revised
during surgery. Therefore, only 123 patients were analyzed
with reference to the type of revised component (Table 2).
Dual-component revision in a hybrid THR was classified as
cemented, as one of the components by default is
cemented.

Blood loss following acetabular-component revision
(3.3 g/dl) was significantly less than dual-component
(4.7 g/dl) (P < 0.001) and femoral-component (4.2 g/dl)
(P = 0.048) revisions (Table 3). Patients who underwent
acetabular-component revisions received less transfusions
compared with patients who underwent dual-component
revision (P < 0.001). Overall, 33% (n = 21) of patients
who underwent acetabular-component revision received
blood transfusions compared with 42% (n = 5) in femoral-
component revision (P = 0.124) and 73% (n = 35) in
dual-component revision (P < 0.001).

Revisions of cemented THR components were associ-
ated with increased blood loss but did not lead to higher
rates of transfusion (Table 4).

Table 2 Type of total hip replacement components revised

Components revised Type of implant

Cemented Uncemented
Acetabular component (63) 55 8
Femoral component (12) 11 1
Dual components (48) 43 5
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Table 3 Characteristics of
patients undergoing revision
total hip replacement based on

Acetabular component Femoral component Dual component

component revision

* Statistically significant

Table 4 Characteristics of
patients undergoing revision of
cemented and uncemented total

hip replacement components

(n = 63) (n=12) (n = 48)
Blood loss (g/dl) 3.3 + 1.29% 4.2 £ 1.29* 47 £ 1.92%
Number of cases transfused (n) 21 (33%) 5 (42%) 35 (73%)
Number of transfusions (n) 76 16 123
Length of hospitalization 10.6 £ 6.3 137 +£73 13.0 £ 143

(days)
Components revised Cemented Uncemented P value
(n = 109) (n = 14)

Blood loss (g/dl) 41+ 1.73 2.6 £ 1.23 0.001%*
Number of cases transfused (n) 54 (49.5%) 5 (36%) 0.703
Number of transfusions (n) 204 12 0.174
Length of hospitalization (days) 12.6 £+ 10.5 113 £ 6.5 0.570

* Statistically significant

Relationship between blood loss (drop in hemoglobin
concentration), age, and preoperative hemoglobin
concentration

Univariate analysis only revealed a significant relationship
between blood loss and preoperative hemoglobin concen-
tration (P < 0.001) (Table 5).

However, multivariate regression analysis also identified
age (P = 0.027) as an independent variable with signifi-
cant correlation to blood loss (Table 6).

Relationship between blood transfusion and variables

Sixty-eight of the 146 patients who underwent revision
THR received blood transfusion. Univariate analysis
revealed a significant relationship between the number of
blood transfusions and age (P = 0.002), preoperative
hemoglobin concentration (P = 0.022), and blood loss
(P < 0.001) (Table 7).

After adjustment for potential confounders in a stepwise
multivariate linear regression analysis, only preoperative

Table 5 Correlation between
blood loss and variables
investigated

* Statistically significant

Table 6 Multivariate
regression model for blood loss

* Statistically significant

Table 7 Correlation between
transfusion requirements and
variables investigated

Age Number of Preoperative Length of
transfusions hemoglobin hospitalization
concentration

Blood loss

Pearson’s correlation 0.090 0.346* 0.478* 0.022

Significance (2-tailed) 0.156 0.000 0.000 0.404
Independent variables Regression coefficient 95% Confidence interval P value
Age (years) 0.162 (0.011) 0.003-0.046 0.027*
Preoperative hemoglobin 0.540 (0.086) 0.470-0.808 <0.001*

concentration (g/dl)

Age Preoperative Blood loss Length of
hemoglobin hospitalization
concentration

Number of transfusions
Pearson correlation 0.256* —0.178* 0.346* 0.300*
Significance (2-tailed) 0.002 0.022 0.000 0.000

* Statistically significant
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Table 8 Multivariate

. . Independent variable Regression coefficient 95% Confidence interval P value
regression model for transfusion
requirements Age (years) 0.021 (.017) —0.13 to 0.054 0.230
Preoperative hemoglobin —0.642 (0.157) —0.952 to —0.332 <0.001%*
concentration (g/dl)
Blood loss (g/dl) 0.752 0.499-1.006 <0.001*
* Statistically significant
80 90
70 4 @ Transfused 80 - O Transfused

B Not transfused

60 -

50 A

40 -

30 A

Percentage transfused (%)

Not Anaemic

Anaemic

Fig. 1 Proportions of female patients receiving blood transfusion
based on preoperative hemoglobin level

hemoglobin concentration (P < 0.001) and blood loss
(P < 0.001) remained significant (Table 8).

Twenty-four percent of female patients (n = 25) and
20% of male patients (n = 10) were anemic preopera-
tively. Seventy-four percent (n = 19) of female patients
who were anemic preoperatively required allogenic trans-
fusion compared with only 46% in those who were not
anemic (P = 0.01) (Fig. 1). The odds ratio (OR) for an
anemic female patient to receive transfusion was 3.5
compared with a nonanemic patient. In male patients with
preoperative anemia (hemoglobin <13 g/dl), 78% required
transfusion compared with 37% in those who were not
anemic (P = 0.02) (Fig. 2). The OR for an anemic male
patient to receive transfusion was 6.1.

Relationship between length of hospitalization
and variables

A significant relationship was observed between length of
hospitalization and age (P = 0.028), number of transfu-
sions (P < 0.001), and preoperative hemoglobin levels
(P = 0.029) (Table 9).

Patients older than 70 years who underwent revision
THR spent significantly more days in hospital (16.6 days)
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Fig. 2 Proportions of male patients receiving blood transfusion based
on preoperative hemoglobin level

compared with younger patients (11.5 days) (P < 0.001)
(Fig. 3).

However, multivariate analysis identified a significant
relationship only between length of hospitalization and
blood transfusion (P = 0.006) (Table 10). Transfused
patients had an average increased length of hospital stay of
6 days (17.3 versus 11.1 days, P = 0.006).

Relationship between length of hospitalization
and gender

The average length of hospital stay following elective
revision THR was 14.2 days, with male patients averaging
12.8 days compared with 14.9 days in female patients,
demonstrating no significant difference (P = 0.547)
(Table 1).

Relationship between length of hospitalization and type
of THR component revision

The length of hospital stay was shorter in patients who
underwent acetabular-component revision compared with
dual\-component revision (P = 0.006). No significant dif-
ference in the length of hospital stay was observed when
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Table Corre?lat{on .between Age Number of Preoperative hemoglobin Blood loss
length of hospitalization and . .
- . . transfusions concentration
variables investigated
Length of hospitalization
Pearson’s correlation 0.169%* 0.300%* —-0.167* 0.022
Significance (2—tailed) 0.028 0.000 0.029 0.404

* Statistically significant
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Fig. 3 Length of hospitalization in relation to patient age

comparing femoral-component revisions with dual-com-
ponent or acetabular-component revisions or between
cemented and uncemented implants (Table 3 and 4).

Discussion

This study was undertaken to determine what variables
could be predictive of the need for postoperative blood
transfusion and prolonged hospitalization following revi-
sion THA in order to develop a system that ensures
effective use of resources, including blood-conservation
techniques and funding.

Overall, 46% of patients who underwent revision THA
received blood transfusions, which is consistent with the
findings of Sharma et al. [1] (39-56%) but substantially
lower than the figures of Phillips et al. [5] of >90%.

Blood loss

In this study, blood loss was significantly greater in men,
older patients, revision of cemented implants, and
dual-component revisions. Grosflam et al. [6] shown that

Table 10 Multivariate regression model for length of hospitalization

male gender was a significant predictor for greater blood
loss following THR. Our analysis concurred with their
findings, showing that blood loss was significantly greater
in men during revision surgery. In revision arthroplasty,
cement and implant removal can be challenging, time-
consuming, and damaging to the remaining host bone [7].
We postulated that removal of well-fixed cement from
bone surfaces at the time of revision surgery was likely to
cause more bleeding compared with removal of unce-
mented components. The postoperative fall in hemoglobin
in our analysis supports this hypothesis. We concurred with
previous studies that dual-component revision is associated
with increased blood loss [8, 9]. Other factors that have
been shown to influence blood loss during THA include the
use of general anesthesia, American Society of Anesthe-
siologists (ASA) class [6], and patient positioning [10].

Transfusion requirements

Increased transfusion rates correlated with patient age,
preoperative hemoglobin concentration, blood loss, and
dual-component revision surgery. Increased blood loss was
found in men and revisions of cemented implants, but this
did not correspond to higher levels of transfusion.
Increasing age was associated with higher levels of
transfusion. These findings support previous studies that
identified age as a significant predictive factor for trans-
fusion in patients undergoing elective THA [6, 11, 12]. The
increased transfusion levels in older patients was likely to
be related to their lower preoperative hemoglobin con-
centrations, as after adjustment for confounders, only pre-
operative hemoglobin concentration and blood loss
remained significant for transfusion. Preoperative anemia
increased the likelihood of allogenic transfusion by up to
six times. Our results support Feagan et al. [11] and Salido
et al. [13], who investigated transfusion requirements in
patients undergoing elective hip and knee arthroplasty.

Independent variable Regression coefficient 95% Confidence interval P value
Age (years) 0.085 (0.117) —0.122 to 0.342 0.348
Preoperative hemoglobin concentration (g/dl) —0.115 (0.970) —3.128 to 0.711 0.215
Number of transfusions (n) 0.282 (0.597) 0.497-2.860 0.006*
Blood loss (g/dl) —0.047 (0.992) —2.382 to 1.545 0.674

* Statistically significant
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Length of hospitalization

Prolonged length of hospitalization following revision
THA was found in patients with lower preoperative
hemoglobin concentrations, those receiving blood transfu-
sion, and with increasing patient age. Patients who under-
went isolated acetabular-component revision spent fewer
days in hospital compared with patients who underwent
femoral- or dual-component revision. However, a signifi-
cant statistical difference was only demonstrated when
acetabular-component revisions were compared with dual-
component revisions. The small number of cases (n = 12)
in the femoral-component revision group may have resul-
ted in a failure to observe a true difference (type II error)
when statistical analysis was applied. No association was
identified between length of hospitalization and gender.

Patients with preoperative anemia have prolonged hos-
pitalization following orthopedic surgery [6, 14—16]. These
patients often require blood transfusions, which is an
important factor in prolonging hospitalization [4, 17]. In
our study, patients who received blood transfusion spent an
additional 6 days in hospital. The cost for a 24-h stay on a
National Hospital Services (NHS) surgical ward is around
£400, increasing to £1,500 per day if surgical complica-
tions require the expertise of the intensive care unit [18].
Patients who received blood transfusions following revi-
sion THA could cost the NHS at least an additional £2,400
on prolonged hospital stay alone. It appears likely that
aggressive treatment of preoperative anemia would reduce
transfusion requirements and costs. Patients who receive
allogenic blood are not only exposed to the risks of blood
transfusion but also spend more days in hospital, which has
health and financial implications.

The limitations of this study include the relatively small
sample size. We also lacked information on the type of
revision undertaken on these failed implants, which may
have had a bearing on the results of this study. The estimation
of blood loss was calculated using the pre- and postoperative
hemoglobin concentration. A more accurate method of
estimating blood loss would be using a mathematical model
such as the one devised by Brecher et al. which takes into
account parameters such as blood volume, hematocrit count,
transfusion triggers, and amount of hemodilution performed
[19]. However, we did not have sufficient data in our records
to undertake these calculations.

This study has shown significantly greater blood loss in
men, older patients, revision surgery of cemented implants,
and dual-component revisions. More complex revision
surgery and preoperative anemia are clearly associated
with increased transfusion requirements and length of
hospitalization. Identification and treatment of patients at
higher risk of transfusion may guide likely transfusion
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requirements, shorten the length of hospitalization, and
reduce the overall cost of treatment.

Conflict of interest None.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Sharma S, Cooper H, Ivory JP (2002) An audit on the blood
transfusion requirements for revision hip arthroplasty. Ann R Coll
Surg Engl 84:269-272

2. Crowe JF, Sculco TP, Kahn B (2003) Revision total hip arthro-
plasty: hospital cost and reimbursement analysis. Clin Orthop
Relat Res 413:175-182

3. Weber WG, Slappendel R, Prins MH, van der Shaaf DB, Durieux
ME, Strumper D (2005) Perioperative blood transfusions and
delayed wound healing after hip replacement surgery: effect on
duration of hospitalisation. Anesth Analg 100:1416-1421

4. World Health Organization (1968) Nutritional anaemias: report
of a WHO scientific group. World Health Organization, Geneva,
Switzerland

5. Phillips SJ, Chavan R, Porter ML, Kay PR, Hodgkinson JP,
Purbach B, Hoad Reddick A, Frayne JM (2006) Does salvage and
tranexamic acid reduce the need for blood transfusion in revision
hip surgery? J Bone Joint Surg Br 88-B:1141-1142

6. Grosflam JM, Wright EA, Cleary PD, Katz JN (1995) Predictors
of blood loss during total hip replacement surgery. Arthritis Care
Res 8:167-173

7. Gehrke T (2005) Revision is not difficult!. In: Breusch SJ, Mal-
chau H (eds) The well-cemented total hip arthroplasty: theory and
practice. Springer, Berlin, pp 348-358

8. Wilson WJ (1989) Intraoperative autologous transfusion in revi-
sion total hip arthroplasty. J Bone Joint Surg Am 71:8-14

9. Zarin J, Grosvenor D, Schurman D, Goodman S (2003) Efficacy
of intraoperative blood collection and reinfusion in revision total
hip arthroplasty. J Bone Joint Surg Am 85:2147-2151

10. Wildman J, Isacson J (2001) Lateral position reduces blood loss
in hip replacement surgery: a prospective randomized study of 74
patients. Int Orthop 25(4):226-227

11. Feagan BG, Wong CJ, Lau CY et al (2001) Transfusion practice
in elective orthopaedic surgery. Transfus Med 11:87-95

12. Nuttall GA, Santrach PJ, Oliver WC Jr et al (1996) The predictors
of red cell transfusions in total hip arthroplasties. Transfusion
36:144-149

13. Salido JA, Marin LA, Gomez LA, Zorilla P, Martinez C (2002)
Preoperative haemoglobin levels and the need for transfusion
after hip and knee surgery: analysis of predictive factors. J Bone
Joint Surg [Am] 84-A:216-220

14. Myers E, Grady PO, Dolan AM (2004) The influence of pre-
clinical anaemia on outcome following total hip replacement.
Arch Orthop Trauma Surg 124:699-701

15. Aderinto J, Brenkel 1J (2004) Preoperative predictors of the
requirement for blood transfusion following total hip replace-
ment. J Bone Joint Surg Br 86:970-973

16. Dunne JR, Malone D, Tracy JK et al (2002) Perioperative ane-
mia: an independent risk factor for infection, mortality, and
resource utilization in surgery. J Surg Res 102:237-244



J Orthopaed Traumatol (2010) 11:159-165 165

17. Borghi B, Casati A (2000) Incidence and risk factors for allogenic 18. Geographical variation in recovery times. The clinical services
blood transfusion during major joint replacement using an inte- journal, April 2008:52-53
grated autotransfusion regimen: the Rizolli Study Group on 19. Brecher ME, Monk T, Goodnough LT (1997) A standardized
Orthopaedic Anaesthesia. Eur J Anaesthesiol 17:411-417 method for calculating blood loss. Transfusion 37:1070-1074

@ Springer



	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References

