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Abstract

Background Blood loss in total knee arthroplasty (TKA) is

an area of significant concern as it has an effect on patient

morbidity and hospital stay. Among many different

modalities to reduce blood loss, the use of Tranexamic acid

has become a standard procedure nowadays. The aim of

our study was to determine if Tranexamic acid alone

decreases blood loss as an independent variable irrespec-

tive of other blood loss preserving measures.

Method This prospective non-randomized study included

patients undergoing unilateral TKA by conventional

method (Group 1) and computer-assisted TKA (Group 2).

All the patients in both groups received Tranexamic acid in

a dose of 10 mg/kg body weight prior to inflation of

tourniquet. Blood loss in both the groups was calculated

using Nadler’s formula, and haemoglobin (Hb) level was

calculated on day one and day three after surgery.

Results The mean drop of Hb in Group 1 was 1.608 and

1.56 g/dl in Group 2 which was statistically significant

(p\ 0.001); however, none of the patients in either of the

groups actually required any blood transfusion postopera-

tively. Although there was a significant drop in hae-

moglobin and haematocrit in both the groups, on

comparison, there was no significant difference in blood

loss and fall in Hb levels between the groups (p[ 0.001).

Conclusion Tranexamic acid decreases blood loss in

patients undergoing TKA independent of all the other

blood conserving procedures.

Keywords Tranexamic acid � CAS � Sub-vastus approach �
Para-patellar approach � Blood loss

Introduction

Total knee arthroplasty (TKA) is a major surgical inter-

vention which at times can lead to significant drop in

haemoglobin, requiring postsurgery blood transfusion [1].

The various measures which have been described to reduce

the intraoperative blood loss include the use of tourniquet

[2], minimally invasive muscle sparing approach [3], use of

antifibrinolytics [4] and diathermy coagulation. A meta-

analysis of various randomized control trials (RCT) has

shown that early tourniquet release before wound closure

for haemostasis may increase blood loss after total knee

arthroplasty [5]. One of the other postulated mechanisms to

reduce intraoperative blood loss is to avoid opening the

intramedullary canal by use of computer-assisted surgery

(CAS) which uses a tracker to mark the points for com-

ponent position instead of an intramedullary jig [6].

The predominant antifibrinolytic that has shown to have

effect on reducing blood loss following surgery is

Tranexamic acid (TXA) which is the most studied method.

The administration of intravenous TXA has shown to

reduce blood loss [7] and amount of blood required for

transfusions [8] and therefore decreasing the fall in hae-

moglobin (Hb) [9] following total knee arthroplasty. Var-

ious studies comparing patients who received TXA

compared to those who did not receive TXA showed sig-

nificantly reduced hidden blood loss as well [10, 11].
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Even though all the above factors have individually

proven to affect the drop in haemoglobin level postopera-

tively, no study has analysed their cumulative effect on

blood loss and drop in haemoglobin. We postulated that

antifibrinolytic use is an independent variable which

reduces the blood loss significantly without any significant

contribution of other variables. The aim of our study is to

do a comparative analysis of drop in haemoglobin levels in

patients undergoing TKA by conventional intramedullary

femoral jig, using a medial para-patellar approach and

wound closure after deflating tourniquet with patients

undergoing TKA by CAS, using subvastus approach and

wound closure under tourniquet control.

Materials and methods

The study protocol was approved by the Institute Ethics

Committee and was conducted according to the principles

established in the Declaration of Helsinki. Consent for the

publication of clinical details, radiographs and photographs

was obtained from the patients. This prospective non-ran-

domized multicentre trial was performed between January

2015 and October 2015, wherein 200 consecutive patients

with primary osteoarthritis of knee joint were included in

the study. Group A consisted of 100 consecutive patients

(64 females and 36 males) who underwent conventional

TKA with intramedullary femoral alignment guide using

medial para-patellar approach and in whom wound closure

was done after deflating tourniquet. Group B consisted of

100 patients (74 females and 26 males) who underwent

CAS knee arthroplasty using sub-vastus approach and in

whom wound closure was done under tourniquet control.

All the patients in both groups received Tranexamic acid in

a dose of 10 mg/kg body weight prior to inflation of

tourniquet.

Patients with morbid obesity (BMI[ 40), those under-

going bilateral knee arthroplasty, revision surgery or

complex primary TKR requiring augments or femoral/tib-

ial stem, having bleeding diathesis, on oral anticoagulant

treatment and those suffering from renal disease precluding

the use of Enoxaparin were excluded from study.

Surgical procedure

All the surgeries were performed by two senior authors

(AVGR, KKE) who were well versed with both the sur-

gical techniques. Spinal anaesthesia and tourniquet were

used in all the cases. Intravenous Tranexamic acid was

given in all cases prior to inflation of tourniquet. In patients

undergoing conventional TKA (Group A), medial para-

patellar arthrotomy was used with a femur first technique in

whom medullary canal of femur was opened and an

intramedullary guide was used to make the coronal cut of

femur and the entry hole closed by bone plug before

implantation. All the patients had tourniquet deflated

before wound closure. In patients undergoing navigated

TKA (Group B), sub-vastus approach was used for

arthrotomy and Ortho Pilot (B Braun, Aesculap, Tutlingen)

5.1 femur first computer-aided, imageless navigation sys-

tem was used which avoids opening the femoral medullary

canal. In these patients, tourniquet was deflated after the

completion of wound closure. In both the groups, no

postoperative intraarticular wound drain was placed. Peri-

articular infiltration of a mixture of local anaesthetic dilu-

ted in normal saline was performed after bone cuts in both

groups, and a postoperative single shot adductor canal

block was given. All patients received three doses of

cefazolin 1 g as antibiotic prophylaxis and had similar

postoperative analgesic protocol including 100 mg cele-

coxib twice daily, 75 mg pregabalin twice daily and

paracetamol 1 g three times daily. All the patients received

150 mg oral aspirin for 6 weeks after surgery along with

calf pumps for deep vein thrombo-prophylaxis during their

hospital stay.

Both the groups followed a standard postoperative

rehabilitation programme which involved early mobiliza-

tion. The haemoglobin (Hb) level was recorded on the day

preceding the surgery and on the third postoperative day.

Intraoperative blood loss was assessed by weighing spon-

ges and measuring suction volume, and the patient’s blood

volume (PBV) was calculated using the formula described

by Nadler et al. [12], i.e., patient blood vol-

ume = kl 9 height (m)3 ? k2 9 weight (kg) ? k3,

where k is constant, whose values are, kl = 0.3669,

k2 = 0.03219, k3 = 0.6041 for men; kl = 0.3561,

k2 = 0.03308, k3 = 0.1833 for women. The total red cell

volume was calculated by multiplying the haematocrit with

PBV, and total haemoglobin loss was calculated by sub-

tracting the postoperative haemoglobin level and units of

blood transfused from preoperative haemoglobin loss.

Statistical analysis

Data were analysed using SPSS version 20 (IBM Co.,

Armonk, NY, USA) software. Data were represented in

mean ± SD/median (range), and Wilcoxon rank-sum test

was used for comparing two groups for blood transfusion,

total RBC volume loss, total blood volume loss, hidden

blood loss and total haemoglobin loss. Student t test was

used to compare two continuous variables, and correlation

was done using Karl Pearson/Spearman correlation coef-

ficient. Categorical variables were compared using v2/
Fisher exact test. A p value\ 0.05 was taken as statisti-

cally significant.

256 Musculoskelet Surg (2017) 101:255–259

123



Results

The two groups were similar with respect to age, gender,

weight, height, BMI, comorbidities, preoperative hae-

moglobin and haematocrit (Table 1). Right knee was

replaced in 108 (52 in conventional and 56 in navigated)

patients, and left knee was replaced in 92 (48 in conven-

tional and 44 in navigated) patients. The mean tourniquet

time in conventional TKA was 57.53 min (range,

40–83 min), while in navigated TKA was 66.73 min

(range, 48–92 min) which was not clinically significant

(p = 0.832). The mean preoperative Hb was 12.44 g/dl

(range 9–16 g/dl and SD: 1.528) in the conventional group

and 12.064 g/dl (range 8.6–17.7 g/dl and SD: 1.73) in the

navigated group (p = 0.832). The mean postoperative Hb

was 10.82 g/dl (range 8–14 g/dl and SD: 1.334) in the

conventional group and 10.504 g/dl (6.7–15.2 g/dl and SD:

1.66) in the navigated group (p = 0.832) which again was

not statistically significant. The mean drop of Hb in con-

ventional group was 1.608 and 1.56 g/dl in navigated TKA,

and the mean drop of haematocrit in conventional group

was 4.59 and 4.21 in navigated group. The loss of hae-

moglobin and haematocrit in both the groups was statisti-

cally significant (p\ 0.001); however, none of the patients

in either of the groups actually required any blood trans-

fusion post operatively. The threshold for blood transfusion

was set as a Hb value\9 g/dl. Although there was a sig-

nificant drop in haemoglobin and haematocrit in both the

groups, on comparison, there was no significant difference

in blood loss and fall in Hb levels between the groups

(p[ 0.001) (Table 2).

Discussion

Our results in both the groups show that there is no sig-

nificant difference in blood loss between them despite in

one of the groups (Group B) using the various proven

methods to minimize blood loss like muscle sparing

approach, computer-assisted surgery and tourniquet

deflation after closure. The only common denomination to

minimize blood loss in both the groups was the use of

Tranexamic acid, which led us to the conclusion that the

use of Tranexamic acid alone would lead to a significant

reduction in blood loss and therefore is a single most

important independent variable that can be used in

arthroplasty to reduce bleeding. Numerous studies have

proven the efficacy of Tranexamic acid in blood conser-

vation in arthroplasty, yet none of them have studied the

role of Tranexamic acid as an isolated variable in pre-

venting blood loss. Our study concludes that the use of

Tranexamic acid alone can reduce blood loss significantly

in total knee arthroplasty irrespective of the approach,

technique of surgery and the timing of wound closure.

Blood loss after total knee arthroplasty is significant

complication intraoperatively sometimes necessitating

blood transfusion which can predispose to potential trans-

fusion associated risks like immune sensitization, infec-

tions, transfusion-related acute lung injury, increased

length of hospital stay and total cost of surgery [8]. There

are several methods described to reduce the intraoperative

bleeding such as minimally invasive surgery, the use of

tourniquet, diathermy, sealing of the intramedullary

femoral canal and use of antifibrinolytic agents.

Various studies have shown that the use of CAS total

knee replacement results in reduced blood loss and thereby

requirement for blood transfusion. Avoidance of opening

of the medullary canal is postulated as the mechanism of

decreasing blood loss in navigated knee replacement sur-

gery [9]. However, the amount of surgical time in navi-

gated knee replacement is more than a conventional knee

replacement and therefore results in tissue anoxia and

thereby activation of thrombolytic mechanisms leading to

increased bleeding [10]. In our study, the tourniquet time in

CAS total knee replacement group was more than con-

ventional knee replacement; however, this difference was

not statistically significant. The difference was because in

CAS group; the tourniquet was deflated after wound clo-

sure. In the authors’ experience, there was no significant

difference in duration of surgery between the two groups as

Table 1 Baseline parameters
Factor Conventional TKA Navigated TKA p value

Age 62.67 ± 8.238 62.89 ± 7.143 0.840

Height 115.92 ± 71.411 124.58 ± 66.928 0.126

Weight 71.32 ± 11.404 70.55 ± 11.107 0.629

Body mass index 27.57 ± 4.591 27.08 ± 3.620 0.403

Hypertension 56 53

Diabetes mellitus 30 26

Pre-op haemoglobin 12.47 ± 1.553 12.61 ± 1.235 0.832

Post-op haemoglobin 10.82 ± 1.373 10.62 ± 1.852 0.387

Tourniquet time 57.53 ± 10.380 66.73 ± 10.333 0.362
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each of them were very well experienced in their individual

techniques and having had performed more than thousand

knee arthroplasties each.

The use of a tourniquet during total knee arthroplasty

aids in better visualization of structures, reduced intraop-

erative bleeding and better cementation [11]. The timing of

tourniquet release has a bearing on the amount of blood

loss, and early release for haemostasis is associated with

increased blood loss during primary knee arthroplasty.

However, tourniquet release after wound closure can

increase the rate of reoperation [5]. In our study, there was

no significant difference in the amount of blood loss

between the two groups which employed different tech-

niques of tourniquet release.

Total knee arthroplasty through the sub-vastus approach

results in earlier unassisted straight-leg raise, less total

blood loss, less opiate consumption, and better knee flexion

at 1 week after surgery when compared with those under-

going through the para-patellar approach [12]. However, in

our study, the approach as an independent variable did not

show any statistically significant difference in the amount

of blood loss.

Tranexamic acid, which can be administered either

intravenously or by intraarticular route, has been proven

to reduce intraoperative blood loss significantly in

orthopaedic surgery, and this has been increasingly

documented in a number of studies published over the

last decade [13–15]. This drug has shown to reduce

blood loss by stabilizing formed clots and prevent the

degradation of fibrin by reversibly inhibiting the lysine

binding site on plasminogen. This impairs plasminogen’s

linkage with fibrin to become plasmin, which normally

creates a fibrinolytic effect and dissolves clots. We

administered intravenous Tranexamic acid before infla-

tion of the tourniquet in all our cases and this has been a

well-described technique during orthopaedic surgery

[16, 17].

Our study does have some limitations. Lack of ran-

domization may account for some amount of bias in

selection of patient even though there was no significant

difference in the age, body mass index and comorbidities

of the patients in both the groups. There are several studies

to show that Tranexamic acid can significantly reduce the

blood loss during TKR. Since the two groups employed

completely different protocols and surgical technique with

none of the uncommon factors between them shown to

influence the amount of blood loss significantly and with

Tranexamic acid administration as the only common fac-

tor, it shows that Tranexamic acid alone can independently

reduce the blood loss irrespective of the technique. How-

ever, we do recognize that a study with a control group in

each of the categories would be more powerful to show the

influence of Tranexamic acid as an independent factor to

reduce blood loss.

In conclusion, this study has shown that the use of

Tranexamic acid decreases the loss of blood and require-

ment for blood transfusion in patients undergoing total

knee arthroplasty independent of all the other blood con-

serving procedures and should be recommended for all

patients undergoing arthroplasty as a standard of care

practice.
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