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Abstract

Aim: This study aimed to evaluate the impact of pneumatic tourniquet use on postoperative hemoglobin (Hb) and hematocrit (Hct)
levels, changes in Hb/Hct, and surgery duration in total knee arthroplasty (TKA) by comparing outcomes between patients who
underwent the procedure with and without tourniquet application.

Material and Method: A retrospective cohort study was conducted on 130 patients with Kellgren-Lawrence grade 3-4 gonarthrosis who
underwent TKA. Patients were divided into two groups, each with 65 patients, based on tourniquet use. Preoperative and postoperative
day 1 Hb/Hct values, AHb/AHct, and surgery duration were compared. Patients with comorbidities and significant perioperative
complications were excluded.

Results: No significant differences were found between the tourniquet and non-tourniquet groups for preoperative or postoperative
Hb and Hct levels (p>0.05). Both groups experienced significant reductions in hemoglobin and hematocrit levels postoperatively. The
non-tourniquet group had a slightly greater decrease in hemoglobin and hematocrit, although this difference was not statistically
significant (p>0.05). The tourniquet group demonstrated a significantly shorter operation duration (p=0.004).

Conclusion: Tourniquet use in TKA reduces surgical time without significantly affecting blood loss. The comparable outcomes in both
groups suggest that the use of a tourniquet may offer practical advantages, in terms of procedural efficiency in reducing surgical time,
but its influence on postoperative Hb and Hct changes is minimal.
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INTRODUCTION pneumatic tourniquets and suction drains, advancements
in surgical techniques, the administration of tranexamic
acid, and local infusion with norepinephrine, among
others (3,8). The tourniquet is a commonly employed
method to address these complications to achieve
hemostasis in clinical practice, demonstrating high
efficacy in minimizing intraoperative bleeding. Beyond
reducing blood loss, it also aids in maintaining a clear
and unobstructed surgical field (2,9). However, it is also
not without complications, including skin abrasions and
Various methods have been developed to address blistering, wound hematomas, wound oozing and healing
the complication of blood loss, including the use of problems, muscle injury, rhabdomyolysis, nerve palsy,

Total knee arthroplasty (TKA) is widely regarded as
the most successful intervention for alleviating pain,
correcting deformities, and improving mobility in severe
knee osteoarthritis, making it one of the most frequently
performed orthopedic procedures globally (1-3). However,
it is not without complications, including significant
blood loss (3,4), periprosthetic joint infection (5,6), and
periprosthetic fractures (7).
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postoperative stiffness and pain, deep vein thrombosis
(DVT), pulmonary embolism (PE), and infections (4,10,11).

Despite this, meta-analysis results in the literature also
indicate that while the use of a tourniquet reduces
intraoperative bleeding, it may increase the total blood
loss postoperatively (4,12,13). We hypothesized that
the use of a tourniquet during TKA would result in a
comparable decrease in hemoglobin (Hb) and hematocrit
(Hct) levels postoperatively, while also shortening the
operation duration compared to surgeries performed
without a tourniquet. Therefore, performing the surgery
without a tourniquet may not only provide similar blood
loss outcomes but also avoid the potential complications
associated with tourniquet use. This study aims to assess
the impact of tourniquet use on postoperative Hb and Hct
levels, the changes in Hb/Hct from pre- to postoperative
periods, and the duration of the surgical procedure in
TKA, by comparing outcomes between patients with and
without tourniquet application.

MATERIAL AND METHOD

Within this retrospective cohort study, a total of 130
patients who underwent TKA were included in the
analysis. These patients were divided into two groups
depending on whether a tourniquet was used during their
procedure: one group had tourniquets applied, while the
other did not. In the study, patients with Kellgren-Lawrence
grade 3-4 gonarthrosis who underwent TKA, with no
known hematologic disorders, preoperative Hb and Hct
levels above 10/30, and no significant abnormalities
in preoperative complete blood count were randomly
included. Patients with cruciate-retaining prostheses
were included in the study. This ensured that prosthesis
selection did not introduce any confounding factors that
could affect the study outcomes. The use of a tourniquet
was random, and the surgeons were experienced in
performing the surgery both with and without a tourniquet.
Patients for whom preoperative and postoperative day
1 Hb/Hct values and surgery duration were accessible
through the hospital system were included in the study.
Patients with a history of tumors or tumor surgery, a
history of infections, rheumatological conditions (to
avoid bleeding complications related to vasculitis), those
on regular corticosteroid therapy, patients with diabetes
mellitus, morbid obesity, those who had undergone
previous surgery in the same area, and those with known
renal, hepatic, cerebrovascular, cardiovascular, peripheral
vascular diseases, chronic obstructive pulmonary disease
(COPD), hyperlipidemia, a history of thromboembolic
events, anemia, or coagulation disorders, patients
who required blood transfusions during surgery or
experienced substantial blood loss (more than 500 mL)
during the procedure, cases with incomplete medical
records or missing postoperative Hb and Hct data were
excluded from the study. Demographic data, including
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age, sex, and relevant medical history, were obtained
from patient records. Hb and Hct levels were measured
preoperatively, within 24 hours before surgery, and
postoperatively, within 24 hours after surgery. Additional
surgical information, such as whether a tourniquet was
used and the length of the operation, was also recorded.
Changes in hemoglobin (AHb) and hematocrit (AHct)
were calculated by subtracting the postoperative values
from the preoperative values for each patient. All patient
data were anonymized to maintain confidentiality.

Before the incision, the tourniquets placed around
the proximal thigh were inflated to 250-300 mmHg,
depending on the patient's mean arterial pressure.
The surgical procedure utilized a medial parapatellar
approach, with patellar eversion and lateral dislocation.
The menisci and anterior cruciate ligament were excised,
and cruciate-retaining prostheses were implanted.
Standard knee arthroplasty techniques were employed
for the femoral and tibial cuts, with an intramedullary
guide for the femoral cuts and an extramedullary guide
for the tibial cuts. All prostheses were cemented in place.
Postoperatively, patients were monitored in the ward,
where follow-up hematologic tests were performed, and
thromboembolism prophylaxis was administered.

The study protocol was approved by the istanbul
University-Cerrahpasa Rectorate Clinical Research Ethics
Committee under protocol number E-83045809-604.01-
1058935 on August 7, 2024, and all procedures were
conducted in compliance with good clinical practice and
the principles of the Declaration of Helsinki.

Statistical Methods

In the context of this study, the sample size was
determined through the power analysis. Using G*Power
(Version 3.1.9.6), the analysis indicated a 95% confidence
level, an effect size of 0.50, and a power value of 0.80.
Based on these parameters, the minimum required
sample size was calculated to be 126 participants, with
at least 63 individuals in each group. For the analysis and
statistical evaluation of the data, IBM SPSS Statistics
version 26.0 was utilized, with a 95% confidence level. To
determine whether the measurements followed a normal
distribution, skewness and kurtosis coefficients were
examined. Skewness and kurtosis values between +3
and -3 are considered indicative of a normal distribution
(14). Since the skewness and kurtosis values derived
from the measurements fell within the range of +3
to -3, the assumption of normality was met, allowing
the use of parametric test techniques in our analyses
(Table 1). The difference in measurements based on
tourniquet use was analyzed using an independent
samples t-test. The relationship between tourniquet uses
and age was examined using a Chi-square test. Pre- and
post-intervention changes with respect to tourniquet use
were analyzed using a paired samples t-test.
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Table 1. Since the skewness and kurtosis values obtained from the variables fall within the range of +3 to -3, the assumption of normality has

been satisfied

Normality test n

Age 130
Preoperative Hb 130
Postoperative Hb 130
Delta Hb 130
Preoperative Hct 130
Postoperative Hct 130
Delta Hct 130
Operation duration 130

RESULTS

In the group where a tourniquet was used, 80% were
female and 20% were male, while in the group without
tourniquet use, 75.4% were female and 24.6% were
male. Overall, females accounted for 77.7%, and males
made up 22.3% of the total sample. The Chi-square test

Skewness Kurtosis
0.011 0.809
0.321 -0.474
0.494 -0.468
1.065 2.022
0.218 0.366
0.446 -0.264
0.684 1.590
0.035 -1.449

revealed no significant relationship between gender
and tourniquet use (p=0.674) (Table 2). The mean age
in the group using a tourniquet was 65.518.67, while
in the group without tourniquet use, the mean age was
64.86+8.17. The overall mean age was 65.184+8.39. The
t-test showed no significant difference between age and
tourniquet use (p=0.663) (Table 2).

Table 2. Analysis of gender and age in relation to tourniquet use

+

n (%)
Female 52 (80)
*Gender
Male 13 (20)
**Age (meanzSD) 65.51+8.67

*Chi-Square Test, **t-Test

The mean preoperative Hb in the group using a tourniquet
was 12.86+1.31, while it was 12.84+1.33 in the group
not using a tourniquet. The t-test results indicated
no significant difference between tourniquet use and
preoperative Hb (p=0.926). The mean postoperative Hb
was 11.46%1.51 in the tourniquet group, compared to
11.0941.45 in the non-tourniquet group. The t-test revealed
no significant difference between tourniquet use and
postoperative Hb (p=0.151). The mean DELTA Hb was

Tourniquet use

- Total P
n (%) n (%)
49 (75.4 101 (77.7
( ) ( ) 0.674
16 (24.6) 29 (22.3)
64.86+8.17 65.18+8.39 0.663

1.440.85 in the tourniquet group, while it was 1.75+1.53
in the non-tourniquet group. The t-test showed no
significant difference between tourniquet use and DELTA
Hb (p=0.107). The mean preoperative Hct was 37.76+3.9
in the tourniquet group, compared to 37.75+3.66 in the
non-tourniquet group. The t-test indicated no significant
difference between tourniquet use and preoperative Hct
(p=0.987) (Table 3).

Table 3. Analysis of measurements in terms of tourniquet use

+

meantSD
Preoperative Hb 12.86+1.31
Postoperative Hb 11.46+1.51
Delta Hb 1.4£0.85
Preoperative Het 37.7643.9
Postoperative Hct 33.89+4.33
Delta Hct 3.87%3.07
Operation duration 36.155.64

Independent t-Test
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Tourniquet use

- Total P

meantSD meantSD
12.84+1.33 12.85%1.31 0.926
11.09+1.45 11.28+1.49 0.151
1.75+1.53 1.57+1.25 0.107
37.75£3.66 37.76+3.77 0.987
33.17+4.22 33.53+4.28 0.340
4.58+4.29 4.23+3.73 0.282
39.08+5.58 37.6245.78 0.004
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The mean postoperative Hct was 33.89+4.33 in the
tourniquet group and 33.1714.22 in the non-tourniquet
group. The t-test found no significant difference between
tourniquet use and postoperative Hct (p=0.340). The
mean DELTA Hct was 3.87+3.07 in the tourniquet group,
compared to 4.58+4.29 in the non-tourniquet group. The
t-test showed no significant difference between tourniquet
use and DELTA Hct (p=0.282). The mean operation
duration was significantly shorter in the tourniquet group
(36.15+5.64 minutes) compared to the non-tourniquet
group (39.08+5.58 minutes). The t-test results indicated
a significant difference between tourniquet use and
operation duration (p=0.004) (Table 3).

In patients where a tourniquet was used, the average
preoperative Hb level decreased from 12.86+1.31
to 11.46+1.51 postoperatively. This reduction was
statistically significant according to the paired samples
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t-test (p=0.0001), with a decrease of 1.4 g/dL in Hb levels
observed in this group. In patients where no tourniquet
was used, the average preoperative Hb level dropped
from 12.84+1.33 to 11.09+1.45 postoperatively. This
difference was also statistically significant according to
the paired samples t-test (p=0.0001), with a 1.75 g/dL
decrease in Hb levels noted in the non-tourniquet group.
In the tourniquet group, the average preoperative Hct level
decreased from 37.76+3.9 to 33.89+4.33 postoperatively.
This reduction was found to be statistically significant
by the paired samples t-test (p=0.0001), with a 3.87
unit decrease in Hct levels. In the non-tourniquet group,
the average preoperative Hct level fell from 37.75+3.66
to 33.17t4.22 postoperatively. This change was also
statistically significant according to the paired samples
t-test (p=0.0001), with a 4.58 unit decrease in Hct levels
observed (Table 4).

Table 4. Analysis of preoperative, and postoperative changes in hb and hct values based on tourniquet use

Tourniquet use

+ -
Pre Post Pre Post p
meanzSD meanSD meanzSD meanSD
Hb 12.86%1.31 11.46%1.51 0.0001 12.84+1.33 11.09+1.45 0.0001
Hct 37.76£3.9 33.89+4.33 0.0001 37.7543.66 33.174¢4.22 0.0001

The paired samples t-test

The reduction in Hb was greater in the non-tourniquet
group (1.75 g/dL) compared to the tourniquet group (1.4
g/dL). Similarly, the decrease in Hct was more pronounced
in the non-tourniquet group (4.58 units) compared to the
tourniquet group (3.87 units) (Table 3). Although both
groups experienced significant reductions in Hb and Hct
levels, the decreases were slightly more substantial in the
non-tourniquet group (Figures 1,2).
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12,50 12,84
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11,46
11,50

11,09

11,00
10,50
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Preoperative Hb Postoperative Hb

e=—Tourniquet Use Yes e Tourniquet Use No

Figure 1. Preoperative and postoperative Hb levels in patients undergoing
TKA with or without tourniquet use; the blue line represents patients
where a tourniquet was used, and the red line represents patients where
a tourniquet was not used; both groups show a decrease in Hb levels
postoperatively, with slightly less reduction in the tourniquet group
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Figure 2. Preoperative and postoperative Hct levels in patients undergoing
TKA with or without tourniquet use; the blue line represents patients
where a tourniquet was used, and the red line represents patients where
a tourniquet was not used; both groups show a decrease in Hct levels
postoperatively, with the tourniquet group demonstrating a marginally
smaller reduction

DISCUSSION

TKA remains one of the most effective treatments for
severe osteoarthritis, but the role of tourniquet use
continues to be debated due to its potential benefits
and risks. In this study, we aimed to evaluate the impact
of tourniquet use on postoperative Hb and Hct levels,
as well as surgical time. The main findings of this study
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revealed that both tourniquet and non-tourniquet groups
experienced significant reductions in Hb and Hct levels
postoperatively. However, the decrease in both Hb and
Hct was slightly greater in the non-tourniquet group
compared to the tourniquet group, though the difference
was not statistically significant. Additionally, the operation
duration was significantly shorter in the tourniquet group.
These findings suggest that while the use of a tourniquet
may reduce surgical time, its effect on blood loss is
comparable to non-tourniquet use. The use of a tourniquet
has traditionally been recommended to minimize blood
loss. However, numerous studies have compared TKA
procedures performed with and without a tourniquet, and
the findings remain inconclusive (15). These results align
with the ongoing debate in the literature regarding the
benefits and drawbacks of tourniquet use in TKA.

Albayrak et al. found that while tourniquet use in TKA
may not significantly reduce blood loss and can cause
temporary extremity pain, it is beneficial for patients
without comorbidities. Tourniquet use creates a bloodless
environment during cementing, improving prosthesis
longevity and potentially avoiding revision surgeries. The
study recommends using tourniquets in patients without
comorbidities, provided these are clearly documented
before surgery (2). In our study, we included only patients
without comorbidities in both groups, thus eliminating the
potential effects of comorbidities on the outcomes. In both
groups, similar Hb/Hct reductions were observed, as found
in this study.

The literature reveals a range of outcomes regarding
tourniquet application in TKA. Arthur et al's review
also showed that several studies have examined the
effectiveness of limited-use tourniquets, with mixed
outcomes (15). Ishii and Matsuda's prospective
randomized controlled trial (RCT) found that releasing the
tourniquet before wound closure resulted in significantly
higher total blood loss compared to releasing it after
closure, though no significant difference in transfusion
rates was noted between the two groups. Furthermore,
Ishii and Matsuda, in another RCT, evaluated the impact
of different tourniquet pressures, finding no significant
differences in blood loss or transfusion requirements when
comparing higher and lower tourniquet pressures (16,17).
Similarly, Huang et al. conducted a systematic review and
meta-analysis, concluding that early tourniquet release led
to higher intraoperative blood loss (18). On the other hand,
Rama et al. found that while total blood loss was higher in
the early release group, the late release group experienced
significantly more complications requiring return to the
operating room (19). Contrary to these findings, Schnettler
et al. observed a paradoxical increase in total blood loss
with the use of a limited tourniquet. Their retrospective
cohort study demonstrated that using a tourniquet during
cementation resulted in greater blood loss compared to the
use of tranexamic acid (TXA) alone. The authors proposed
that tourniquet use restricted the delivery of TXA to tissues,
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leading to hidden blood loss (20). In the light of his literature
review Arthur et al. prefer using a tourniquet inflated to 300
mm Hg until cementing is complete, followed by deflation.
Before deflation, they inject a periarticular analgesic
mixture containing ropivacaine, epinephrine, morphine, and
ketorolac. They also administer 1,000 mg of TXA before
inflation and another 1,000 mg after deflation. Tourniquet
time is limited to 120 minutes, with adjustments made for
longer surgeries or patients with vascular conditions. In
cases of peripheral arterial bypass grafts, the tourniquet is
avoided entirely (15).

Conversely, Zhang et al. conclude that TKA without a
tourniquet is superior in reducing thromboembolic events
and related complications, without significant differences
in actual blood loss between groups. They also suggest
that using a tourniquet may hinder early postoperative
rehabilitation exercises (10). Tirumala et al. found that
while omitting the tourniquet in revision TKA increased
perioperative blood loss, it did not significantly affect
transfusion rates. Additionally, patients who underwent
revision TKA without a tourniquet experienced shorter
postoperative hospital stays, fewer 30-day readmissions,
and improved range of flexion (21). In the metaanalysis of
Cai et al., the authors concluded that using a tourniquet
in TKA significantly reduces intraoperative blood loss,
calculated blood loss, and operation time, but it does not
have a notable impact on reducing the rate of transfusion or
DVT (22). Similarly, Yi et al. suggested that while tourniquet
use can reduce surgical time, intraoperative, and total blood
loss, it also leads to an increase in postoperative total
blood loss. Additionally, they observed a higher incidence
of postoperative complications such as DVT and surgical
site infections in the tourniquet group (12). Other studies,
like those by Zak et al., suggested that while tourniquet use
does not influence the average cement penetration depth,
it increases the chances of achieving optimal cement
penetration during the procedure (23).

In terms of recovery and complications, Huang et al.
concluded that tourniquet use during TKA significantly
increases total blood loss without reducing postoperative
transfusion rates. Furthermore, it worsens early
postoperative hypercoagulable conditions and leads
to a higher incidence of asymptomatic below-knee
DVT, as detected by conventional coagulation tests,
thromboelastography, and ultrasonic Doppler (24). In
contrast, Pavao et al. found that using an optimized
tourniquet in primary TKA resulted in clinical outcomes
similar to surgery without a tourniquet and did not raise
the risk of postoperative complications. The tourniquet
provided the advantage of a clean and dry surgical field
without increasing procedure-related comorbidities (25).
However, Johnsen et al. concluded that tourniquet use
significantly alters angiogenic gene expression, which may
contribute to postoperative interstitial edema, increased
pain, and decreased muscle strength. These factors
could delay rehabilitation and ultimately reduce patient
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satisfaction after TKA. (26). Xie et al. also concluded that
the meta-analysis results indicate tourniquet application
may increase the incidence of postoperative DVT and
worsen postoperative pain and swelling in the short term
(27).

On top of these, Nicolaiciuc et al. concluded that there
was no significant correlation between tourniquet use and
postoperative pain or range of motion (ROM) improvement
(28). Smith et al. found in their systematic review no
benefit to using a tourniquet in knee replacement surgery
for reducing transfusion requirements (29). Tan et al.
concluded that tourniquet use in TKA does not shorten
surgery time or reduce blood loss, but it does lead to an
increase in local complications (4). Joufflineau et al.
concluded that using a low-pressure tourniquet in TKA
reduces total blood loss compared to no tourniquet,
without significantly increasing hidden blood loss and
does not exhibit superior functional outcomes (30). Zan et
al. concluded that releasing the tourniquet before wound
closure increases perioperative blood loss but significantly
reduces the risk of complications (31). Kim et al. stated
that inflating the tourniquet to 120 mmHg above systolic
blood pressure (SBP) is an effective method for use
during TKA (32). Hung et al. concluded that performing
TKA without a tourniquet preserves better quadriceps
muscle function, leading to faster recovery and reduced
need for transfusions, while also avoiding tourniquet-
related complications (33). Xu et al. found that the use of
a tourniquet in routine primary TKA was associated with a
higher transfusion rate and a longer postoperative length
of stay (PLOS) (34). Andrade et al. concluded that there
were no significant differences in functional outcomes
or cementation quality between two different tourniquet
protocols in TKA. Whether the tourniquet was used
throughout the entire procedure or only during skin incision
and cementation, no differences were observed in visual
pain scale (VAS), Oxford knee scores, range of motion, or
radiolucent line analysis. Thus, both techniques appeared
to provide similar clinical outcomes (35).

Limitations

This study was conducted at a single institution, which may
introduce bias related to the specific surgical techniques,
postoperative care protocols, and patient demographics
of that center, potentially limiting the generalizability of
the findings. Additionally, while the study focused on
Hb and Hct changes, it did not assess other important
postoperative outcomes such as pain, functional recovery,
DVT, or wound complications, which are critical when
evaluating tourniquet use. The non-blinded design may
have further introduced performance or response bias,
potentially influencing subjective outcomes like pain
scores and rehabilitation progress. Future studies should
incorporate a more comprehensive evaluation of these
outcomes to provide a holistic view of the effects of
tourniquet application in TKA.
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CONCLUSION

This study provides valuable insights into the impact
of tourniquet use on Hb, Hct levels, and surgical time in
TKA. While both tourniquet and non-tourniquet groups
experienced similar reductions in these parameters,
tourniquet use resulted in shorter operative times without
significantly affecting blood loss. Although the study did not
explore postoperative complications like thromboembolic
events and delayed rehabilitation, the literature suggests
that tourniquet use may be associated with such risks.
Future research should address these limitations by
incorporating a broader evaluation of functional outcomes
and complications to better guide clinical decision-making
in TKA.
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