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Abstract
Background: Perioperative hemodynamic control is
considered critical for intra-operative and post-operative
outcomes in bilateral Total Knee Replacement (TKR). We
carried out a prospective study to determine the factors
affecting the perioperative blood loss, blood transfusion,
and tranexamic acid requirement in bilateral total knee
replacement. The factors analyzed were gender, blood
pressure, and body mass index (BMI).

Methods: Selected primary osteoarthritis knee patient's
gender and comorbidities such as hypertension, obesity,
diabetic mellitus, thyroid disorders, etc., were recorded. We
prospectively recorded total blood loss, blood transfusions
and tranexamic acid infusion in 21 patients who have
undergone staged bilateral TKR and 20 patients who have
undergone simultaneous bilateral TKR randomly.

Results: Male patients among bilateral TKR have
significantly more average total blood loss compared to
female patients (p<0.001). Hypertensive and obese patients
among bilateral TKR have significantly more average total
blood loss compared to non-hypertensive and non-obese
patients respectively (p<0.001). Male patients more blood
transfusion prevalence rate compared to female patients,
but this difference is not of statistical significance (p=0.08).
Hypertensive and obese patients have more but not
significant blood transfusion prevalence rate compared to
non-hypertensive (p=0.09) and non-obese (p=0.08) patients
respectively. Male patients more intravenous tranexamic
acid infusion rates compared to female patients, but this
difference is not of statistical significance (p=0.79).
Hypertensive and obese patients have more but not
significant tranexamic acid infusion rates compared to non-
hypertensive (p=0.50) and non-obese (p=0.70) patients
respectively.

Conclusion: Male gender, patients with hypertensive and
obesity has significantly higher average blood loss, higher
blood transfusion rate and higher tranexamic acid infusion
rate. Hence staged bilateral procedure is preferred in the
male gender, comorbidities like hypertension and obesity
instead of simultaneous procedure in those patients.

Keywords: Bilateral TKR; Gender differences; Hypertension;
Obesity; Total blood loss; Blood transfusion rate; Tranexamic
acid infusion rates

Introduction
Osteoarthritis of the knee is a chronic disabling and painful

degenerative joint disease most commonly affecting older
people, which often involve both the knees. Advanced stages of
osteoarthritis require bilateral total knee replacement to reduce
pain, improve range of motion [1]. Bilateral Total Knee
Replacement can be scheduled as a simultaneous procedure or
as a staged procedure [2]. Among the patients of osteoarthritis
hypertension, obesity, diabetes, coronary artery disease, hyper
and hypothyroidism, etc., are common co-morbidities [3,4].

We carried out a prospective comparative study to analyze
various factors affecting the blood loss in a primary bilateral
total knee replacement and to compare the blood loss and
blood transfusion prevalence rate and tranexamic acid infusion
rate in our series with some of the published series. The
independent factors analyzed were gender, blood pressure and
body mass index.

Materials and Methods
A total of 41 patients were enrolled prospectively with a

diagnosis of primary bilateral Osteoarthritic knee having Kellgren
and Lawrence grade 3 or more having less than 30 degrees of
varus and flexion deformity with or without comorbidities like
hypertension, obesity, diabetes, etc., out of which 20 patients
undergone simultaneous bilateral TKR procedure, where both
the arthritic knees are replaced under same anesthetic exposure
by one orthopedic team and 21 patients undergone staged
bilateral TKR procedure with a gap of at least six weeks.
Exclusion criteria were patients with more than 30 degrees of
flexion or varus deformity, previous complex knee surgery within
6 months, retained metal hardware at the hip and Knee, revision
knee surgery, hinge prostheses, on anti-coagulants/HRT and
patients with coagulation disorders. The patients meeting
inclusion criteria were enrolled for study after taking prior
consent in the orthopedics department by the investigator and
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were randomly assigned to staged and simultaneous bilateral
TKR surgeries. All routine pre-anesthetic blood and radiological
investigations were done including standard antero-posterior
and lateral and Merchant's view to assess the patellar tilt and
the comorbidities such as hypertension with BP>140/90 [5] in at
least three reading at different occasions, obesity with BMI ≥ 25
kg/m2 [6], thyroid disorders were recorded by one physician. As
multiple comorbidities are common among patients of TKR, the
charlson comorbidity index was calculated in all the patients. On
total, three surgical teams were involved in these bilateral TKR
surgeries. The day before the elective surgery blood pressure
and BMI were recorded again. The preoperative Hb was
optimized to more than 10 g/dL in all the patients. The patients
received regional anesthesia and were given routine
preoperative intravenous antibiotics. All the procedures were
performed under pneumatic tourniquet control using
conventional medial para-patellar approach and all patients
received posterior stabilized TKR and prosthesis was fixed with
cement. No local infiltration techniques or other measures were
used for the reduction of blood loss. Intra-operative
complications like tachycardia, bradycardia, hypertension,
hypotension, fall in SpO2 were recorded meticulously.

Intraoperative blood transfusion was done at the discretion of
the anesthesiologist and surgeon based on the amount of blood
lost, hemogram, signs of inadequate perfusion and oxygenation
of vital organs. Intra-operative blood loss estimation was done
by measuring irrigation fluid and by gauze visual analog. The
intravenous tranexamic acid infusion was done at the discretion
of the surgeon during high intra-operative blood loss, fall in
hemogram and high postoperative blood loss in the drain.

In the postoperative period, the amount of blood in the drain
at 48 hours was recorded, a fall in hemoglobin compared to the
pre-op level was recorded on day 1 and day 5 and the number of
units of blood transfused was recorded. Blood transfusion was
performed if patients in whom drain output more than 500 mL
(D1+D2), those patients in which drop in Hemoglobin was found
to be<8 g/dL and patients whose hemoglobin was above 8.5
g/dL but who had symptoms related to anemia develop, such as
tachycardia and tachypnea.

All the patients received Deep Vein Thrombosis (DVT)
prophylaxis in the form Low Molecular Weight Heparin (LMWH),
calf pumps in the post-operative period, mobilization along with
quadriceps and hamstring exercises and in-bed knee ROM
exercises.

Results
Following points are drawn from our study.

The staged group on average takes 80.83 minutes as
Operative time, whereas the simultaneous group on average
takes 161.785 minutes.

Among the staged group, 8 out of 21 are males (38%) and 13
out of 21 are females (62%) and among the simultaneous group,
6 out of 20 are males (30%) and 14 out of 20 are females (70%).

Hypertension (BP>140/90) is more prevalent comorbidity with
9 out of 21 patients (57.1%) among the staged group and 8 out

of 20 patients (60%) among the simultaneous group patients
and obesity (BMI>25 kg/m2) is the second most prevalent
comorbidity among both the groups with 4 out of 21 patients
(19%) among the staged group and 4 out of 20 patients (20%)
among the simultaneous group patients.

Male patients in the staged and simultaneous groups have an
average total blood loss of 499.69 ml and 1025 ml respectively,
which is more compared to the average total blood loss of
female patients in their respective groups (staged group-324.42
ml; simultaneous groups-628 ml) and is of statistical significance
(p value<0.001) (Tables 1 and 2).

Male patients in the staged and simultaneous group have a
blood transfusion prevalence rate of 50% and 83% respectively
which is more compared to the female patients in their
respective groups (staged group-33%; simultaneous
groups-64%), but this difference is not of statistical significance
(p value=0.08) (Tables 1 and 2).

Table 1: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood Transfusion
prevalence (%)

Inj Tranexamic acid
prevalence (%)

Male 499.69 50 33

Female 324.42 33 27

p value 0.001 0.08 0.79

Table 2: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood Transfusion
prevalence (%)

Inj Tranexamic acid
prevalence (%)

Male 1025 83 35

Female 628 64 30

p value 0.001 0.08 0.79

Hypertensive patients (BP>140/90) in the staged and
simultaneous group have an average total blood loss of 507 ml
and 986 ml respectively, which is more compared to the average
total blood loss of non-hypertensive patients in their respective
groups (staged group-308 ml; simultaneous group-560 ml) and is
of statistical significance (p<0.001) (Tables 3 and 4).

Hypertensive patients in the staged and simultaneous group
have a blood transfusion prevalence rate of 33% and 75%
respectively which is more compared to the blood transfusion
prevalence rate of non-hypertensive patients in their respective
groups (staged group-28%; simultaneous group-71%) but this
difference is not of statistical significance (p value=0.09).

On comparison of prevalence of intravenous tranexamic acid,
hypertensive patients in the staged and simultaneous group
have a blood transfusion prevalence rate of 37% and 40%
respectively, which is more compared to the non-hypertensive
patients in their respective groups (staged group-30%;
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simultaneous groups-31%), but this difference is not of statistical
significance (p value=0.5).

Table 3: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood
Transfusion
prevalence (%)

Inj Tranexamic
acid prevalence
(%)

Hypertensive
patients 507 33 37

Normotensiv
e patients 308 28 30

p value 0.001 0.09 0.5

Table 4: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood
Transfusion
prevalence (%)

Inj Tranexamic
acid prevalence
(%)

Hypertensive
patients 986 75 40

Normotensiv
e patients 560 71 31

p value 0.001 0.09 0.5

Obese patients (BMI>25 kg/m2) in the staged and
simultaneous group have an average total blood loss of 533 ml
and 1042 ml respectively, which is more compared to the
average total blood loss of non-obese patients in their
respective groups (staged group-355 ml; simultaneous
group-666 ml) and is of statistical significance (p value<0.001)
(Tables 5 and 6).

Table 5: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood
Transfusion
prevalence (%)

Inj Tranexamic
acid prevalence
(%)

Obese
patients 533 37.5 38

Non-obese
patients 355 30 34

p value 0.001 0.08 0.7

Obese patients in the staged and simultaneous group have a
blood transfusion prevalence rate of 37.5% and 100% which is
more compared to the blood transfusion prevalence rate of non-
obese patients in their respective groups (staged group-30%;
simultaneous group-62%) but this difference is not of statistical
significance (p value=0.08) (Tables 5 and 6).

On comparison of prevalence of intravenous tranexamic acid,
obese patients in the staged and simultaneous group have a

blood transfusion prevalence rate of 38% and 45% respectively
which is more compared to the non-obese patients in their
respective groups (staged group-34%; simultaneous
groups-37%), but this difference is not of statistical significance
(p value=0.7) (Tables 5 and 6).

Table 6: Comparison of Average total blood loss, blood
transfusion prevalence and Inj Tranexamic acid prevalence in
male and female patients of staged BTKR.

 
Average total
blood loss (ml)

Blood
Transfusion
prevalence (%)

Inj Tranexamic
acid prevalence
(%)

Obese
patients 1042 100 45

Non-obese
patients 666 62 37

p value 0.001 0.08 0.7

Discussion
Total Knee Replacement has become widely accepted

treatment in orthopedic surgery to relieve pain and to restore
functions to an arthritic knee. Simultaneous bilateral TKR is the
operative procedure where both the arthritic knees are replaced
under the same anesthetic exposure by either one or two
orthopedic teams. Whereas Staged bilateral TKR is a two
separate operative procedure, one for each arthritic knee under
separate anesthesia with an optimal time interval between the
two procedures is shown that an interval of as little as one week
is safe and effective [7,8].

Among the staged group, 8 out of 21 are males (38%) and 13
out of 21 are females (62%) and among the simultaneous group,
6 out of 20 are males (30%) and 14 out of 20 are females (70%).
Brian Parsley [9] reported 61% of female patients and 39% of
male patients have undergone the surgery and Kim [13] also
stated that the total knee replacement rate in women was much
higher than that in men. Women tend to use the kneeling and
squatting posture more often than men in daily activities, such
as for the toilet and house chores and since kneeling and
squatting are strong risk factors for knee OA and this might
account for the higher prevalence of knee osteoarthritis in
females [10].

In our study, among both the staged group and simultaneous
group, hypertension (BP>140/90) is more prevalent comorbidity
with 9 out of 21 patients (57.1%) among staged group and 8 out
of 20 patients (60%) among simultaneous group patients.
Following hypertension, obesity (BMI>25 kg/m2) is the second
most prevalent comorbidity among both groups with 4 out of 21
patients (19%) among staged groups and 4 out of 21 patients
(20%) among simultaneous group patients. Memtsoudis [3]
states from his study that hypertension is the most common
comorbidity among patients undergoing TKR, which is in
concordance with our study, but diabetes is second most
common comorbidity followed by obesity and CAD according to
his study, whereas Kandemir [4] states that among the patients
20.4% were obese, 20.4% had coronary artery disease, 70% had
hypertension, 25% had diabetes, 15% had chronic pulmonary
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disease. In a total of 41 patients, 20 patients undergone
simultaneous TKR and 21 patients undergone staged TKR.

Intra-operative hemodynamic control is considered an
important prognostic factor for surgical outcomes. Poor
hemodynamic control has been reported in the cardiovascular
literature to be associated with death, stroke, cognitive and
renal dysfunction, perioperative myocardial infarction, and
increased mortality [11]. Total blood loss is calculated by the
sum of intraoperative blood loss and postoperative drain
amount [12]. The male patients in staged and simultaneous
groups have an average total Blood loss of 499.69 ml and 1025
ml respectively, which is more compared to the average total
blood loss of female patients in their respective groups (staged
group-324.42 ml; simultaneous groups-628 ml) and is of
statistical significance (p value<0.001 ) (Figure 1).

Figure 1: Difference in average total blood loss between male
and female patients among the groups.

Durasek [13] states that male patients have a larger mean
blood loss volume compared to female patients which is in
concordance with our study. Prasad N [12] states that
significantly more perioperative blood loss is seen in male
patients than in females. Nwachukwu [14] stated that women
had a moderately increased risk of poor hemodynamic control
compared to men (RR 1.7; 0.7-3.9), but this finding was not
statistically significant.

The staged group has an average total blood loss of 391.19 ml,
whereas the simultaneous group has an average total blood loss
of 747.5 ml. Hypertensive patients (BP>140/90) in the staged
group and simultaneous group have average total blood loss of
507 ml and 986 ml respectively which is more compared to
average total blood loss of non-hypertensive patients in their
respective groups (staged group-308 ml; simultaneous
group-560 ml) and is of statistical significance (p value<0.001)
(Figure 2). Durasek [13] states that hypertensive patients had a
statistically greater perioperative blood loss, both of the studies
are in concordance with our study. Nwachukwu (2013) [14]
stated from his retrospective study that patients with controlled
hypertension had a risk of poor hemodynamic control
comparable to patients without any hypertension (RR 1.3; 95%

CI 0.3-5.0). The highest intraoperative systolic blood pressure
was significantly higher in hypertensive patients compared to
normotensive patients (P<0.01) and the difference between the
highest and the lowest intraoperative systolic blood pressure
was significantly greater in hypertensive patients compared to
normotensive patients (P<0.05) [18]. The poor intra-operative
blood pressure control is attributed to the increased risk of
hemodynamic complications in hypertensive patients
undergoing knee replacements [14].

Figure 2: Difference in average total blood loss between
Hypertensive and Non-hypertensive patients among the
groups.

Obese patients in the staged and simultaneous group have
average total blood loss of 533 ml and 1042 ml respectively,
which is more compared to average total blood loss of non-
obese patients in their respective groups (staged group-355 ml;
simultaneous group-666 ml) and is of statistical significance (p
value<0.001) (Figure 3).

Figure 3: Difference in average total blood loss between
Obese and Non-obese patients among the groups.

So hypertensive and obese patients in simultaneous group
have more total blood loss, nearly twice as much of similar
comorbid patients in staged group and this difference is of
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statistical significance, in both hypertensive and obese patients.
Meng [16] states that obesity can result in increased blood loss
and there is not much of gender difference among blood loss in
obese patients. Nwachukwu [14] found that being overweight/
obese was independently associated with an increased risk for
poor hemodynamic control. Autonomic dysfunction in these
obese patients could be a possible cause for high blood loss
during the perioperative period [17].

Male patients in staged and simultaneous group have a blood
transfusion prevalence rate of 50% and 83% respectively which
is more compared to female patients in their respective groups
(staged group-33%; simultaneous groups-64%), but this
difference is not of statistical significance (p value=0.08 ) (Figure
4). Prasad [14] states that there is a higher average blood
transfusion requirement seen in male patients than in females
but the difference is not statistically significant (p=0.05). Bong
[18] states that male patients are associated with an increased
need for transfusion. Given the increased blood loss seen in
male gender compared to female patients, increased need for
blood transfusion in male patients is well understood.

Figure 4: Difference in average blood transfusion prevalence
rate between male and female patients among the groups.

Hypertensive patients in staged and simultaneous group have
a blood transfusion prevalence rate of 33% and 75% respectively
which is more compared to blood transfusion prevalence rate of
non-hypertensive patients in their respective groups (Staged
group-28%; Simultaneous group-70%). Therefore, among
hypertensive patients, the average blood transfusion prevalence
rate in the simultaneous group is more compared to the staged
group and is not of statistical significance (Figure 5).

Figure 5: Difference in average blood transfusion prevalence
rate between Hypertensive and Non-hypertensive patients
among the groups.

Durasek [13] studied the factors affecting major blood loss in
patients undergoing total knee arthroplasty, requirements for
blood transfusion will be greater in patients with hypertension.
Hafez [19] stated that patients with hypertension have a greater
need for transfusion.

Figure 6: Average Blood transfusion prevalence rate between
Obese and Non-obese patients among the groups.

Among patients with obesity, patients in the staged and
simultaneous group have a blood transfusion prevalence rate of
37.5% and 100% which is more compared to the blood
transfusion prevalence rate of non-obese patients in their
respective groups (Staged group-30%; Simultaneous
group-62%). Therefore, among obese patients, the blood
transfusion prevalence rate in the simultaneous group is more
compared to the staged group and is not of statistical
significance (p<0.08) (Figure 6). Madsen [20] evaluated the
perioperative complications of 2-team simultaneous bilateral
TKA in the morbidly obese states that simultaneous group has
an increased percentage of blood transfusion-64% compared to
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staged group 11%. Hafez [19] stated that patients with obesity
have a greater need for transfusion.

Increased bleeding after total knee arthroplasty may
necessitate blood transfusion and result in knee joint swelling,
knee motion restriction, and delayed recovery. Surgical trauma
and the use of a pneumatic tourniquet activate the fibrinolytic
system in the first few postoperative hours. Ischemia increases
fibrinolysis owing to the proteolytic action of plasmin and this
increases postoperative blood loss and thus the need for blood
transfusion [21,22]. Tranexamic acid (TXA) is a synthetic amino
acid that inhibits fibrinolysis by saturating the lysine binding
sites of plasminogen, thereby competitively inhibiting
plasminogen from binding to fibrin and thus intravenous
administration of TXA reduces blood loss and thus the need for
blood transfusion after TKR [23]. The male patients in staged
and simultaneous group have an intravenous tranexamic acid
prevalence rate of 33% and 35% respectively which is more
compared to the female patients in their respective
groups(staged group-27%; simultaneous groups-30%), but this
difference is not of statistical significance (p value=0.79) (Figure
7).

Figure 7: Difference in intravenous tranexamic acid
prevalence between male and female patients among the
groups.

Hypertensive patients in the staged and simultaneous group
have an intravenous tranexamic acid prevalence rate of 37% and
40% respectively which is more compared to the normotensive
patients in their respective groups (staged group-30%;
simultaneous groups-31%), but this difference is not of statistical
significance (p value=0.50) (Figure 8).

Figure 8: Difference in intravenous tranexamic acid
prevalence between Hypertensive and Non-hypertensive
patients among the groups.

Obese patients in staged and simultaneous group have an
intravenous tranexamic acid prevalence rate of 38% and 45%
respectively which is more compared to non-obese patients in
their respective groups(staged group-34%; simultaneous
groups-37%), but this difference is not of statistical significance
(p value=0.70) (Figure 9). There is no report of venous
thromboembolism in our cases. Tranexamic acid infusions are
given only to indicated patients and not only based on total
blood loss, so the difference will be noted between the average
blood loss and the prevalence of blood transfusions since there
is high total blood loss in male, hypertensive and obese patients
compared to female, normotensive and non-obese patients still,
this needs further research on the difference in usage based on
gender difference and comorbidities to consolidate the findings
of our study as literature is lacking on this topic.

Figure 9: Difference in intravenous tranexamic acid
prevalence between obese and Non-obese patients among
the groups.

A potential limitation of this study is that the small sample
size which precludes unstable perioperative and postoperative
systemic complications from poor hemodynamic control. Only
controlled hypertensive and diabetes patients were included
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and also some patients had associated comorbidities like
diabetes, coronary artery disease in this study whose prevalence
is insignificant. Another potential limitation of this study
pertains to the variability in pre-operative blood pressure
readings due to the limited number of pressure recording as per
the methodology and perioperative and postoperative weight
loss in patients with obesity, especially in the staged group.

Complications such as deaths and cardiac and other systemic
morbidities due to poor hemodynamic control are not reported
in our patients. Allergies to blood transfusion are seen in two
patients where we opted to adjuvant therapy.

Conclusion
We conclude that male gender, hypertension and obesity

status play a significant role in perioperative blood loss and the
incidence of blood transfusion and tranexamic acid infusion is
high amongst male gender, hypertensive and obese patients
during bilateral knee arthroplasty surgeries, but the percentile is
higher in the simultaneous group of patients than the staged
group.

So we emphasize the importance of hemodynamic control in
the planning of bilateral knee replacement surgeries and that
the staged bilateral total knee replacement procedure is
preferred in patients who are prone to increased blood loss and
requirement of blood transfusion and its related complications
like in patients with comorbidities like hypertension and obesity
and simultaneous procedure is preferred in selected patients
without hypertension and obesity.
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