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Abstract

Background: The tourniquet is a common medical instrument used in total
knee arthroplasty (TKA). However, there has always been a debate about the
use of a tourniquet. The purpose of our study was to compare blood loss and
the need for transfusion in primary total knee replacement performed with or
without a tourniquet. Materials and Methods: Using the aforementioned
criteria, 150 cases were identified and their clinical notes were reviewed.
These patients were then divided into two cohorts depending on whether a
tourniquet was used or not. All TKRs also utilised a standardised interventions
protocol including withholding of anticoagulants and antiplatelet medications,
topical adrenaline injection, and both IV and topical tranexamic acid.
Outcomes measured were estimated intra-operative blood loss, overall blood
loss through comparison of pre and post-operative haemoglobin laboratory
values, and the need for post-operative blood transfusion. Result: The
majority of the patients underwent operations without the use of a tourniquet
and in both groups’ females’ outnumbered males. Spinal anaesthesia was more
common in both study groups and no significant difference was observed in
the American Society of Anaesthesiologists physical status classification
(ASA). Participants in the tourniquet group had less intra-operative blood loss,
since almost half of them experienced minimal blood loss. Transfusion
requirements were also similar among the groups (4.8% vs. 5.8%) and no
tendency was suggested towards an increased rate of transfusion in the non-
tourniquet group. Conclusion: Although estimated intra-operative blood loss
is increased without a tourniquet, total blood loss as measured by haemoglobin
levels is no different for primary TKRs that use a tourniquet and those that do
not. Furthermore the post-operative blood transfusion rates are not
significantly different between the two groups.

INTRODUCTION

and tourniquet application.’®1 Blood loss and
consequent anemia may have several undesirable
effects both on mortality and morbidity, such as

Total knee arthroplasty (TKA) is an effective
solution for patients with end-stage knee
osteoarthritis.l!! Total knee arthroplasty may lead to
serious blood loss that may necessitate a blood
transfusion. During a TKA operation, up to 2,200
mL blood loss has been reported in previous
studies.>®! Various pre-, intra-, and postoperative
strategies are used to reduce blood loss during TKA.
Preoperative methods include iron therapy,
administration of erythropoietin, and autologous
blood donation.®! Intraoperative methods can be
listed as hypotensive anesthesia, local or systemic
tranexamic acid (TXA) administration, cell salvage,

prolonged length of hospital stay, difficulty in
achieving rehabilitation goals, and even death.

A recent study of the American Association of Hip
and Knee Surgeons found that approximately 95%
of surgeons used tourniquets during TKA.EI
However, there has always been a debate about the
pros and cons of tourniquet use.’! For supporters,
the tourniquet has several advantages in TKA: (1) a
tourniquet can provide a bloodless field of view for
surgery, (2) a tourniquet may help reduce
intraoperative blood loss and improve cement
penetration, and (3) a tourniquet could also shorten
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the operation time.l’® The disadvantages of
tourniquet use mainly include damaging blood
vessels and local soft tissue and increasing
fibrinolytic activity.['

Although tranexamic acid can decrease fibrinolytic
activity, when combined with the use of a
tourniquet, fibrinolytic activity will increase.*?l A
tourniquet can also lead to local tissue swelling or
hypoxia, which then affects wound healing,*%*%! and
produces more pain in the immediate post-operative
surgery. Applying a tourniquet to the quadriceps
femoris can affect the intraoperative patellar
tracking and disturb the surgeon’s judgment of this
movement. Tourniquets are also thought to be
associated with an increased risk of deep vein
thrombosis (DVT), wound infection or poor healing,
postoperative dysfunction, and increased blood
loss.'®1 Moreover, some studies found that the use
of a tourniquet may increase postoperative hidden
blood loss.["]

Improved pain scores when a tourniquet has not
been used have been documented. This is presumed
to be due to the lack of ischaemic injury to the limb
as well as the crush injury to the musculature. 8201
There is also recent evidence that when a tourniquet
is not used the quadriceps musculature maintains a
greater degree of strength, and the knee has a better
range of movement.[*%21 These factors can all
improve patient recovery.?*22 The above findings
and modern surgical and anaesthetic techniques
have resulted in a trend to reduce the tourniquet time
or even perform the surgery without a tourniquet.
The purpose of our study was to compare blood loss
and the need for transfusion in primary total knee
replacement performed with or without a tourniquet.
Our hypothesis was that there would be no
difference in overall blood loss when implementing
our standard practices for TKR without a tourniquet.

MATERIALS AND METHODS

Present study of all primary cemented TKRs carried
out at tertiary care teaching institute of India for the
duration of 1 year.

Our inclusion criteria were that of any standard
primary cemented TKRs. Patients with incomplete
or inadequate medical records were excluded from
the study. Patients with a history of hematological or
coagulation disorders and thromboembolic events
were also excluded.

Using the aforementioned criteria, 150 cases were
identified and their clinical notes were reviewed.
These patients were then divided into two cohorts
depending on whether a tourniquet was used or not.
For the purpose of our study any use of a tourniquet
during the procedure put the patient in the
tourniquet group. On reviewing the preoperative
assessment notes, all patients who were on
anticoagulant medication (including
corticosteroids), as well as any patients who had an
underlying bleeding disorder were identified, and

were a considered part of the analysis. All primary
TKRs in our institution undergo several standard
interventions that have a bearing on blood loss
during the operation.

Anti-coagulants are maintained or stopped prior to
surgery as per a standard protocol. Low dose (75
mg) aspirin and corticosteroids can be continued up
to and beyond the time of the operation.
Dipyridamole is discontinued 48 hrs before the
operation, while Factor Xa inhibitors like
rivaroxaban and apixaban are discontinued 3 days
before surgery. Warfarin is stopped 5 days before
surgery, with conversion to dalteparin if bridging
anticoagulation is required. Clopidogrel is stopped 7
days before surgery.

A long acting local anaesthesia with adrenaline mix
is injected intra-operatively. This consists of 150 ml
of 2 mg/ml Naropin, with 1 ml of 1 in 1000
adrenaline, and 1 ml of 30 mg/ml ketorolac if renal
function allows. This mixture is given at the start of
the operation with 50 ml subcutaneously. A further
50 ml is infiltrated into the posterior joint capsule
after the bony cuts have been made, and a final
50mls is infiltrated into the musculature and
subcutaneous tissue during wound closure.

One gram of transexamic acid is given intravenously
10 minutes before surgery is commenced. A further
gram of topical tranexamic acid in 100 ml of normal
saline is applied topically while the cement was
curing. Our orthopaedic department’s standard
thromboprophylaxis involved a first dose of 5000
units of dalteparin given subcutaneously at 6 hours
after surgery.

Data was collected on estimated intra-operative
blood loss, measured changes in haemoglobin (Hb)
levels, and whether a post-operative transfusion was
required. Estimated blood loss is classified within
our institution as minimal, under 100 ml, under 250
ml, between 250 to 500 ml, between 500 to 750 ml,
and over 750 ml. It is calculated from the quantity of
blood accumulated in the suction catheters (minus
wash used), the weight of blood soaked surgical
swabs, and views of how blood stained the surgical
drapes are. Pre and post-operative haemoglobin
(Hb) levels were retrieved from the pathology
results electronic database within our institution.
These blood samples were taken at the pre-operative
assessment and 24-48 hours post surgery
respectively. The difference between the two values
of Hb indicates the actual blood loss for the
perioperative period.

Statistical Analysis

The recorded data was compiled and entered in a
spreadsheet computer program (Microsoft Excel
2007) and then exported to data editor page of SPSS
version 15 (SPSS Inc., Chicago, Illinois, USA). For
all tests, confidence level and level of significance
were set at 95% and 5% respectively.
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RESULTS

Our final analysis included 150 patients who had
undergone total knee replacement. Baseline
characteristics of the participants are presented in
[Table 1].

Upon comparison of the two cohorts with regard to
baseline characteristics, no significant differences
were noted. The majority of the patients underwent
operations without the use of a tourniquet and in
both groups’ females’ outnumbered males. Spinal
anaesthesia was more common in both study groups
and no significant difference was observed in the
American Society of Anaesthesiologists physical
status classification (ASA). Most of the participants
were classified as ASA 2, whereas one participant in
each group was characterized as ASA 4. More
importantly, no statistical difference was detected in
the percentage of patients receiving anticoagulants
or antiplatelets; therefore minimising potential
confounding factors. Most of the participants were
receiving aspirin, while almost a quarter were using
clopidogrel. Estimated blood loss and data related to
other surgical parameters are presented in Table 2.
Upon comparison of the estimated blood loss

between the two cohorts, statistical significance was
noted (p < 0.001), hence a post hoc analysis was
performed utilizing the Bonferroni correction.
Participants in the tourniquet group had less intra-
operative blood loss, since almost half of them
experienced minimal blood loss (p< 0.001), hence a
post hoc analysis was performed utilizing the
Bonferroni correction. Participants in the tourniquet
group had less intra-operative blood loss, since
almost half of them experienced minimal blood loss.
On the contrary, most of the patients in the non-
tourniquet group (49%) were classified as having
blood loss between 250-500 ml (p<0.05).

The pre- and post-operative Hb levels were
comparable among the groups. A slightly higher Hb
level was evident pre-operatively in the non-
tourniquet group, however this was not deemed
statistically significant (p=0.058). Transfusion
requirements were also similar among the groups
and no tendency was suggested towards an
increased rate of transfusion in the nontourniquet
group. Finally the analysis of the Hb drop (g/dl)
after surgery, revealed that the use of a tourniquet
had no significant effect (p>0.05) [Table 2].

Table 1: Characteristics of patients undergoing total knee replacement

Variables | Tourniquet N=50 (%) | No tourniquet N=100 (%) [ P value
Gender

Male 16 (32) 34 (34) 0.10
female 34 (68) 66 (66)

Anesthesia

Spinal 41(82) 90 (90) 0.65
General 9 (18) 10 (10)

ASA

1 10) 0) 0.20
2 36 (72) 78 (78)

3 12 (24) 17 (17)

4 12 1)

Statistically significance at p<0.05

Table 2: Estimated blood loss and other surgical parameters in patients undergoing total knee arthroplasty

Variables | Tourniquet N=50 (%) | No tourniquet N=100 (%) | P value
Estimated blood loss (milliliters)

Minimal 24 (48) 15 (15)

<250 15 (30) 33(33) 0.001*
250-500 10 (20) 49 (49)

500-750 12 3(3)

Haemoglobin drop (g/dl) 23.618.70 25.248.5 0.45
Haemoglobin, pre-operative levels (g/dl) 128.70+12.90 132.40+11.5 0.05*
Haemoglobin, post-operative levels (g/dl) 103.9+11.20 107.10+12.40 0.24

*indicates statistically significance at p<0.05

DISCUSSION

Our results indicate that more intra-operative blood
loss occurs when a tourniquet is not used for
primary TKR, but that overall blood loss (calculated

by haemoglobin fall) is the same whether a

tourniquet is used or not. Furthermore there was no
difference in the transfusion rates between the two
cohorts.

These findings are in keeping with recent
metaanalyses.??4  Our equivalent blood loss
finding is further supported by a number of studies,

including studies comparing short and long duration
tourniquet use.?>281 For this to occur post-operative
blood loss must be greater when a tourniquet is
used. The underlying mechanism as to why this is
the case is still not fully understood, though a
number of explanations have been postulated.
Larsson et al. noted back in the 1970’s that when a
tourniquet is released there is an increased reactive
blood flow to the limb.[?°! This effect was found to
peak 5 minutes after tourniquet release, though
persisted for several hours. Wakankar et al reported
that this reactive hyperaemia can contribute to limb
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swelling and increased soft tissue tension after a
tourniquet release, which in turn may explain the
increased wound pain that this group of patients
feel.B% When all the strategies of this blood
management protocol are followed, additional use of
tourniquet does not have any statistically significant
effect on the amount of blood loss. Orthopedic
surgeons must be careful during major surgical
procedures such as primary TKA in JW patients,
and all blood loss prevention measures should be
taken whenever possible to avoid life-threatening
anemia.

The evolution of reducing tourniquet use in TKR
has coincided with other techniques to control blood
loss being developed. Comparison with earlier
studies may not be valid given that these techniques
may have evolved over time. It may be that these
have tipped the balance in terms of blood loss in the
operative field that means not using a tourniquet is
possible. It must also be noted that our measurement
of intra-operative blood loss is based on a series of
somewhat subjective estimations, and is therefore
open to inaccuracies. Other articles also describe
measuring intra-operative blood loss based on the
increased weight of the gauzes used and measuring
the volume of blood aspirated.[>4 These inevitable
estimates are likely to be the best achievable.

Using a tourniquet for TKR does confer some
benefits in the form of decreased operative time,
although this was not specifically examined by our
study.[3334  Another quoted benefit to using a
tourniquet is that better cementing technique is
enabled by improved cement penetration into
bone.33 However, recent studies have refuted these
claims. A randomised controlled trial by Ledin et al,
demonstrated no difference using radiostereometric
X-ray analysis at two years for implant migration.[*9
Vertullo et al evaluated radiographic evidence for
cement penetration in the immediate post-operative
period.® They also found no significant difference
between the tourniquet and no tourniquet groups.
Although it is beyond the scope of this study to
expand upon the numerous complications associated
with the use of a tourniquet, they are worth briefly
mentioning. There are reports of increased risk of
thromboembolism, and of cardiac, pulmonary and
cerebral microemboli.®%4! Preoperative coexisting
diseases, such as  atherosclerosis, blood
hypercoagulability, poor blood glucose, or
uncontrolled blood pressure, were associated with
the increasing incidence of postoperative
complications. Tourniquets should be avoided in
these patients.

CONCLUSION

Although estimated intra-operative blood loss is
increased without a tourniquet, total blood loss as
measured by haemoglobin levels is no different for
primary TKRs that use a tourniquet and those that
do not. Furthermore the post-operative blood

transfusion rates are not significantly different
between the two groups. More research is needed to
determine if there are fewer complications without
the use of tourniquets in TKA surgery.

REFERENCES

1. Themistoklis T, Theodosia V, Konstantinos K, Georgios DI.
Perioperative blood management strategies for patients
undergoing total knee replacement: Where do we stand now?
World J Orthop 2017;8:441-54.

2. Khnight JL, Sherer D, Guo J. Blood transfusion strategies for
total knee arthroplasty: minimizing autologous blood
wastage, risk of homologous blood transfusion, and
transfusion cost. J Arthroplasty 1998;13:70-6.

3. Liu D, Dan M, Martinez Martos S, Beller E. Blood
Management Strategies in Total Knee Arthroplasty. Knee
Surg Relat Res 2016;28:179-87.

4. Noticewala MS, Nyce JD, Wang W, Geller JA, Macaulay W.
Predicting need for allogeneic transfusion after total knee
arthroplasty. J Arthroplasty 2012;27:961-7.

5. Mylod AG Jr, France MP, Muser DE, Parsons JR.
Perioperative blood loss associated with total knee
arthroplasty. A comparison of procedures performed with
and without cementing. J Bone Joint Surg [Am]
1990;72:1010-2.

6. Lu Q, Peng H, Zhou GJ, Yin D. Perioperative blood
management strategies for total knee arthroplasty. Orthop
Surg 2018;10:8-16.

7. Cai DF, Fan QH, Zhong HH, Peng S, Song H. The effects of
tourniquet use on blood loss in primary total knee
arthroplasty for patients with osteoarthritis: a metaanalysis. J
Orthop Surg Res 2019;14:348.

8. Berry DJ, Bozic KJ. Current practice patterns in primary hip
and knee arthroplasty among members of the American
Association of Hip and Knee Surgeons. J Arthroplast.
2010;25(6 Suppl):2—4.

9. Jarolem KL, Scott DF, Jaffe WL, et al. A comparison of
blood loss and transfusion requirements in total knee
arthroplasty with and without arterial tourniquet. Am J
Orthop (Belle Mead NJ). 1995;24(12):906-9.

10. Parvizi J, Diaz-Ledezma C. Total knee replacement with the
use of a tourniquet: more pros than cons. Bone Joint J.
2013;95-b(11 Suppl A):133-4.

11. Alcelik I, Pollock RD, Sukeik M, et al. A comparison of
outcomes with and without a tourniquet in total knee
arthroplasty: a systematic review and meta-analysis of
randomized controlled trials. J Arthroplast. 2012; 27(3):331-
40.

12. Schnettler T, Papillon N, Rees H. Use of a tourniquet in total
knee arthroplasty causes a paradoxical increase in total blood
loss. J Bone Joint Surg Am. 2017;99(16):1331-6.

13. Palmer SH, Graham G. Tourniquet-induced rhabdomyolysis
after total knee replacement. Ann R Coll Surg Engl.
1994;76(6):416-7.

14. Carroll K, Dowsey M, Choong P, et al. Risk factors for
superficial wound complications in hip and knee
arthroplasty. Clin Microbiol Infect. 2014;20(2): 130-5.

15. Weber AB, Worland RL, Jessup DE, et al. The consequences
of lateral release in total knee replacement: a review of over
1000 knees with follow up between 5 and 11 years. Knee.
2003;10(2):187-91.

16. Rama KR, Apsingi S, Poovali S, et al. Timing of tourniquet
release in knee arthroplasty. Meta-analysis of randomized,
controlled trials. J Bone Joint Surg Am. 2007;89(4):699-705.

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

18. Ejaz A, Laursen AC, Kappel A, Laursen MB, Jakobsen T,
Rasmussen S, Nielsen PT. Faster recovery without the use of
a tourniquet in total knee arthroplasty. Acta Orthop.
2014;85:422-6.

19. Ledin H, Aspenberg P, Good L. Tourniquet use in total knee
replacement does not improve fixation, but appears to reduce
final range of motion. Acta Orthop. 2012;83:499-503.

157

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Dennis DA, Kittelson AJ, Yang CC, Miner TM, Kim RH,
Stevens-Lapsley JE. Does Tourniquet Use in TKA Affect
Recovery of Lower Extremity Strength and Function? A
Randomized Trial. Clin Orthop Relat Res. 2016;474:69-77.
Guler O, Mahirogullari M, Isyar M, Piskin A, Yalcin S,
Mutlu S, Sahin B. Comparison of quadriceps muscle volume
after unilateral total knee arthroplasty with and without
tourniquet use. Knee Surg Sports Traumatol Arthrosc.
2016;24:2595- 605.

Mizner RL, Petterson SC, Snyder-Mackler L. Quadriceps
strength and the time course of functional recovery after total
knee arthroplasty. J Orthop Sports Phys Ther. 2005;35:424—
36.

Yi S, Tan J, Chen C, Chen H, Huang W. The use of
pneumatic tourniquet in total knee arthroplasty: a meta-
analysis. Arch Orthop Trauma Surg. 2014;134:1469-76.
Zhang W, Ning L, Chen S, Tan Y, Al-Aidaros M, Chen L.
The effects of a tourniquet used in total knee arthroplasty: a
meta-analysis. J Orthop Surg Res. 2014;9:13.

Abdel-Salam A, Eyres KS. Effects of tourniquet during total
knee arthroplasty: a prospective randomised study. J Bone
Joint Surg [Br]. 1995;77:250-3.

Smith TO, Hing CB. Is a tourniquet beneficial in total knee
replacement surgery? A meta-analysis and systematic
review. Knee. 2010;17:141-7.

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;33:1263-8.

Tetro AM, Rudan JF. The effects of a pneumatic tourniquet
on blood loss in total knee arthroplasty. J Canadien de
Chirurgie. 2001;44:33-8.

Larsson J, Lewis DH, Liljedahl SO, Lofstrom JB. Early
biochemical and hemodynamic changes after operation in a
bloodless field. Eur Surg Res. 1977;9:311-20.

Wakankar HM, Nicholl JE, Koka R, D’Arcy JC. The
tourniquet in total knee arthroplasty:a prospective,
randomised study. J Bone Joint Surg Br. 1999;81(1):30-3.
Alcelik 1, Pollock RD, Sukeik M, Bettany-Saltikov J,
Armstrong PM, Fismer P. A comparison of outcomes with
and without a tourniquet in total knee arthroplasty: a
systematic review and meta-analysis of randomized
controlled trials. J Arthroplasty. 2012;27:331-40.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rama KR, Apsingi S, Poovali S, Jetti A. Timing of
tourniquet release in knee arthroplasty. Metaanalysis of
randomized controlled trials. J Bone Jt Surg Am.
2007;89(4):699-705.

Parvizi J, Diaz-Ledezma C. Total knee replacement with the
use of a tourniquet: more pros than cons. Bone Jt J.
2013;95(11):133-4.

Hernandez AJ, Almeida AM, Favaro E, Sguizzato GT. The
influence of tourniquet use and operative time on the
incidence of deep vein thrombosis in total knee arthroplasty.
Clinics (Sao Paulo) 2012;67(9):1053-7.

Vertullo CJ, Nagarajan M. Is cement penetration in TKR
reduced by not using a tourniquet during cementation? A
single blinded, randomized trial. J Orthop Surg.
2017;25(1):1-7.

Wauke K, Nagashima M, Kato N, Ogawa R, Yoshino S.
Comparative study between thromboembolism and total knee
arthroplasty with or without tourniquet in rheumatoid
arthritis patients. Arch Orthop Trauma Surg. 2002;122:442—
6.

Reikeras O, Clementsen T. Time course of thrombosis and
fibrinolysis in total knee arthroplasty with tourniquet
application. Local versus systemic activations. J Thromb
Thrombolysis. 2009;28:425-8.

Parmet JL, Horrow JC, Berman AT, Miller F, Pharo G,
Collins L. The incidence of large venous emboli during total
knee arthroplasty without pneumatic tourniquet use. Anesth
Analg. 1998;87:439-44.

Hirota K, Hashimoto H, Tsubo T, Ishihara H, Matsuki A.
Quantification and comparison of pulmonary emboli
formation after pneumatic tourniquet release in patients
undergoing reconstruction of anterior cruciate ligament and
total knee arthroplasty. Anesth Analg. 2002;94:1633-8.
Parmet JL, Horrow JC, Singer R, Berman AT, Rosenberg H.
Echogenic emboli upon tourniquet release during total knee
arthroplasty:pulmonary hemodynamic changes and embolic
composition. Anesth Analg. 1994;79:940-5.

Sulek CA, Davies LK, Enneking FK, Gearen PA, Lobato
EB. Cerebral microembolism diagnosed by transcranial
Doppler during total knee arthroplasty: correlation with
transesophageal echocardiography. Anesthesiology.
1999;91:672-6.

158

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



