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ARTICLE INFO ABSTRACT

Keywords: Introduction: Performing total knee arthroplasty (TKA) without the use of tourniquet is gaining popularity.

TOUTH%‘IuetleSS However, performing a “tourniquetless TKA” has a variety of meanings regarding the timing and application of a

g‘j‘\m‘quet tourniquet and associated techniques. The purpose of this systematic review was to evaluate the literature and
more accurately define “tourniquetless TKA.”

Total knee arthroplasty . . . s 1qs .

Hemostasis Methods: A systematic review following PRISMA guidelines was performed of the PubMed, Web of Science, and

Blood loss Cochrane databases for articles published from 2016 to 2021. Inclusion criteria included papers that used

“tourniquetless” or a similar term to describe their TKA procedure, original clinical studies, English language,
and full-text studies.

Results: A total of 1,096 studies were identified, of which 84 full text studies with 9,349 total patients were
included. Overall, 17 (20.2%) of the studies performing tourniquetless TKA never applied a tourniquet, 17
(20.2%) applied a tourniquet but kept it deflated throughout the entire procedure, 2 (2.4%) applied a tourniquet
and inflated during cementation only, and 48 (57.1%) did not specify. Ultimately, of the studies that did specify
tourniquet use, only 17 studies (47.2%) truly never applied a tourniquet throughout the procedure. A review of 7
recommended techniques to control blood loss in tourniquetless TKA found that no one technique was performed
in more than 10.6% of patients.

Conclusion: Variation in the definition of tourniquetless TKA and the utilization of augmented techniques to
control blood loss remains. We propose the terms “tourniquetless” for no tourniquet application, “tourniquet-
available” for tourniquet applied but kept deflated throughout surgery, and “tourniquet-assisted” for tourniquet
inflation during cementation only. These terms can help better differentiate the literature, guide surgeons as they
transition to tourniquetless TKA, and assist in the development of more definitive protocols for tourniquetless
TKA.

Systematic review

1. Introduction

The use of a pneumatic tourniquet has historically been common
practice in total knee arthroplasty (TKA). As recently as 2011, over 90%
of surgeons in the US and Europe routinely used tourniquets for TKA.'
Typically, a tourniquet is applied at high pressure around the upper leg
for all or part of the procedure. Reduced intraoperative blood loss,
decreased operative time, improved visualization, and better cement
fixation were all considered advantages to tourniquet use.*®

However, the clinical evidence has not supported these benefits and
highlighted important risks. Tourniquet use can introduce venous stasis

Abbreviations: TKA, Total Knee Arthroplasty.
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and ischemia and has been associated with increased pain, compartment
syndrome, venous thromboembolisms, rhabdomyolysis, nerve damage,
and infection.”® A 2021 Cochrane review of 41 randomized control
trials found while tourniquet use did significantly reduce mean opera-
tive time, it had no significant impact on blood loss and was associated
with increased risk for serious adverse events, increased pain scores, and
longer length of hospital stays.'” Alternative methods have been
developed that create many of the benefits of tourniquet use without the
risks. Techniques such as anemia screening, controlled hypotension,
knee flexion through surgery, placement of a bone plug in the femoral
canal, pulse lavage, swab packing, CO, gas application, and computer
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navigation have all contributed to the safe performance of tourniquet-
less TKA.’

As the performance of tourniquetless TKA becomes more common, so
does the diversity in tourniquetless surgery protocols. Tourniquet
inflation from the start of cementation to the completion of the pro-
cedure, inflation during cementation only, deflation throughout the
procedure but applied as an emergency measure, and tourniquet never
applied have all been reported in the literature as alternatives to full
tourniquet use in TKA.'''* The term “tourniquetless” in the context of
TKA can thus be associated with a wide variety of meanings regarding
the use of tourniquet and associated adjunct techniques during the
procedure. By surveying the available literature, our purpose was to
more accurately define “tourniquetless” TKA by exact timing and
application of tourniquet. Our hypothesis is that there is large incon-
sistency in the use of the term tourniquetless that requires the proposal
of novel terms to more precisely represent tourniquet use in TKA.

2. Methods

This review was performed using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.'® A review
protocol was completed and published on the PROSPERO database (323,
025). A literature search was preformed of the PubMed, Web of Science,
and Cochrane Library databases in October 2021. Search criteria was
“((tourniquetless) OR (tourniquet-less) OR (tourniquet)) AND (arthro-
plasty)) AND (knee).” To ensure the most updated data was used, only
articles published from 2016 to 2021 were included. Only English lan-
guage and full-text studies were included. Inclusion criteria was all
clinical studies discussing primary TKA that indicated they performed
the surgery without the use of a tourniquet through terms such as
“tourniquetless,” “tourniquet-less,” “without tourniquet,” “no tourni-
quet,” “tourniquet free,” “absence of tourniquet,” and “tourniquet use
obsolete.” Risk of bias assessment was performed at the individual study
level across outcomes. Exclusion criteria included studies with Level V
evidence or below, systematic reviews and meta-analyses, and studies
that did not indicate they performed surgery without the use of a
tourniquet.

The literature search resulted in a total of 1096 studies. After the
removal of duplicates, the 708 studies remaining studies were then
reviewed by title and abstract. Finally, the full text of each of the
remaining studies was screened by inclusion and exclusion criteria. Any
differences in reviews were verbally sorted and resolved by consensus.
Each study included in the final analysis was assessed to determine how
they defined “tourniquetless.” From this analysis, the team categorized
definitions of tourniquetless into four groups: no tourniquet applied
ever, tourniquet applied but deflated throughout surgery, tourniquet
inflated only during cementation, and not specified.

Using a standardized data collection form, we evaluated the type of
study, category of “tourniquetless,” number of patients, the use of rec-
ommended techniques to control blood loss, and use of cemented or
Press Fit implants. The performance of 7 augmented methods that have
been cited in the literature to control blood loss and improve visuali-
zation in tourniquetless TKA were collected in this study: controlled
hypotension, knee flexion throughout surgery, autologous bone plug
placed in the femoral canal, pulse lavage, swab packing, CO, gas use,
and use of computer navigation.’ The use of other methods of blood
control, such as tranexamic acid and electrocautery, were considered
standard of care and not collected. The data was synthesized into 3 ta-
bles and presented as total number and percentages of included studies
and patients. Covidence online software was used to facilitate citation
tracking, screening of abstracts and full-text articles, and extraction of
data.

» »

3. Results

Of a total of 125 full text studies screened for eligibility, 41 were
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excluded for failing to meet our inclusion criteria (Fig. 1). A total of 9349
patients participated in the 84 studies included in the analysis (Sup-
plemental Appendix). In all, 47 of the studies were randomized control
trials (56.0%), 27 were retrospective reviews (32.1%), 6 were pro-
spective cohort studies (7.1%), 3 were prospective case series (3.6%),
and 1 was a case-control study (1.2%). Risk of bias assessment resulted
in the exclusion of 13 articles for containing Level V evidence or below.

Only 17 studies (20.2%) including 2799 patients (29.9%) indicated
that a tourniquet was never applied at any point during surgery
(Table 1). In 17 studies (20.2%) a tourniquet was applied but kept
deflated throughout the entire procedure and in 2 studies (2.4%) a
tourniquet was applied and inflated during cementation only. The
greatest number of studies, 48 (57.1%), did not specify what they meant
by tourniquetless surgery. Ultimately, of the studies that did specify
tourniquet use, only 17 studies (47.2%) truly never applied a tourniquet
throughout the procedure.

For augmented techniques to control blood loss, only controlled
hypotension (10.5%) and autologous bone plug placement in the
femoral canal (10.6%) were performed in greater than 10% of all pa-
tients (Table 2). The techniques most cited in studies were controlled
hypotension (13, 15.5%) and pulse lavage (17, 20.2%). CO2 gas (2,
2.4%), swab packing (3, 3.6%), and computer navigation (3, 3.6%) were
the techniques reported in the least number of studies. Only two studies
reported using 4 of the recommended techniques tracked for this study.
No study reported using more than 4 of the of the 7 augmented tech-
niques to control blood loss. 47 studies (56.0%) did not specify using any
of the recommended techniques to control blood loss. Press Fit implants
were used in a total of 6 studies (7.1%) or 615 patients (6.6%) (Table 3).
The remainder of the studies used cemented implants (92.9%).

4. Discussion

Many studies exist reporting on the performance of tourniquetless
TKA. However, the lack of consistency in the definition of “tourniquet-
less” makes it difficult to reliably compare surgical procedures and draw
conclusions from the outcomes. In the current TKA literature, a majority
of studies (57.1%) did not specify on how they defined the term “tour-
niquetless” in TKA. In different studies that did specify, no tourniquet
ever applied, tourniquet applied but kept deflated, and tourniquet
inflated only during cementation were all defined as tourniquetless.
These findings highlight the diversity in protocols that are all considered
tourniquetless in the current literature.

This inconsistency extends to the reporting of adjunct procedures
recommended to augment blood control in tourniquetless TKA. Of the 7
recommend techniques to augment blood control in tourniquetless TKA,
no method was reported as being utilized in more than 10.6% of patients
included in this study. No single study reported utilizing more than 4 of
the 7 recommended techniques tracked in this analysis. Additionally, a
Press Fit implant was utilized in small percentage of patients (6.6%),
suggesting clinicians are still comfortable with implant cementation
without the use of a tourniquet. These findings reflect a broad variety of
augmented surgical protocols employed in tourniquetless TKA and a
slow uptake of techniques recommended to improve blood control and
maintain proper visualization.

There is a growing body of literature supporting TKA with no tour-
niquet. Benefits include reduced pain and severe adverse events while
not compromising blood control or cement penetration.”>*%!¢ While
the use of tourniquet in TKA still remains common practice, this trend is
changing. A poll conducted by the American Association of Hip and
Knee Surgeons found that 88% of respondents in 2019 used tourniquet
in TKA, down from 100% in 2010.% As TKA without tourniquet grows in
popularity, more clarity is needed in defining its terminology. The dif-
ferences in technique all reported in this study as “tourniquetless” could
create key clinical differences.

Multiple studies have analyzed the use of tourniquet only during
cementation and found it to result in decreased pain, shorter functional
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Identification

1096 Studies Identified Through
database searching

> Duplicates removed, n=388

Screening

708 titles and abstracts screened

Studies irrelevant, n=583

Eligibility

125 Full-text studies screened on
inclusion and exclusion criteria

Studies excluded n=41

Wrong study type, n=13

Wrong Intervention, n=9

Not full-text study, n=8
Study protocol/ongoing study, n=4

Wrong time period, n=4

Included

analyzed

84 full-text studies included and

Not English language, n=2
Wrong patient population, n=1

Fig. 1. Prisma flow diagram.

Table 1
Classification of definitions of tourniquetless TKA.

Classification Studies (%) Patients (%)

17 (20.2%)
17 (20.2%)

2799 (29.9%)
1910 (20.4%)

Never applied
Applied but deflated throughout entire procedure

Applied and inflated during cementation 2 (2.4%) 104 (1.1%)
Not specified 48 (57.1%) 4536 (48.5%)
Total 84 9349

recovery time, and a reduction in inflammatory markers compared to
full tourniquet use.'®!” However, studies comparing tourniquet only
during cementation to no tourniquet groups found no tourniquet to lead
to lower inflammatory factor levels, shorter length of hospital stay,
better range of motion, and lower postoperative pain.'®'° Additionally,
multiple authors who defined tourniquetless as applying a tourniquet
but keeping it deflated stated that the tourniquet acted as a safety device
in the event of uncontrollable bleeding.' "> However, awareness should
be raised that this method can lead to a venous tourniquet causing
increased congestion and surgical field bleeding.” Rather, it is recom-
mended to keep a tourniquet readily available in the operating room but
not applied. This previous literature demonstrates the importance of
distinguishing the three methods all considered “tourniquetless” in the

studies included in this analysis.

We propose the definition of three terms to differentiate these
methods. We propose the term “tourniquetless” only for cases where a
tourniquet was never applied during TKA. We propose the term “tour-
niquet available” for all cases where a tourniquet is applied but kept
deflated throughout surgery. Finally, we propose the term “tourniquet
assisted” for all cases where a tourniquet is inflated during cementation
only. We believe this more precise terminology offers a clear benefit in
differentiating these often-conflated techniques. When describing
“tourniquet assisted” surgery, it is additionally important the clinician
describes the duration of tourniquet inflation and which part of the
procedure is performed under the assistance of a tourniquet. In the

Table 3
Tourniquet use by Press Fit and Cemented Implant Type.
Classification Press Fit TKA Cemented
implants Implants

2626 (93.8%)
1714 (89.7%)

Never applied
Applied but deflated throughout entire

173 (6.2%)
196 (10.3%)

procedure
Applied and inflated during cementation 0 (0%) 104 (100%)
Unspecified 246 (5.4%) 4290 (94.6%)
Total 615 (6.6%) 8734 (93.4%)

Table 2
Number of patients for whom augmented techniques to control blood loss were utilized.
Classification Controlled Knee flexion throughout Bone plug in Pulse Swab CO,, gas Computer
hypotension surgery femoral canal Lavage Packing Navigation
Never applied 195 (6.7%) 130 (4.6%) 96 (3.4%) 368 0 (0%) 79 79 (2.8%)
(13.1%) (2.8%)
Applied but deflated throughout 72 (3.8%) 72 (3.8%) 31 (1.6%) 179 (9.4%) 51 (2.7%) 0 (0%) 20 (1.0%)
entire procedure
Applied and inflated during 0 (0%) 104 (100%) 54 (51.9%) 54 (52.0%) 54 (51.9%) 0 (0%) 0 (0%)
cementation
Unspecified 716 (15.8%) 86 (1.9%) 809 (17.8%) 285 (6.3%) 29 (5.4%) 91 91 (2.0%)
(2.0%)
Total 983 (10.5%) 392 (4.2%) 990 (10.6%) 886 (9.5%) 134 (6.6% 170 190 (2.0%)
(1.8%)
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future, this terminology could allow researchers and clinicians to better
evaluate the distinct methods and draw more precise conclusions on
their benefit.

We acknowledge several limitations of this study. Two large studies
included in this analysis had exceptionally large sample sizes,
comprising 24.2% of all patients included in the analysis.>"*>* These
outliers may have an undue impact on the analysis. An additional lim-
itation of this analysis was the high number of studies not specifying
how they defined tourniquetless or their methods employed to control
blood loss. However, despite the high rate of studies not specifying, we
believe this study still captured the entirety of methods considered
tourniquetless and the rates and which recommended adjunct tech-
niques are being employed. This study also assumed the use of tra-
nexamic acid as a standard of care in TKA. While the use of tranexamic
acid has become increasingly common, there are still variations in its
use, dosing, and route of administration that should be explored in
future research on tourniquetless TKA. Additional future research
should better elucidate the utility of tourniquet assisted, such as infla-
tion during cementation only, versus completely tourniquetless surgery.
Finally, more research should be performed on the utility of definitive
protocols for tourniquetless TKA using the recommended techniques to
control blood loss. More uniformity in the use of these adjunct tech-
niques may help maintain bloodless fields, decrease blood loss, and
improve outcomes.

The reports of this review support our hypothesis that there is large
diversity in the techniques considered “tourniquetless” in TKA. As
tourniquetless TKA becomes more popular, greater attention needs to be
paid to defining these methods and other adjunct techniques utilized.
We propose the terms “tourniquetless,” “tourniquet available,” and
“tourniquet assisted” to define these methods moving more precisely
forward. These terms will aid appropriate analysis of studies in the
literature and help guide surgeons as they transition to tourniquetless
TKA and the uptake of associated techniques.

5. Conclusion

The performance of TKA without a tourniquet is gaining popularity;
however, wide variation in the definition of “tourniquetless” TKA and
utilization of augmented techniques to control blood loss remains. In
this study, we found that “tourniquetless” had been used to define
procedures where no tourniquet was applied, a tourniquet was applied
but kept deflated, and a tourniquet was inflated only during cementa-
tion. Due to key clinical differences between these techniques, we pro-
pose the terms “tourniquetless,” “tourniquet available,” and “tourniquet
assisted” to define these methods more precisely moving forward. The
duration of tourniquet use and stage of surgery in which it was used are
additional key descriptors in tourniquet assisted surgery. These terms
can help better differentiate the literature, guide surgeons as they
transition to tourniquetless TKA, and assist in the development of more
definitive protocols for the use of adjunct techniques to control blood
loss during tourniquetless TKA.
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