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Abstract
Introduction: Tourniquet use in surgery of lower limb was a standard
method in orthopaedic, mainly in total knee replacement arthroplasty
(TKA), and the avoidance of a tourniquet still a matter of concern and
debate among orthopaedic surgeons. This study was conducted to
compare the results of using tourniquet versus non-tourniquet method
during total knee replacement operation done in a private hospital in Aden
Governorate.
Methods: A prospective comparative study included 49 patients
underwent TKA in a private hospital in Aden during 2018-2020. They
were randomized 1:1 to the use of tourniquet (group I, n=23) or non-
tourniquet (group 11, n=26). In group I, the tourniquet cuff pressure was
inflated based on the patients’ systolic pressure and a margin of 100 mm
Hg (generally the pressure was < 225 mmHg). The cuff was inflated
immediately before surgery and deflated as soon as surgery ended. The
primary outcome was the blood requirements after surgery. Secondary
outcomes were pain, quadriceps extension strength and range of motion.
Results: The median age was 57 years in group | and 60 years in group
Il. The female to male ratio was 2.3:1 in group | and 1.8:1 in group II.
Bleeding during operation was statistically significantly higher among
group Il (mean: 575+ 91.9 ml); compared with 276+83.7ml in group I.
Post-operatively, bleeding was statistically significantly higher among
group | (767+101.8 ml); compared to 198+107.2 ml in group Il. Post-
operatively, three patients from group | needed transfusion of 1 unit
packed red blood cells and no patient from group Il needed blood
transfusion. Pain was mild in all group Il patients and in 60.9% of group
| patients with significant statistical difference (p<0.05). The quadriceps
extension strength (QES) was not significantly affected in 88.5% of group
I1, while 73.9% of group | showed mild to moderate weakness. The range
of motion was significantly full range in 88.5% of group Il patients while
mild limitation was observed among 69.6% of group | patients.
Conclusion: This study concluded that in spite of the higher intra-
operative blood loss, performing TKA without tourniquet is superior to
the use of tourniquet in terms of post-operative outcome.
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[ Introduction ]

nee joints are the largest
joints in  human body,
essential to perform most

daily activities. Knee arthroplastic
surgery was first performed in 1968.
After which a dramatic improvement
in surgical materials and techniques
occurred facilitating its effectiveness.
Total knee arthroplasty (TKA) is
considered as the treatment of choice
to patients with end stage knee
diseases. It can improve the lower
limb function and relieve pain.
Overall, it affects positively the
quality of life of operated patients in a
noticeable way [1,2].

Since the start of knee arthroplasty,
tourniquets were used to decrease
operative blood loss, to provide clear
bloodless operating field, and to
obtain drier bone surfaces for the best
interdigitation of cement [3].

Nowadays, the procedure of TKA is
still a matter of debate. Multiple
clinical trials and systemic reviews
were conducted during the last few
years with variable conclusions
regarding the use of tourniquet versus
the operation without tourniquet.
Some trials support the use of
tourniquet such as the prospective
double-blinded, randomized
controlled trial (RCT) of Goel et al
[4], who observed that tourniquet use
during TKA significantly decreases
blood loss and does not adversely
affect early postoperative outcomes.
They concluded that tourniquet use
during routine TKA is safe and
effective, and concerns about
deleterious effects on function and
pain may not be justified.

On the other side, some clinical
studies support the operation without
tourniquet, such as the study of Ajnin
and Fernandes in 2020 [5], who
reported that TKA done without
tourniquet was associated with
shorter length of stay, lesser pain and
swelling, in addition to improved
range of motion in the early post-
operative period.

Other trials did not find difference
between both procedures, such as that
of Alexandersson et al [6], who
observed no clear benefit for either
procedure, as the more pain exhibited
by the non-tourniquet group was only
evident for a short period and the
improved mobility in this group was
not at a clinically relevant level.

Recently, some schools instituted the
use of tranexamic acid during TKA
operation without tourniquet as
multiple intravenous injections [7], or
intra-articular injections [8].

A thorough search in the literature did
not show any study conducted in
Yemen regarding TKA. Up to the
knowledge of the author, this study is
considered the first study in Yemen
that compares TKA with the use of
tourniquet and without the use of
tourniquet. Thus, this study aimed to
compare the use of tourniquet with
non-tourniquet method during total
knee replacement operation done in a
private hospital in Aden Governorate.

[ Methods

]

Study design and setting

This is a prospective comparative
study included 49 patients underwent
TKA for end stage knee diseases in a
private hospital in Aden, during 2018-
2020.
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Patients and procedures

Patients were randomized 1:1 to the
use of tourniquet (group 1) or non-
tourniquet (group Il) method during
surgery. All patients were operated by
the same team of senior orthopedic
consultant and assistant surgeons
using a standardized technique and
prosthesis. ~ Operation  involves
replacement of all surfaces of the
knee, by excising both diseased and
normal femoral condyles, the tibial
plateau, and often the patella, and
removing or releasing some of the
ligaments. Then the artificial implant
was cemented in position. In group I,
the tourniquet cuff pressure was
inflated based on the patients’ systolic
pressure and a margin of 100 mm Hg
(generally the pressure was < 225
mmHg) [9]. The cuff was inflated
immediately before surgery and
deflated as soon as surgery ended.

The primary outcome was the blood
requirements after surgery.
Secondary outcomes were pain
(measured by the visual analogue pain
score), quadriceps extension strength
(measured isometrically at 60° knee
flexion) and range of motion (active
flexion and active extension of the
knee were measured with a standard
plastic goniometer with a scale
marked in 1° increments and 30-cm
arms with the patient lying supine on
a gurney). Post-operatively, patients
were followed till discharged well
with postoperative pain management
and rehabilitation program.

Statistical analysis

Data collected were analyzed by the
SPSS  program  version 24.
Quantitative data were tested for
normality  using Kolmogorov-
Smirnov  test, which revealed
parametric distribution except for age
of patients. Operative parameters

were presented as mean values with
standard deviation and testes by the
student t-test. Age of patients was
non-parametric variable and
presented as median value with range
and tested by the Mann-Whitney test.
Quialitative variables were tested by
the Chi-square and Fisher exact tests
as appropriate. p-value of < 0.05 was
considered as statistically significant.

Ethical considerations

This study was approved by the
hospital authority. All operated
patients singed a written consent for
surgery and anesthesia. At that time,
they were informed about the aim of
this study and verbal consents were
obtained. Patients who agreed were
fully informed about the main
objective of the study and the way of

handling of the  obtainable
information.
[ Results ]

In this study, 49 patients submitted to
total knee replacement. They were
separated into 2 groups; group | with
the use of tourniquet method (n=23)
and group Il without the use of
tourniquet method (n=26). The
median age was 57 years in group |
and 60 years in group Il. The female
to male ratio was 2.3:1 in group | and
1.8:1 in group Il. There was no
significant difference between sex
and age group distribution between
the groups. Even the side of
operation, left or right knee, was not
significantly differing between both
groups as seen in Table 1.

In group I, the tourniquet was applied
with a pressure of < 225 mmHg for a
time ranged from 70 to 100 minutes
and a mean of 85.0 + 10.0 minutes.
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Table 1: Sex and Age Distribution of Patients Subjected to Tourniquet Versus Non-

Tourniquet Methods

Group |

Group 11

Tourniquet Non-tourniquet (-rl;gfg)
Variables (n=23) (n=26) P
No. % No. % No. %
Sex
Male 7 30.4 9 34.6 16 327 0.498
Female 16 69.6 17 65.4 33 673 '
Age (years)
<50 3 13.0 6 23.1 9 18.4
50 -59 10 43.5 3 11.5 13 265 0.053
60 — 69 3 13.0 9 34.6 12 245 '
>70 7 30.4 8 30.8 15 306
Median age(Range) 57 (36 — 80) 60 (25 - 85) 60 (25-85) 0.667*
Side of operation
Left knee 15 65.2 14 53.8 29 592 0.303
Right knee 8 34.8 12 46.2 20 4038 '

# conducted by Mann-Whitney Test, while others by Chi-square test.

The operation time ranged from 90
minutes to 125 minutes without
significant difference between the
mean time for tourniquet versus non-
tourniquet methods (105.6 vs. 106.7)
minutes respectively. The mean pre-
operative hemoglobin concentration
was not different between both groups
(12.1 g/dI for group I vs. 12.3 g/dl for
group I1). However, the mean post-
operative hemoglobin concentration

was statistically significantly lower in
group | when compared to group Il
(11.1 g/dl vs. 11.8 g/dl) respectively.
Mean bleeding during operation was
significantly higher among group I
(575ml+91.9); compared with 276+
83.7 ml in group |. Post-operatively,
bleeding was significantly higher
among group | (767+101.8ml);
compared to 198+107.2 ml in group
Il; (Table 2).

Table 2: Mean Operative Parameters in Patients Subjected to Tourniquet Versus

Non-Tourniquet Methods

Group | Group Il
Tourniquet(n=23)  Non-tourniquet(n=26)
Parameters Mean + SD Mean = SD P
(Min. — Max.) (Min. — Max.)
o . 105.6 £ 10.1 106.7 £ 10.1

Operative time (minutes) (90— 120) (90 -125) 0.699
Pre-operativehemoglobin 121+£1.1 123+1.2 0.426
concentration (g/dl) (11.0-14.0) (11.0-14.0) '

. . 276 + 83.7 575+919 *
Intra-operative bleeding (ml) (200 — 450) (450 — 750) 0.001

. . 767 +101.8 198 + 107.2 *
Post-operative bleeding (ml) (600 — 900) (50 — 450) 0.001
Post-operative  hemoglobin 111+13 118+1.2 0.050"
concentration (g/dl) (9.0 - 13.0) (10.0 - 14.0) '

* Statistically significant
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All patients received pre-operative
transfusion of lunitpacked red blood
cells (PRBCs), while  post-
operatively, three patients from group
I needed transfusion of 1 unit PRBCs
and no patient from group 1l needed
blood transfusion. Post-operatively,
pain was mild and expected in all
group Il patients and in 60.9% of
group | patients with significant
statistical difference (p=0.001). The
quadriceps extension strength was not

significantly affected in 88.5% of
group 11, while 73.9% of group |
showed mild to moderate weakness.
The range of motion was significantly
full range in 88.5% of group Il
patients while mild limitation was
observed among 69.6% of group |
patients as shown in Table 3. No post-
operative complications were
reported in both groups until
discharge from hospital.

Table 3: Post-Operative Parameters in Patients Subjected to Tourniquet Versus

Non-Tourniquet Methods

Group | Group 11 Total

[Tourniquet] [Non-tourniquet] _
Parameters (n=23) (n=26) (n=49)  p

No. % No. % No. %
Post-operative pain
Mild (expected) 14 60.9 26 100.0 40 816 .
Moderate 9 391 0 0.0 9 184 0001
Post-operative quadriceps extension strength®
Mild weakness 9 39.1 3 115 12 245
Moderate weakness 8 34.8 0 0.0 8 16.3  0.001"
Not affected 6 26.1 23 88.5 29 59.2
Post-operative range of motion [ROM]
Full ROM 7 30.4 23 88.5 30 612 R

Mild limitation ROM 16 69.6 3 115 19 3gg 0001

* Statistically significant p-values were calculated by Fisher Exact test.

versus not affected.

#Calculated as affected [mild plus moderate]

Yemeni Journal of Medical and Health Research

Vol.11 No (1&2) 2022



20 A Tourniquet Versus Non-Tourniquet

[ Discussion ]

Tourniquet use in surgery of lower
limb was a standard method in
orthopaedic, mainly in total knee
replacement arthroplasty, and the
avoidance of a tourniquet still a
matter of concern and debate among
orthopaedic surgeons [10].

More females were operated
compared to males. However, in both
groups; the female to male ratio did
not show significant statistical
difference. Even, the age and the side
of operation did not show significant
statistical difference between both
groups. Similar to our study, Ejaz
et al [11], included 70 patients with
total knee replacement randomized
equally into a tourniquet group and a
non-tourniquet group without
significant difference between their
age.

The duration of tourniquet uses and
cuff pressure play very important
roles in tourniquet-related adverse
effects. In this study, among group I,
the tourniquet was applied with a
pressure of < 225 mmHg for a time
ranged from 70 to 100 minutes and a
mean of 85.0 £ 10.0 minutes.
Olivecrona et al [9] compared the
technique of limb-occlusion-pressure
measurement (LOP) to systolic-
blood-pressure measurement as a
guide for deciding the cuff pressure.
The study concluded that patients
with a cuff pressure of <225 mm Hg
had a better outcome and lower rate of
wound complications.

There are various studies supported
the TKA operation without the use of
tourniquet [11-15]. On the other side,
various studies reported no significant
difference between using and not

using a tourniquet in TKA [4-16].
Some studies support the use of
tourniquet during TKA [17-18]. The
findings of the current study support
the non-tourniquet method in TKA. In
this study, it was observed that the
mean  pre-operative  hemoglobin
concentration was not differing
between both groups. However, the
mean post-operative  hemoglobin
concentration  was  statistically
significantly lower in tourniquet
group. The tourniquet has been used
in total knee arthroplasty aiming to
decrease operative blood loss;
however, questions exist regarding
efficacy and safety.

In their study, Xu et al [12] analyzed
data from 6325 patients who
underwent primary unilateral TKA
and reported that following TKA, the
transfusion rate was 14.52% in the
tourniquet group, and 6.47% in the
no-tourniquet group. After adjusting
for the different related variables,
tourniquet use was significantly
correlated with a higher transfusion
rate (risk ratio = 1.888, 95% CI:
1.449-2.461, p<0.001).

Schnettler et al [13], in a retrospective
cohort study of 132 patients
concluded that the use of a limited
tourniquet protocol during TKA
resulted in a paradoxical increase in
blood loss. They recommended
surgeons to consider omitting routine
tourniquet use in total knee
arthroplasty. In the current study, the
non-tourniquet group showed
significantly higher bleeding during
operation, no postoperative
transfusions requirement, less post-
operative pain, and increased range of
motion. Similarly, Ejaz et al [11], in
their study reported that
intraoperative blood loss was greater
when not using a tourniquet, but no
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postoperative  transfusions  were
required. Patients in the non-
tourniquet group showed a better
early knee ROM from surgery to
week 8. Postoperative pain and
analgesic consumption were less
when a tourniquet was not
used [11]. This is coinciding with the
report of Liu et al [14], in their recent
systematic review and meta-analysis
that included 25 RCTs comparing
both methods. They concluded that
intra-operative blood loss and range
of motion were significantly
increased while post-operative pain
was decreased in the non-tourniquet
group (p=0.0001).

This study observed that quadriceps
extension strength was significantly
not affected in higher percentage of
non-tourniquet group, while higher
percentage of tourniquet group
showed affected quadriceps extension
strength. Liu et al [15], reported
similar findings in their prospective
randomized  single-blinded trial
undertaken to examine the effect of
the tourniquet on post-operative pain,
swelling, blood loss, quadriceps
function and outcome following
TKA. They reported that Quadriceps
function, measured by surface EMG,
was compromised for the first six
months’ post-surgery by tourniquet
use. They believed that it is safe and
beneficial for their patients to
routinely perform TKA without a
tourniquet.

McCarthy et al [16], in a meta-
analysis done in 2019, revealed no
difference in terms of postoperative
pain or range of motion between
tourniquet and no-tourniquet groups.
Likewise, Goel et al [4], in a
prospective, double-blinded RCT
found no difference in functional
outcome measures and pain, but the

tourniquet group had significantly
reduced blood loss compared with the
no-tourniquet group.

In another meta-analysis [17], Jiang
et al demonstrated that tourniquet use
was associated with significantly
decreased intra-operative blood loss,
transfusion rates, and operation time
but slow joint functional recovery, an
increased prevalence of deep vein
thrombosis, and other minor wound
complications. On the other hand,
Harsten et al [18], in a RCT reported
that not using a thigh tourniquet
during TKA was found not superior in
preserving knee-extension strength at
the primary endpoint 48 hours after
fast track TKA, compared to using a
tourniquet.

[ Conclusion

This study concluded that in spite of
the higher intra-operative blood loss,
performing TKA without tourniquet
IS superior to the use of tourniquet in
terms of post-operative outcome. It is
recommended to perform a national
wide clinical trial study that includes
large sample size with long term
duration for follow-up to compare the
short term as well as the long term
outcomes after TKA with and without
tourniquet.
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