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Evaluation of Short-term Effects of Tourniquet Release Time on Postoperative
Hemoglobin Levels in Patients Undergoing Total Knee Arthroplasty

Abstract
Background: Although the tourniquet is frequently used in total knee arthroplasty (TKA), there is no definitive
agreement on the tourniquet's release time. The purpose of this study was to determine the effect of the
tourniquet release time on postoperative hemoglobin levels in TKA patients.
Methods: For one year, patients undergoing TKA were randomly assigned to one of two groups: early release
tourniquets (tourniquets opened immediately after cementation) and late release tourniquets (tourniquets
opened after wound dressing). Hemoglobin levels were determined and compared before and one week
following surgery. Additionally, the duration of surgery, the need for blood transfusions, and early wound
complications were compared between the two groups.
Results: The mean duration of surgery in the early release group was 82+11.2 minutes, while in the late
release group, this was 73+14 minutes (P<0.001). Hemoglobin levels decreased by 1.8+0.82 and 1.1+0.71,
respectively, in the first group, and by 1.4+0.94 and 0.6%+0.82, in the second group. In this study, the
tourniquet group required more blood transfusions due to their early release (four cases in the first group and
two in the second group). Nonetheless, the difference was not statistically significant.
Conclusion: In patients undergoing TKA, releasing the tourniquet after wound dressing can reduce surgery
time and hemoglobin levels.
Keywords: Tourniquets, Knee Replacement Arthroplasty, Hemoglobins , Knee, Hemorrhage

Received: 4 months before printing; Accepted: 20 days before printing

*S Keyhani , MD; **K Asadi, MD; ***A Moradi, MD; **M Soleimanha, MD

Introduction

Tourniquets are frequently used in total knee arthroplasty (TKA) to improve
operative vision, minimize intraoperative bleeding, facilitate the cementing
process, and significantly reduce the surgical time (80-90%) in TKAs ™ 2.
Nonetheless, this procedure has been associated with various complications,
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including neuromuscular injuries, increased postoperative pain, delayed wound
healing, rhabdomyolysis and necrosis of the thigh's subcutaneous fat tissue,
increased risk of thromboembolism, and decreased joint range of motion 3-6),
There is no clear consensus concerning the appropriate time to use tourniquets.
However, the timing of tourniquet release can significantly impact clinical
outcomes, particularly postoperative blood loss . There are two types of
tourniquet release in TKAs, each with its own set of supporters and critics:
tourniquet release during cemented TKA and before wound closure for
hemostasis (early tourniquet release), and tourniquet release following wound
closure and the application of compression dressing (late tourniquet release).
Reduced tourniquet time and its release after cementing and before wound
closure can result in decreased postoperative blood loss, pain relief, faster
recovery of knee function, and a decreased occurrence of wound complications
and infection, particularly in reoperation due to potential severe vascular injury
during surgery /8.
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Nevertheless, some studies have shown that
tourniquet release after wound closure can
significantly reduce blood loss and shorten
the duration of TKA © . The purpose of this
study was to determine the effect of early and
late tourniquet release on postoperative
hemoglobin levels in TKA patients. The aim
was to determine whether using a tourniquet
and its delayed release effectively reduced
blood loss, resulting in milder levels of
hemoglobin  decrease  following  TKA.
Additionally, this technique did not increase
the risk of developing early wound

complications.

This study was a retrospective comparative
study of patients who underwent TKA
between 2018 and 2019. The inclusion criteria
were 50-85 years of age and candidacy for
TKA. On the other hand, patients with a body
mass index (BMI) greater than 45kg/m2,
patients with coagulation disorders, a history
of bleeding disorders, a history of deep vein
thrombosis (DVT), thromboembolic
complications, preoperative anemia requiring
blood transfusion (hemoglobin less than
10mg/1), a history of TKA in the same knee,
bilateral TKA, and patients with severe knee
deviation were excluded (varus higher than 15
degrees, flexion contracture higher than 20
degrees).

Patients were randomly assigned to one of
two groups (alternate selection). The first
group consisted of patients who underwent
TKA with early tourniquet release, which
involved cementing, tourniquet release, and
bloodletting, followed by wound closure. The
second group (late tourniquet release) had
the tourniquet released after surgery and
immediately after wound closure and
compression dressing. The sample size was
estimated to be 64 per group based on
research conducted by Soleimanpoor et al. !
at a 95% confidence level plus 90% test level
and considering the clinical difference of
1mg/| of postoperative hemoglobin.

1-a = %95 Z e = ZLuss=1.96

1-B = %90 Z1-p=7990=1.28
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Mean + SD=11.43+1.77
d= Expected significance (expected clinical

difference) = 1mg/|
2(Zy—get Ze-p)® (5,%) 2 (L96+128)" (L75%)
d: - 1:

n=

=64

Initially, participants were informed of the
study's objectives, and tourniquets were
applied to both groups following patient
preparation and spinal/epidural anesthesia
administration. Furthermore, a medial
parapatellar approach was used to perform
knee arthroplasty. All patients received an
intravenous injection of 1g of tranexamic acid
following tourniquet release. The two groups
were homogenous in terms of postoperative

antibiotics and rehabilitation protocols.
Additionally, low-molecular-weight heparin
(LMWH) was used to prevent

thromboembolic diseases (TED) under the
brand name Enoxaparin sodium 4000U.|
(40mg). LMWH was initiated 24 hours after
surgery and continued every day for the next
two weeks. Afterward, 80mg of ASA was
administered every 12 hours for four weeks.

Immediately after surgery, postoperative
rehabilitation started, which included walking,
ankle pump exercise, active isometric

extension,and a 0 to 30-degree passive flexion.
The same surgical team performed all surgical
procedures in both groups, and the same type
and brand of knee prosthesis were used (Sigma-
P.S TKA Depuy Synthes, Warsaw, IN).

In addition, both groups were fitted with a
lower limb air tourniquet system (micro-base
digital tourniquet, Ryan Sanat, Iran). Both
groups also used a lower extremity pneumatic
tourniquet system(micro-base digital tourniquet
device, Raeen Co., Iran). The length of each
group's surgery was recorded, and hemoglobin
(Hb) levels were measured before, 24 hours
after, and one week after the procedure.
Moreover, based on clinical and laboratory
indicators, the surgeon determined the
number of cases requiring blood transfusion
during or after surgery. Blood transfusions
were administered to patients with
hemoglobin levels below 8g/dl or symptoms
of anemia such as dizziness, nausea, asthenia,
mucosal paleness, and a hemoglobin level
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between 8 and 9g/dl “?. Early wound
complications were also assessed by the
surgeon and the level of infection and wound
healing. The surgeon also assessed early
wound complications or a delay of more than
two weeks in wound healing plus any other
postoperative complications.

The data were analyzed in SPSS version 24
using an independent t-test (to compare the
two groups in terms of surgery duration,
preoperative hemoglobin levels, and their
changes 24 hours and one week after
surgery), the Shapiro-Wilk test (to determine
the distribution of hemoglobin levels), and
Fisher's exact test (to compare the need for
blood transfusion). Notably, a P-value of less
than 0.05 was deemed statistically significant.

The study enrolled a total of 128 patients (92
women and 36 men), with a mean age of
66.5+7.4 years (minimum and maximum ages
of 56 and 82 years, respectively). Patients
were randomly assigned to one of two 64-
member groups for TKA with early tourniquet
release or TKA with late tourniquet release.
The mean duration of tourniquet use was
reported to be 5917 minutes in the first and
68114 minutes in the second group.
According to Table 1, there were no
significant differences in the demographic
characteristics of the participants before and
after surgery between groups (Table 1).

Table 1. Preoperative characteristics in both
groups of patients

Early Late i
Grou tourniquet tourniquet
° releasz releasz value
Gender 19.45 21.43 n.s
(male/female)
Age (year) 68.314.6 67.414.6 n.s

BMI (kg/m°) 31.842.8 33.1+4.1 n.s
Preoperative 12.2+1.5 12.4+1.3 n.s
hemoglobin

level (g/1)

The difference in hemoglobin levels between
the two groups is shown in Table 2. According
to the results, the late tourniquet release
group experienced significantly less blood loss
than the early release group (P<0.001).
Additionally, hemoglobin levels decreased by
1.8+0.82 in the early release group and
1.1+0.71 in the late release group, up to 24
hours after surgery, deemed statistically
significant (P<0.001). Furthermore, there was
a significant difference in hemoglobin
decrease levels between the groups up to one
week after surgery (1.4+0.94 and 0.6+0.82,
respectively, in the early and late tourniquet
release groups). Six patients required blood
transfusions in total. In Table 3, the number of
cases requiring a blood transfusion is
compared between the two groups.

Table 2. The rate of blood loss in patients of the
two groups of patients

Early Late P-
tourniquet  tourniquet value*
release release
Preoperative 12.2+1.5 12.4+1.3 0.424
Hb level (g/1)
Level of Hb 10.4+1.1 11.3+£2.1 0.005
decrease 24
hours after
surgery (g/dL)
Level of Hb 1.8+0.82 1.1+0.71 <0.00
decrease 24 1

hours after the

surgery (g/dL)

Level of Hb 10.8%+1.5 11.8t£1.6 <0.00
decrease one 1
week after the

surgery (g/dL)

Level of Hb 4.1+0.94 0.6£0.82 <0.00
decrease one 1
week after the

surgery (g/dL)

*Independent T-test

Table 3. Comparison of both groups in the number of cases requiring a blood transfusion

Early tourniquet release group
Late tourniquet release group
P-value*

* Fisher's Exact Test

—

Patients in need of blood transfusion N (%)
4 (6.25%)

2 (3.12%)

0.340
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The surgery was reported to take 82+11.2
minutes (70-105) and 73+14 minutes (55-85)
in the early and late tourniquet release
groups, respectively, demonstrating a
significant difference in this regard (P<0.001).
Concerning wound discharge and pain, the
two groups were almost identical. Only one
patient in the late tourniquet release group
was transferred to the operating room for
DAIR (debridement and replacement of
polyethylene), eight days after surgery, due to
the persistence of serous secretions. After six
weeks of antibiotic therapy under clinical and
laboratory supervision, the infection was
eliminated.

While tourniquets reduce intraoperative
bleeding in general, the effect of various
tourniquet release strategies on
postoperative blood loss is not entirely clear
10.13) The most significant finding in this study
was that patients who received tourniquet
release following wound closure and
compression dressing had a shorter TKA and
experienced less postoperative hemoglobin
loss. However, in terms of early
complications, the two groups were nearly
identical. Zhang et al. discovered that early
tourniquet release increased intraoperative
blood loss .

In another study, Kvederas et al. discovered
that the group that received a tourniquet
after closing an open wound experienced the
least blood loss ®. Tai et al. found that study
bias and a lack of agreement regarding the
effect of tourniquets on blood loss could be
attributed to the use of differing blood loss
measurement techniques. The majority of
studies have calculated intraoperative blood
loss using the amount of blood collected in
suction canisters *°. According to Sehat et al.,
blood loss during TKA was both visible and
hidden, suggesting that hidden blood loss
accounted for 50% of total blood loss,
attributed to homeostasis *.

Tourniquet release immediately following
cementing results in blood leakage at the
surgical site, lengthening the procedure.
According to the current study's findings, the

—
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late tourniquet release group's surgery
duration was significantly shorter than the
other group. In another study, Zan et al.
discovered a significant correlation between
the tourniquet release time and the duration
of surgery ®. According to a meta-analysis
conducted by Zhang et al., late tourniquet
release may reduce surgery duration. On the
other hand, early tourniquet removal reduced
the risk of complications *.

According to Thorey et al., while no significant
difference in postoperative blood loss or
increased complications was observed
between the groups six months after surgery,
the duration of surgery was significantly
shorter in the late tourniquet release group.
As a result, these scholars recommended that
a tourniquet be applied following wound
closure to avoid the possibility of prolonged
anesthesia **. Each additional ten minutes of
tourniquet time resulted in an increased risk
of complication ™. In another study, Tie et al.
proposed that tourniquet release for
homeostasis before wound closure compared
to after wound closure in TKA procedures
with cementing could reduce the risk of
overall complications (28), Therefore, if the
patient is severely anemic, releasing the
tourniquet following wound closure may be a
better option to minimize blood loss.
Otherwise, it is recommended to apply the
tourniquet before closing the wound to
minimize the risk of complications.

In the present study, the need for blood
transfusions was statistically insignificantly
greater during early tourniquet release. While
blood loss was not significantly different
between the two groups studied by Tie et al.,
the need for postoperative blood transfusion
was significantly greater in the early
tourniquet release group than in the late
tourniquet release group ¥

One of the study's major limitations was its
small sample size and brief follow-up period.
Further double-blind, randomized controlled
trials with larger sample sizes and a more
precise scientific design are suggested.

Conclu

According to the present study's findings,
tourniquet release following wound closure
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and compression dressing application resulted
in a significant decrease of postoperative
hemoglobin loss in patients undergoing TKA
without increasing the risk of early wound
complications. In addition, this method
significantly reduced the duration of surgery.

References

1- Cai D, Fan Q, Zhong H, Peng S, Song H. The
effects of tourniquet use on blood loss in primary
total knee arthroplasty for patients with
osteoarthritis: a meta-analysis. J Orthop Surg Res
2019; 14(1):348.

2- Zak S, Yeroushalmi D, Long W, Meftah M,
Schnaser E, Schwarzkopf R. Does the Use of a
Tourniquet Influence Outcomes in Total Knee
Arthroplasty: A Randomized Controlled Trial. J
Arthroplasty 2021; S0883-5403(21)00228-X.

3- Smith TO, Hing CB. Is a tourniquet beneficial in
total knee replacement surgery? A meta-analysis
and systematic review. Knee 2010; 17(2):141-147.

4- Zhang W, Li Ning, 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(1):13.

5- Horlocker TT, Heble JR, Gali B, Jankowski Ch,
Burkle Ch, Berry D, Zepeda F, et al. Anesthetic,
patient, and surgical risk factors for neurologic
complications after prolonged total tourniquet
time during total knee arthroplasty. Anesth Analg
2006; 102(3):950-5.

6- Ahmed |, Chawla A, Underwood M, Price A,
Metcalfe A, Hutchinson Ch, et al. Tourniquet use
for knee replacement surgery. Cochrane Database
Syst Rev 2020; 12:CD012874.

7- Yavarikia A, amjad G, davoudpour K. The
influence of tourniquet use and timing of its
release on blood loss in total knee arthroplasty.
Pak J Biol Sci 2010; 13(5):249-52.

8- Kvederas G, Porvaneckas N, Andrijauskas A,
Svensen Ch, lvaskevicius J, Mazunaitis J, et al. A
randomized double-blind clinical trial of tourniquet
application strategies for total knee arthroplasty.
Knee Surg Sports Traumatol Arthrosc 2013;
21(12):2790-9.

9-Valenti JR, Mora G, Amillo S, Montserrat F,
Hinarejos P, Vaquero J, Leyes M, Gamelas J. The
timing of tourniquet release: its influence on blood
loss and possible complications after total knee
arthroplasty. A prospective multicenter study
2008; 52(4):213-218.

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

——

85

11- Soleimanpoor J, Kazemi Sufi S, Moradi A. A
Comparative study of perioperative bleeding of
total knee arthroplasty and the need for blood
transfusion with and without use of tourniquet.
Iranian journal of orthopaedic surgery 2020; 18
(68):16-21.

12- Mordis S, Ortega-Andreu M, Rodriguez-
Merchan C, Padilla-Eguiluz N, Pérez-Chrzanowska
H, Figueredo-Zalve R. Blood transfusion after
primary total knee arthroplasty can be significantly
minimised through a multimodal blood-loss
prevention approach. Int Orthop 2014; 38(2):347-
54,

13- Thorey F, stukenborg-Colsman Ch,
Windhangen H, Writh CJ. The effect of tourniquet
release timing on perioperative blood loss in
simultaneous bilateral cemented total knee
arthroplasty: A prospective randomized study.
Technol Health Care 2008; 16(2):85-92.

14- Sehat KR, Enans R, Newman JH. How much
blood is really lost in total knee arthroplasty?
Correct blood loss management should take
hidden loss into account. Knee 2000; 7(3):151-155.
15- Zan P, Yang Y, FuD, Yu X, Li G. Releasing of
tourniquet before wound closure or not in total
knee arthroplasty: a meta-analysis of randomized
controlled trials. J Arthroplasty 2015; 30(1):31-7.
16- Zhang P, Liang Y, He J, Fang Y, Chen P, Wang J.
Timing of tourniquet release in total knee
arthroplasty: A meta-analysis. Medicine
(Baltimore) 2017; 96(17):e6786.

17- Olivecrona Ch, lapidus L, Benson L, Blomfeldt
R. Tourniquet time affects postoperative
complications after knee arthroplasty. Int orthop
2013; 37(5):827-32.

18- Tie K, Hu D, Yongjian Q, Wang H, Chen L.
Effects of Tourniquet Release on Total Knee
Arthroplasty. Orthopedics 2016; 39(4):e642-50.

'




