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Abstract

Introduction Tranexamic acid (TXA) is becoming widely

used in orthopedic surgery to reduce blood loss and

transfusion requirements, but consensus is lacking regard-

ing the optimal route and dose of administration. The aim

of this study was to compare the efficacy and safety of

topical and intravenous routes of TXA with routine he-

mostasis in patients undergoing primary total knee arthro-

plasty (TKA).

Materials and methods We performed a randomized,

multicenter, parallel, open-label clinical trial in adult pa-

tients undergoing primary TKA. Patients were divided into

three groups of 50 patients each: Group 1 received 1 g

topical TXA, Group 2 received 2 g intravenous TXA, and

Group 3 (control group) had routine hemostasis. The pri-

mary outcome was total blood loss. Secondary outcomes

were hidden blood loss, blood collected in drains, trans-

fusion rate, number of blood units transfused, adverse

events, and mortality.

Results One hundred and fifty patients were included.

Total blood loss was 1021.57 (481.09) mL in Group 1,

817.54 (324.82) mL in Group 2 and 1415.72 (595.11) mL

in Group 3 (control group). Differences in total blood loss

between the TXA groups and the control group were

clinically and statistically significant (p\ 0.001). In an

exploratory analysis differences between the two TXA

groups were not statistically significant (p = 0.073)

Seventeen patients were transfused. Transfusion require-

ments were significantly higher in Group 3 (p = 0.005).

No significant differences were found between groups re-

garding adverse events.

Conclusion We found that 1 g of topical TXA and 2 g of

intravenous TXA were both safe strategies and more ef-

fective than routine hemostasis to reduce blood loss and

transfusion requirements after primary TKA.

Level of evidence I.

Keywords Topical and intravenous tranexamic acid �
Total knee arthroplasty � Blood loss � Transfusion

Introduction

Blood loss associated with total knee arthroplasty (TKA)

may have a negative impact on patient recovery. The ap-

plication of a tourniquet during the intervention avoids

intra-operative blood loss, but once it is released at the end

of the procedure, fibrinolytic activity and bleeding increase

[1, 2]. Depending on the amount of blood lost, an allogenic

blood transfusion may be required. As this procedure in-

creases the risk of postoperative infections, the length of
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hospital stay and costs [3], it is recommended that patients

should have optimal preoperative hemoglobin levels [4].

During surgery and in the postoperative period, pharma-

cological and non-pharmacological strategies should be

applied to reduce bleeding.

One strategy which is now included in many clinical

recommendations is the administration of tranexamic acid

(TXA), an antifibrinolytic drug that is proving effective in

reducing postoperative bleeding and the need for transfu-

sion [5–7]. Several clinical trials have studied the efficacy

of intravenous TXA [8–10] in patients undergoing TKA

surgery, and a few have studied the efficacy of the topical

administration route [11]. However, little is known about

the comparative efficacy of both routes and the most ap-

propriate doses.

The present study was designed in 2011, at which time

no studies, to our knowledge, had compared topical and

intravenous TXA versus routine hemostasis in primary

TKA. Several randomized clinical trials [12–18] and a

retrospective controlled study [19] have since compared

the two routes of administration in TKA surgery. These

studies show that TXA is effective in reducing blood loss

and the number of transfusions compared with a control

group. TXA doses given to these patients vary among

studies, but the effectiveness of the topical route appears to

be similar to that of the intravenous route [12, 14, 16–18]

or even higher [15]. However, there is still no consensus

regarding the optimal route and the safest and most ef-

fective doses.

The aim of this study was to compare total blood loss

reduction and safety of TXA treatment in two groups of

patients undergoing primary TKA with patients having

only routine hemostasis (a control group). We hy-

pothesized that 1 g of topical TXA or 2 g of intravenous

TXA would be more effective and safer than routine

hemostasis.

Materials and methods

This study was a multicenter, open-label, three-arm, ran-

domized, parallel-group clinical trial. It was registered at

ClinicalTrials.gov (NCT01594671), the protocol number

was IIBSP-ATR-2010-23, and the EUDRACT number was

2011-000766-35. The protocol was approved by the local

ethics committees at both participating university hospitals

(Hospital de la Santa Creu i Sant Pau and Hospital de la

Esperanza) and by the Spanish National Agency of

Medicines and Medical Devices (April 2011). The study

was conducted in accordance with the Declaration of

Helsinki and written informed consent was obtained from

all participants before surgery.

Patient population

We recruited consecutive patients who were scheduled for

elective primary TKA due to osteoarthritis, rheumatoid

arthritis or other degenerative knee disorders between Fe-

bruary 2012 and October 2012. Inclusion criteria were

adult patients aged 18 or older who agreed to participate.

Exclusion criteria were known allergy to TXA, a history

of coagulopathy or a thromboembolic event, previous by-

pass surgery, use of anticoagulant or contraceptive treat-

ment, cardiovascular prosthesis, and refusal to participate.

Operative and postoperative procedures

Patients were randomized to one of three groups: Group 1,

treatment with topical TXA plus routine hemostasis; Group

2, treatment with intravenous TXA plus routine hemostasis,

and Group 3, routine hemostasis only.

A table of random numbers was made using the software

SPSS/PC Version 21 for Windows (SPSS Inc., Chicago, IL,

USA) and stratified by centre. Randomization was assigned

on the day of surgery, by phone call to the coordinating

center. All clinical investigators were unaware of the al-

location sequence of treatments.

Group 1 The topical TXA group received 1 g of TXA in

a 10 mL solution. After the prosthesis was inserted and

cemented, the entire operative field was thoroughly rinsed

and dried meticulously. The TXA was applied by syringe-

spray to the following surfaces: the posterior capsule, the

surrounding soft tissues, including the muscles and ten-

dons, fatty and subcutaneous tissue, and the exposed sur-

faces of the femur and tibia. Routine hemostasis was also

performed.

Group 2 Besides routine hemostasis, the intravenous

TXA group received two intravenous doses of 1 g. The first

dose was administered 15–30 min before the pneumatic

tourniquet was inflated, and the second dose was given

when the tourniquet was removed (60–90 min after the first

dose).

Group 3 The control group received routine hemostasis

only, consisting of electro-coagulation of all possible

bleeding points and vessels.

All surgical interventions were carried out by nine se-

nior orthopedic surgeons, authors of this study, with wide

experience in primary TKA. All types of knee prosthesis

(Table 2) were cemented. A combined spinal–epidural

technique (subarachnoid blockade and epidural catheter

placement) was used for anesthesia. During induction of

the anesthesia and for the 24 h after surgery, we adminis-

tered an intravenous prophylactic antibiotic. To prevent

intra-operative blood loss, before starting surgery, a

pneumatic tourniquet was placed around the upper thigh
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and inflated to 350 mmHg of pressure. A midline incision

was made and a medial parapatellar approach was used.

Electro-coagulation was performed during surgery in all

patients (routine hemostasis). In all patients, the femoral

intramedullary canal was breached. No bone plugs were

inserted. A number eight vacuum drain was inserted into

the joint space. After application of the bandage, the

tourniquet was deflated. The drain was kept closed during

the first hour and removed 24 h after surgery. On the day

after surgery and for the following 30 days, all patients

received low molecular weight heparin to prevent throm-

boembolic complications.

Both participating hospitals followed the same blood

transfusion protocol. Transfusion of red cell concentrate

units was indicated when hemoglobin was\8 g/dL, when

hemoglobin was\8.5 g/dL in patients with heart disease

or older than 70 years, and when hemoglobin was between

8.5 and 9 g/dL in patients with low orthostatic tolerance.

The decision to transfuse allogenic blood was made by the

anaesthesiologist during surgery and by the ward doctor

during the postoperative period.

Postoperative rehabilitation consisting of active and

passive movements of the knee joint was started the day

after surgery in accordance with the institutional protocols.

Weight bearing was allowed after checking the postop-

erative X-rays. Fifteen days after surgery we assessed the

wound and removed the staples. A physiotherapist carried

out domiciliary visits three times per week over the first

2 months for all patients. All patients had routine follow-up

visits with the surgeon at the outpatient clinic during the

study period and all complications were recorded. The total

follow-up was 2 months (±15 days).

The primary outcome was total blood loss during the

first 24 h after surgery. Total blood loss (mL) was calcu-

lated using the equations described by Nadler et al. [20],

according to the hemoglobin balance (pre and postop-

erative, hemoglobin drop), units of blood transfused,

weight, height and sex (see Appendix 1 for blood loss

calculation method). Total blood loss corresponds to the

sum of blood loss collected from drains and the hidden

blood loss. Blood loss collected from drains (mL) was

recorded on a computer program until drains were removed

by nurses 24 h postoperatively as part of routine practice.

The nurses were not involved in the study. Hidden blood

loss (mL) was calculated as the difference between total

blood loss minus blood loss collected from drains. Hidden

blood loss corresponds to blood lost during surgery or re-

tained in the wound or adjacent tissue.

Secondary outcomes were blood loss collected from

drains, hidden blood loss, the rate of perioperative blood

transfusion, the preoperative and postoperative he-

moglobin, the number of blood units transfused the rate of

surgical infections, the length of hospital stay, the rate of

venous thrombosis, and mortality.

One of the study investigators conducted a questionnaire

to determine basal characteristics, date of surgery, dis-

charge date, blood hemoglobin concentrations (at baseline

and 2, 12, 24, 48, 72 and 120 h after surgery), allogenic

blood transfusion, red blood cell units transfused, volume

of bleeding in the vacuum drains during the postoperative

period, and adverse events.

Adverse events were categorized as mild (not interfering

with the patients’ normal activities), moderate (interfering

with normal activities), or severe (preventing normal ac-

tivities). Neither researchers nor patients were blinded to

the study interventions.

Statistical analysis

We considered a 200-mL reduction of blood loss in drains

in the experimental groups compared to the control group

as clinically significant. We assumed a standard deviation

of 303.4 mL in blood loss, a 20 % drop-out rate, an alpha

risk of 0.05, and a beta risk of 0.2. The number of patients

required for each group was 50, or 150 in total. The soft-

ware used for this calculation was SPSS Sample Power.

Analysis was performed per protocol. For categorical

data we calculated frequency count. For quantitative data,

when appropriate, we calculated mean and standard de-

viation (SD), or mean difference and 95 % confidence in-

terval (CI). Pearson’s Chi-square tests were used for

categorical data. When the sample size of categorical data

was small, we applied Fisher’s exact test.

Blood loss was analyzed using one-way ANOVA. If

significant differences were detected, each experimental

intervention was compared with the control group, and

between them, using Dunnett’s test. Statistical significance

was set at p B 0.05. Software used for data analysis was

SPSS/PC Version 18.0 for Windows (SPSS Inc., Chicago,

IL, USA). Besides, an exploratory analysis in total blood

loss reduction between TXA groups was performed.

Results

Two hundred and eighty-one patients were screened. Of

these, 51 were excluded because they did not meet the

study criteria due to their medical condition, 23 declined to

participate, and 57 were not proposed to be included. One

hundred and fifty patients were randomized and distributed

to one of the three treatment groups. Two further patients

(1.3 %) were later excluded (see flow diagram Fig. 1).

Patients’ mean age was 72.9 years (SD 7.1; range

49–87 years). There were 48 men (32 %) and 102 women
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(68 %). There were no differences between treatment

groups in the baseline characteristics or co-morbidities

(Table 1). Most patients had an American Society of

Anesthesiologists score of 2 (Table 1).

There were no significant differences between groups

regarding duration of surgery or tourniquet time. The

overall mean hemoglobin concentration prior to surgery

was 13.55 (1.45) g/dL, without differences between groups

(Table 2).

The overall mean pre-transfusional hemoglobin was

8.70 (0.17) g/dL for the topical TXA group and 7.43

(1.3) g/dL for the control group (p = 0.141).

Seventeen (11.3 %) patients needed transfusion, 4 in the

topical TXA group, 0 in the intravenous TXA group, and

Allocated to  

intravenous tranexamic Acid  

(n= 50) 

Allocated to  

topic tranexamic Acid  

(n= 50) 

Allocated to  

control 

(n= 50) 

Assessed for eligibility  

(n= 281) 

Excluded (n= 131) 

¨   Did not meet inclusion criteria (n= 51) 

¨   Declined to participate (n= 23) 

¨   Other reasons (n= 57) 

Randomized  

(n= 150) 

Received intervention (n= 50) 

Analysed: 
-Total blood loss (n=47) 
-Blood loss from the drain (n=48) 

Received intervention (n= 49) 

Did not receive the intervention in 
time (n= 1) 

Analysed: 
-Total blood loss (n=48) 
-Blood loss from the drain (n=49) 

Received intervention (n= 49) 

Received intravenous tranexamic 
acid (n=1) 

Analysed: 
-Total blood loss (n=48) 
-Blood loss from the drain (n=49) 

Fig. 1 Patients’ flow diagram

Table 1 Baseline demographic characteristics and co-morbidities of patients

Total

(n = 150)

Topical tranexamic

acid group 1 (n = 50)

Intravenous tranexamic

acid group 2 (n = 50)

Control group

3 (n = 50)

p

Agea (years) 72.90 (±7.19) 72.53 (±6.60) 72.49 (±7.68) 73.68 (±7.33) 0.644

Sex (female) (no of patients) 102 (68 %) 32 (64 %) 38 (76 %) 32 (64 %) 0.332

Body mass indexa (kg/m2) 30.40 (±4.42) 30.89 (±4.37) 30.20 (±4.10) 30.13 (±4.82) 0.672

ASA status I/II/IIIb (no. of patients) 1/114/32 0/37/12 0/41/8 1/36/12 0.539

Hypertension (no. of patients) 101 32 38 31 0.446

Diabetes (no. of patients) 29 9 10 10 0.978

Previous knee surgery (no. of patients) 27 10 12 5 0.182

Chronic pulmonary disease (no. of patients) 16 6 7 3 0.431

Chronic renal failure (no. of patients) 6 2 2 2 0.988

Chronic liver disease (no. of patients) 7 3 1 3 0.506

Rheumatic disease (no. of patients) 2 1 1 0 0.595

a Values are presented as mean and standard deviation
b ASA American Society of Anesthesiologists; the ASA class was not available for three patients
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13 in the control group (p = 0.005). The overall number of

blood units transfused was 34: seven in the topical TXA

group, 0 in the intravenous TXA group, and 27 in the

control group (p = 0.001) (Table 2).

Table 3 shows total blood loss for each group. For the

main outcome (total blood loss), we analyzed 47 patients in

the topical TXA group, 48 in the intravenous TXA group,

and 48 in the control group. Total blood loss was sig-

nificantly lower in the topical TXA group and in the in-

travenous TXA group than in the control group

(p\ 0.001). In the exploratory analysis, there were no

statistically significant differences between topical and

intravenous TXA groups (p = 0.073).

To assess blood loss outcome through the drain, we

analyzed 48 patients in the topical TXA group, 49 in the

intravenous TXA group, and 49 in the control group. Blood

loss through the drain was significantly lower in the topical

TXA group and in the intravenous TXA group than in the

control group (p\ 0.001) (Table 3). There were no sig-

nificant differences between topical and intravenous TXA

groups (p = 0.318). With respect to hidden blood loss,

there were no differences among groups, although this was

slightly lower in intravenous TXA group (Table 3).

Adverse events were recorded in 20 patients (Table 4).

These were mild in 12 patients, moderate in four, and

severe in four. All adverse events were resolved with

therapeutic measures.

With respect to the severe adverse events, one patient

in the control group presented persistent bleeding due to

a popliteal pseudo-aneurysm and developed a prosthetic

infection. Both complications were resolved with sur-

gery. A second patient, also in the control group, had

severe bleeding from the surgical wound, leading to

anemia and secondary hypotension. An allogenic blood

transfusion was administered and both events were re-

solved. Two patients from the intravenous TXA group,

needed surgery because one of them had a prosthetic

joint infection and the other a knee prosthesis

dislocation.

Discussion

In this clinical trial, we found that the administration of 1 g

of topical TXA and 2 g of intravenous TXA were both safe

and effective treatments in reducing total blood loss and the

need for allogenic blood transfusion in primary TKA

compared to routine hemostasis.

We decided to use a different dose of TXA for each

route of administration [12] as we hypothesized that a

Table 2 Type of prosthesis, surgical outcome and hospital stay

Total

(n = 150)

Topical tranexamic

acid group 1

(n = 50)

Intravenous

tranexamic

acid group 2

(n = 50)

Control group

(n = 50)

p

Prosthesis

PROFIX-Smith & Nephew� (conforming plus) 42 17 11 14

GENUTECH-Orbimed Surgival� (posterior

stabilized)

40 12 13 15

TRIATHLON-Stryker� (condylar stabilized) 36 10 14 12

NexGen-Zimmer� (posterior stabilized) 20 8 7 5

U2-Medcom Tech� (posterior stabilized) 12 3 5 4

Surgical outcome, and hospital stay

Surgical durationa (min) 133.13

(±43.14)

136.48 (±40.84) 129.69 (±39.11) 133.22

(±49.38)

0.740

Tourniquet timea (min) 79.61

(±22.97)

83.33 (±24.92) 78.69 (±19.76) 76.80 (±23.82) 0.353

Hemoglobin pre-surgerya (g/dL) 13.55 (±1.45) 13.60 (±1.27) 13.86 (±1.24) 13.22 (±1.72) 0.108

Hemoglobin 12–24 h post-surgerya (g/dL) 9.40 (±2.38) 9.00 (±2.39) 9.20 (±2.74) 9.60 (±1.97) 0.760

Hematocrit pre-surgerya (%) 40.66 (±4.14) 40.97 (±3.01) 41.78 (±3.38) 39.60 (±5.29) 0.088

Hematocrit 12–24 h post-surgerya (%) 34.05 (±4.53) 34.69 (±3.42) 36.61 (±4.20) 31.71 (±4.70) \0.001

Hemoglobin pre-transfusiona (g/dL) 7.97 (±0.62) 8.70 (±0.17) 7.79 (±0.55) 0.016

No. of patients transfused 17 4 0 13 \0.001

No. of blood units transfused 34 7 0 27 0.001

Length of hospital staya (day) 5.77 (±2.05) 5.71 (±1.85) 5.95 (±2.61) 5.63 (±1.51) 0.733

a Values are presented as the mean and the standard deviation

Arch Orthop Trauma Surg (2015) 135:1017–1025 1021

123



small dose could be safer than a higher dose and just as

efficient. For the intravenous route, we followed Tanakana

et al.’s [21] proposal for two doses each of 1 g. One dose

was given preoperatively and the second was administered

after tourniquet removal. The efficacy of these intravenous

doses was corroborated in a previous randomized clinical

trial [22]. For the topical route, we used a single dose of

1 g, hypothesizing that this quantity of TXA could be

sufficient and safe. A previous study had shown that topical

TXA was effective and safe at a dose of 1.5 g [23], and

during the development of our study other doses of topical

TXA ranging from 0.5 [21] to 3 g [13, 16, 18, 23, 24–27]

proved to be effective and safe.

Both TXA treatment groups showed a reduction in total

blood loss compared to routine hemostasis, but total blood

loss was smaller (mean difference of 204 mL between

TXA groups) when TXA was given by intravenous route.

This difference could be explained by the different dose

Table 3 Perioperative blood loss (mL)

Topical tranexamic

acid group 1 (n = 47)

Intravenous tranexamic

acid group 2 (n = 48)

Control group

(n = 48)

p

Total blood lossa (mL) 1021.57 (481.09) 817.54 (324.82) 1415.72 (595.11) \0.001

Blood loss from the draina (mL) 200.10 (163.50) 144.90 (108.49) 538.06 (301.26) \0.001

Hidden blood lossa (mL) 851.64 (464.71) 685.02 (314.08) 884.49 (665.58) 0.150

Mean difference CI 95 % p

Total blood loss: comparison of experimental treatments and control group

Topical tranexamic acid -394.14 -174.02, -614.27 \0.001

Intravenous tranexamic acid -598.17 -379.21, -817.13 \0.001

Total blood loss: comparison of the topical tranexamic acid with the intravenous tranexamic acid group

Intravenous tranexamic acid -204.03 -424.06, 16.00 0.073

a Values are presented as the mean and the standard deviation

Table 4 Adverse events

Topical tranexamic

acid group 1 (n = 50)

Intravenous tranexamic

acid group 2 (n = 50)

Control group (n = 50)

No. of adverse events 8 6 12

No. of patients with adverse

events

7 5 8

List of adverse events per patienta

Severe Prosthetic joint infection

(n = 1)

Knee prosthesis dislocation

(n = 1)

Persistent surgical wound

bleeding secondary to

popliteal pseudo-aneurysm.

Prosthetic joint infection

(n = 1)

Severe surgical wound

bleeding with secondary

anemia and hypotension

Prosthetic joint infection

(n = 1)

Moderate Pneumonia (n = 1)

Dehydration and renal failure (n = 1)

Rectal bleeding (n = 1) Diarrhea per Clostridium

difficile (n = 1)

Mild Lack of knee flexion (n = 2)

Neuropathic pain affecting peroneal nerve

(n = 1)

Wound hematoma (n = 1)

Urinary tract infection and cutaneous rash

(n = 1)

Transient leg paresthesia

(n = 1)

Facial erythema and itching

(n = 1)

Leg phlebitis (n = 1)

Wound hematoma (n = 4)

a None of the adverse events were related to the study medications
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administered (2 g intravenous versus 1 g topical TXA). A

recent meta-analysis of topical TXA in primary TKA [11]

found that 2 g was more effective than lower doses in

terms of transfusion requirements, supporting our sugges-

tion that we may have reduced blood loss even further in

the topical group if we had used the same dose as in our

intravenous group.

Few clinical trials have focused on clarifying the opti-

mal dose for topical TXA administration in primary TKA.

Wong et al. [23] allocated patients to receive 1.5 or 3 g of

topical TXA, or placebo. They did not detect any statistical

differences in total blood loss between the two TXA

groups, but comparison with the placebo group was sig-

nificant. In terms of allogenic blood transfusion, they did

not find any difference between the 1.5 g TXA group (4/31

patients) and the placebo group (5/35 patients). In contrast,

when we compared 1 g topical TXA to the control group,

we obtained a significant result in favor of TXA. This

difference between studies could be due to differences in

the study design.

The method of application of topical TXA in TKA

varies across clinical trials. Consensus is lacking about the

most appropriate method of application. We decided to

administer the drug by directly spraying all the structures

around the joint and soft tissue, as done in several other

studies [13, 18, 27, 28]. Other methods of administration

described to date are injecting the drug into the joint after

wound closure [12, 29, 30] bathing the joint before wound

closure [23, 31, 32] and injecting the drug through the tube

drain [27, 33, 34]. It should also be noted that some studies

diluted TXA with saline solution for the topical adminis-

tration, adding from 80 [25] to 100 mL [16, 23, 24, 32]. In

our study, we did not add saline solution. By using a total

volume of 10 mL of TXA, we avoided drug loss from

overflow before wound closure [32]. We also used an in-

traarticular drain that we kept closed for 1 h after tourni-

quet removal to optimize the TXA effect.

As TXA reduces anemia and thereby the need for allo-

genic blood transfusion in patients undergoing TKA, it

could be expected that patients receiving this treatment will

respond better in the rehabilitation process, present fewer

complications in general status, and show a faster func-

tional recovery [34]. As a result, they would require a

shorter hospital stay [24, 28]. However, we did not detect

any significant differences between groups regarding hos-

pital stay.

The main strength of this study is that it was a multi-

centre clinical trial that compared routes and also doses of

TXA to routine hemostasis in primary TKA. However, the

study has several limitations that make it difficult to draw

conclusions. Our study design allowed us to compare the

treatment groups with routine hemostasis, but only an ex-

ploratory analysis can be made between the two TXA

treatments groups. A second design limitation is that the

study was not blinded to the investigators. However, this

did not influence the results because the main outcome was

a quantitative value. Another limitation is that 12 % of

patients were excluded due to possible TXA-related com-

plications. Consequently, we did not find an increase in

complications such as clinical deep vein thrombosis or

pulmonary embolism.

Although evidence to date shows that TXA is effective

in reducing blood in TKA, further studies will help to de-

termine the optimal route of administration and also the

optimal dose. Controlled clinical trials with larger sample

sizes are still needed to confirm the safety TXA in primary

TKA.

In conclusion, our data indicate that 1 g topical TXA

and 2 g intravenous TXA are both safe and effective

treatments to reduce blood loss and the need for transfu-

sions after primary TKA compared to routine hemostasis.
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Appendix 1

Calculation of postoperative blood loss on the basis of

hemoglobin (Hb) balance according to equations described

by Nadler et al. [20].

Hbloss = BV 9 (Hbi - Hbe) 9 0.001 ? Hbt.

Blood loss = 1000 9 Hbloss/Hbi, where Hbloss is the

amount (g) of hemoglobin lost, Hbi is the hemoglobin level

(g/L) before surgery, Hbe is either the lowest postoperative

recording of the hemoglobin level (g/L) or the hemoglobin

level (g/L) recorded right before any transfusion, and Hbt is

the total amount (g) of allogeneic or autologous he-

moglobin transfused. A unit of banked allogeneic blood is

considered to contain 52 g of hemoglobin according to

Canadian Blood Services.

Predicted blood volume is estimated for each patient

according to Nadler’s method:

PBVmale = (0.3669 9 Ht3 (M)) ? [0.03219 9 Wt

(Kg)] ? 0.6041.
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PBVfemale = (0.3561 9 Ht3 (M)) ? [0.03308 9 Wt

(Kg)] ? 0.1833, where PBV is predicted blood volume

(mL), Ht = height (m), and Wt = weight (kg).
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