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reduced blood loss and transfusion rate in one-stage
exchange for infected hip arthroplasty
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Compared to primary total hip arthroplasty (THA),
a revision THA is more complex, involves extended
exposures and soft-tissue dissection, and many of
the affected patients have multiple morbidities.[1-3]
Therefore, revision THA is associated with longer
surgical time, longer hospital stay, increased blood
loss, blood transfusions, and higher complication
and mortality rates.[4-7] Regarding hip revision
for periprosthetic joint infection (PJI), two-stage
procedures have higher intraoperative blood loss
and allogeneic blood transfusion rate compared to
one-stage exchange.[8]
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ABSTRACT
Objectives: This study aims to investigate if the use of intravenous
(IV) tranexamic acid (TXA) during one-stage exchange for
periprosthetic joint infection (PJI) of the hip that necessitates an
extensive debridement is associated with decreased blood loss, if
the rate of blood transfusion that may lead to side effects can be
lowered with IV TXA, and if there is any difference regarding the
occurrence of postoperative venous thromboembolism (VTE).
Patients and methods: We retrospectively reviewed patients who
underwent one-stage exchange for PJI of the hip with perioperative
IV administration of TXA (n=163; 90 males, 73 females; mean
age 68±10.3; range, 25 to 90 years) between January 2015 and
December 2016 and compared them to another group (n=190;
106 males, 84 females; mean age 71±10.1; range, 39 to 92 years)
who underwent one-stage exchange for PJI of the hip without
perioperative IV administration of TXA between January 2006 and
December 2012. Blood loss, transfusion rates, amount of transfused
blood, and occurrence of VTE complications were observed.
Results: Mean blood loss of the TXA group was significantly lower
than that of the non-TXA group (2.4 L and 4.5 L, respectively;
p<0.001). Patients in non-TXA group experienced significantly
higher rate of blood transfusion (71.1% and 58.3%, respectively;
p=0.014) and higher quantity of transfused packed red blood cells
(3.2 and 1.9 units, respectively; p<0.001). There was one patient
with VTE complication in each group.
Conclusion: Even in the presence of infection, usage of IV TXA
during one-stage exchange for PJI of the hip is associated with
significantly lower blood loss and transfusion rates showing no
higher risk of VTE events.

Keywords: Blood loss, blood transfusion, infected hip arthroplasty,
intravenous, one-stage exchange, tranexamic acid.

Besides a meticulous surgical technique,
antifibrinolytic medications such as tranexamic acid
(TXA) can reduce blood loss in THA.[9,10] Concerning the
route of administration of TXA, i.e. intravenous (IV),

18

oral, or intraarticular, all were effective in reducing
the rates of blood loss in THA.[11] The routine use of
IV TXA in primary total joint arthroplasty has been
well established, as numerous randomized clinical
trials and meta-analysis have demonstrated reduced
perioperative blood loss and transfusion rates without
a significant increase in venous thromboembolism
(VTE) complication rates.[9-15] In revision arthroplasty,
there is increasing support of the use of TXA to
reduce the perioperative blood loss, hence the need
for allogeneic blood transfusions.[16-20]
Few studies have addressed the effectiveness of
TXA in reducing blood loss and transfusion rates
during PJI surgery.[20-22] Goel et al.[21] have shown a
significant reduction in blood loss with the use of
TXA in two-stage exchange procedures for PJI of the
hip. The topical use of TXA was also associated with
a significant decrease in blood transfusion rate for
patients undergoing one- and two-stage exchange for
PJI of the knee in a study by Waddell et al.[22]
However, to our best knowledge, there is no
evidence-based recommendation regarding the IV
use of TXA in one-stage exchange for PJI of the hip.
Therefore, in this study, we aimed to investigate if
the use of IV TXA during one-stage exchange for PJI
of the hip that necessitates an extensive debridement
is associated with decreased blood loss, if the rate of
blood transfusion that may lead to side effects can be
lowered with IV TXA, and if there is any difference
regarding the occurrence of postoperative VTE.

PATIENTS AND METHODS
A retrospective analysis was performed to
evaluate the efficacy of TXA usage on blood loss
and transfusion rates in the setting of one-stage
exchange for PJI of the hip. We have demonstrated
lower blood loss and transfusion rates of patients
undergoing one-stage exchange compared to the
two-stage exchange of the hip in a previous study.[8]
In the current study, conducted at Helios ENDOKlinik in Hamburg, we included 190 patients
of that study (106 males, 84 females; mean age
71±10.1; range, 39 to 92 years) who underwent
one-stage exchange of the hip between January
2006 and December 2012 without perioperative
IV administration of TXA, and compared them to
another group of 163 patients (90 males, 73 females;
mean age 68±10.3; range, 25 to 90 years) who
underwent one-stage exchange of the hip between
January 2015 and December 2016 with perioperative
IV administration of TXA. Patients with bleeding
disorders or following surgeries within the last
six months were excluded. Perioperative blood
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loss, postoperative transfusion rates, the amount
of transfused blood, and the rate of postoperative
occurrence of VTE events were compared between
both patient groups. The study protocol was approved
by the Local Ethical Committee in Hamburg. A
written informed consent was obtained from each
patient. The study was conducted in accordance with
the principles of the Declaration of Helsinki.
The decision for one-stage exchange was
established in all patients after identification of
the causative pathogen through a preoperative
aspiration. An experienced microbiologist was
consulted for the systemic and topic antibiotic
therapy. All procedures were performed in the lateral
decubitus position using the posterior approach of
the hip by well-experienced surgeons for the septic
one-stage exchange. The infected prostheses and all
of the hardware and cement material were removed.
Following extensive soft tissue and bone debridement,
as long as necessary, cemented hip prostheses were
implanted. Postoperative intraarticular drainages for
48 h were utilized in patients of both groups. Patients
were monitored at the intensive care unit for at least
24 h.
Follow i ng
t he
c urrent
g uidel i ne
recommendations, patients under oral anticoagulant
therapy had to stop their medications preoperatively.
This included phenprocoumon (only four patients
in the TXA group) at least one week and factor
Xa inhibitors at least 48 h (only four patients in
the TXA group) before the surgery. In all patients,
postoperative VTE prophylaxis was carried out using
a subcutaneous injection of low molecular weight
heparin. Patients at higher risk of VTE complications
received higher doses of low molecular weight
heparin first at the fourth postoperative day. In the
TXA group, TXA was administered only IV at a
dose of 1 g immediately before the skin incision. In
patients with intraoperative increased tendency to
bleed (28/163; 17%), an additional IV injection of 1 g
TXA was performed after a time interval of 2 h from
the first TXA dosage or at the end of the procedure.
This was performed by the anesthesiologist upon
the request of the surgeon following reviewing the
patients’ comorbidities to avoid increasing the risk of
postoperative VTE such as in patients with a history
of deep venous thrombosis (DVT) or pulmonary
embolism (PE). No other hemostatic medications or
blood supplements were administered.
Blood volume was determined according to
the weight of the patient. Hemoglobin (Hb) loss
was calculated based on the weight of the patient,
Hb difference between the initial preoperative Hb
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and the third postoperative day Hb, and the amount
of transfused blood. The effective blood loss was
finally calculated using the following formula: Blood
loss (L)=Hb loss (g)/initial Hb value (g/L).

Statistical analysis
The processing of the data and the statistical
analyses were carried out using SAS 9.3 (SAS
Institute Inc., Cary, NC, USA). Descriptive analysis
was performed using number and mean for metric
values. Absolute and relative frequencies describe
the distribution of categorical data. Standard
deviation (SD) and 95% confidence interval (CI) were
determined for main results. Shapiro-Wilk test was
used for verification of the normal distribution of the
data. Comparison between both groups was carried
out with the t-test. Otherwise, the Mann-Whitney
U test was utilized. Fisher exact test was applied to
compare the distribution frequency of a categorical
variable. All tests were two-tailed. A p value of <0.05
was considered statistically significant.

RESULTS
Patients of the TXA group were younger
(68 vs. 71 years, p=0.027) but had a higher mean
Charlson Comorbidity Index (CCI) score (2±2.0
[range, 1 to 6] vs. 1±1.4 [range, 1 to 6], p<0.001)
compared to the non-TXA group (Table I). The
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Indications for postoperative blood transfusion
were Hb level below 6 g/dL, and symptomatic or
multimorbid patients with Hb levels 6 to 8 g/dL. Each
transfusion unit contained 250 mL packed red blood
cells. The number of transfused units was determined
according to the Hb level, clinical status, and the
patient’s comorbidity. Autotransfusion systems were
not used due to the existence of an infection.

Total blood loss
15

5

0
TXA group

Non-TXA group

FIGURE 1. Box plot of calculated blood loss for both
patient groups with and without administration of TXA,
demonstrating a significant difference in favor of the TXA
group (2.4 L and 4.5 L, respectively; p<0.001).
TXA: Tranexamic acid.

average preoperative Hb level was 12.27 mg/L in the
TXA group and 12.79 mg/L in the non-TXA group
(p=0.01). While the mean postoperative Hb was
9.14±1.27 (range, 6.4 to 12.6) mg/L on the first day
and 9.26±1.29 (range, 6.0 to 14.7) mg/L on the third
day for the TXA group, non-TXA group showed
higher mean values (9.9±1.1 [range, 6.8 to 12.8] mg/L
and 10.18±1.21 [range, 6.9 to 13.9] mg/L on the first
and third day, respectively; p=0.001). The mean
value of the last evaluated Hb level in the TXA
group during the hospital stay was 10.3±1.17 (range,
7.3 to 13.4) g/dL. The mean effective blood loss
of patients in the TXA group was significantly
lower than that of patients in the non-TXA group
(2.4±1.4 L; 95% CI: 2.1 to 2.6] and 4.5±3.0 L; 95%
CI: 4.0 to 4.9], respectively; p<0.001) (Figure 1).
The non-TXA group experienced a higher rate
of postoperative blood transfusion compared to
the TXA group (71.1% and 58.3%, respectively;
p=0.014), as well as a significantly higher quantity

Table I
Demographic date of both patient groups
TXA group
Variable

n

%

Age (year)
Sex
Female
Male

Mean±SD

Non-TXA group
n

%

68±10.3

Mean±SD

p

71±10.1

0.027
0.915

73
90

45
55

84
106

44
56

Body mass index (kg/m2)

29±5.8

28±5.2

0.131

Charlson comorbidity index

2±2.0

1±1.4

<0.001

Preoperative Hb (mg/L)

12.3±1.9

12.8±1.9

0.01

Postoperative Hb (mg/L) on 1st day

9.1±1.3

9.9±1.1

0.001

Postoperative Hb (mg/L) on 3rd day

9.3±1.3

10.2±1.2

0.001

TXA: Tranexamic acid; SD: Standard deviation; Hb: Hemoglobin.
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of transfused packed red blood cell units (3.2±3.2;
95% CI: 2.7 to 3.6] and 1.9±2.4; 95% CI: 1.5 to 2.3]
units, respectively; p<0.001). This is the relative
risk, such as odds ratio, comparing between both
groups.
Considering the rate of postoperative VTE, there
was no difference between both groups, since one
patient of DVT in the TXA group (0.6%) and one
patient of PE in the non-TXA group (0.5%) were
documented.

DISCUSSION
To our knowledge, there are no absolute
contraindications to use IV TXA in the presence of
infection. However, the literature is limited regarding
its use in the setting of septic revision arthroplasty.
Periprosthetic joint infection surgery is associated
with an excessive blood loss due to the necessity
of extensive debridement of the infective bone and
tissue. In particular, during the one-stage exchange,
an aggressive debridement is fundamental to eradicate
the infection.
In the current study, we demonstrated a
significant reduction in blood loss, the need for
blood transfusion with a relative risk of 1.2 for
transfusion, and the quantity of transfused blood in
patients who received perioperative IV TXA during
the one-stage exchange for PJI of the hip. The mean
volume of the perioperative lost blood and the mean
amount of blood needed to be transfused in non-TXA
group were approximately double of that of the TXA
group. Furthermore, patients in the TXA group had
higher CCI scores; thus could benefit more from
these results considering the risk of perioperative
complications associated with massive blood loss,
as well as allogeneic blood transfusion. Despite
the higher comorbidity, the lower preoperative Hb
level, and the longer duration of surgery of the TXA
group compared to the non-TXA group, the blood
loss and transfusion rate were lower than that of the
non-TXA group. The one-stage approach technique
did not change significantly over the years but
the longer surgery time could be attributed to the
increasing number of difficult and complicated cases
referred to our arthroplasty center. Interestingly, the
postoperative Hb levels were higher in the non-TXA
group, which could be a result of the significant
blood transfusion rate in that group, leading to an
improvement and increase of the Hb levels.
Goel et al.[21] reported on massive blood loss in
patients undergoing two-stage exchange for PJI of
the hip and found that TXA was associated with
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reduced blood loss. More recently, Hines et al.[20]
have demonstrated the effective use of IV TXA in
reducing blood transfusion rate among patients
who underwent revision hip arthroplasty, including
264 cases following two-stage exchange. In that
extensive study cohort, there was no significant
difference between patients with and without TXA in
terms of VTE complications. In the current study, the
perioperative usage of IV TXA also showed no risk of
postoperative VTE complications.
Despite the relatively lower blood loss and
transfusion rates in one-stage compared to two-stage
exchange for PJI of the hip,[8] the orthopedic surgeon
should consider every tool, method, and technique to
decrease blood loss during joint replacement surgery,
hence reducing the need for perioperative blood
transfusion, the risk of delayed ambulation, and
postoperative hospital stay. Furthermore, patients
receiving allogeneic blood transfusion are at increased
risk of PJI.[23,24]
Recently, few studies have addressed the effect of
TXA on infection rates; however, with controversial
results.[25-27] Tranexamic acid was associated with
reduced postsurgical infection rate following cardiac
surgery.[25] On the other hand, the early use of TXA
increased the risk of infection in severely trauma
patients.[26] Regarding the impact of TXA on PJI
following primary total joint arthroplasty, Yazdi
et al.[27] demonstrated more recently an association
between TXA and reduced infection rate. Likewise,
Lacko et al.[28] have more recently shown a lower
cumulative revision rate for PJI following total knee
arthroplasty.
Our study has some limitations. In addition
to the possible selection bias associated with the
retrospective design, a matching control group
considering other variables is missing. Furthermore,
despite the standardized surgical and postoperative
management protocols for one-stage exchange at
our arthroplasty center, different time periods
of the performed one-stage exchange procedures
between both groups might have associated with
various confounders, such as different surgeons
and management protocols for perioperative fluid
resuscitation. Furthermore, longer follow-up to
assess whether the administration of TXA has an
impact on the reinfection rate would be interesting.
Lastly, despite the relatively large sample size from
a single institution, we believe that larger registry
cohorts addressing the effect of TXA on the relatively
rare VTE are still needed, particularly in such highly
complicated surgeries.

Intravenous TXA in 1-stage hip exchange

In conclusion, even in the presence of infected
joints, the usage of IV TXA during the one-stage
exchange for PJI of the hip is associated with
significantly lower blood loss and transfusion rates
showing no higher risk of VTE complications.
Further prospective studies improving the matching
criteria and avoiding the acknowledged limitations
are warranted.
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