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Abstract

We calculated the total blood loss in a non-randomized study of 150 total knee replacements 
which were performed under regional anaesthesia by a mini-subvastus surgical approach with-
out the use of a tourniquet. In all knees, tranexamic acid was used perioperatively. The skin, 
subcutaneous tissue and joint capsule were infiltrated with saline adrenaline prior to making 
surgical incision. After cementing the prostheses, the surgical wound was packed alternately 
with hydrogen peroxide and Feracrylum-soaked packs for 3 minutes. Tourniquet and postop-
erative drain were not used in any of the knees. In our series, the mean perioperative blood loss 
was 433 mL (SD 74), the mean RBC volume loss was 234 mL (SD 40.4), and the mean reduc-
tion in hemoglobin level was 1.6 gm/dL. The mean preoperative hemoglobin was 12.01gm/dL 
(SD 1.4) and the mean postoperative hemoglobin was 10.4 gm/dL (SD 1.4). The mean preop-
erative hematocrit was 37.04 (SD 2.8) and the mean postoperative hematocrit was 31.29 (SD 
2.7). One of our patients developed cerebral thromboembolism three days after the surgery. 
Postoperative hemoglobin of less then 8 g/dL was considered an indication for blood transfu-
sion; however, none of our patients required blood transfusion in the present series.

Study Design: Therapeutic case series; Level of Evidence, IV.
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Introduction

Total knee arthroplasty is associated with post-
operative blood loss necessitating allogeneic blood 
transfusion in 10% to 38% of patients [1-4]. The re-
ported amounts of blood loss have ranged from 1,450 
to 1,790 mL [5-9]. It is well known that allogeneic 
blood transfusion carries the risk of immunological 
and non-immunological adverse effects (such as a 
higher rate of postoperative infections and transmis-

sion of diseases), and furthermore has a high medi-
cal cost.

Several techniques are available to minimize 
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the blood loss and decrease the likelihood of allo-
geneic blood transfusion after a total knee replace-
ment.  These techniques include pre-operative iron 
and erythropoietin administration where indicated, 
use of tranexamic acid perioperatively, infiltrating 
saline adrenalin intra-operatively, not using post-op 
drains or clamping the drain periodically, not using 
the tourniquet, and use of fibrin spray or glue.

The objective of this study is to evaluate the com-
bined effectiveness of pharmacological and non-
pharmacological measures to control perioperative 
blood loss. In the past, different studies have shown 
a decrease in blood loss in total knee replacement , 
whilst employing some specific means e.g. periop-
erative use of tranexamic acid, [10-13] use of mini-
invasive surgical approach, [14-16] use of regional 
anaesthesia, [17] use of saline-adrenaline infiltration, 
[18] use of hydrogen peroxide, [19] and use of Fe-
racrylum-soaked packs [20,21]. However, we could 
not identify a single study in which different mea-
sures were utilized simultaneously to study their 
combined effect on blood loss. We wanted to eval-
uate if by combining the various known factors we 
would be able to demonstrate a synergistic effect on 
blood conservation.

Materials and Methods
 

Patients –A non-randomized study was carried 
out on 150 total knee replacements for the treatment 
of osteoarthritis of the knee joint at three institutes in 
Bombay (now known as Mumbai), India from March 
2007 to May 2008. The lead author (N.A.S.) of this 
paper is in private practice and considers it unethi-
cal to have a control group as the current regime is 
working so well. Our series is a cohort study. A retro-
spective analysis of prospectively collected data was 
performed. 

Our series included only those patients who un-
derwent unilateral total knee arthroplasty. Patients 
with unicompartmental replacement or bilateral total 
knee replacements were not included in this study. 
All surgeries were performed by a single surgeon 
(N.A.S.). Patients with a history of severe ischemic 
heart disease, chronic renal failure, cirrhosis of liv-
er, and bleeding disorders, as well as those with past 
history of thromboembolic episode were excluded 
from this study. Thirty-seven patients in the present 
series were on anti-platelet drugs like aspirin. If as-
pirin was being taken at a dose greater than 75 mg, it 

was reduced to 75 mg but not stopped altogether. If 
the dose of aspirin was 75 mg, it was continued. The 
average age of the patients was 71.2 ± 4.5 years at 
the time of surgery. Table 1 shows the patient profile 
including the mean weight and height, which were 
75.56 ± 9.6 kg and 160 ± 6.6 cm respectively.

The baseline hemoglobin level, haematocrit, and 
coagulation profile with platelet counts were mea-
sured preoperatively. The hemoglobin and haemato-
crit values were checked again on fifth postoperative 
day. The mean reduction in hemoglobin was calcu-
lated by subtracting the mean postoperative hemo-
globin level from the mean preoperative hemoglo-
bin level. 

Use of Tranexamic Acid 
At the time surgery, tranexamic acid was given in 

the dose of 15 mg /kg intravenously 5 to 10 minutes 
before making the skin incision.  Second dose (10 
mg/kg intravenously) was repeated 3 hours after the 
first one, and the third and final dose (10 mg/kg intra-
venously) was given 3 hours after the second dose.

Surgical Procedure
All total knee replacements were performed by the 

same surgeon (N.A.S.) through a minimally invasive 
subvastus approach [16] under regional anaesthesia. 
Tourniquet was not used in any of the patients. Spi-
nal anesthesia with Sensorcaine (0.5%) was used for 
all patients. All patients had 30 to 50 mL of saline 
with dilute adrenaline (1:300,000) infiltrated into 
the skin, subcutaneous tissues, and joint capsule be-
fore taking surgical incision. All patients underwent 
a mini-subvastus approach, and a L-shaped capsu-
lotomy incision was made. Standard surgical tech-
niques for intraoperative haemostasis were used. The 
NexGen and LPS High-flex cemented total knee en-
doprosthesis (Zimmer, U.S.A.) system was used for 

Table 1. Patient profile and results. 

1) Age in years 71.2 ± 4.5

2) Weight in kg 75 ± 9.6

3) Height in cm 160  ± 6.6 

4) Male:Female 1.5:2 

5) Preoperative haemoglobin (gm/dL) 12.01 ± 2.7

6) Postoperative haemoglobin (gm/dL) 10.4 ± 2.8

8) Mean haemoglobin fall (gm/dL) 1.6 ± 0.6

9) Preoperative haematocrit (%) 37 ± 5.6

10) Postoperative haematocrit (%) 31 ± 5.4

11) Mean total blood loss (mL) 433 ± 148
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all total knee replacements. After final implantation 
and prior to wound closure, the wounds were alter-
nately packed with hydrogen peroxide and Feracry-
lum for three minutes. No surgical drains were used 
in our series.

Prophylactic antibiotic therapy consisted of in-
travenous administration of 1.5 gm of cephalospo-
rin (cefuroxime) immediate preoperatively followed 
by 750 mg every 8 hour for 2 days postoperative-
ly. None of the patients received any pharmacolog-
ic prophylaxis against venous thromboembolism but 
TED stockings were utilized postoperatively for 6 
weeks. While in the hospital, patients were examined 
daily for any clinical symptoms of deep-vein throm-
bosis. All surgical and medical adverse events and 
any thromboembolic events occurring (if any) dur-
ing the six weeks after surgery were recorded at the 
time of the follow-up visit with the surgeon. Femoral 
nerve catheter was inserted with the help of a nerve 
stimulator for postoperative pain control.

Assessment of intraoperative and postoperative 
blood loss 

All patients had a complete blood count including 
haematocrit (Hct) before operation   and on the fifth 
day after the procedure. By this time, the patients 
were haemodynamically stable and thus fluid shifts 
would have been largely completed. The height and 
weight were recorded preoperatively and the body 
mass index was calculated.

Calculation of Blood Loss 
In our series, the patients’ blood volume (PBV) 

was calculated using the formula of Nadler and col-
leagues [22]. 

PBV  =  k1  x  height(m)3  +  k2  x  weight(kg)  +  k3 
where k1 = 0.3669, k2 = 0.03219, k3 = 0.6041 for men 
and k1 = 0.3561, k2 = 0.03308,  k3 = 0.1833 for women 

Multiplying the PBV by the haematocrit will give 
the total red cell volume. Any change in red cell vol-
ume can therefore be calculated from the change in 
haematocrit [7,23].

Total red blood cell (RBC) volume loss = PBV x 
(Hctpreop - Hctpostop) [7,23]. 

Every 100 ml of concentrated blood from the 
blood recovery system corresponded to 54 ml red 
cells.

As blood loss is occurring, the patient’s circulating 
volume will tend to fall. However, simultaneous shift 
of fluid into the circulating compartment and fluid 

administered perioperatively maintains the circulat-
ing volume, although with increasingly more diluted 
blood (i.e. isovolaemic haemodilution), and the hae-
matocrit gradually falls [7]. Consideration was given 
to the potential effect on calculation of this periop-
erative retention of fluid. Studies in cardiac surgery 
have demonstrated retention of approximately 2 Li-
tres of fluid. Fluid retention in orthopaedic surgery 
has not been accurately studied but could perhaps be 
significant. Since only one-eighth of body water is in 
the circulating compartment (which is, on average, 5 
Litres), even 2 Litres of retained fluid would amount 
to a maximum of 5% inaccuracy in our calculation 
with probably no bearing on our conclusions [7]. 

It has been proven and generally believed that di-
rect blood loss estimation is not accurate and denotes 
much lesser blood loss than what is estimated by in-
direct methods. We have not estimated direct blood 
loss because we realized that when tourniquet is not 
being used there is a lot of spillage around the drapes 
and because a drain is not used in our series, there is 
ecchymosis in and around the knee region suggestive 
of blood loss occurring in the soft tissues later on.

Assessment of Deep-Vein Thrombosis
In our study, no routine postoperative duplex ul-

trasonography was undertaken for screening of post-
operative venous thromboses and therefore, we are 
unable to comment on the true incidence of postoper-
ative venous thromboses. However, we recorded the 
presence or absence of the Homans’ sign and swell-
ing of the legs for 6 weeks postoperatively. Homans’ 
sign is a sign of deep vein thrombosis (DVT). A posi-
tive sign is present when there is resistance (not pain) 
in the calf or popliteal region with examiner’s abrupt 
dorsiflexion of the patient’s foot at the ankle while 
the knee is fully extended.

Results

In this non-randomized, study of 150 total knee 
arthroplasty patients, the results show significantly 
less blood loss with a mean perioperative blood loss 
of 433 mL ± 148 mL (SD 74). The distribution of pa-
tients in different range of blood loss is shown in Fig-
ure 1. The mean RBC volume loss was 234 mL (SD 
40.4) and the mean reduction in hemoglobin level 
was 1.6 gm/dL. The mean preoperative hemoglobin 
was 12.01gm/dL (SD 1.4) and the mean postopera-
tive hemoglobin was 10.4 gm/dL (SD 1.4). The mean 
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preoperative haematocrit was 37.04 (SD 2.8) and the 
mean postoperative haematocrit was 31.29 (SD 2.7). 
One of the patient in the present series developed ce-
rebral thromboembolism three days after the surgery. 
Postoperative hemoglobin of less than 8 gm/dL was 
considered as indication for blood transfusion; how-
ever none of our patients required blood transfusion 
intraoperatively or postoperatively.

Apart from this study, the lead author (N.A.S.) has 
now an extensive experience of approximately 2,800 
total knee replacements that were performed using 
the current regime, and only one patient out of 2,800 
cases has required blood transfusion.

Table 2 shows the details of the results of our 
study and its comparison with the results of other 
similar studies.

Discussion

Blood loss management is an important issue in 
total knee replacement surgery. It should be made as 
simple as possible and should rely on common sense 
while also being cost-effective and having a low 
risk of complications [24]. Historically, correction 
of blood loss in surgical patients has been by trans-
fusion of allogeneic blood to maintain or to restore 
the haematocrit and haemoglobin (Hb) level close to 
normal. However, allogeneic blood transfusion can 
lead to various adverse consequences such as trans-
mission of infectious diseases, immunological reac-
tion due to a mismatched transfusion, and increased 
likelihood of postoperative infection. Other effects 
of allogeneic blood transfusion such as multiple-or-
gan failure or mortality have been attributed to im-
munomodulation by pro-inflammatory mechanisms. 
Allogeneic blood transfusion also adds to the cost of 
an operation, all the more as it has been shown to be 
associated with increased morbidity and prolonged 
hospital stay [25]. 

Cell salvage is another blood-saving procedure 
used for management of perioperative blood loss. 
This includes re-infusion of blood drained within six 
hours after operation using cell salvage. Blood shed 
during operation may be altered by irrigation fluid, 
air and cement and should therefore be washed be-
fore re-infusion to avoid coagulopathy [24]. Periop-
erative blood salvage has been shown to be benefi-
cial in cases of blood loss exceeding 1000 mL but is 
not considered to be cost-effective in primary arthro-
plasty if other effective blood-saving measures have 
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Figure 1. Distribution of total blood loss in mL. (X-axis) versus number of patients (Y-axis).

Table 2. Comparison between results of the current study and the results 
of other similar studies.

Parameters Yamasaki et 
al.53  

Camarasa et 
al.42

Our study

1. Total blood loss (mL) 1349 ± 478 1099 ± 535 433 ± 148

2. Hb (diff.) 1.7 ± 1.2 2.5 ± 1.0 1.6 ± 0.6

3. Hct. (diff.) 5 ± 3.5 6.8 ± 3.0 6 ± 5.4

4. Preop Hb (gm/dL) 12.8 ±1.3 12.4 ± 1.0 12.01 ± 2.7

5. Postop Hb (gm/dL) 11.1 ±1.2 10 10.4 ± 2.8

6. Preop Hct.(%) 38.6 ±3.6 36.2 ± 2.7 37 ± 5.6

7. Postop Hct.(%) 33.7 ± 3.5  31 ± 5.4
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already been taken. Its use is generally restricted to 
specific indications in which the anticipated blood 
loss is very high, such as revision total hip replace-
ment. Postoperative cell salvage is not always cost-
effective since the volume of blood recuperated is 
unpredictable [24]. The reported mean volume of re-
infused blood has ranged between 360 mL and 880 
mL [26]. It can be used in combination with other 
blood-saving measures if the anticipated blood loss 
is high, or in patients with a small blood volume and 
a low preoperative Hb level. Intra- and postoperative 
cell salvage are contraindicated in patients with in-
fection and malignancy [24].

Autologous blood transfusion (Predonated):
Pre-operative autologous blood predonation of-

fers a number of theoretical advantages. It has been 
widely used in the recent past, but has now fallen 
into relative disfavour for several reasons [24,27,28]. 
It cannot reasonably be considered in patients who 
are anaemic, i.e. in 20% to 30% of patients who are 
to undergo total hip or total knee replacement, [29] 
or in those with an Hb level of >14.5 g/dL since they 
will not require blood transfusion. It should there-
fore be targeted to men with an Hb level of 11.0 g/
dL to 14.0 g/dL and to women with a level of 13.0 
g/dL to 14.0 g/dL whose anticipated perioperative 
blood loss is close to 1000 mL. In older patients who 
are not anaemic, the capacity of the erythropoietic 
marrow to react to the stimulus of blood withdraw-
al may prove to be inadequate. Such patients may 
come to operation with an Hb level lower than that 
before pre-donation, and will need more transfusion 
episodes (autologous or allogeneic) than they would 
have otherwise needed [24]. For the same reason, 
many patients simply cannot complete the pre-do-
nation program because they become increasingly 
anaemic. We have not used predonation of autolo-
gous blood in our study because of the above limi-
tations.

Fibrin Sprays and Glue
The use of fibrin sprays and glue [30] can also 

help in reducing blood loss but these were not uti-
lized in our study as they are costly.

Regional Anaesthesia
The type of anesthetic administered may play a 

role in total blood loss. Controlled hypotensive spi-
nal or epidural anaesthesia [17,31] has been shown 
to reduce blood loss compared with general anaes-

thesia. In the current study, all knees were operated 
under regional anesthesia. However, specific mea-
sures to produce hypotension during surgery were 
not employed in this study.

Minimally Invasive Subvastus Approach 
In our series, all cases were performed by a min-

imally invasive subvastus surgical approach. This 
approach has shown to be associated with less in-
traoperative blood loss in the literature. Boerger 
and colleagues [15] reported a prospective, observ-
er-blinded study of 120 consecutive patients hav-
ing total knee arthroplasty. All patients were oper-
ated by one surgeon using either the mini-subvastus 
approach without patellar eversion or the standard 
parapatellar approach with patellar eversion. Patients 
in the mini-subvastus group lost on average 100 mL 
less blood and had better pain scores on day one [vi-
sual analogue scale (VAS): mean 2.4 versus 3.89].

Roysam and Oakley [14] conducted a prospec-
tive, randomized, and blinded trial with 89 consecu-
tive primary knee arthroplasties comparing standard 
medial parapatellar arthrotomy with the subvastus 
approach. All patients received the Insall-Burstein II 
prosthesis inserted by a single surgeon using an iden-
tical operative technique with the only difference be-
ing the surgical approach. Assessment revealed less 
blood loss (527 mL versus 748 mL, P <.001) in pa-
tients who have had a subvastus approach.

In our series, wound complications have not been 
a major problem with the use of a mini-subvastus ap-
proach. We have radiographs of all 150 patients (and 
radiographs of approximately 2,800 patients) oper-
ated by the current technique. There is no major con-
cern of prosthetic component malalignment.

Saline Adrenaline Infiltration
There are numerous studies on the use of saline-

adrenalin infiltration in plastic, gynaecology and 
general surgery literature showing the reduction in 
blood loss. Padala and colleagues [18] showed that 
adrenalin and saline infiltration is safe and helps re-
duce intra-operative blood loss in total knee arthro-
plasty. In the present series, we infiltrated 1:300,000 
saline-adrenalin in the skin, subcutaneous tissue and 
the joint capsule for all cases.

Hydrogen Peroxide
Hydrogen peroxide [19] has been used for decades 

as an effervescent haemostatic agent in arthroplasty 
(especially during cemented total hip arthroplasty) to 
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achieve a dry bony surface prior to cementing. We 
have used the same principle in all knees to achieve 
the soft tissue haemostasis.  After final implantation 
and prior to wound closure, the wounds were alter-
nately packed with hydrogen peroxide and Feracry-
lum for three minutes while waiting for the cement 
to set.

Feracrylum 
Feracrylum was used for all patients in our se-

ries to decrease blood loss. Feracrylum [20,21] has a 
wide therapeutic application as a haemostatic agent 
to decrease postoperative oozing. Feracrylum has 
a unique property of reacting with proteins includ-
ing those present in blood to form an insoluble poly-
complex. This property is primarily responsible for 
its pharmacotherapeutic utility. It reacts mainly with 
albumin and converts soluble fibrinogen to insolu-
ble fibrin which then forms a coagulum. This arrests 
bleeding and oozing from highly vascularized tissues. 
The mean time for formation of this coagulum is 30 
sec. Feracrylum is very effective especially against 
bleeding from capillaries and venules. Because of its 
novel mechanism of action i.e. not involving the co-
agulation pathway, it is useful in patients with coag-
ulation disturbances undergoing surgery. We accept 
that although Feracrylum is commonly used in our 
part of the world, there is not enough literature to 
support its use. 

Tranexamic Acid
Tranexamic acid (1, 4- amino- carboxylic acid) is 

an antifibrinolytic agent which is seven to ten times 
as potent as epsilon aminocaproic acid (EACA). 
Tranexamic acid is a synthetic derivative of the 
amino acid lysine that exerts its antifibrinolytic ef-
fect through the reversible blockade of lysine-bind-
ing sites on plasminogen molecules [32-34]. As 
tranexamic acid enters the extravascular space and 
accumulates in tissues for up to 17 hours, the basis 
for its mechanism of action is thought to be inhibi-
tion of tissue fibrinolysis and consequent stabiliza-
tion of clots [35]. 

Tranexamic acid, a synthetic fibrinolytic inhibitor, 
has been used for more than 20 years in various fields 
such as dentistry, gynaecology, cardiac surgery, uro-
logical surgery, and liver transplantation. Multiple 
studies have shown that tranexamic acid can reduce 
blood loss and decrease the need for red blood cell 
transfusions in patients undergoing primary total 
knee arthroplasty [5,10,11,12,36-52]. 

Yamasaki and colleagues [53] demonstrated that 
tranexamic acid reduced total blood loss primarily 
by reducing the blood loss during the first two hours 
after surgery. The fibrinolytic response after trau-
ma is biphasic with an increased activity during the 
first few hours, followed by a shutdown that peaks 
at about 24 hours. After knee arthroplasty, the early 
post-traumatic fibrinolysis is further augmented by 
that induced by the tourniquet [54]. Given that the 
mean duration of effect of tranexamic acid is around 
3 hours, a second dose was administered after this pe-
riod to prolong the effect over the first 6 hours, when 
60% to 80% of the blood loss (including the hidden 
loss) occurs. Hence, our current dosage seems to be 
an adequate compromise between fibrinolytic inhibi-
tion and the risk of inducing an augmented fibrino-
lytic shutdown.

Our findings of reduced postoperative bleeding 
are consistent and comparable with the findings of 
previous meta-analyses of individual studies of in-
travenous tranexamic acid administration in patients 
undergoing total knee arthroplasty, which demon-
strated a reduction of blood loss of about 400 mL per 
case [47,55,56]. The reduction in blood loss in our 
study is in accordance with other studies [5,12,57] 
that have reported a 45–54% reduction  Tanaka and 
colleagues [38] have demonstrated a 40–58% de-
crease in blood loss when tranexamic acid was given 
preoperatively and intraoperatively.

A theoretical concern associated with the use of 
tranexamic acid is its potential for inducing throm-
boembolic events [38,55,58]. However, the use of 
tranexamic acid does not seem to cause any higher in-
cidence of deep venous thrombosis [11,12,34,37,38]. 
Tanaka and colleagues [38] found there was no in-
crease in deep-vein thromboses or pulmonary embo-
li on the basis of radioisotope venography and lung 
scanning in patients receiving intravenous tranexam-
ic acid. Orpen and colleagues [43] reported that no 
deep-vein thromboses were detected with duplex ul-
trasound scanning. The reports by Alvarez and col-
leagues [45] and Kagoma and colleagues [47] sug-
gest tranexamic acid does not result in an increase 
in thrombo-embolic events. Lozano and colleagues 
[46] have also reported that the use of tranexamic 
acid was not associated with an increase in thrombot-
ic complications either clinically or as documented 
by contrast venography.

In our clinical study, one patient developed cere-
bral thromboembolism, who on retrospective evalu-
ation revealed a history of similar episode in the past 
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from which he had recovered completely. Although 
thromboembolism has been reported in other studies, 
the authors of those studies were unable to determine 
whether thromboembolism resulted from the admin-
istration of tranexamic acid or other variable associ-
ated with total hip or knee arthroplasty. The use of 
tranexamic acid is contraindicated in patients with a 
history of thromboembolic disease and renal failure 
[5,11,34,37,58,59,60]. 

Use of Pneumatic Tourniquet 
The use of pneumatic tourniquet does not reduce 

the blood loss and it may even increase it [18,61,62]. 
A prolonged tourniquet time may induce a post-isch-
emic reperfusion injury resulting in reactive hyper-
aemia and edema [63]. It may also stimulate fibri-
nolysis and increase the hidden blood loss [63]. We 
have not used tourniquet in any of our cases in the 
present series.

Nonpharmacologic Prophylaxis
In our series, none of the patients received any 

pharmacologic prophylaxis against venous throm-
boembolism but TED stockings were utilized post-
operatively for 6 weeks. We believe the addition of 
pharmacologic prophylaxis would probably not af-
fect the overall results although this is a conjecture. 
The lead author of this paper (N.A.S.) has used aspi-
rin extensively as a form of DVT prophylaxis in his 
practice, although being aware that some surgeons 
do not prefer the use of aspirin. Moreover, the au-
thors believe that since a tourniquet is not used dur-
ing the operative procedure, the rate of DVT is ex-
tremely low. The authors are currently undertaking a 
detailed study looking specifically at DVT rates us-
ing the protocol described in this paper.

Avoidance of Surgical Wound Drainage 
The avoidance of closed suction drainage reduces 

the external blood loss, but not necessarily the hid-
den loss, which may be increased, particularly af-
ter total knee replacement [64]. However, the over-
all balance appears to be towards a reduction in total 
blood loss [18,65]. 

Relationship Between Operating Time and 
Intraoperative Blood Loss

There have been few reports that have described 
the relationship between operative time and intra-
operative blood loss. Salido and colleagues [66] 
showed a significant relationship between the opera-

tive time and the need for postoperative blood trans-
fusion. In the study by Ekbäck and colleagues, [59] 
the operative time was 120 minutes. In our series, 
the average duration of surgery was around 90 to 100 
minutes. None of the patients in our series required a 
blood transfusion.

Limitations of Our Study
The present study has few limitations. 
(1). Our study involved a consecutive series of 

150 patients. This is a non-randomized study. There 
is no control group.

(2). Our series is a cohort study. A retrospective 
analysis of a prospectively collected data was per-
formed. Power calculation was not performed from 
the outset to examine the assumption that tranexamic 
acid can decrease the frequency of allogeneic blood 
transfusion, although none of the patients in our se-
ries required a blood transfusion. 

(3). We used the mean reduction in hemoglobin 
as a surrogate marker for blood loss. We acknowl-
edge that other factors may have led to a reduction 
in the mean hemoglobin, such as hemodilution from 
perioperative fluid resuscitation and the type of an-
esthetic used. 

(4). We did not perform routine screening for 
deep-vein thromboses and pulmonary emboli; how-
ever, based on physical examination, no significant 
thrombo-embolic complications were noted in our 
series during the six-week follow-up period.

(5). This study has not addressed the subjective 
knee function score and objective clinical examina-
tion findings of the patients after total knee arthro-
plasty. Our main purpose of this paper was to report 
our operative technique strategies to minimize the 
perioperative blood loss in patients who undergo to-
tal knee replacement.

One advantage of our study is that it compares 
a prospective cohort of patients operated on by the 
same surgeon who used the same operative approach 
and surgical technique for all 150 cases in our series. 
Moreover, the same postoperative rehabilitation pro-
tocol was used for all patients.

Our study is unique as we believe there is an addi-
tive effect of various blood conserving measures that 
were used in our series. We believe a blood transfu-
sion can be avoided if blood loss is minimized using 
our suggested blood conserving strategies. Our study 
reports the least hemoglobin fall after a TKR in the 
literature and allows us to do a TKR without the re-
quirement of any blood transfusion.
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Conclusions

Combined effectiveness of regional anaesthe-
sia,, mini-subvastus approach, use of saline- adrena-
line infiltration, hydrogen peroxide and Feracrylum-
soaked packs, perioperative use of tranexamic acid, 
without using tourniquet and drains, reduces periop-
erative bleeding in patients undergoing total knee re-
placement, thereby reducing the blood transfusion 
requirement in these patients to almost negligible 
amount (as none of our patient required blood trans-
fusion in the current series). Moreover, the treatment 
cost is low, and safety has proved to be high, there 
being no increased risk of thromboembolic compli-
cations in properly selected patients. 

Larger prospective, randomized clinical trials are 
needed to further assess the safety and efficacy of our 
promising strategy to reduce bleeding and the need 
for allogeneic blood transfusion in patients undergo-
ing total knee arthroplasty.
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