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after skin suture and pressure dressing. We compared the results of laboratory tests of serum
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hemoglobin before surgery and 48 hours postoperatively, the blood volume contained in
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vacuum suction drain and the transfusions that was necessary. Results: As a result, the post
operative serum hemoglobin levels had a mean decrease of 3.57 g/dL in group A and 4.24 g/dL
in group B with an average of 0.67g/dL difference between them, statistically insignificant. The
observed mean drainage, in the vacuum drain, were 705 mL in group A and 700 mL in group B.
The 5ml difference between medians was considered statistically insignificant. The number
of patients who received transfusions was four patients in both groups and all received two
units of red blood cells. Conclusion: the post operative serum hemoglobin levels, as well as
the need of blood transfusion, in the patient underwent to total knee replacement, where
the ischemia was released before wound closure, has no statistical effect in comparison
with patients where the sutures and bandages were done after the ischemia release. Level of
Evidence IB - Individual randomized controlled trial with narrow confidence interval.
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Introduction
Degenerative osteoarthritis or knee arthrosis is a disease of
inflammatory and degenerative nature that causes destruction
of the joint cartilage and frequently leads to joint deformity
and severe functional incapacity in more advanced cases,
with surgical treatment reserved for these patients. Total
knee arthroplasty (TKA) is one of the procedures most often
performed within orthopedic settings and it presents good and
excellent long-term results very consistently. The indications
for TKA are based on deviations from the axis, the degree
to which joint compartments have been compromised and
patients’ ages and complaints.
According to Camanho et al., 1 the set of criteria that
determine such indications include varus deviation greater than
15°; valgus deviation greater than 10°; femorotibial subluxation
in the frontal plane greater than 10 mm; anteriorization of
the tibia in relation to the femur on lateral radiographs; and
severe compromising of two of the three joint compartments
of the knee (medial femorotibial, lateral femorotibial or
femoropatellar). There is a consensus regarding the age of 60
years for patients who present severe arthrosis without an
indication for osteotomy or unicompartmental arthroplasty.
Indication of TKA among patients under the age of 60 years
starts to be considered in cases of severe joint destruction,
in which other therapeutic processes are inefficient. With
advances in the precision of implants, instruments and
operative techniques, TKA is being increasingly indicated for
this special group of patients.
During TKA, there is considerable blood loss, which
increases the morbidity-mortality rates.1 Certain methods
assist in reducing the bleeding, such as use of pneumatic cuffs,
minimally invasive surgery and antifibrinolytic substances.1-3
With the aim of diminishing the number of blood transfusions
during TKA, certain precautions for minimizing trans and
postoperative bleeding have been described, such as use of
pneumatic tourniquets and suction drains, improvement of
surgical techniques, use of tranexamic acid, local infusion
of norepinephrine, occlusion of the femoral milling orifice
using a bone graft femoral, and most recently, placement of
gel containing platelets in the operative wound.4 Ischemia in
TKA provides a cleaner surgical field, makes it easier to place
the implants and provides a better interface for the cement.5,6
However, use of a tourniquet for periods of more than two
hours has been correlated with nerve paralysis, especially
of the external popliteal sciatic nerve, and with greater
postoperative pain.1,7
The pressure used in the tourniquet needs to be sufficient
to stop the bleeding in the surgical field,8 and the average
used is 350 mm Hg. However, if the pressure is excessive,
this may increase the postoperative pain.9 Moreover, there
is controversy in the literature regarding the time when
the tourniquet should be removed. This can be done during
the operation, just after cementing the prosthesis, in order to
provide direct hemostasis for the wound, or after suturing and
applying the compressive dressing.
In the Brazilian literature, there is only one paper regarding
red blood cell levels during the early postoperative period
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(48 hours) or the quantity drained, in relation to deflation of the
pneumatic tourniquet before or after closure of the operative
wound and placement of the compressive dressing.4
The aim of this study was to demonstrate the advantages
and disadvantages of removing the ischemia before or after
closure of the skin and placement of the compressive dressing
in these surgical procedures, with regard to blood losses.

Materials and methods
A prospective randomized study was conducted between
January 2009 and July 2010, in which the sample consisted
of 40 patients who underwent unilateral TKA. There were
18 male patients (45%) and 22 female patients (55%), with a
minimum age of 50 years and maximum of 76 years (mean of
65.38 years). The right side was affected in 57.5% of the cases.
The serum hemoglobin level was measured before the surgery
and 48 hours after the operation, and the volume contained
in the vacuum suction drain was measured at the same time.
The patients were divided into two groups: group A (20 knees
from 20 patients) and group B (20 knees from 20 patients). In
group A, formed by 11 women (55%) and nine men (45%), the
ischemia was released before closure of the operative wound,
which enabled rigorous control over the bleeding. The mean
age in this group was 65.3 years, with a standard deviation of
plus or minus 7.41 years. The minimum age in the group was
50 years and the maximum was 75 years. In group B, which
like group A was composed of 11 women (55%) and nine men
(45%), the ischemia was released after suturing of the skin and
application of the compressive dressing. The mean age in this
group was 65.45 years, with a standard deviation of plus or
minus 6.6 years. The minimum age in this group was 51 years
and the maximum was 76 years. The patients were divided
between the groups by means of simple random sampling,
using sequential numbers, i.e. they were numbered when
they were admitted to the hospital. Those who received even
numbers were included in group A and those who received odd
numbers, in group B.
The criteria for patient exclusion were as follows:
presentation of a diagnosis of mild primary knee arthrosis
(Ahlback, as modified by Keys < III10-11); insufficient
information in the medical records (lack of records of the
volume drained and/or absence of pre and postoperative
tests); presence of hematological diseases; use of anticoagulant
medication; history of TKA revision or previous knee surgery;
and presence of secondary degenerative or inflammatory
arthropathy. All the patients signed an informed consent
statement before being included in the study. The study had
previously been assessed and approved by the hospital’s ethics
committee.
All the procedures were performed by the same surgeon and
all of them were done using the same anesthetic technique.
Exsanguination of the lower limb to be operated was done by
means of elevation for five minutes followed by application of
an elastic band and maintenance of ischemia by means of an
inflated pneumatic cuff in the proximal region of the thigh,
adjusted to 350 mm Hg. The knee was exposed by means of a
median skin incision, a deep medial parapatellar retinacular
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approach and mid-vastus capsulotomy. This was followed
by bone cuts, performed by means of intramedullary guides,
both in the femur and in the tibia (the surgeon’s preference),
and progressive ligament balance, without preservation of
the posterior cruciate ligament. Bone plugs were routinely
placed in the femoral and tibial canals and the knee was
then copiously irrigated with saline solution. Cemented total
prostheses (Modular III–MDT) were implanted which was done
in association with replacement of the patellar component.
Before closing the surgical wound, a vacuum suction drain of
3.2 mm in diameter was placed intra-articularly and in the
deep layers of the subcutaneous cellular tissue. None of the
surgical procedures lasted for more than 120 minutes. An
inguinal-malleolar compressive dressing of Robert-Jones type
was applied to all the patients.
Prophylaxis for deep vein thrombosis was administered,
and a postoperative rehabilitation protocol was applied,
involving active mobilization of the limb starting on the
first postoperative day and early walking 48 hours after the
operation, if tolerated by the patient. Dabigratan etexilate (110
mg orally) was also administered to all patients, at the dose
of one capsule four hours after the operation and then two
capsules as a single dose per day, for 10 days. Blood product
transfusions were given to patients whose serum hemoglobin
level was lower than 9 g/dL when measured 48 hours after the
operation, with hemodynamic repercussions.
By convention, early release from ischemia was defined
as release done before doing the suturing and applying the
dressings, in which the knee was compressed for 10 minutes
and hemostasis was carefully achieved; and late release was
defined as release done after doing the suturing and applying
the Robert-Jones compressive dressing to the operated limb.
The Minitab 15 and R 2.9.1 statistical software were used
for the descriptive analyses and tests on the values obtained.

slightly higher, thus firstly indicating that the group in which
the ischemia was released after suturing the skin and applying
the compressive dressing had slightly higher blood loss.
Student’s t test was applied in order to investigate
w h e t h e r t h e r e w a s a ny d i f f e r e n c e i n t h e m e a n
decreases in hemoglobin levels in groups A and B,
as shown in Table 6. The p value obtained in the test was not
significant. However, there was statistical evidence that there
was no significant difference between the means decreases in
hemoglobin in groups A and B (Fig. 3).
The mean values for the two groups were very close to each
other, and the values for the difference in hemoglobin levels
observed in group B were within the interval of values of group
A, distributed almost symmetrically, with lower variability.
The confidence intervals also illustrate the test result well. The
interval generated included zero, thus meaning that the
difference in the means was zero at some moment and
showing that the means were equal.
The means for blood drainage were then compared (Fig. 4).
The mean blood volume drained in group B was greater, but the
difference in relation to group A was small. This firstly indicates
that group B required greater blood drainage. Because the data
on the blood volumes drained in the groups was not normally
distributed, the Mann-Whitney test was used for comparing
the means, i.e. the nonparametric alternative to Student’s t test,
which compares the medians of the two populations (Table 7).
The p value obtained in the test was not significant. Thus,
the statistical evidence showed that there was no significant
difference between the medians of the blood volumes drained
in groups A and B (Fig. 5). The medians in the two groups were
practically equal and the intervals of values were close to each
other, with positive asymmetry in group A and distribution of
data within the interval similar to that of group B.
The serum hemoglobin levels showed a mean decrease of
3.57 g∕dL in group A and 4.24 g∕dL in group B, and there was a

Results
Using the estimated overall population, the sample size was
calculated by means of the formula for estimating proportions
for finite N12 (Fig. 1).
In this case, an estimated proportion ^
p of 50% was used, to
obtain the largest and smallest samples possible, with a 5%
margin of error and 95% confidence interval.
The sample size obtained was 45 patients. It was decided
to increase the sample by 10%, in order to compensate for
possible losses, thus obtaining a final number of 49 patients.
However, there were fewer occurrences of cases of unilateral
TKA over the study period than had been expected. Therefore,
all the cases of this type that were attended over the study
period and which fitted within the criteria were included in
this study, thus totaling 40 patients.
Tables 1 to 5 show the data relating to the values for groups
A and B, regarding serum hemoglobin levels and blood losses
through the suction drain (Fig. 2).
The values for the groups were close to the means for the
pre and postoperative hemoglobin levels. Thus, the means
for the decreases in hemoglobin levels in the groups also had
values that were close to each other. The mean for group B was

Fig. 1 -Estimated formula for sampling.
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Fig. 2 - Mean hemoglobin levels in groups A and B in g/dL.
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Table 1 - Descriptive measurements on the groups analyzed.
Variables

Mean

Median

Standard deviation

Minimum

Maximum

A

B

A

B

A

B

A

B

A

B

Age

65.3

65.5

-

-

7.4

6.6

50.0

51.0

75.0

76.0

Preoperative Hb

13.1

13.3

13.2

13.5

0.8

0.9

12.0

12.0

14.6

14.9

Postoperative Hb

9.5

9.1

9.5

8.1

1.6

1.1

7.0

7.0

12.2

10.6

Volume drained

749.5

761.0

705.0

700.0

205.8

228.8

500.0

530.0

1,150.0

1,250.0

Table 2 - Descriptive measurements on the hemoglobin
levels in group A in g/dL.
Variables

Mean

Median

SD

Min

Max

Preoperative Hb

13.10

13.15

0.78

12

14.60

Postoperative Hb

9.54

9.45

1.58

7

12.20

Table 3 - Descriptive measurements on the blood
volume drained in group A in mL.
Hb group A

Hb group B

Fig. 3 - Decreases in hemoglobin levels in groups A and B.

Variables

Mean

Median

SD

Min

Max

Blood
drainage

749.5

705

205.8

500

1,150

Blood volume drained

Table 4 - Descriptive measurements on the hemoglobin
levels in group B in g/dL.

780.00
770.00
760.00

Group A

.

750.00
740.00

Variables

Mean

Median

SD

Min

Max

Preoperative Hb

13.34

13.45

0.89

12

14.9

Postoperative Hb

9.10

8.10

1.14

7

10.6

Group B

Volume drained

Fig. 4 - Mean blood volumes drained in groups A and B in mL.
Table 5 - Descriptive measurements on the blood
volume drained in group B in mL.
Variables

Mean

Median

SD

Min

Max

Blood
drainage

761

700

228.8

530

1,250

Table 6 - Student’s t test for the mean hemoglobin levels
in g/dL.

Drainage A

Drainage B

Fig. 5 - Blood volume drained in groups A and B.

Variables

Mean value

∆HB A

3.57

∆HB B

4.24

p-value

Confidence
interval

0.2321

(-1.7736; 0.4436)
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Table 7 - Medians for blood volumes drained in groups
A and B in mL.
Variables

Mean value

Volume drained
A

705

Volume drained
B

700

p-value

Confidence
interval

0.9892

(-120; 109.9)

difference of 0.67 g/dL between the means. This was considered
to be statistically non-significant (p = 0.2321), with a confidence
interval from -1.7736 to 0.4436. The median for the drainage
observed was 705 mL in group A and 700 mL in group B. The
difference of 5 mL between the medians was considered to
be statistically non-significant (p = 0.9892). The number of
patients who received transfusions was four in each group
and all of them received the same quantity (two units of red
cell concentrate), which was not considered to be statistically
significant.
A single patient in group A presented a complication, with
evolution to superficial infection of the surgical wound seven
days after the first operation. Mechanical-surgical cleaning
was performed and antibiotic therapy was administered. No
thromboembolic events such as deep vein thrombosis and/or
pulmonary embolism, proven clinically or through laboratory
tests, were observed.

Discussion
Use of a pneumatic tourniquet in TKA makes it possible for the
operative field to be blood-free, which facilitates soft-tissue
dissection and bone-cutting and improves the cementation
of the prosthesis. However, there are divergences of opinion
regarding the time to remove the tourniquet, with a view to
preserving the blood stock.
The first study comparing the two methods was conducted
by Newman et al.,13 on 80 patients who underwent cemented
TKA. These authors reported that there was less blood loss
when the tourniquet was removed after suturing and applying
the dressing. On the other hand, in a non-randomized study,
Page et al.14 reported that better results were obtained among
patients in whom the ischemia was released during the
operation in order to achieve direct hemostasis, since there
was a possibility of lesions in larger vessels that could not be
ascertained during the operation and hence the possibility of
bleeding of the wound despite applying a compressive dressing.
Despite the reduction in bleeding that was found, all of their
patients received transfusions. Since then, several studies have
been published with discordant results.4
Abdel-Salam and Eyres5 did not find any difference in the
duration of the operation or in blood loss when they compared
use or nonuse of a tourniquet. However, they noted that there
was lower postoperative pain among patients in whom a

tourniquet had not been used. Release of the ischemia before
closing the wound does not have any benefit if the blood loss
and need for transfusion is considered. 15-17 Schuh et al. 18
found the same results but observed that there was a greater
number of cases of deep vein thrombosis in the group in
which the ischemia had not been released before closure in
order to perform rigorous hemostasis. Pre-closure release did
not interfere with the postoperative bleeding, thus justifying
earlier release of the ischemia with the aim of ascertaining
the integrity of the blood vessels and controlling any severe
hemorrhaging.19
Releasing the tourniquet after closure of the wound
diminished the operative blood loss and there was greater
possibility of reinfusion of the postoperative drained blood.20
This has the result of reducing the use of blood banks, which
diminishes the risk of infection and the length of stay in
hospital,21,23 as well as reducing the transmission of infectious
diseases. In the same way, patients with preoperative
hemoglobin levels lower than 13 g∕dL have higher incidence
of postoperative blood transfusion.22 Recent studies have
demonstrated that there are no statistically significant
differences between immediate opening of the suction
drain or doing this more than one hour after the end of the
procedure.23,24
Some studies have reported that there is greater bleeding
when uncemented prostheses are used, in comparison with
cemented prostheses. Use of orthopedic cement diminishes
bleeding in TKA because of its mechanical properties on bone
cuts, along with the chemical and thermal properties of the
cementation. Another factor reported in the literature that
might influence blood losses in TKA is early rehabilitation
programs. This comes about particularly through using
apparatus for continuous passive movement, which has
been correlated with increased postoperative bleeding.4 The
patients studied did not use continuous passive movement.
The rehabilitation program was started early on, but with
active exercises done by the patients themselves, which went
as far as the pain threshold. Early rehabilitation is important
for avoiding joint stiffness, improving circulatory conditions
and preventing thromboembolism.
Only four patients of this series (10%) underwent blood
transfusion, which is discordant with the descriptions in
the literature that we researched, in which the number of
transfusions is higher.25 However, these studies did not present
any pre-established criteria for carrying out.
Tranexamic acid acts by inhibiting activation of the
fibrinolytic system at the start of the coagulation cascade,
which results in lower blood loss. It can be used topically
without any noteworthy systemic effects.26 There is concern
regarding the fact that this inhibition may cause an increase
in thromboembolic events.27,28
In the conventional technique, use of an autologous
bone plug extracted from bone cuts would diminish the
postoperative bleeding, 29 although some studies in the
literature do not support this measure.30
In this light, and even given all of the controversy that
the present topic might generate, the data obtained from the
sample and their results were absolutely coherent with the
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literature. The approaches of early or later release of ischemia
are for the surgeon to determine.

8.

9.

Conclusions
TKA is a universally accepted procedure that is performed to
treat degenerative disorders of the knee, with consistently good
and excellent long-term results. However, it is not a procedure
that is free from complications. Among these is the great blood
loss that makes it necessary to use blood products.
With the aims of avoiding increased blood losses, achieving
greater precision in bone-cutting, improving the soft-tissue
balance and increasing the cemented interface, many surgeons
choose to work with a blood-free field, through inducing
ischemia using a tourniquet at the root of the thigh of the
limb to be operated.
From the statistical analysis, it was found and concluded
that releasing the ischemia before closing the operative
wound does not have any significant effect on the blood
loss through the suction drain or on the postoperative serum
hemoglobin levels, in comparison with ending the ischemia
after doing the suturing and applying the dressings. Thus,
this remains a matter for the surgeon’s discretion and
experience.
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