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Abstract

Background: Total knee arthroplasty (TKA) is a procedure performed for end stage knee osteoarthritis to
reinstate leg function, pain control and improve quality of life. The surgery, however, is associated with a
substantial risk of concealed blood loss for which tourniquets have been used to control bleeding. There has
been a lot of debate over the relevance and benefits of using tourniquets during TKA. It has no effect on
postoperative blood loss and has been claimed to be associated with post-operative pain, nerve damage,
superficial wounds infections and deep vein thrombosis.

Objective: The objective of the study was to compare the degree of blood loss and its clinical relevance in
patients undergoing total knee arthroplasty with and without tourniquet.

Study type settings and duration: A Randomized Controlled Trial conducted at The Indus Hospital, Karachi,
Pakistan from January 2015 to September 2015.

Methodology: In this randomized clinical trial, patients were recruited after local IRB approval. Sample size was
calculated using OpenEpi and included all patients of age 40 to 80 years of either gender with chronic
osteoarthritis, according to the Kellgren-Lawrence classification grade 4 of Osteoarthritis. The study included
two groups, both consisting of 25 patients each. In group A (non-intervention, tourniquet), the tourniquet was
inflated to 350 mmHg after the leg had been elevated and exsanguinated, and was deflated after closing the
wound and application of compressive dressing. In group B (intervention, non-torniquet), the application of
tourniquet took place but it was not inflated. Instead, electrical diathermy, and application of pressure with
surgical swabs was performed intra-operatively to control bleeding. Blood loss was measured using the
Mercuriali’s formula.

Results: There was an average blood loss of 807 ml during TKA. Group A had a mean blood loss of 604.6
(203.9) ml while a relatively higher statistically significant mean blood loss of 1010.7 (272.7) ml was noticed in
the intervention group on whom tourniguets were not used (p <0.005).

Conclusion: According to our study, calculated blood loss was relatively less in Group A, hereby showing that
the use of tourniquet is superior to other forms of bleeding control during the surgery. We propose that the issue
on the significance of the use of tourniquet during TKA verses no tourniquet use has to be decided on the basis
of volume of blood loss.
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Introduction Rheumatoid arthritis or  Osteoarthritis

very year, Total Knee Arthroplasty (TKA) is
being performed on thousands of patients with
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improvement in their quality of life. It is one of the
most common orthopedic surgeries performed in the
world," and reliably reduces pain and improves
function in patients with Osteoarthritis.>® In a
resource-constrained country like Pakistan, there is
a great demand for total knee arthroplasty and the
situation is worsened when the waiting times are
high.*

A study conducted in Lahore, Pakistan
studied the quality of life before and six months after
TKA and concluded that it significantly improves
pain and quality of life.> However, there is a
substantial risk of concealed hemorrhage
associated with TKA. Intraoperative bleeding and
postoperative drainage adds to the total blood loss
during TKA. It disregards pooling of blood into the
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tissues, remaining blood in the joint space and loss
owing to hemolysis.® Different techniques have been
applied to reduce the quantity of blood loss during
TKA. Tourniquets have been used conventionally to
prevent blood loss during surgery. Tourniquet is
applied intra-operatively and released at the end of
the surgery.” Tranexamic acid is also known to
reduce blood loss associated with surgeries.’
Epidural anesthesia, likewise, is recognized to
prevent post-operative blood loss in major
orthopedic surgeries® by decreasing the mean
arterial blood pressure (MAP) and redirecting blood
flow away from the operative site.’

There has always been a lot of
disagreement on the practice of tourniquet use and
its relevance during TKA. Surgeons, who use it,
claim that it's excellent in managing intra-operative
blood loss and helps in establishing a “bloodless
surgical field”.*®** However, it has no effect on
postoperative blood loss. It has been claimed to be
associated with post-operative pain, nerve damage,
superficial wound infections and deep vein
thrombosis.'***

The controversy about use of tourniguets
stems from the varied techniques used to measure
blood loss in the literature. In most cases no
scientific formula is applied and reliance is placed
on measurement of soaked sponges. In those
studies where formulae are used to calculate the
final blood loss there can be a number of formulae
used and thus comparison of one study with the
other seems difficult.

The rationale of our study is to compare the
degree of blood loss in patients undergoing total
knee arthroplasty. Our aim is to assess the effect of
tourniquet use on reducing blood loss and to
determine its relevance and the possible risks of its
use in TKA for patients with osteoarthritis.

Methodology

This was a Randomized Controlled Trial
conducted at a The Indus Hospital, Karachi,
Pakistan from January 2015 to September 2015,
which provides free multi-care specialty surgical and
medical care. Approximately 100 bilateral knee
replacement surgeries were performed every year
by the Orthopaedic surgeons. After local IRB
approval, patients were recruited according to the
inclusion criteria. The study included two groups:
one group consisting of 25 patients on whom
tourniquet was used (group A) and the group B in
which no tourniquet was used during total knee
arthroplasty. Several studies indicate that TKA can
be successfully achieved without the use of
tourniquet.12 However, in our study, it was critical to

effectively control intraoperative bleeding using
electrical diathermy and application of pressure with
surgical swabs in the absence of tourniquet inflation
during the procedure. Our sample size was
calculated using OpenEpi (Table-1).

Table 1: Sample size calculation using OpenEpi.

Control Intervention  Sample
Group Group size  per
group with
80%
Mean (SD) power and
90% ClI
Calculated/estimated 1117 (221) 1298 (285) o5

blood loss (ml) (29)

Osteoarthritis is a devastating condition
affecting usually the elderly but younger individuals
are also susceptible.13 In our clinics, many patients
in their mid-thirties present with severe primary
arthritis, which is refractory to treatment. For this
reason, we decided to include all patients of age 40
to 80 years, of either gender, with chronic
osteoarthritis, according to the Kellgren-Lawrence
classification grade 4 of Osteoarthritis."* These
patients did not have any blood or bleeding
disorder, coagulopathy and malignancy, and were
residents of Karachi, Pakistan. Only bilateral knee
arthroplasties were performed in our study, which
were accepted worldwide for the treatment of
bilateral knee ostheoarthritis due its lower cost and
rehabilitation process than staged total knee
arthroplasty.” Tourniquets were applied on both
limbs in patients of both groups, but not inflated in
the intervention group (non-tourniquet).

All patients fulfilling the criteria in the
orthopedic clinic were included in the study.
Informed consent for the surgical procedure
enrollment was taken from the patients, and they
were randomized into one of the two study
arms before the start of surgery. All patients had
tourniquet applied and just before surgical
preparation was started, the envelopes for SNOSE
protocol (Sequentially Numbered, Opaque, Sealed
Envelope) were opened to ascertain which group
they were in.

The exclusion criteria were: total knee
arthroplasty previously performed, patient who did
not give consent to participate, patients<40 years of
age, or unilateral knee replacements.

Blood loss was calculated b¥ means of the
Mercuriali’s formula as follows:'®*

“Estimated blood loss = patient blood volume x
(Hctpreop — HClposiop day 5) + ml of red blood cells
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transfused”, where patient’s blood volume (BV) will
be calculated through the Nadler formula(16)

“‘Male blood volume: 604 + 0.0003668 x [height in
cm]® +32.2 x weight in kg”

“Female blood volume: 183 + 0.000356 x [height in
cm]® + 33 x weight in kg”

In the first group (non-intervention,
tourniquet), the tourniquet was inflated to 350
mmHg after the leg had been elevated and
exsanguinated, and was deflated after closing the
wound and application of compressive dressing. In
group B (intervention, non-tourniquet), the
application of tourniquet took place but it was not
inflated and the electric coagulation was used to
seal active bleeding points along with application of
pressure surgical swabs.

For both groups, A and B, patients had their
knee placed in compressive dressing after applying
wool and crepe bandage to the limb. The wound
dressing was changed as per standard procedure.
The affected limb was elevated to the heart level,
along with placement of ice packs around the
affected knee. Hemoglobin was measured 24 hours
postoperatively and blood was transfused only if Hb
value was less than 9 g/dl. On average, the
immediate post-operative in-hospital stay was 15
days, until skin staples were removed. Most of our
patients don’t have access to physiotherapy and
rehabilitation services, so we do delayed discharges
for this reason. For purposes of calculating the
estimated blood loss, pre-operative complete blood
count as well as post-operative complete blood
count on first and fifth post-op days was noted.
Any blood transfusion done post-surgery due to a
drop in hemoglobin below 9 g/dl was noted along
with the amount of fluid (0.9% Normal Saline/
Ringer's Lactate) given per-operatively and post
operatively.

Table 2: Statistical Analysis.

SPSS version 21.0 was used for data entry
and analyzing. Mean and Standard Deviation for
age, weight and estimated total blood loss in both
groups were calculated. Percentages and
frequencies were calculated for each gender. T-test
was used for blood loss comparison in both groups.
Stratification with respect to age, weight and gender
was done. Post stratification t-test was applied and
a P value less than or equal to 0.05 was considered
significant.

Results

A total of 50 patients were enrolled in the
study for bilateral TKA.

Twenty five patients were randomly enrolled
in tourniquet group and the other half in non-
tourniquet group. 28% patients were male and 72%
were female. There was not much of a difference in
mean age, height and weight of the patients
between both the groups, however significant
difference was noted in the average blood loss
between both the groups (p-value: 0.000). On
average, significantly less blood loss were gauged
in the control group A (tourniquet) than the
intervention  group  (non-tourniquet)  (p-value
=0.005). Group A had a mean blood loss of 604.6
(203.9) ml while Group B had 1010.7 (272.7) ml. In
females, on average, there was significantly less
blood loss in comparison to males (p-value =0.021)
(Table-2).

Discussion

Knee osteoarthritis is identified as the most
common disability in Pakistan with a prevalence of
29.7-37.0 per 1000 people.”® Impaired mobility and
the pain associated with osteoarthritis often results
in considerable reduction of quality of life.> Total

Table Univariate analysis

Study Arm
A B p-value
n Mean (SD) n Mean (SD)
Age in years 25 54.9 (8.7) 25 55.68 (9.77) 0.762
Weight (kg) 25 75.9 (16.06) 25 80.04 (16.0) 0.404
Height (cm) 25 157.5 (10.8) 25 162.1 (8.8) 0.104
Blood loss (ml) 25 604.6 (203.9) 25 1010.7 (272.6) 0.000"
*p-value <0.05, **p-value <0.0001, Independent sample t-test
STUDY_ARM Total
Gender Group A (Tourniquet) Group B (Non-tourniquet) p-value
n (%) n (%) n (%)
Male 5 (20) 9 (36) 14 (28)
Female 20 (80) 16 (64) 36 (72) 0.208
Total 25 (100) 25 (100) 50 (100)

Chi-square test
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knee arthroplasty is the curative treatment for
advanced, severe grade osteoarthritis of the knee
and standard of care.”™ In order to reduce intra-
operative blood loss associated with TKA and to
create a clear surgical field, tourniquets have been
used but is still a matter of debate,'® due to the
guestionable reduction in total blood loss.
Application of tourniquets have been in use since
199 BCE-500 CE.?° The Romans were the first ones
to use tourniquet, specifically during amputation to
reduce bleeding.”* Pneumatic tourniquets were
introduced in 1904, and are also currently in use
with greater modifications.”* Tourniquets also help
decrease the transfusion requirement.”” Needless to
say, the benefits and the advantages of tourniquet
use should be weighed against the risks and
deficiencies.

When comparing TKA with and without
tourniquet, a few variables are considered. Studies
have claimed to have a higher risk of
thromboembolic events in the tourniquet group.
Thromboembolism is a common complication after
TKA and is a challenge of great proportions due to
the morbidity and mortality associated with it."°
According to a meta-analysis, the incidence of
clinical thromboembolic events was lower in patients
managed without a tourniquet.19 Deflation of the
tourniquet right after wound closure was extremely
critical. One study showed no case of DVT in either
group.”®

Table 3: Characteristics of the surgical method.

Total no. of  Timing of No. of  Timing of Post-
patients tourniquet  drains  removing operative
release the drain  dressing
Tourniquet: Late* 2 24-48 Compressive
25 hours dressing,
Non- application of
Tourniquet: wool and
25 crepe
bandages.

*Late: after closure of the wound.

In early post-operative stages of the
intervention group, no substantial difference was
noted in the surgical time, analgesia requirement,
the blood volume collected in the drains, and
postoperative inflammation. There was a difference
noted in the level of pain, assessed on an analog
score, between the two groups at one and six
weeks. Patients with tourniquet reported more pain
on post-operative day one, two, and three.** This
can be attributed to the pressure applied by the
tourniquet on the site during the surgery.” It,
however, did not have any effect on the recovery of
the patient and was only limited to the initial post-

operative period only. It has also been noted that
the knee flexion in the non-tourniquet group is
significantly better at one week but was the same at
six weeks and four months follow up, with no further
improvement (Table-3).23

There is a high risk of concealed blood loss
pertaining to TKA. “Concealed blood loss is defined
as the residual blood in the joint, tissue
extravasation,?® and hemolysis”.?” Blood loss may
result from the raw surface of the distal femoral and
proximal tibial bones, release of the soft tissue injury
area, and reaming of the marrow cavity.®*

There are different studies claiming
contradictory outcomes of a tourniquet on blood loss
following total knee arthroplasty.”*° According to
our study, the intervention group had a relatively
less blood loss in the intervention group (p <0.005).
A probable explanation may be the decreased
operating time in the intervention group. This,
however, is in contrary to the findings of a few
studies,** where the surgeons did not encounter any
technical difficulties when operating without a
tourniquet.

The possible reason that different studies
have produced different outcomes for TKA with
tourniquet is that a number of different formulae
have been used to assess blood loss. A number of
calculating methods have been used for evaluating
blood loss in patients with TKA. Different methods
may vyield different results, which is why there is no
uniformity in the outcomes for blood loss
with/without TKA. A study compared four most
commonly used methods for calculating blood loss
and found large differences among calculations of
blood loss after Primary TKA. These methods
included: 1) Gross equation, 2) Hb- balance, 3)
OSTHEO formula, and 4) Hb-dilution.** According to
this study, results for Gross equation and Hb-
balance were similar but significantly different from
the other two methods.> A study by Bin Li
calculated the blood loss using the formula reported
by Nadler, and showed a difference of 181 ml of
calculated blood loss between the intervention and
control group.” Another study showed a mean
calculated blood loss of only 5 ml between the two
groups.'°

Mercuriali’'s formula was used in our study.
Mercuriali et al. designed this formula on the basis
of hematocrit on fifth post-operative day plus
transfused RBC volume.'” Because individual
factors such as gender, height, weight, and volume
of blood transfusion were taken into consideration,
this equation reflects the actual postoperative blood-
loss to some level. This results in its widespread
application by medical teams, even though it does
not involve Hb-related factors. User-friendliness,
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well reproducibility in routine practice are some of its
advantages.'** Our study had a significant
difference of 406.1 ml between the intervention and
control group.

Because of the intricacy and variability of
the mechanism of perioperative blood-loss from
TKA surgery, different calculation methods may lead
to different blood-loss determinations.® Our study
included the Mercuriali’'s formula, which has been
proven to be accurate in assessing blood loss.****

Our study did have a few limitations, like a
small sample size. More variables, for e.g., post-
operative complications should also be taken into
account.

Total knee arthroplasty is the curative
treatment for advanced osteoarthritis of the knee. In
this manuscript we have explained that the use and
the benefits of tourniquet is safe in TKA and should
be continued due to the improvement in the quality
of life and reduced pain following the surgery.® All
things considered, Mercuriali’'s formula is suitable
for similar studies concerning blood loss associated
with TKA.*

Conflict of interest: None declared.

References

1. Kane RL, Saleh KJ, Wilt TJ, Bershadsky B, Cross llI
WW, MacDonald RM, et al. Total knee replacement.
Evid Rep Technol Assess (Summ). 2003; 86: 1-8.

2. Stevens JE, Mizner RL, Snyder-Mackler L.
Quadriceps strength and volitional activation before
and after total knee arthroplasty for osteoarthritis. J
Ortho Res 2003; 21(5): 775-9.

3. LiuL, Liu H, Zhang H, Song J, Zhang L. Bilateral total
knee arthroplasty: Simultaneous or staged? A
systematic review and meta-analysis. Medicine
(Baltimore) 2019; 98(22): e15931.

4. Khan RM, Albutt K, Qureshi MA, Ansari Z, Drevin G,
Mukhopadhyay S, et al. Time-driven activity-based
costing of total knee replacements in Karachi,
Pakistan. BMJ Open2019; 9(5): e025258.

5. Shah A, Afzal F, Ans M, Ayaz S, Niazi SG, Asim M, et
al. Quality of life before and after total knee arthroplasty
in clinical settings across Lahore, Pakistan. Pak J
Pharma Sci 2019; 32(2 (Suppl)):769-72.

6. Sehat K, Evans R, Newman J. Hidden blood loss
following hip and knee arthroplasty. Bone & Joint J
2004, 86(4): 561-5.

7. Hiippala S, Strid L, Wennerstrand M, Arvela V,
Mantyla S, Ylinen J, et al. Tranexamic acid
(Cyklokapron) reduces perioperative blood loss
associated with total knee arthroplasty. Br J
Anaestha. 1995; 74(5): 534-7.

8. Hollmann MW, Wieczorek KS, Smart M, Durieux ME.
Epidural anesthesia prevents hypercoagulation in
patients undergoing major orthopedic surgery. Reg
Anesth Pain Med 2001; 26(3): 215-22.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Moraca RJ, Sheldon DG, Thirloy RC. The role of
epidural anesthesia and analgesia in surgical
practice. Ann Surg 2003; 238(5): 663-73.
Abdel-Salam A, Eyres KS. Effects of tourniquet
during total knee arthroplasty. A prospective
randomised study. Bone & Joint J 1995; 77(2): 250-3.
Smith TO, Hing CB. Is a tourniquet beneficial in total
knee replacement surgery?: a meta-analysis and
systematic review. The Knee 2010; 17(2): 141-7.
Zhang FJ, Xiao Y, Liu YB, Tian X, Gao ZG. Clinical
effects of applying a tourniquet in total knee
arthroplasty on blood loss. Chinese Med J. 2010;
123(21): 3030-3.

Amoako AO, Pujalte GGA. Osteoarthritis in young,
active, and athletic individuals. Clin Med Insights
Arthritis Musculoskelet Disord. 2014; 7: 27-32.

Kohn MD, Sassoon AA, Fernando ND. Classifications
in Brief: Kellgren-Lawrence Classification of
Osteoarthritis. Clin Orthop Relat Res 2016; 474(8):
1886-93.

Alghadir AH, Igbal ZA, Anwer S, Anwar D.
Comparison of simultaneous bilateral versus
unilateral total knee replacement on pain levels and
functional recovery. BMC Musculosk Disord 2020;
21(1): 246.

Gibon E, Courpied JP, Hamadouche M. Total joint
replacement and blood loss: what is the best
equation? Int Orthop 2013; 37(4): 735-9.

Mercuriali F, Inghilleri G. Proposal of an algorithm to
help the choice of the best transfusion strategy. Curr
Med Res Opin 1996; 13(8): 465-78.

Farooqgi A, Gibson T. Prevalence of the major
rheumatic disorders in the adult population of north
Pakistan. Br J Rheumatol 1998; 37(5): 491-5.

Tai TW, Lin CJ, Jou IM, Chang CW, Lai KA, Yang
CY. Tourniquet use in total knee arthroplasty: a meta-
analysis. Knee Surg Sports Traumatol Arthros 2011;
19(7): 1121-30.

Sharma J, Salhotra R. Tourniquets in orthopedic
surgery. Ind J Orthop 2012; 46(4): 377-83.

Noordin S, McEwen JA, Kragh JF, Jr., Eisen A, Masri
BA. Surgical tourniquets in orthopaedics. J Bone
Joint Surg Am 2009; 91(12): 2958-67.

Watters TS, Levy DL, Kim RH, Miner TM, Dennis DA,
Jennings JM. Tourniquet Application During Total
Knee Arthroplasty Does Not Benefit Perioperative
Blood Loss or Transfusion Requirement with the
Routine Use of Tranexamic Acid. Reconstr Rev 2016;
6(3): 47-7.

Wakankar HM, Nicholl JE, Koka R, D'Arcy JC. The
tourniquet in total knee arthroplasty. A prospective,
randomised study. J Bone Joint Surg Brit. 1999;
81(1): 30-3.

Worland RL, Arredondo J, Angles F, Lopez-Jimenez
F, Jessup DE. Thigh pain following tourniquet
application in simultaneous bilateral total knee
replacement arthroplasty. J Arthrop 1997; 12(8): 848-
52.

Vandenbussche E, Duranthon LD, Couturier M,
Pidhorz L, Augereau B. The effect of tourniquet use
in total knee arthroplasty. Int Orthop 2002; 26(5):
306-9.

64 Pakistan Journal of Medical Research, 2020 (April-June)



26.

27.

28.

29.

30.

31.

32.

33.

34.

Pakistan Journal of Medical Research, 2020 (April-June)

Mansoor Ali Khan, Muhammad Amin Chinoy, Rida Mohammad Gareeb, Syed Kamran Ahmed

Erskine J, Fraser C, Simpson R, Protheroe K, Walker
I. Blood loss with knee joint replacement. J Royal Coll
Surg Edinbur 1981; 26(5): 295-7.

Pattison E, Protheroe K, Pringle R, Kennedy A, Dick
WC. Reduction in haemoglobin after knee joint
surgery. Ann Rheum Dis 1973; 32(6): 582.

Good L, Peterson E, Lisander B. Tranexamic acid
decreases external blood loss but not hidden blood
loss in total knee replacement. Br J Anaesth 2003;
90(5): 596-9.

Li B, Wen Y, Wu H, Qian Q, Lin X, Zhao H. The effect
of tourniquet use on hidden blood loss in total knee
arthroplasty. Int Orthop 2009; 33(5): 1263-8.

Tetro AM, Rudan JF. The effects of a pneumatic
tourniquet on blood loss in total knee arthroplasty.
Canad J Surg 2001; 44(1): 33.

Abdel-Salam A, Eyres K. Effects of tourniquet during
total knee arthroplasty. A prospective randomised
study. Bone Joint J 1995; 77(2): 250-3.

Gao FQ, Li ZJ, Zhang K, Sun W, Zhang H. Four
Methods for Calculating Blood-loss after Total Knee
Arthroplasty. Chin Med J 2015; 128(21): 2856-60.
Gibon E, Courpied J-P, Hamadouche M. Total joint
replacement and blood loss: what is the best
equation? Int Orthop 2013; 37(4): 735-9.

Tengberg PT, Foss NB, Palm H, Kallemose T,
TroelsenA . Tranexamic acid reduces blood loss in
patients with extracapsular fractures of the hip:
results of a randomised controlled trial. Bone Joint J
2016; 98-B(12): 1711-2.

65



