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Abstract
Purpose The purpose of the current study was to compare the blood loss and the need for allogeneic transfusion after one- and
two-stage exchange arthroplasty for periprosthetic joint infection (PJI) of THA.
Methods We performed a retrospective review of all patients undergoing either one-stage or two-stage septic exchange
arthroplasty at two high-volume infection referral centres. The study cohort consists of 90 patients undergoing the two-stage
and 184 patients the one-stage exchange arthroplasty. The difference between pre- and post-operative haemoglobin (Hb) and total
blood loss as well as the allogeneic transfusion rate were compared between both groups.
Results Both procedures together of the two-stage septic exchange arthroplasty had higher intra-operative blood loss and
allogeneic blood transfusion rate compared to the one-stage septic exchange arthroplasty group. However, among the patients
of the two-stage group, there were more smokers and had worse physical status (ASA) and higher mortality risk (CCI) than
patients in the one-stage group.
Conclusions Two-stage septic revision of total hip arthroplasty has higher rates of blood loss and transfusion rates than one-stage
revision. Therefore, the authors believe that blood loss rate, including its complications, should be considered when decision for
the type of staged septic exchange is made.

Keywords Blood loss . Allogeneic blood transfusion . One-stage exchange . Two-stage exchange

Introduction

Periprosthetic joint infection (PJI) is an uncommon but serious
complication, affecting approximately 1 to 3% of patients who
undergo primary total hip arthroplasty (THA) and is one of the
leading causes of hip revision surgery [1–3]. Management of
PJI often requires surgical intervention in the form of resection
arthroplasty and reimplantation.

A two-stage exchange arthroplasty is the most preferred
surgical treatment in North America for management of
chronic PJI [1, 4–6]. The two-stage approach allows two
chances to debride the tissues, and reduce bioburden, and
the interval period allows an opportunity to assess the re-
sponse to antibiotics and perform further microbiologic anal-
ysis of tissue samples [7]. However, prolonged treatment du-
ration, requirement of at least two major surgical interven-
tions, increased loss of function, and high morbidity and
higher mortality are important drawbacks of two stage ex-
change arthroplasty [1, 4, 5, 8]. One-stage exchange
arthroplasty, on the other hand, has advantages of decreased
patient morbidity, no need for second stage major surgery,
shorter treatment duration, early functional recovery, and
may confer less hospital costs, at least in 80–90% of the pa-
tients [4, 5, 7, 9].

Although infection control of both techniques presented
similar success rates [4, 6, 7, 9], the decision to do one- or
two-stage revision should take into account other parameters
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as well, such as morbidity and mortality, functional outcomes,
and hospital costs. One of the major issues in terms of mor-
bidity of either surgical treatment are the blood loss and trans-
fusion rates, which can lead to a deterioration of general state
of the patient and make the already complicated treatment
even more demanding [10].

Despite the advances in the surgical techniques, severe
blood loss and transfusion remain still a challenge after revi-
sion THA [10–12]. Revision surgery is usually complex, re-
gardless of being one- or two-stage procedure, these are asso-
ciated with higher blood loss and subsequent perioperative
blood transfusion [10, 11]. Several other factors may influence
peri-operative blood loss in these patients. These include gen-
der, age, physical status of the patient, hypertension, body
mass index, coagulation factors, type of anaesthesia, and sur-
gical procedure [13].

There is some data about the morbidity of one- or two-stage
exchange arthroplasty [6]. The main purpose of the current
study was to compare the blood loss and the need for alloge-
neic transfusion following one- and two-stage exchange
arthroplasty for PJI of THA. We hypothesized that blood loss
might be lower in the setting of the one-stage septic exchange
compared to the two-stages of the two-stage exchange revi-
sion total hip arthroplasty.

Patients and methods

We performed a retrospective review of all patients undergo-
ing either one-stage or two-stage hip exchange arthroplasty at
two high-volume infection referral centers. At the Rothman
Institute (RI) (Philadelphia, PA, USA), 90 patients, operated
from 1997 to 2009, were enrolled into one group who met the
inclusion criteria and underwent a two-stage revision as treat-
ment of PJI of THA. In the setting of the two-stage revision
arthroplasty, a surgeon-made articulating spacer was used for
the interim period. At the Endo-Klinik (EK) (Hamburg,
Germany), 184 patients, who met inclusion criteria and
underwent a one-stage revision from 2006 to 2012, were en-
rolled into the other group. Anaemia, malignancy, surgeries
within the last six months, and haematologic or cardiac disor-
ders were defined as exclusion criteria for this study.
According to the protocol of the Endo-Klinik in all septic
one-stage cases, the causative germ was identified by a pre-
operative aspiration. After receiving the germ and its suscep-
tibility, the one-stage procedure was planned and a microbiol-
ogist was consulted for a recommendation for topic and sys-
temic antibiotics. Meanwhile, the surgery all foreign material
was removed and a radical debridement was performed.
Afterwards, a cemented prosthesis with antibiotic-loaded
bone cement was implanted.

The following patient parameters were collected in both
study groups: age, gender, weight (kg), height (cm), body

mass index (BMI, kg/m2), smoking status, surgical diagnosis,
Charlson Comorbidity Index (CCI) [14], and American
Society of Anesthesiologists (ASA) classification score. The
difference between pre- and post-operative haemoglobin
(Hb), amount of peri-operative blood loss, and amount of
blood transfusion were also recorded. Several parameters
were applied to calculate the blood loss: the total blood vol-
ume, total Hb count and decrease in Hb count were taken into
account. Blood loss was calculated using the formula present-
ed by Hawi et al. [11]:

Decrease in Hb*total blood volume
� �

=total Hb count
� �

The final formula to calculate the blood loss was [11]:

Blood loss Lð Þ
¼ decrease in Hb count gð Þ=initial Hb value g=Lð Þ

The post-operative haemoglobin was checked on post-
operative day three. All drains were opened immediately after
surgery and were removed 48 hours post-operatively. None of
the groups received blood supplements as erythropoietin, iron
substitution or pharmacological substances like tranexamic
acid, acetylsalicylic acid, and other anticoagulants were
stopped at least five days before surgery and INR (internation-
al normalized ratio) and PTT (partial thromboplastin time)
parameters were measured to exclude coagulopathies. Each
institution had the same transfusion criteria. In case of anae-
mia symptoms or a haemoglobin value lower than 6 g/dL, a
transfusion of two units of erythrocyte concentrates was giv-
en. Each unit had a volume of 300 ml. In both institutions, the
post-operative DVT prophylaxis was performed with a sub-
cutaneous injection of low-dose molecular heparin according
to the current guidelines.

The primary outcome measures were to compare the dif-
ference between pre- and post-operative Hb and total blood
loss in both groups. The secondary outcome measure was to
determine the allogeneic transfusion rate between the two
groups.

Statistical analysis

All data were processed using GraphPad Prism (Prism 5 for
Mac OS X, Version 5.0d, La Jolla, CA, USA). All variables
were expressed in terms of mean and standard deviation
(SD) of the mean. The Shapiro-Wilk normality test was
performed to ascertain whether the data were normally dis-
tributed. Student’s t test was performed when the data dem-
onstrated a normal Gaussian distribution; otherwise, the
Mann-Whitney test was employed for non-parametric data.
Statistical significance for these analyses was set at a p
value less than 0.05.
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Results

The demographic parameters and measured data outcomes are
described in Table 1. Patients undergoing one-stage exchange
were statistically significantly older than patients of two-stage
group and presented slightly lower coagulation parameters.
Also, the average surgical time of the one-stage procedures
was significantly longer compared with the two-stage proce-
dures (Table 1).

The mean intra-operative blood loss and allogeneic blood
transfusion rate in the one-stage group were lower than in the
two-stage group, counting the mean of the first and second
procedures (Table 1). The difference of both parameters was
statistically significant (p < 0.001) (Figs. 1 and 2; Table 1).

Table 2 demonstrates patient conditions in both groups.
Despite there were no statistically significant differences ana-
lyzing gender or comorbidities, among the patients of the two-
stage group, there were more smokers and had worse physical
status (ASA) and higher mortality risk (CCI) than patients in
the one-stage group (Table 2).

Discussion

Despite the advances in the surgical techniques, severe blood
loss and transfusion remains as an important cause of compli-
cations after revision THA [10–12]. Despite the general com-
plexity of revision arthroplasty, several other factors such as
gender, age, physical status of the patient, hypertension, body
mass index, coagulation factors, type of anaesthesia, and sur-
gical procedure may influence peri-operative blood loss in
these patients [13].

It is known that elderly patients’ medical condition is not
always suitable for repeated extensive surgery and patients
with PJI usually have poor overall health. From this point of
view, one-stage revision for infected THA can be an excellent
option because there is no need for extensive second stage
operation, decreased morbidity and early functional recovery
are to be expected [7].

Our results are in agreement with the suggestion that the
one-stage revision may be more suitable for treatment of se-
lected infected THAs. The patients in the two-stage group had

Table 1 This table shows the demographic data and outcome measures of the study cohorts

Variable Cohort N Mean SD p

Age [years] ENDO 184 70.5 10.0 < 0.001
Rothman 1 90 63.3 12.4
Rothman 2 90 63.6 12.4

BMI [kg/m2] ENDO 184 28.11 5.16 0.185
Rothman 1 90 29.99 8.19
Rothman 2

HGB initial ENDO 183 12.87 1.86 < 0.001
Rothman 1 90 11.32 1.90
Rothman 2 90 12.00 1.57

HCT initial ENDO 184 39.44 5.16 < 0.001
Rothman 1 90 34.62 5.65
Rothman 2 90 36.82 4.88

INR initial ENDO 181 1.009 0.092 < 0.001
Rothman 1 85 1.199 0.257
Rothman 2 71 1.138 0.350

PTT initial ENDO 182 29.52 4.07 < 0.001
Rothman 1 85 35.36 8.06
Rothman 2 71 33.29 8.62

Surgery time [min] ENDO 179 164.8 57.1 0.006
Rothman 1 80 143.1 44.2
Rothman 2 75 150.7 40.9

Time interval between stage 1 and 2 ENDO
Rothman 1
Rothman 2 90 111.4 83.4

Allogenic transfusion ENDO 165 3.8 3.1 < 0.001
Rothman 1 90 3.3 1.9
Rothman 2 90 4.0 3.1
Rothman 1+2 90 7.3 4.2

Total blood loss ENDO 184 4644.4 2981.3 < 0.001
Rothman 1 90 3280.8 1338.4
Rothman 2 90 4642.2 2554.7
Rothman 1+2 90 7923.0 3158.1

ENDO Endo-Klinik, Rothman 1 first stage of two stage procedure with removal of the infected prosthesis and spacer implantation at the Rothman Institute,
Rothman 2 second stage of two stage procedure with removal of the spacer and reimplantation at the Rothman Institute, BMI body mass index, HGB initial
preoperative hemoglobin value in g/dl,HCT initial preoperative hematocrit, INR initial preoperative international normalized ratio, PTT initial preoperative partial
thromboplastin time. Significance level p < 0.05
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more blood loss and more transfusion rates than the patients in
the one-stage group, mainly because of the two surgical pro-
cedures that are necessary when this treatment option is cho-
sen. If we analyze single surgical procedures, we can notice
that the differences of blood loss and transfusion rates are not
significant. It is quite obvious that the double procedure makes
these parameters worse in the two-stage group.

Blood loss may be accompanied by serious clinical com-
plications and therefore, it has protocols for managing it,
mainly with allogeneic blood transfusion [15, 16]. Carson
et al. [17] documented in a study of 1958 surgical patients
who refused blood transfusion for religious reasons. Patients
with pre-existing cardiovascular disease had higher rates of
both morbidity and mortality when the haemoglobin level
was 10 g/dL or less.

Besides increasing the mortality rate, severe blood loss
may lead to other complications particularly relevant for or-
thopedic surgery. Lawrence et al. [18] showed in a retrospec-
tive study performed in 5973 patients at least 60 years old

undergoing hip fracture fixation that higher Hb levels in the
post-operative period are associated with better early function-
al recovery. Young et al. [19] stated that complications of
anaemia such as fatigue can limit participation in rehabilita-
tion programs, potentially resulting in longer hospital stay and
poorer long-term outcome for post-arthroplasty patients.

Besides all the downsides, the main treatment for blood
loss has its own risks. Allogeneic transfusion may be associ-
ated with increased risk of serious and potentially fatal com-
plications, including cross-match errors, disease transmission,
bacterial contamination, and immunomodulation, increasing
the risk of post-operative infection. This could complicate
the post-operative course, especially in septic revisions where
stringent infection control is desired, potentially increasing the
risk of failure of the revision procedure [10, 20].

Comparison of one- vs. two-stage revisions has been for
long-time controversial, but several current studies showed
improved infection control rates in one-stage septic exchange
of THA. Since 1981, when Buchholz proposed [21] one-stage
revision with a success rate of 77%, the procedure has slowly
gained popularity as a treatment option for PJI in selected
patients [6]. Along the years, protocols for staged revisions
have improved including culture-negative infections or partial
component-retained two-stage procedure, enhancing with that
of the infection control rates [5, 22, 23].

Current systematic reviews [1, 5, 7] were also published
comparing one- and two-stage revisions and they suggest that
the results are comparable. In general, there are several studies
comparing infection rates [4, 6, 7, 9], but functional outcomes
or clinical evaluation are rarely analyzed.

To the best of our knowledge, this is the first study com-
paring blood loss or transfusion rates between these two pro-
cedures. The most important findings of the present study
were that the blood loss and the rate of allogeneic transfusion
were higher in the two-stage revision arthroplasty group com-
pared to that in the one-stage procedure. Themain focus of our
study was to elucidate those two factors. We did not analyze
the complication and mortality rates of the both groups, which
is one of the limitations of our study. Furthermore, it is a
retrospective study design and the selection criteria for
performing one- or two-stage procedure wasmade exclusively
by the treatment center. Also, could be other variables
influencing the results between the groups, since they are
composed of different populations and may not be homoge-
neous. Another limitation was that intra- and post-operative
blood loss was not measured but a calculated estimation by
pre- and post-operative Hb levels was performed. It is well
known that intra-operative blood loss cannot be measured
precisely because of swabs, drapes, and other items that may
contain blood which is difficult to measure.

In conclusion, our data suggest that two-stage septic revi-
sion of total hip arthroplasty including both stages of this
procedure has higher rates of blood loss and transfusion rates

Fig. 2 Numbers of units of allogeneic transfusion rates between both
procedures are presented. Significant differences are shown by the stars

Fig. 1 Box-plot analysis of total blood loss of the two surgical
approaches. The dots reveal the outliers of blood loss in ml
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than one-stage revision. Therefore, patients undergoing a two-
stage hip revision may be subject to greater risk of clinical
complications and higher rates of morbidity and mortality.
The authors believe that blood loss rate, including its compli-
cations, should be considered when decision for the type of
staged septic hip exchange is made.
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