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Abstract
Introduction
Tourniquets are used widely in trauma and orthopaedic surgery to reduce blood loss and facilitate better
visualisation of the operative field; however, some complications can result from improper use such as
pressure sores, chemical burns, compartment syndrome, and deep vein thrombosis. We audited the use of
intraoperative tourniquets in our trauma theatre against the guidance published by the British Orthopaedic
Association (BOA) in 2021.

Methods
This was a closed-loop audit evaluating 80 trauma operations that utilised tourniquets. In the first cycle, we
audited 40 operations (23 upper limbs vs 17 lower limbs) over a period of two months through a review of
operation notes and theatre documentation. We presented our findings and implemented changes including
the addition of tourniquet use to the operation note template and labels on the tourniquet machines aiding
the calculation of tourniquet pressures. A re-audit was then performed involving a further 40 operations (20
upper limbs and 20 lower limbs). Statistical analyses were performed to compare the two cycles.

Results
Tourniquet time was on average similar across both audit cycles (60.7 vs 70.0, p = 0.192) with compliance up
to standard in 97% of cases. Post-intervention, there was an improvement in the documentation of skin
status (37 vs 69%, p = 0.004), tourniquet isolation method (43% vs 74%, p = 0.003), and tourniquet pressure
(71% vs 94%, p = 0.003). The difference between tourniquet pressure and systolic blood pressure was on
average lower post-intervention for the upper limb (125.9 vs 99.9, p < 0.01) and lower limb operations (154.2
vs 121.7, p < 0.01). Adherence to the British Orthopaedic Association Standards for Trauma (BOAST)
guidance with tourniquet pressure improved with intervention (25% vs 75%).

Conclusion
The introduction of tourniquet parameters in the operation note template and patient-specific calculation
of tourniquet pressures improved the safe use of tourniquets within the trauma theatre.
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Introduction
A tourniquet is any device applied externally to a body part to compress and occlude underlying vascular
structures to reduce blood flow. The pressure applied by the tourniquet must be greater than the arterial
blood pressure to stop the blood flow successfully. The minimal pressure required to stop arterial inflow to a
limb is termed the limb occlusion pressure (LOP) or the arterial occlusion pressure (AOP) [1]. LOP is
measured through the stepwise inflation of a pressure cuff until the loss of the distal arterial pulse on
Doppler ultrasound scanning or pulse oximetry [2]. AOP can be approximated using a formula based on a
patient’s systolic blood pressure (SBP) and tissue padding coefficient [3,4].

Intraoperative tourniquets are used to reduce bleeding, which results in a clearer operative field of view.
Tourniquet use has also been associated with significant reductions in operative times with certain
orthopaedic procedures [5]. Despite these benefits, tourniquet use is not without its own risks. It has been
associated with complications such as nerve injury [6], chemical burns [7], deep venous thrombosis or
pulmonary embolism [8], tourniquet pain [9], rhabdomyolysis [10], and compartment syndrome [11]. The
incidence and severity of tourniquet-related complications are directly related to tourniquet insufflation
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pressures [12] and prolonged tourniquet use [9].

The British Orthopaedic Association Standards for Trauma (BOAST) guidelines on “the safe use of
intraoperative tourniquets” provide a series of recommendations on the safe limits for tourniquet time and
pressure [13]. These guidelines use the SBP as a proxy for LOP as the measurement of the LOP is less
practical in clinical practice. The SBP is used alongside a set pressure based on the patient’s age and location
of surgery to calculate the final tourniquet pressure. This helps minimise the overinflation of the tourniquet
and its potential complications. The BOAST guidelines also stress the importance of documenting
tourniquet use in operative procedures. Clear documentation helps keep a record of several factors such as
how the tourniquet is isolated which are critical in minimising the risk of adverse effects [14]. The record of
tourniquet use is also useful for audit, research [15], and medico-legal purposes [16].

This audit aimed to improve compliance with these recommendations in the Trauma and Orthopaedic
Department of a District General Hospital. The decision regarding tourniquet pressure was made by the
operating surgeon at the start of the procedure. The department developed a culture of using standard
tourniquet inflation pressures of 250 mmHg for upper limb cases and 300 mmHg for lower limb surgeries
independent of patient age, weight, comorbidities, and blood pressure. Similar practices have been
previously reported [2]. The use of these pre-set insufflation pressures can often be excessive and therefore
expose patients to a greater and unnecessary risk of developing tourniquet-related complications. This
project aimed to reduce this risk while still ensuring effective tourniquet use.

Materials And Methods
This retrospective audit was conducted within the trauma and orthopaedic department of a local District
General Hospital. It was registered with the hospital trust’s clinical audit team as an audit project with the
project code T&O/CA/2022-23/19.

The standard that was employed for the audit was the BOAST guidelines on the safe use of intraoperative
tourniquets [13]. The guidelines list several parameters that should be met when using tourniquets in
theatres, which are shown in Table 1.

Audit standard parameters

Documentation of the condition of the tourniquet site prior to and at the end of the procedure

Documentation of the method of isolation used to exclude skin preparation fluids from seeping under the tourniquet

Patients < 16 years should have a tourniquet pressure of limb occlusion pressure plus 50 mmHg or systolic blood pressure plus 50-100
mmHg

Patients > 16 years should have a tourniquet pressure of systolic blood pressure plus 70-130 mmHg for the lower limb and 50-100 mmHg
for the upper limb

The ischaemic time should be less than 120 minutes

TABLE 1: Modified BOAST guidelines on the safe use of intraoperative tourniquets [13]
BOAST: British Orthopaedic Association Standards for Trauma.

The first cycle was conducted between September 2022 and October 2022, and the second cycle was
performed between February 2023 and March 2023. All upper and lower limb operations that involved the
use of a tourniquet over two months were included as part of the study. Elective operations and operations
which used finger or toe tourniquets were excluded.

Data was collected from the physical operative logbook within the trauma theatre as well as the electronic
operation note documentation. This included the patient’s age, sex, operative procedure, indication for
tourniquet use, tourniquet site documentation, isolation method, SBP at the time of inflation, tourniquet
pressure, and tourniquet time. The analysis was performed using Microsoft Excel version 16 (Microsoft
Corporation, Redmond, WA) and SPSS for Mac version 29 (IBM Corp., Armonk, NY). A Shapiro-Wilk test was
carried out to assess the normal distribution of the data. For statistical analyses, Pearson chi-square test,
independent samples t-test, and Mann-Whitney U test were used.

Before the second audit cycle, the data was presented at the local trauma and orthopaedic departmental
audit meeting. Interventions introduced included the addition of tourniquet details as a mandatory
component of the electronic operation note template. Labels were also applied to the tourniquet machines
to aid theatre staff in the calculation of appropriate tourniquet pressures (see Figure 1). A copy of the BOAST
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guidance was printed and applied to the wall in the trauma theatre doctor’s office as a reminder for both
trainee and consultant surgeons when completing operative documentation.

FIGURE 1: Label applied to tourniquet machine explaining the
calculation of tourniquet pressure

Results
The patient demographics are outlined in Table 2. It shows similar characteristics between the patients and
operative cases across both audit cycles.
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 Audit Re-audit p-value

No. of patients 40 40  

M:F ratio 21:19 18:22 0.811

Age    

Mean (SD) 53 (23) 48 (20) 0.134

Range 10-92 9-87  

Upper limb vs lower limb 23 vs 17 20 vs 20 0.501

Operation type    

Open reduction internal fixation 26 29  

Wound debridement 5 4  

Tendon repair 3 2  

Ligament repair 2 1  

Arthroscopic washout 3 2  

Incision and drainage of abscess 1 2  

TABLE 2: Patient demographics

Overall, documentation of skin status, isolation method, and tourniquet pressure improved in the re-audit
after intervention (Table 3).

 Audit Re-audit p-value

Tourniquet skin status documented before and after the procedure 37% 69% 0.004

Tourniquet isolation method documented in the operation note 43% 74% 0.003

Tourniquet pressure documented in the operation note 71% 94% 0.003

TABLE 3: Rates of documentation for tourniquet parameters

In both audit cycles, tourniquet time remained less than 120 minutes for 97% of operative cases with the
maximum tourniquet time recorded as 136 minutes. The tourniquet times were similar between the first and
second audit cycles (independent samples t-test, mean: 60.7, SD: 35.4 vs mean: 70.0, SD: 27.9, p = 0.192).

The difference between SBP and tourniquet pressure was reduced in the re-audit cycle for the upper limb
(Mann-Whitney U test, mean: 125.9, SD: 23.6 vs mean: 99.9, SD: 19.8, p < 0.01) and lower limb operations
(Mann-Whitney U test, mean: 154.2, SD: 29.7 vs mean: 121.7, SD: 20.3, p < 0.01). Graphs outlining the
difference between tourniquet pressure and SBP are shown in Figures 2, 3. About 75% of cases from the re-
audit were operating within the safe limit described by the BOA compared to 25% in the first audit cycle.
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FIGURE 2: Difference between tourniquet pressure and systolic blood
pressure in both audit cycles for upper limb operations. A range of 50-
100 mmHg is the safe limit recommended by the BOAST guidance.
BOAST: British Orthopaedic Association Standards for Trauma; SBP: Systolic blood pressure; TQ: Tourniquet.

FIGURE 3: Difference between tourniquet pressure and systolic blood
pressure in both audit cycles for lower limb operations. A range of 70-
130 mmHg is the safe limit recommended by the BOAST guidance.
BOAST: British Orthopaedic Association Standards for Trauma; SBP: Systolic blood pressure; TQ: Tourniquet.

Discussion
Our closed-loop audit showed an improvement in compliance with the documentation of tourniquet use
after multiple interventions were implemented. Documentation of skin status and tourniquet isolation
method improved from 38% (n = 15) to 70% (n = 28) and 43% (n = 17) to 75% (n = 30) post-intervention,
respectively. Tourniquet pressures were documented in 95% (n = 38) of cases in the re-audit cycle versus
70% (n = 28) in the first cycle. Our results were comparable to or better than those found at other centres. An
audit of elective arthroplasty surgical notes across nine UK hospitals showed a compliance rate of 83% for
the documentation of tourniquet time [17]. Other studies have noted particularly poor documentation rates
for tourniquet use with compliance rates of 32% [18] and 42% [19].

The improvements noted in documentation rates were likely the result of making the tourniquet parameters
a mandatory component of the electronic operation note template. A similar intervention has been trialled
in another department where the introduction of a new time-efficient template has improved compliance by
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49% [20]. Surgeons in our department who did not use the new template still had omissions in their
documentation of tourniquet use.

Tourniquet time across both cycles met the BOAST standards in 97% of cases where the tourniquet remained
inflated for less than the recommended two-hour limit. The average tourniquet time was comparable across
both audit cycles and was significantly below the upper limit. This may reflect the lower complexity of the
cases performed as this study was done in a District General Hospital as opposed to a Tertiary Referral
Centre. The AT4 tourniquet machines have an alarm that sounds at 90 and 120 minutes as a safety
mechanism to alert surgeons to the tourniquet time [21]. This has resulted in a generally high compliance
with most cases remaining within the recommended time limit.

The use of standardised tourniquet pressures of 250 and 300 mmHg for upper and lower limb procedures,
respectively, was widespread in our department as shown by the results of the first audit cycle. These
standardised tourniquet pressures were consistent with findings from a survey of community-based and
academic surgeons in the United States [22]. The lack of awareness of recent BOAST guidance on tourniquets
was evident in our departmental meeting. Post-intervention, the difference between tourniquet pressure
and SBP was lower, and the compliance rates improved by around 50%. About 25% of cases still used an
insufflation pressure above the recommended range despite the interventions implemented. Compliance
could be improved further by educating theatre staff on the appropriate calculation of tourniquet pressures
and ensuring this is part of their mandatory training. The tourniquet machines could also be adapted to
calculate tourniquet pressure based on the entry of the patient’s SBP.

With the widespread use of tourniquets, it is an assumption that surgeons and healthcare professionals
working in the operating theatre understand how to use tourniquets safely to minimise complications. Prior
studies and surveys have made it clear that this is not the case [23-25]. There is a general lack of formal
training on tourniquet application with most trainees gaining skills in tourniquet application from more
senior surgeons. This diversity in educational experience can be carried forward into clinical practice leading
to a lack of consistency in tourniquet use. In the future, the integration of tourniquet application into the
orthopaedic surgical curriculum may improve standards of care.

The limitations of our audit should be considered when interpreting the results. First, the data was collected
from a single centre, limiting the generalisability of the findings. The limited sample size of 80 patients may
not fully represent the diversity of practices with respect to tourniquet use. The faster-paced nature of the
trauma theatre may have also led to poorer compliance rates when compared to those cases that were
performed in the elective setting.

Conclusions
This closed-loop audit has demonstrated that the implementation of a specific electronic operation note
template and patient-specific calculation of tourniquet pressures alongside the active involvement of staff
can lead to improvements in the safety of tourniquet use and adherence to best practice guidelines. We
would encourage all orthopaedic units to evaluate their tourniquet use against BOAST guidance to improve
the standards of care and minimise potential complications.
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