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Tranexamic acid administration to older patients
undergoing primary total hip arthroplasty
conserves hemoglobin and reduces blood loss
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Background: Tranexamic acid effects in older people are difficult to predict. This
study investigated the following research questions: 1) Is tranexamic acid effective in
older patients undergoing primary total hip arthroplasty (THA)? and 2) Is there a dif-
ference in the effect of tranexamic acid between younger and older patients?

Methods: This was a 2-phase retrospective matched-pair study of patients who
underwent THA in 2007-2013. All procedures were performed by surgeons with at
least 10 years’ experience as senior consultant. In the first phase, 58 patients aged
65 years or more who received tranexamic acid were matched 1:1 with patients who
did not receive tranexamic acid for age, sex, American Society of Anesthesiologists
(ASA) classification and body mass index. In the second phase, 58 patients aged
65 years or more who received tranexamic acid were matched 1:1 with patients less
than 65 years of age who received tranexamic acid for sex, ASA classification and body
mass index. The primary outcome measures were percent maximum decrease in
hemoglobin level and estimated blood loss after surgery.

Results: In the first phase, patients who received tranexamic acid conserved postop-
erative hemoglobin by a mean of 10.26 g/L (standard deviation [SD] 9.89 g/L) com-
pared to the control group (p < 0.001). The mean difference in the estimated periop-
erative blood loss between the 2 groups was 410 mL (SD 376 mL) (p < 0.001), which
indicated less bleeding in the treatment group. In the second phase, there was no dif-
ference between the younger (mean age 55.1 [SD 7.28] yr) and older (mean age 75.6
[SD 6.35] yr) groups in mean lowest postoperative hemoglobin level or percent
decrease in hemoglobin level.

Conclusion: Tranexamic acid reduced the postoperative decrease in hemoglobin level
and blood loss in older patients. Moreover, the significant hemoglobin-sparing effect
of tranexamic acid in older patients was similar to that observed in younger patients.

Contexte : Les effets de I'acide tranexamique sont difficiles a prévoir chez les per-
sonnes agées. Avec cette étude, nous avons voulu répondre aux 2 questions suivantes :
1) L’acide tranexamique est-il efficace chez les patients 4gés soumis a une intervention
chirurgicale primaire pour prothése totale de la hanche (PTH)?, et 2) L’acide tranexa-
mique produit-il un effet différent selon que les patients sont jeunes ou agés?

Méthodes : Cette étude rétrospective en 2 phases sur des paires appariées a regroupé
des patients soumis a une intervention pour PTH entre 2007 et 2013. Toutes les
interventions ont été effectuées par des chirurgiens détenant au moins 10 ans d’expé-
rience 2 titre de consultants principaux. Au cours de la premiére phase, 58 patients de
65 ans ou plus ayant recu de I'acide tranexamique ont été assortis (rapport 1:1), selon
I’age, le sexe, la classification ASA (American Society of Anesthesiologists) et I'indice
de masse corporelle, 3 des patients n’en ayant pas recu. Au cours de la deuxieme
phase, 58 patients de 65 ans ou plus ayant recu de I'acide tranexamique ont été assortis
(rapport 1:1), selon le sexe, la classification ASA et I'indice de masse corporelle, a des
patients de moins de 65 ans ayant aussi regu de ’acide tranexamique. Les parametres
principaux étaient la diminution maximale en pourcentage du taux d’hémoglobine et
la perte sanguine estimée aprés I'intervention chirurgicale.

Résultats : Pour la premiére phase, les patients qui ont regu I’acide tranexamique ont
maintenu une hémoglobine postopératoire moyenne a 10,26 g/L (écart-type [E.-T']
9,89 g/L) comparativement au groupe témoin (p < 0,001). La différence moyenne
entre les 2 groupes pour ce qui est des pertes sanguines periopératoires a été de
410 mL (E.-T. 376 mL) (p < 0,001), indiquant de ce fait une perte sanguine moindre
dans le groupe traité. Pour la deuxiéme phase, on n’a noté aucune différence entre le
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groupe plus jeune (ige moyen 55,1 ans [E.-T. 7,28 ans]) et le groupe plus agé (age
moyen 75,6 ans [E.-T. 6,35 ans]) pour ce qui est du taux d’hémoglobine postopératoire
moyen le plus bas ou le pourcentage de baisse du taux d’hémoglobine.

Conclusion : ’acide tranexamique a permis d’atténuer la baisse postopératoire de
I’hémoglobine et les pertes sanguines chez les patients dgés. De plus, effet significatif
de P’acide tranexamique sur le maintien de ’hémoglobine chez les patients 4gés a été
similaire a ce qui s’observe chez les patients plus jeunes.

he antifibrinolytic action of tranexamic acid stabilizes
the formed clot and consequently enhances micro-
vascular hemostasis.!? Thus, recent systematic
reviews and meta-analyses of published randomized con-
trolled trials concluded that administration of tranexamic
acid reduces blood loss and the need for transfusion in
patients undergoing total hip arthroplasty (THA).**® How-
ever, there has been a persistent lack of knowledge on the
effects of tranexamic acid in older patients undergoing THA
because this population has been severely underrepresented
in most randomized controlled trials.*!? In addition, the
effect of tranexamic acid in older people is difficult to pre-
dict. This is because of the presence of 2 opposing factors.
First, geriatric patients in general are at higher risk for peri-
operative surgical bleeding, which emanates from acquired
coagulation disorders and use of anticoagulation and anti-
platelet medications as well as osteoporosis and osteope-
nia.!»!* Second, pharmacokinetic studies suggest that older
patients who receive tranexamic acid may have less perioper-
ative bleeding because of increased blood tranexamic acid
levels resulting from an aging-induced decrease in glomeru-
lar filtration rate and volume of distribution.!*1¢
Therefore, the objective of the current study was to
investigate the effect of tranexamic acid on blood loss and
reduction in the incidence and volume of allogeneic blood
transfusion in older patients undergoing THA. To achieve
the study objective, we investigated 2 primary hypotheses:
1) tranexamic acid administered at the time of skin incision
to older patients undergoing THA reduces the decrease in
postoperative hemoglobin concentration and 2) tranexamic
acid reduces the decrease in postoperative hemoglobin
level more in younger patients than in older patients
undergoing THA.

MEeTHODS

This was a retrospective single-centre multisurgeon
matched-pair study including patients who underwent THA
in 2007-2013. The study was conducted at a tertiary health
care facility after appropriate research ethics board approval.

We retrospectively reviewed the charts of 382 patients
who had primary total hip replacement during the study
period. Patients included in the retrospective study had
primary THA, were aged 21 years or more at the time of
surgery, were classified as American Society of Anesthesi-
ologists (ASA) level I, IT or III, and received tranexamic
acid (given as a single bolus intravenously just before skin
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incision) or did not receive tranexamic acid. Patients who
had revision THA, were classified as ASA level IV, had a
risk factor for thromboembolism, received an antifibrinol-
ytic or coagulant agent preoperatively, had a blood transfu-
sion intraoperatively or received postoperative anticoagu-
lant therapy that differed from the institutional protocol
for joint replacements were excluded. The charts of eligi-
ble patients were reviewed in detail. Data were extracted
from a database kept in the orthopedic department as well
as the clinic charts kept with the orthopedic surgeons. The
chart review was performed by a single person (A.L.) who
was not involved in the analysis of the results.

To examine the study hypotheses, this investigation was
conducted in 2 phases. The first phase determined the
effects of tranexamic acid administration in older patients
(age = 65 yr) by comparing each older patient to a matched
control patient who did not receive the antifibrinolytic
(negative control). Patients were matched 1:1 on age (5-yr
intervals), sex, ASA level and body mass index (3-kg/m’
intervals). In the second phase, we compared the efficacy of
tranexamic acid in older and younger patients (positive
control). The patients in the first phase who received
tranexamic acid were matched with a younger patient
(< 65 yr) who received tranexamic acid on sex, ASA level
and body mass index (3-kg/m’ intervals). Every younger
patient should have received tranexamic acid similarly to
her/his corresponding older patient.

The primary outcome measures were percent decrease
in patient’s hemoglobin level and estimated blood loss after
surgery. We calculated these from chart data consisting of
preoperative hemoglobin level (PreHB), and lowest post-
operative hemoglobin level before discharge and before
any postoperative blood transfusion (PostHB). The lowest
postoperative hemoglobin level usually occurred on the
third or fourth postoperative day. We calculated the pri-
mary outcomes as follows: percent decrease in patient’s
hemoglobin level = [PreHB — PostHB/PreHB]*100, and
estimated blood loss = Estimated patient’s blood
volume*[In(PreHB/PostHB)]."” We determined estimated
patient’s blood volume as follows:!®

PBV (male) = (0.3669 x Ht)) + (0.03219 x Wt) + 0.6041
PBV (female) = (0.3561 x Ht) + (0.03308 x W) + 0.1833

where PBV = patient’s blood volume in millilitres, Ht =
height in metres and Wt = weight in kilograms.



The secondary outcome measures were occurrence of
allogenic blood transfusion perioperatively, number of allo-
genic blood units transfused perioperatively, length of hos-
pital stay, occurrence of surgical infection postoperatively,
occurrence of deep vein thrombosis (assessed clinically) and
occurrence of pulmonary embolism (assessed clinically and
by imaging studies). The following confounders and
cointerventions were recorded: patient demographic char-
acteristics, medications, comorbidities, name of surgeon,
duration of surgery, type of anesthesia (general v. regional),
fluid administration, preoperative iron therapy, preopera-
tive erythropoietin therapy, preoperative coagulation pro-
file and details of the surgical technique.

Statistical analysis and sample size calculation

We compared means of categorical variables using the
paired Student ¢ test. Nonparametric data and data that
deviated significantly from normal distribution were com-
pared with the use of the Wilcoxon matched pairs signed-
rank test. We performed the statistical analysis using Stata
10 (StataCorp).

Sample size calculation for the first phase was based on
the difference in the primary outcome (decrease in hemoglo-
bin level from preoperative level) between the older patients
who received tranexamic acid and those who did not." Avail-
able data showed that tranexamic acid can produce a saving
of about 25% of the preoperative mean hemoglobin value.
Based on this information, the required sample size was
47 matched pairs of patients (2-tailed paired # test: effect size
f=0.36, a.=0.05, power = 0.8). We increased the sample size
by about 20% to compensate for expected incomplete
patient charts, resulting in 58 pairs; i.e., 116 patients. Simi-
larly, the sample size estimate for the second phase was based
on the difference in the primary outcome between the older
and younger patients who received tranexamic acid."” Based
on previous experience, we expected that tranexamic acid
would produce a lesser decrease in preoperative hemoglobin
level, by about 20%, in younger patients than older patients.
Accordingly, the required sample size was 48 matched pairs
of patients (2-tailed paired 7 test: effect size /= 0.41, o = 0.05,
power = 0.8). Again, we increased the sample size by about
20% to compensate for expected incomplete patient charts,
resulting in 58 patients per group; i.e., 116 patients.

RESuULTS

In patients included in both phases of the study, the deci-
sion to administer tranexamic acid was based on the
absence of risk factors for postoperative thromboembolism
and surgeon’s preference. All patients had uncemented hip
replacement through the lateral surgical approach. The
primary THA procedures were performed by 5 orthopedic
surgeons, all of whom had at least 10 years’ experience as
senior consultant.

RESEARCH

Effect of tranexamic acid in older patients

The treatment and control groups had similar demographic
characteristics, which indicated adequate matching (Table 1).
"The mean tranexamic acid dosage was 18.07 (standard devia-
tion [SD] 3.59) mg/kg. Postoperatively, patients in the treat-
ment group conserved hemoglobin by a mean of 10.26 g/L.
(SD 9.89 g/L) compared to control (p < 0.001) (Table 2).
"The mean difference in the estimated blood loss between the
2 groups was 410 mL (SD 376 mL) (p < 0.001), which indi-
cated less total perioperative bleeding in the treatment group.

Table 1. Preoperative characteristics of matched pairs of older

patients (age > 65 yr)

No. (%) of patients*

Tranexamic acid

Control group group
Characteristic n=>58 n=>58 pvaluet
Demographic
Age, mean + SD; yr 75.12 £ 6.20 75.567 £ 6.35 0.08
Sex 0.5
Female 42 (72) 42 (72)
Male 16 (28) 16 (28)
Body mass index, mean 28.3 +4.62 27.8 +4.73 0.2
+SD
ASA classification 0.5
Il 11(19) 11(19)
I 47 (81) 47 (81)
Preoperative laboratory
values, mean + SD
Hemoglobin level, g/L 131.07 £ 11.68 132.67 + 11.31 0.4
Platelet count, x 10%/L 245 + 63 250 + 82 0.5
International normalized 1.02 £ 0.05 0.98 + 0.06 0.7
ratio
Surgery
Surgical site 0.5
Right 31 (53) 30 (52)
Left 27 (47) 28 (48)
Surgical duration, mean 84.12 + 23.61 76.60 + 17.67 0.08
+ SD; min
Prosthesis 0.5
DePuy Synthes, 50 (86) 40 (69)
Johnson & Johnson
Zimmer Biomet 8(14) 18 (31)
Anesthesia 0.5
General 19 (33) 14 (24)
Spinal 39 (67) 44 (76)
Patients per surgeon
Surgeon 1 0(0) 38 (66)
Surgeon 2 5(9) 20 (34)
Surgeon 3 27 (47) 0(0)
Surgeon 4 17 (29) 0(0)
Surgeon 5 9(16) 0(0)
Tranexamic acid — 18.07 + 3.59

dosage, mean + SD;
mg/kg

ASA = American Society of Anesthesiologists; SD = standard deviation.
*Except where noted otherwise.
tPaired t test.
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Table 2. Perioperative outcomes recorded in matched pairs of older patients (age > 65 yr)

No. (%) of patients*
Control group Tranexamic acid group
Outcome n=>58 n=>58 pvaluet
Hematologic
Preoperative hemoglobin level, 131.07 £ 11.58 132.67 £ 11.31 0.4
mean + SD; g/L
Lowest postoperative hemoglobin 89.53 £ 10.20 99.79 £ 10.43 < 0.001
level, mean + SD; g/L
% decrease in hemoglobin level, 31.66 +6.14 24.65 + 6.27 < 0.001
mean + SD
Estimated total blood loss, mean 1618 + 448 1208 + 407 < 0.001
+ SD; mL
Packed erythrocytes transfusion 3 (5) 1(2) 0.6
Total volume of packed 2100 (7 units) 600 (2 units) 0.3
erythrocytes given, mL
Postoperative recovery
Length of hospital stay, mean 6.24 + 3.62 5.31 +2.82 0.05
+SD; d
Composite complication rate, % 8.6 6.9 0.4
Deep vein thrombosis 2(3) 0(0) 0.1
Pulmonary embolism 2(3) 2(3) 0.5
Infection 1(2) 2 (@) 0.3
Discharged to rehabilitation 11 (19) 12 (21) 0.4
SD = standard deviation.
*Except where noted otherwise.
TPaired t test.
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Fig. 1. Mean maximum decrease in postoperative hemoglobin level in control (no tranexamic acid) and
treatment (tranexamic acid) groups, by age group. Error bars represent standard deviation. *Signifi-
cantly different from control (p < 0.05).
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The composite rate of complications (deep vein throm-
bosis, pulmonary embolism and infection) was not statistic-
ally significantly different between the treatment (8.6%)
and control (6.9%) groups (Table 2). The hospital stay was
longer in the control group than in the treatment group
(6.2d[SD3.6d]v.53d[SD 2.8d],p=0.05).

When we examined the percent maximum decrease in
postoperative hemoglobin concentration by age group, in
each age group, the value was statistically significantly
higher in the control group than in the treatment group
(Fig. 1) (p < 0.05).

Efficacy of tranexamic acid in younger and older
patients

The mean age of the younger and older patients was 55.1
(SD 7.28) years and 75.6 (SD 6.35) years, respectively
(Table 3). The mean tranexamic acid dosage was similar in
the 2 groups (17.77 [SD 4.45] mg/kg and 18.07 [SD
3.59] mg/kg, respectively). There was no difference
between the 2 groups in mean lowest postoperative hemo-
globin level or percent maximum decrease in postoperative
hemoglobin level. The estimated perioperative blood loss
was similar in the younger (mean 1281 mL [SD 382 mL])
and older (mean 1208 mL [SD 407 mL]) patients. Postop-
eratively, the daily decrease in hemoglobin level was
almost identical in the 2 groups (Fig. 2).

The composite complication rate was significantly dif-
ferent between the younger and older patients (0% v.
6.9%, p = 0.02) (Table 4). The hospital length of stay in
the younger (5.3 d [SD 2.48 d) and older (5.3 d [SD 2.82 d)

groups was similar.
Discussion

We found that a single bolus of tranexamic acid adminis-
tered intravenously at the initial skin incision during pri-
mary THA surgery reduced the postoperative decrease in
hemoglobin level in older patients (= 65 yr). The signifi-
cant hemoglobin-sparing effect of tranexamic acid in older
patients was similar to that in younger patients. The com-
posite complication rate was lower in younger patients
than in older patients.

Other investigators have reported different dosage regi-
mens for the administration of tranexamic acid during
THA, including single and multiple injections, and contin-
uous infusion following a loading dose.?! A single injection
of nearly 20 mg/kg at the time of the initial skin incision
was used in our cohort. This dosage showed significant
efficacy and is simple in application and clinical utility. In a
pharmacokinetic study, Benoni and colleagues®® found that
such single doses maintain therapeutic serum and joint
fluid levels for 8 hours after injection. A study in which
multiple tranexamic acid injections were used’' did not
show results superior to ours.

RESEARCH

Table 3. Preoperative characteristics of matched pairs of

younger and older patients who received tranexamic acid

No. (%) of patients*
Age < 65 yr Age =65 yr
Characteristic n=>58 n=>58 pvaluet
Demographic
Age, mean = SD; yr 55.10 £ 7.28 75.57 £ 6.35 < 0.001
Sex 0.5
Female 42 (72) 42 (72)
Male 16 (28) 16 (28)
Body mass index, 29.3 + 3.66 27.8 +4.73 0.4
mean + SD
ASA classification 0.5
Il 11(19) 11(19)
I 47 (81) 47 (81)
Preoperative
laboratory values,
mean * SD
Hemoglobin level, g/L 135.58 + 10.03 132.67 £11.31 0.5
Platelet count, x 10%/L° 230 + 66 250 + 82 0.7
International normalized 1.10 £ 0.07 0.98 + 0.06 0.6
ratio
Surgery
Surgical site < 0.001
Right 20 (34) 30 (562)
Left 38 (66) 28 (48)
Surgical duration, mean 83.38 £ 21.71 76.60 = 17.67 0.2
+ SD; min
Prosthesis < 0.001
DePuy Synthes, 30 (52) 40 (69)
Johnson & Johnson
Zimmer Biomet 28 (48) 18 (31)
Anesthesia 0.1
General 10 (17) 14 (24)
Spinal 48 (83) 44 (76)
Patients per surgeon
Surgeon 1 28 (48) 38 (66)
Surgeon 2 20 (34) 20 (34)
Surgeon 3 10(17) 0(0)
Surgeon 4 0(0) 0(0)
Surgeon 5 0(0) 0(0)
Tranexamic acid 17.77 + 4.45 18.07 + 3.69 0.7
dosage, mean + SD;
mg/kg
ASA = American Society of Anesthesiologists; SD = standard deviation.
*Except where noted otherwise.
tPaired t test.

Our results validated our primary hypothesis that tran-
examic acid administered at the time of skin incision to
older patients undergoing hip replacement surgery
reduces the decrease in postoperative hemoglobin con-
centration. Based on recent large studies that showed
aging as an independent risk factor associated with allo-
genic blood transfusion,’”** we also hypothesized that
older patients experience more perioperative bleeding
than do younger patients and that tranexamic acid is more
effective in younger patients. However, our results were at
odds with this proposition: our results in older patients
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Fig. 2. Mean hemoglobin level before and after surgery in younger and older patients who received
tranexamic acid. Error bars represent standard deviation.

Table 4. Perioperative outcomes recorded in matched pairs of younger and older

patients who received tranexamic acid

No. (%) of patients*

Age < 65 yr Age 265 yr
Outcome n=>58 n=>58 pvaluet
Hematologic
Preoperative hemoglobin level, 135.58 + 10.03 132.67 + 11.31 0.5
mean + SD; g/L
Lowest postoperative hemoglobin 101.48 £ 10.41 99.79 + 1043 0.6
level, mean + SD; g/L
% decrease in hemoglobin level, 25.06 + 6.50 24.65 + 6.27 0.4
mean + SD
Estimated total blood loss, mean 1281 + 382 1208 + 407 0.3
+SD; mL
Packed erythrocytes transfusion 0(0) 1(2) 0.2
Total volume of packed — 600 (2 units) 0.2
erythrocytes given, mL
Postoperative recovery
Length of hospital stay, mean 530 +2.48 531 +2.82 0.3
+SD; d
Composite complication rate, % 0 6.9 0.02
Pulmonary embolism 0(0) 2(3) 0.08
Infection 0(0) 2(3) 0.08
Discharged to rehabilitation 2 (4) 12 (21) 0.004
SD = standard deviation.
*Except where noted otherwise.
tPaired ttest.

were unexpectedly similar to those of previously published
reports in younger patients, including prospective!!#3-26
and retrospective?’*’ studies.

Although older patients who did not receive tranexamic
acid had more perioperative bleeding and hemoglobin loss
than older patients who received the antifibrinolytic in our
study, the transfusion rates in the 2 groups were similar.
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"This was expected because most patients did not reach the
trigger hemoglobin levels for allogenic transfusion
according to standard protocols. A large sample will be
required to explore whether tranexamic acid can reduce
transfusion rates in older patients undergoing primary
THA. In addition, the incidence of thromboembolism in
our older group was higher than that previously



reported.’*? This may have been due to the fact that our
study was not powered to determine the prevalence of
thromboembolism in older people undergoing total hip
replacement.

Limitations

The current study has limitations. First, the cohorts were
not matched for year of the procedure. However, there
was no association between the extent of the primary out-
comes of the study and the date of surgery in the entire
cohort. Hence, there is no apparent sampling bias due to
the lack of matching for surgical date. Second, the lowest
postoperative hemoglobin concentration was that meas-
ured during the hospital stay. The hemoglobin level may
have drifted to lower values after discharge from hospital;
hence, the reported decrease in hemoglobin level may not
precisely reflect the actual outcomes. However, the hemo-
globin concentration would probably have reached a nadir
before patients were discharged from the hospital, as is evi-
dent from Figure 2. Finally, the decision to give
tranexamic acid was partly based on the surgeon’s prefer-
ence. This might have led to sampling bias, especially if
surgeon expertise and technique are considered. However,
all the surgeons who performed the procedures in this
study had more than 10 years of experience, and their sur-
gical technique was not significantly different within the
groups studied. Therefore, sampling bias was reduced to a
minimum.

CONCLUSION

Tranexamic acid decreased perioperative blood loss and
had a significant perioperative hemoglobin-sparing
effect in older patients undergoing primary THA, simi-
lar to that seen in younger patients. Hence, there is no
need for adjustment of the tranexamic acid dosage in
older patients. Tranexamic acid administration should
be an important component of blood management pro-
grams in geriatric patients undergoing hip replacement
surgery.*?
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