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AIM: To investigate the postoperative transfusion and
complication rates of anemic and nonanemic total joint
arthroplasty patients given tranexamic acid (TXA).
METHODS: A cross-sectional prospective study was
conducted of primary hip and knee arthroplasty cases
performed from 11/2012 to 6/2014. Exclusion criteria
included revision arthroplasty, bilateral arthroplasty,
acute arthroplasty after fracture, and contraindication
to TXA. Patients were screened prior to surgery, with
anemia was defined as hemoglobin of less than 12
g/dL for females and of less than 13 g/dL for males.
Patients were divided into four different groups,
based on the type of arthroplasty (total hip or total
knee) and hemoglobin status (anemic or nonanemic).
Intraoperatively, all patients received 2 g of intravenous
TXA during surgery. Postoperatively, allogeneic blood
transfusion (ABT) was directed by both clinical symptoms
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and relative hemoglobin change. Complications were
recorded within the first two weeks after surgery and
included thromboembolism, infection, and wound break
down. The differences in transfusion and complication
rates, as well as the relative hemoglobin change, were
compared between anemic and nonanemic groups.

INTRODUCTION
Approximately 20% of patients presenting for total
joint arthroplasty (TJA) have preoperative anemia and
are at a relatively higher risk of needing allogeneic
[1-6]
blood transfusion (ABT)
. This rate reflects the
overall prevalence of anemia in the general elderly
population, defined by the World Health Organization as
hemoglobin (Hb) < 12 g/dL in females and < 13 g/dL
in males, and can be contributed to by causes such as
[7,8]
nutritional deficiency or chronic disease . Preoperative
and perioperative blood management is of considerable
importance for these patients, especially given the
influence of postoperative anemia on functional reco
[1,2]
very, complications, and outcome . Although there
have been no large studies examining the effect of
preoperative anemia on mortality after TJA, studies in
[9,10]
[11]
[12]
the hip fracture
, cardiac , vascular , and general
[13]
surgery
patient populations have shown an increase
in mortality rates. It is likely that there may be a similar
effect with TJA.
Multiple authors have proposed preoperative scree
ning and treatment protocols to limit the potential for
[14-17]
perioperative anemia
. General factors such as
patient weight, comorbidities, and nutritional deficiencies
[18]
should be addressed to optimize hematologic status .
Preoperative Hb should be routinely obtained and a
thorough analysis performed for moderate to severe
levels of anemia to determine the etiology of the
[18]
disorder . A preoperative Hb of 13 g/dL has historically
been held as the gold standard to minimize the rate of
[1]
symptomatic perioperative anemia .
Tranexamic acid (TXA) has gained popularity as
an intraoperative adjunct to help decrease blood loss
and perioperative anemia. TXA is a lysine analog that
competitively inhibits the activation of plasminogen to
[19]
plasmin, slowing the rate of fibrinolysis . It can be
[20]
applied intravenously or topically
has a short halflife, and preferentially affects fibrinolysis in the surgical
[21]
field . Although there have been sporadic case reports
about side-effects, there have been no large-scale
studies that show a significant increase in complications
[22-25]
such as symptomatic thromboembolism
. When
compared to other treatments, most specifically erythro
[26]
poietin, TXA can be cost-effective . The analog has
[27]
been well documented as efficacious in orthognathic ,
[28]
[29]
cardiac , and spine
procedures. Multiple studies
have shown a decrease in blood loss and ABT with TXA
[22-25,30,31]
application for both primary and revision TJA
.
The effect of TXA on patients presenting with preoper
ative anemia has been less well examined.
The purpose of this study was to compare rates of
transfusion and postoperative complications between
anemic and nonanemic patients given TXA who
underwent primary total hip arthroplasty (THA) and total
knee arthroplasty (TKA). Our hypothesis was that there
would be no significant difference in the rates of trans

RESULTS: A total of 232 patients undergoing primary
joint arthroplasty were included in the study. For the
total hip arthroplasty cohort, 21% (18/84) of patients
presented with preoperative anemia. Two patients in the
anemic group and two patients in the nonanemic group
needed ABTs; this was not significantly different (P =
0.20). One patient in the anemic group presented with a
deep venous thromboembolism while no patients in the
nonanemic group had an acute complication; this was not
significantly different (P = 0.21). For nonanemic patients,
the average change in hemoglobin was 2.73 ± 1.17 g/dL.
For anemic patients, the average change in hemoglobin
was 2.28 ± 0.96 g/dL. Between the two groups, the
hemoglobin difference of 0.45 g/dL was not significant
(P = 0.13). For the total knee arthroplasty cohort, 18%
(26/148) of patients presented with preoperative anemia.
No patients in either group required a blood transfusion
or had an acute postoperative complication. For
nonanemic patients, the average change in hemoglobin
was 1.85 ± 0.79 g/dL. For anemic patients, the average
change in hemoglobin was 1.09 ± 0.58 g/dL. Between
the two groups, the hemoglobin difference of 0.76 g/dL
was significant (P < 0.001).
CONCLUSION: TXA administration results in low
transfusion and complication rates and may be a useful
adjunct for TJA patients with preoperative anemia.
Key words: Total knee replacement; Tranexamic acid;
Total hip replacement; Preoperative anemia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with preoperative anemia presenting
for total joint arthroplasty (TJA) have an increased
risk of requiring allogeneic blood transfusion (ABT).
Current methods to increase preoperative hemoglobin
is expensive, limited in efficacy, and have side effects.
In this study, we found that intraoperative tranexamic
acid (TXA) safely and effectively decreases blood
loss and limits the rate of ABT after TJA for anemic
patients. We recommend TXA for all patients without
contraindications who have preoperative anemia.
Phan DL, Rinehart JB, Schwarzkopf R. Can tranexamic acid
change preoperative anemia management during total joint
arthroplasty? World J Orthop 2015; 6(7): 521-527 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v6/i7/521.
htm DOI: http://dx.doi.org/10.5312/wjo.v6.i7.521
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Table 1 Patient demographics and outcome
Anemic THA
Number
Gender (M/F)
Age
Preoperative Hb (g/dL)
Hospital day 1 Hb (g/dL)
Hb change (g/dL)
Transfusions
Complications

18
10/8
63.0 (± 15.6)
11.45 (± 0.82)
9.17 (± 1.26)
2.28 (± 0.96)
2
1

Nonanemic THA

Anemic TKA

Nonanemic TKA

66
33/33
60.0 (± 13.8)
13.85 (± 0.92)
11.11 (± 1.35)
2.73 (± 1.17)
2
0

26
10/16
68.2 (± 8.6)
11.43 (± 0.72)
10.34 (± 0.91)
1.09 (± 0.58)1
0
0

122
48/74
67.0 (± 10.2)
13.66 (± 0.94)
11.81 (± 1.09)
1.85 (± 0.79)1
0
0

1

Significant difference in hemoglobin change between anemic TKA and nonanemic TKA patients (P < 0.001).
THA: Total hip arthroplasty; TKA: Total knee arthroplasty; Hb: Hemoglobin.

fusion and complications for both groups of patients. If
supported, this could lead to changes in preoperative
management for anemic TJA patients.

tissues prior to final closure in both groups.

Postoperative

Patients were admitted to the Orthopaedics unit
and followed a standardized postoperative protocol,
including aggressive multimodal pain control with oral
medications and physical therapy starting on the day
of surgery. Coumadin and a sequential compression
device were used to prevent thrombus formation. Hb
was measured for all patients on the first postoperative
day, as well as for the majority of patients on subse
quent days as required. Transfusion was dictated by
a significant decrease in Hb combined with clinical
symptoms or changes in physiologic parameters. An
absolute Hb threshold for transfusion was not used.
Discharge was typically on the third postoperative
day. Any postoperative complications up to the first
postoperative visit, typically at two weeks, were
recorded. Complications included superficial hematoma
formation, deep joint effusion, wound breakdown,
thromboembolism, and acute infection.

MATERIALS AND METHODS
A prospective cross-sectional study was performed from
11/2012 to 6/2014 at a tertiary university academic
institution. Patients undergoing elective primary THA or
TKA by the lead author were eligible. Exclusion criteria
included revision or bilateral TJA, TJA after hip fracture,
or patients with contraindications towards receiving
TXA.

Preoperative

Preoperative Hb was measured within 3 wk prior to
surgery and patients were classified as anemic vs nonan
emic based on World Health Organization guidelines (<
12 g/dL in females and < 13 g/dL in males). Patients
were not prescribed supplemental treatment, such
as iron supplementation or erythropoietin, and were
advised to stop blood-thinning medications such aspirin
or nonsteroidal anti-inflammatory medications 1 wk prior
to surgery.

Statistical analysis

Patients were divided into one of four groups based on
preoperative Hb and type of arthroplasty performed
(nonanemic vs anemic, TKA vs THA). In each surgical
group (TKA and THA), the nonanemic patients were
used as controls and the anemic patients as the study
groups. A two-sample T test was used to compare the
average change in Hb between each of the groups (e.g.,
anemic TKA vs nonanemic TKA). A Fisher exact test
was used to compare the rate of complications between
each of the groups as well as the rate of transfusion
between each of the groups. Significance was set at the
P value of ≤ 0.05. Statistical analysis was performed
using Microsoft Excel (Microsoft, Richmond WA).

Intraoperative

All patients received two doses of intravenous TXA in
the perioperative period: 1 g prior to incision and 1 g
during wound closure. Spinal anesthesia was used for
all eligible patients as determined by the anesthesia
team; patients deemed ineligible received a general
anesthetic with endotracheal tube. TKA patients were
placed in the supine position, had a tourniquet applied
prior to incision, and a standard parapatellar approach
utilized to implant a cemented metal-on-polyetheylene
system. THA patients were placed in the lateral
decubitus position with a standard posterior approach
utilized to implant a non-cemented metal or ceramic-onpolyethylene system. Fluid resuscitation and transfusion
requirement was managed by the anesthesia team
following standard guidelines. A cocktail for pain control,
including 80 mcg clonidine, 30 mg ketorolac, 0.5 mL
1:1000 epinepherine, and 49.25 mL 0.5% ropivicaine,
combined with normal saline to a total volume of 100
mL, was injected into the joint capsule and surrounding
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RESULTS
A total of 232 patients met inclusion criteria and were
enrolled in the study (Table 1).

THA

Eighty-four patients had THA performed. Twentyone percent (18/84) of the patients presented with
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Hemoglobin level for THA patients

17

Anemic

16

Nonanemic

15

Mean

Hemoglobln (g/dL)

14
13
12
11
10
9
8
7
6
Preoperative

1

2

Hospital day

Figure 1 Hemoglobin levels in total hip arthroplasty using tranexamic acid. Boxplots showing median and interquartile ranges for hemoglobin levels in each
group on each hospital day are shown. Both groups experienced a fall in hemoglobin following surgery and both groups had at least one patient who required
transfusion on the first postoperative day. Despite the differences in starting hemoglobin, there was no significant difference between groups in rate of transfusion.
THA: Total hip arthroplasty.
[6,32-34]

diverging effects on preoperative Hb
. Common
side effects such as constipation, and abdominal pain
[32]
can lower the adherence rate . Recombinant human
[35-37]
erythropoietin has been shown to be efficacious
,
but is only available via an intravenous or subcutaneous
[14,38]
route and is relatively expensive
. Preoperative
autologous donation provides the patient a safe supply
[39]
of blood but physiologic compensation after donation
[40]
may be inadequate
and a significant amount of
[1,40,41]
donated blood is unused
. As such, the goal of
this study was to determine if TXA would be useful as
an alternative strategy for patients with preoperative
anemia to limit the rate of blood loss and ABT.
As expected from undergoing a TJA, all patients
had a decrease in Hb at the first postoperative day.
Anemic and nonanemic patients who underwent THA
had a similar decrease in Hb, with anemic patients
averaging only an additional 0.45 g/dL of blood loss.
This supported the hypothesis that TXA would result in
equivalent rates of blood loss, regardless of preoperative
Hb levels. However, nonanemic patients who underwent
TKA averaged a decrease in Hb that was significantly
greater than that for anemic patients, at 0.76 g/dL; this
was unexpected. It is not entirely clear what caused
this difference in Hb change, but it may simply be that
nonanemic patients lose more red cells per ml of blood
lost than anemic patients (due to intraoperative fluid
resuscitation), so for equivalent volumes lost between
groups the nonanemic group would be expected to
have lost more red cell mass overall and therefore
experience a bigger drop in Hb. As all patients received
fluids during the perioperative period according to
strict guidelines following anesthesia protocol based on
patient weight and hemodynamic status, it is unlikely
that differences in fluid administration were contributive.

preoperative anemia. For nonanemic patients, the
average change in Hb from preoperative to the first
postoperative day was 2.73 ± 1.17 g/dL. For anemic
patients, the average change in Hb from preoperative to
the first postoperative day was 2.28 ± 0.96 g/dL (Figure
1). Between the two groups, the Hb difference of 0.45
g/dL was not significant (P = 0.13). Two patients in the
nonanemic group and two patients in the anemic group
required ABT. There was no significant difference in
the rate of ABT (P = 0.20). One patient in the anemic
group presented with a deep venous thrombosis at the
fourth postoperative day; there were no complications
for patients in the nonanemic group. There was no
significant difference in the rate of all immediate posto
perative complications (P = 0.21).

TKA

One hundred and forty-eight patients had TKA
performed. Eighteen percent (26/148) of the patients
presented with preoperative anemia. For nonanemic
patients, the average change in Hb from preoperative
to the first postoperative day was 1.85 ± 0.79 g/dL.
For anemic patients, the average change in Hb from
preoperative to the first postoperative day was 1.09 ±
0.58 g/dL (Figure 2). Between the two groups, the Hb
difference of 0.76 g/dL was significant (P < 0.001). No
patients in either group required ABT. No patients in
either group presented with complications within the
first post-operative visit.

DISCUSSION
Current methods to increase Hb in patients with preoper
ative anemia have disadvantages. The results of iron
supplementation are inconclusive, with studies showing
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Anemic

Hemoglobin level for TKA patients

17

Nonanemic

16

Mean

15

Hemoglobln (g/dL)
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6
Preoperative

1

2

Hospital day

Figure 2 Hemoglobin levels in total knee arthroplasty using tranexamic acid. Boxplots showing median and interquartile ranges for hemoglobin levels in each
group on each hospital day are shown. Both groups experienced a fall in hemoglobin following; in this case the nonanemic patients had a significant greater fall then
the anemic patients at the first postoperative day (but still had a higher median hemoglobin). None of the patients in either group required transfusion. TKA: Total
knee arthroplasty.

Finally, only one patient, in the anemic THA group, had
a postoperative complication, well within the normal
[42]
occurrence rate reported for THA . The thrombosis
was treated with anticoagulation and did not result in
symptomatic embolism. This low rate of complications
reaffirms the safe use of TXA as seen in the current
literature.
There was no significant difference in the rate of
ABT for anemic and nonanemic patients treated with
TXA during THA, and none of the TKA patients required
transfusion. This supports the hypothesis that use of
TXA would result in equivalent rates of perioperative
transfusion, regardless of preoperative blood levels.
Given that patients with preoperative anemia generally
require a higher rate of transfusion, the results suggest
that TXA may actually decrease the rate of ABT for
this patient population. The potential significance
of this finding is two-fold. First, patients with a mild
level of anemia may not require any preoperative or
perioperative adjunct treatment aside from TXA, such
as PO or Ⅳ iron supplementation or erythropoietin.
Limiting the use of these treatments may decrease
concerns about patient compliance and reduce overall
surgical costs, as well as rare but real complications from
the therapies themselves. In addition, the threshold
to operate on patients may be lowered, increasing the
availability of TJA for patients with anemia. For these
patients, a preoperative course combining multiple
treatment modalities in addition to perioperative TXA
may be sufficient to minimize significant blood loss and
ABT requirements.
This study has several limitations. All procedures
were performed by a single surgeon and thus operative
blood loss may not be equivalent to that of other
surgeons using alternative TJA techniques. Because

WJO|www.wjgnet.com

the study highlighted the relative change (as opposed
to absolute values) in Hb, the overall impact of this
limitation should be small. In addition, the same
approach and same implant system was used by the
surgeon for the procedures, which limited variation in
surgical technique. The study population was not large,
which resulted in a low number of patients with anemia,
and thus power could have been increased by enrolling
additional patients. However, the percentage of patients
presenting with preoperative anemia was equivalent
to the rates seen in the existing literature, suggesting
that the study population was a suitable representation
of the patient population. As such, a formal power analy
sis was not performed. Another limitation was with
regard to the rates of transfusion; with only four ABT’s in
the study it is possible that a much larger sample may
have demonstrated differences, though even here the
conclusion that TXA may allow safe TJA at lower Hb
levels would not have changed. Finally, the decision
for ABT was not dictated by a single factor, such as
postoperative Hb. The current literature is increasingly
supportive of using a restrictive transfusion threshold
similar to that used in this study, but it is possible that
other centers with more liberal transfusion practices
may have different results.
In this study, there was no significant difference
in the rate of autologous blood transfusion and post
operative complications for anemic and nonanemic
patients presenting for lower-extremity TJA when
TXA was used. These results support the use of TXA
as a safe and effective agent to limit perioperative
blood transfusion in patients with preoperative
anemia. Potentially, TXA may be used as the single
treatment for patients with mild anemia, in place of
preoperative methods such as iron supplementation
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and erythropoietin. TXA may also be helpful when
combined with these adjuncts for patients with more
severe anemia. Further investigations concerning TXA in
patients with preoperative anemia are recommended.
Topics to be considered, or are currently under examin
ation, include comparing efficacy and analyzing costbenefit of TXA vs different preoperative treatments (e.g.,
iron supplementation, erythropoietin). These studies will
ideally lead to a standardized and cohesive protocol for
TJA patients with preoperative anemia.
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TXA - synthetic lysine analog that competitively inhibits the activation of
plasminogen to plasmin. Anemia - Defined by the World Health Organization as
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