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Abstract

Objetives: The use of tourniquets in foot surgery can produce complications. It was assessed que quality of surgical field hemostasis
and its complications with the use of an ankle tourniquet whose pressure was determined by using the Limb Occlusion Pressure (LOP)
method.

Patients and methods: Patients surgically treated with an ankle tourniquet were included. Pressure of the tourniquet was calculated
using LOP method with a cuff at the ankle until Doppler stethoscope sound was not detected. A security margin was added of 40, 60
or 80 mm Hg if LOP value was less than 130, between 131-190 or more than 190 respectively. Quality of surgical field was graded as
Excellent, Good, Fair and Bad.

Results: A total of 116 patients were included. Mean pressure was 192.73 + 31.73 mm Hg and mean time of ischemia was 73.92 +

33.09 minutes. Quality of the surgical field was Excellent in 84 cases (72.4 %), Good in 26 cases (22.4 %) and Fair in 6 cases (5.2 %)
with no Bad cases.

Conclusions: The surgical field was considered Excellent or Good in 94.8% of the cases with ankle pressures noticeably lower than
those traditionally used in the ankle for foot surgery. The use of LOP method to calculate tourniquet pressures at the ankle is a valid and
safe method that allow a bloodless surgical field with minimal complications.

Resumen

Objetivos: El uso de torniquetes en cirugia del pie puede presentar complicaciones. Se valoré la calidad del campo quirurgico exangtie
y laaparicién de complicaciones con el uso de torniquete localizado en el tobillo, determinando la presion mediante el método de Presion
de Oclusién de Extremidad (LOP).

Pacientes y métodos: Se incluyeron a pacientes intervenidos quirurgicamente del pie con torniquete en el tobillo. La presion con
método LOP se determiné con manguito en el tobillo hasta que se perdia el pulso con onda doppler, y al que se afiadié un margen de
seguridad de 40, 60 u 80 mm Hg si el valor LOP era menor de 130, entre 131-190 y mayor de 190 mm Hg, respectivamente. La calidad
del campo quirdrgico fue catalogada como Excelente, Buena, Regular y Mala.

Resultados: Se incluyeron un total de 116 pacientes. La media de presion utilizada fue de 192.73 +31.73 mm Hg y el tiempo medio
deisquemia 73.92 + 33.09 minutos. La calidad del campo quirurgico fue Excelente en 84 casos (72.4 %), Buena en 26 casos (22.4 %) y
Regular en 6 casos (5.2 %) sin ningun caso de Mala calidad.

Conclusiones: El campo quirurgico fue considerado como Excelente o Bueno en el 94.8 % de los casos con el uso de presiones sen-
siblemente inferiores a las clasicamente utilizadas en el tobillo para cirugia del pie. El calculo de la presion del torniquete en el tobillo
mediante el método LOP es un método valido y fiable que permite un campo quirurgico exanglie con minimas complicaciones.
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Introduction

Surgical tourniquets are routinely used in limb surgery to improve
visualization of the surgical field, allowing for more precise technical
work in a safe and faster environment, 1,2 thereby avoiding injuries
or technical errors due to lack of visibility and reducing blood loss.3
Despite all these benefits and technological advances in tourniquet
management,4 their use is not without problems or risks, which are
well documented in the literature.5-9

Ischemia and pressure are the two main iatrogenic factors in-
volved in the use of intraoperative tourniquets. Metabolic effects are
associated with the sequelae produced by sustained ischemia, while
nerve and muscle tissue injuries are directly related to local compres-
sion produced by the tourniquet itself and the duration of that local
pressure.10,11 As of today, there is no safe intraoperative pressure
that can be used without risking injury to structures, and the most
appropriate way to calculate that pressure remains unknown.

However, in recent years, the concept of LOP (limb occlusion
pressure) has been developed, defined as the minimum pressure of
the tourniquet to stop arterial flow distal to it, which would be the
tourniquet pressure required to maintain a bloodless surgical field. 12
The Association of periOperative Registered Nurses (AORN) and the
Association of Surgical Technologists (ATS) in the United States rec-
ommend calculating this value and using it as a system to estimate
the intraoperative tourniquet pressure, with an added safety margin
of 40, 60, or 80 mm Hg, depending on whether the LOP value is less
than 130 mm Hg, between 131 and 190 mm Hg, and greater than
190 mm Hg, respectively (table 1).12,13 This system is known as the
LOP method for calculating the intraoperative tourniquet pressure
in each specific patient.

Several studies have shown that the LOP method is a valid system
for achieving a bloodless surgical field, minimizing the risk of injuring
tissues subjected to compression by the tourniquet in adults14-17
and children.18 However, in most of these studies, the cuff was
placedin the thigh or arm, and the use of LOP in other locations, such
as the leg or ankle, has been much less studied. Ankle tourniquet
placementis very common in foot surgery performed by podiatrists,
as it is usually better tolerated by patients and allows surgery to be
performed with distal local anesthetic blocks in the foot without the
need for general anesthesia or more proximal anesthetic blocks (pop-
liteal or spinal). Pauers and Carocci19 studied the effect of optimizing
ankle tourniquet pressure using 200 mm Hg, a method different from
LOP, so we do not know to date if this LOP system is a valid method
for calculating intraoperative tourniquet pressure when the location
is the ankle.

Table I. Method recommended to determine the
intraoperative pressure of the torniquette according to the

AORN and the AST.

LOP <130 40 mm Hg
LOP + Security
measurement  marging LOP 131-190 60 mm Hg
LOP>190 80 mm Hg

AORN, Association of periOperative Registered Nurses; ATS, Association of
Surgical Technologists; LOP, limb occlusion pressure; mm HG, millimeters of
mercury.
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For all these reasons, the aim of this study was to evaluate the qual-
ity of the bloodless surgical field and the occurrence of complications
associated with the use of ankle tourniquet for foot surgery, determin-
ing the tourniquet pressure using the method recommended by AORN
and AST based on LOP calculation. The aim was to assess whether us-
ing this method at the ankle achieves a valid hemostasis system that
allows for a bloodless surgical field while minimizing problems associ-
ated with tourniquet use due to pressure exerted on the ankle.

Patients and methods
Study design

This was a prospective, cross-sectional case series study conduct-
ed on patients undergoing foot surgery requiring the application ofa
surgical tourniquet at the ankle. The drafting of this article followed
the recommendations of the STROBE guidelines for reporting ob-
servational studies.20

Study population

All patients consecutively undergoing foot surgery at Clinica del
Pie Elcano (Bilbao, Vizcaya, Spain) who met the following inclusion
criteria were included: 1) patients older than 18 years undergoing
surgery in the forefoot, performed with a pneumatic tourniquet
placed at the ankle regardless of the duration of its application, and
2) procedure performed using distal local anesthesia (ankle or foot)
along with conscious sedation administered by an anesthesiologist.
Cases of foot surgery where an ankle tourniquet was not used (for
example, nail surgery) or where other types of hemostasis, such as
vasoconstrictors (adrenaline) associated with local anesthetics, were
used were excluded.

All patients were private patients at Clinica del Pie Elcano (Bilbao,
Vizcaya, Spain) who voluntarily attended the center for the treatment
of pain and/or deformities in the forefoot and who voluntarily accept-
ed surgical treatment. Data collection was conducted from Decem-
ber 2018 through December 2022. The present study is classified as
an observational case series study with prospective character. While
conducting this study the routine clinical practice of such center was
not altered whatsoever.

Protocol and procedures

Once the patient was in the operating room, a peripheral vein
was cannulated with an IV catheter in the arm, and 0.9% saline solu-
tion was administered along with drugs for the conscious sedation
procedure performed by the anesthesiologist (E.M.E.). This proce-
dure involved administering midazolam and fentanyl at low doses
adjusted to the patient’s weight and continuous infusion of propofol
throughout the procedure (target-controlled infusion system be-
tween 0.5-1.5 mg/ml) to achieve sedation with the patient asleep
and on spontaneous breathing, who could be awakened by tactile
or verbal stimulation (Ramsay scale level 3).21 Immediately after ad-
ministering this drug for conscious sedation, and before performing
the local anesthetic block in the foot, the LPO value was calculated
in the limb to be operated on. The LOP value was obtained by plac-



Figure 1. Measurement of limb occlusion pressure (LOP) using a
Doppler probe and an automatic pressure cuff.

ing an automatic pressure cuff that calculated the arterial pressure at
the ankle (HEM-M3-7131E; OMRON HEALTHCARE Co., Ltd., Kyoto,
JAPAN), and with a bidirectional Doppler using an 8 MHz probe (So-
noline B, Contect Medical Systems co., Ltd.; China), the flow of the
distal pedal artery to the pressure cuff was located. In cases where
the pedal artery could not be located (there is a percentage of around
5% of the population with absent or vestigial presence of the anterior
tibial and pedal artery),22 the posterior tibial artery was used for this
measurement. Once the artery was perfectly located with the Dop-
pler probe, the ankle pressure cuff was inflated to a pressure at which
the Doppler wave sound disappeared, indicating complete collapse
of the artery. Afterwards, the automatic pressure cuff began to cal-
culate the arterial pressure by gradually decreasing the pressure in
the ankle at a rate of approximately 3-5 mm Hg per second. When
the Doppler signal recovered, the marked pressure was estimated as
the LOP pressure (Figure 1). This procedure was always performed
with the patient in a supine position (not sitting and with the heart
approximately at the level of the artery of the foot to be explored)
and was repeated 2 times consecutively in each patient to ensure the
reliability of the measurement. The highest pressure of the 2 mea-
surements was always taken as the LOP pressure. However, in cases
where a difference of more than 10 mm Hg was observed between
the firstand second readings, a third reading was used to determine
the LOP pressure. All LOP calculations were performed by 2 podia-
trists who were authors of the article (J.P.H. and L.P.F.), and who had
previously practiced together the protocol that should be followed
for the LOP calculation. All patients were constantly monitored by
the anesthesiologist for their heartbeat, blood pressure, and oxygen
saturation during the procedure.

In all cases, a 13 cm-wide manual pneumatic tourniquet (Kom-
primeter, Riester® Phoenix, AZ, USA) with a straight design (not
contoured to the limb) was used. The tourniquet was applied after
previously emptying blood by sweeping with a Smarch tape applied
to the foot. The application time of the tourniquet never exceeded
120 minutes. In cases where the procedure lasted more than 120 min-
utes, either the technique went on without a tourniquet (“wet”) until
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the surgery was finished, or a reperfusion pause of, at least, 20 min-
utes was taken before reapplying the tourniquet at the ankle. The
new application of the tourniquet never exceeded 30 minutes.

Variables and measurements

All surgical procedures were performed by the same podiatrist, the
author of this article (J.PH.), who was in charge of the patients during
the surgical process. Once the surgery was completed, this author as-
sessed the quality of the bloodless surgical field at the end of the proce-
dure. This assessment of the bloodless field was performed qualitatively
and was based on a four-category scale: 1) Excellent: bloodless intraop-
erative surgical field with excellent visualization; 2) Good: slight or mini-
mal bleeding allowing the technique to be performed without having
to change the tourniquet pressure; 3) Fair: intraoperative bleeding re-
quiring increasing the tourniquet pressure during surgery, not because
the cuff pressure has decreased, but because the calculated pressure
does not allow working due to lack of field visibility; 4) Poor: abundant
intraoperative bleeding requiring repeating foot exsanguination. Simi-
larly, allincidents or complications that could be related to the use of the
tourniquet during surgery were noted during the postoperative period:
local pain in the tourniquet placement area, postoperative neurological
symptoms compatible with nerve injury due to the tourniquet, skin inju-
ry due to compression exerted by the tourniquet, and thrombophlebitis
and deep vein thrombosis. The existence ofimmediate cardiovascular
or respiratory events after tourniquet deflation was also noted.

Data were filled in during the preoperative period and immedi-
ately after surgery on a data sheet for each patient, which were then
transferred to a database along with the patient’s age and sex, sys-
tolic blood pressure in the arm, systolic blood pressure in the ankle,
ankle/brachial index (ABI), LOP value, tourniquet pressure used dur-
ing surgery, and quality of the surgical field. Follow-up of all patients
was conducted during the usual postoperative course following the
standard protocols of the center where the study was conducted.
Postoperative consultations were conducted until discharge, which
occurred, at least, 12 months after surgery. Any incidents during this
period, especially related to tourniquet use, were tracked, and re-
corded in the database.

Statistical analysis

The mean + standard deviation of quantitative variables and sim-
ple percentages for categorical variables were calculated. An estima-
tion of the quality of the bloodless surgical field was obtained using
simple percentages, while differences in the values of the pressure
used and systolic pressure in the arm and ankle were analyzed in the
different groups of surgical field quality (Excellent, Good, Fair, and
Poor) using a hypothesis contrast test through the Kruskal-Wallis H
test (the non-parametric equivalent to the ANOVA test). P values <
0.05 were considered statistically significant. All calculations were
performed using the IBM SPSS Statistics® program (version 26).

Results

A total of 124 patients were analyzed, 8 of whom had missing
measurements that prevented their inclusion in the study, resulting
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in afinal sample of 116 patients. In 2 out of the 116 cases, it was im-
possible to locate their age and gender on the data collection sheet,
although the rest of the values were correctly filled out, so they were
included in the pressure analysis and variable calculation but not in
the calculation of age and gender for the sample. Table Il shows the
basic population data and study variables. The mean pressure used in
the total samplewas 192.73 £ 31.76 mm Hg, and the mean ischemia
time used was 73.92 + 33.09 minutes.

Table Il shows the percentages of surgical field quality and sys-
tolic blood pressure values in the arm and ankle, as well as the LOP in
each category. Using the method described with the LOP value, the
quality of the surgical field was Excellent in 84 cases (72.4%), Good
in 26 cases (22.4%), and Fair in 6 cases (5.2%). No cases of poor-
quality surgical field were ever reported. The Kruskal-Wallis test did
not show statistically significant differences between the Excellent,
Good, and Fair quality field groups, both in the pressure used (p =

Table ll. General data of the study population and variables
studied(n=116) *

Mean SD Range
Age * 62.57 13.60 16-90
Brachial SBP 132.55 22.43 90-195
Ankle SBP 142 51.07 90- 168
LOP 136.43 24.28 75-215
Pressure used (ankle) 192.73 31.76 125-250
Ischemia time (minutes) 73.92 33.09 11-119

Number (%)

Male 23(19.3%)
Gender *

Female 93 (80.7%)

Right 70 (60.3%)
Foot

Left 46 (39.7%)

SBP, systolic blood pressure; LOP, limb occlusion pressure; SD, standard deviation.
* Age and gender calculation was performed onn =114, and therestonn=116.

0.327) and in the systolic blood pressure in the arm (p = 0.060) and
ankle (p=0.076).

In 9 cases, the initial hemostasis time of 120 minutes was ex-
hausted, and hemostasis reutilization with a tourniquet was per-
formed during surgery with a previous reperfusion period of the foot
between 20 and 30 minutes (mean, 27.5 + 5.2 minutes), followed by
a second hemostasis time lasting between 5 and 30 minutes (mean,
22.2 +8.2 minutes). None of the cases required a third use of hemo-
stasis.

No cardiovascular or respiratory events were recorded dur-
ing exsanguination and tourniquet deflation in the study patients.
Complications were reported in 2 patients in the study that could be
related to tourniquet use: one of them was the presence of localized
deep vein thrombosis in the intervened leg, which was conservatively
treated on an outpatient basis and followed up by their primary care
physician. This patient had a pressure of 195 mm Hg for 120 minutes
and was one of the patients in whom ischemia was reapplied for 30
minutes after a 30-minute reperfusion window. The second was the
presence of postoperative neurological pain at the tourniquet appli-
cation site, which subsided favorably 4 to 6 weeks after the interven-
tion without sequelae. In this case, the tourniquet pressure used was
165 mm Hg for 102 minutes.

Discussion

Injuries to vessels, nerves, or other tissues, whether temporar-
ily or permanently, are complications due to the incorrect use of the
tourniquet during limb surgery. Most of the literature maintains that
mechanical trauma due to tourniquet pressure is the mostimportant
factor in the pathogenesis of these injuries related to its use.23-27
Classic studies by Ochoa et al. concluded that nerve injuries were
caused by increased pressure at the edge of the cuff, which was the
location where nerve lesions histologically occurred with displace-
ment of the Ranvier nodes, showing that it was compression neu-
ropraxia rather than ischemic neuropathy the cause of the paralysis
produced by the tourniquet.28,29 Within this context of compressive
nerveinjury, lesions can appear as a consequence of incorrect tourni-
quet placement, incorrect size of the tourniquet, excessive pressure,
and/or prolonged use, generally exceeding 2 hours. Determining the
appropriate tourniquet pressure sufficient to create a bloodless field

Table Ill. Visualization of the surgical field and associated pressures (n=116)

Vilzatonand  Number  LOP  Presaureused  9swclor Pty Arklesystolc - Usedpressure-
Associ(a:(:d1l:r6e)ssures (%) (Mean £ SD) (Mean £ SD) pressure used (Mean £ SD) (Mean+SD)  pressure (Mean)
Excellent 84(72.4%) 134.45+23.04 190.90+25.03 184.22-197.59 129.81+19.84 135.55+22.27 60.68+21.25
Good 26(22.4%) 143.54+27.52 200.46+33.51 186.93-214.0 143.08 £ 25.38 166.96+98.67 61.0+£21.05
Regular 6(5.2%) 133.33+£25.03 184.5+39.69 142.85-226.15 129.83+32.6 116.6+ 16.99 54.67 +10.55
Poor 0(0%) - - - - - -

Cl, confidence interval; LOP, limb occlusion pressure; SD, standard deviation.

* Kruskal-Wallis H test (p = 0.327). ** Kruskal-Wallis H test (p = 0.060). *** Kruskal-Wallis H test (p = 0.076).

[Rev Esp Podol. 2024;35(1):4-10]



and, at the same, time avoid tissue damage due to compression is a
difficult task whose answer remains elusive. The present study aimed
to assess the quality of the bloodless field in foot surgery with the
tourniquet placed on the ankle, using the method recommended
by AORN and ATS which uses the LOP value as a reference. As far as
the authors know, this is the first study ever conducted to measure
the clinical effectiveness of using LOP as a method of calculating the
pressure used by the tourniquet when located on the ankle. This clini-
cal assessment had been performed in other studies using the LOP
method in the thigh14,16,17 but not in the ankle.

In podiatry foot surgery, tourniquets have historically been used
for years on the ankle with a minimal rate of complications. In a study
on the use of pneumatic tourniquets on the ankle in 3027 podiatric
surgery procedures performed in the United States, only 5 compli-
cations were described.30 However, determining the tourniquet
pressure used on the ankle is not performed under fixed or standard-
ized parameters. Historically, this has generally been done using 3
methods. The first method consists of always using a fixed pressure
thatis notchanged, usually 350 mm Hg in the thigh and 250 mm Hg
on the ankle. The second method consists of adjusting the pressure
relative to the patient’s systolic blood pressure, adding an increment
that varies between 75-150 mm Hg depending on the anatomical
location of the tourniquet, always avoiding exceeding 250 mm Hg
onthe ankle.31 The third method consists of using the LOP method,
recommended by AORN and ATS, 12,13 which is the one used in the
present study, by calculating the patient’s LOP value in theimmediate
preoperative period and adding a safety margin (Table )

Asf, thisis the first study that has measured the clinical effective-
ness of using LOP (Estimated Occlusion Pressure) as a method for
calculating the pressure used by the tourniquet when located at the
ankle. This clinical assessment had been carried out in other studies
using the LOP method in the thigh, but not at the ankle.

Historically, ankle tourniquets have been used for years in foot
surgery by podiatrists with a minimum complication rate. In a study
on the use of pneumatic tourniquets at the ankle in 3027 podiatric
surgery procedures performed in the U.S., only a total of 5 complica-
tions were described. However, determining the tourniquet pressure
used at the ankle is not done under fixed or standardized parameters.
Historically, this has generally been done using three methods. The
first method consists of always using a fixed pressure that is not
changed, typically 350 mm Hg in the thigh and 250 mm Hg at the
ankle. The second method consists of adjusting the pressure based
on the patient’s systolic blood pressure, adding an increment rang-
ing from 75-150 mm Hg depending on the anatomical location of
the tourniquet, always avoiding exceeding 250 mm Hg at the ankle.
The third method consists of using the LOP method, recommended
by the AORN and the ATS, which is the method used in the present
study, calculating the patient’s LOP value in the immediate preopera-
tive period and adding a safety margin (Table I).

The present study has shown that the use of the LOP method for
calculating tourniquet pressure at the ankle is a method that allows
working under a bloodless surgical field with pressures significantly
lower than those historically used of 250 mm Hg at the ankle. In the
present study, in 110 out of 116 patients (94.8%), the surgical field
was categorized as Excellent or Good using this method, and the
mean pressure used was 190.90 + 25.03 mm Hg in cases where the
surgical field was considered Excellent (72.4% of the overall sam-
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ple)and 200.46 + 33.51 mm Hg in cases where the surgical field was
considered Good (22.4% of the overall sample). These results are
similar to those reported by Pauers and Cacori, who used a slightly
curved tourniquet inflated to 200 mm Hg, in which in 90% of cases
adequate hemostasis was achieved with minimal postoperative com-
plications.19 The results of the present study suggest that using a
fixed pressure of 250 mm Hg at the ankle overestimates the pressure
needed to achieve a bloodless surgical field in which one can work
comfortably. Similarly, using a safety margin of 100 mm Hg above the
systolic blood pressure32,33 can overestimate, in many cases, the
pressure needed to produce a bloodless surgical field. In the present
study, the difference between systolic blood pressure and the pres-
sure used at the ankle using LOP calculation was 60.43 + 21.64 mm
Hg for the total sample, and Table lll shows that value in the different
groups of surgical field quality. In light of these results, it seems that
using this rule (systolic blood pressure + 100 mm Hg) for calculating
tourniquet pressure may not be ideal.

The LOP value is related to various variables of the patient, such
as systolic blood pressure, ankle-brachial index, limb size, and ex-
ternal variables such as tourniquet design (straight or contoured)
and tourniquet width, among others. Several authors have tried to
establish formulas to aid in the calculation of this value, often based
on brachial systolic blood pressure. Diamond et al.33 established
the formula: (systolic blood pressure x 1.5) + age as the minimum
occlusion value. Massey et al.34 studied various predictive factors
to determine arterial occlusion pressure in the foot using an ankle
tourniquet and using various physiological and anthropometric vari-
ables of the participants; their final regression equation was: (116 x
ankle/brachial index) + (1.37 x systolic blood pressure) -159. Tuncalli
et al. developed the concept of arterial occlusion pressure using the
following formula [systolic blood pressure + 10]/tissue damping co-
efficient.35,36 On the other hand, McEwev et al. noted that the LOP
value can vary widely with respect to systolic blood pressure mea-
sured in the arm and that this variability suggests that calculating
tourniquet pressure using only systolic blood pressure in the patient’s
arm may not be optimal in many cases.14 In the present study, no
differences were found in systolic blood pressure among the differ-
ent groups of surgical field quality: Excellent, Good, and Regular;
although a greater dispersion of data was observed in the Regular
group with respect to the Good group and between these two (Regu-
lar and Good) with respect to the Excellent group, as shown by the
values of the standard deviation of brachial systolic blood pressure
(Table 1). This aspect is also reflected in the dispersion of the final
pressure used according to the data from the confidence intervals
(Table I11).

One aspect to note in the present study is the use of conscious
sedationin all patients by an anesthesiologist. Regardless of whether
blood pressure measured in the arm is relevant to the calculation of
the LOP value, it should remain stationary throughout the entire
surgical procedure with minimal variations. The fact that the patient
was constantly monitored and under conscious sedation by the an-
esthesiologist helped maintain a stable level of blood pressure during
the surgical procedure in all the study patients. In this regard, the
results obtained in the present study should be viewed in the context
of constant blood pressure monitoring and may not be applicable
to other studies that did not have close monitoring of the patient’s
blood pressure during the intraoperative period.

[Rev Esp Podol. 2024;35(1):4-10]
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Apart from preventing pressure-related injuries, there is another
relevant aspect regarding the use of tourniquets that speaks od the
presence of intraoperative pain caused by the tourniquet, which
tends to increase with the duration of its use.37 This is an important
aspect, as it allows surgery to be performed safely and comfortably
for the patient with distal nerve blocks and IV sedation without need
for general anesthesia or more proximal blocks (popliteal or spinal).
Finsen and Kasseth38 concluded that the use of ankle tourniquets
is better tolerated by patients than when they are used on the leg. It
is the subjective opinion of the authors of this article that the use of
lower tourniquet pressures, along with the use of IV sedation, delays
the onset of tourniquet-associated pain during the surgical proce-
dure. Unfortunately, this aspect was not studied in the present work,
and future studies would be needed to test this hypothesis.

The immediate period just after exsanguination of the limb and
deflation of the tourniquet potentially carries a risk of creating he-
modynamic instability to the patient. Tourniquet deflation produces
systemic cardiovascular, hematological, respiratory, and metabolic
effects due to the residues originating in the tissue once ischemia is
removed and passes into the central circulation.39,40 Similarly, there
is a risk of creating embolization phenomena just after the deflation
of the extremity tourniquet, which have been clearly reported in the
literature.41-44 In the present study, all patients were closely moni-
tored, and none suffered any cardiovascular or respiratory events
in the immediate intraoperative and postoperative periods with the
inflation and deflation of the tourniquet. In this regard, we should
mention that most of these events have been reported with tourni-
quets in more proximal locations such as the thigh, where there is a
larger volume of blood exsanguination and deflation, and a greater
amount of exposed ischemic tissue, especially muscular, compared
to the use of the tourniquet at the ankle, where the only anatomical
area exsanguinated is the foot. In fact, a recent study in patients un-
dergoing hallux valgus/limitus surgery with the use of a thigh tour-
niquet showed that the most significant ischemic changes occurred
in muscular tissue, not in subcutaneous or bone tissues.45 For all
these reasons, we consider ankle location to be very safe in terms of
systemic cardiovascular, respiratory, and metabolic effects.

The present study has certain limitations, so the interpretation
of the results should be approached with caution. Firstly, the as-
sessment of surgical field quality was done subjectively by grading
it into 4 values (Excellent, Good, Regular, and Poor). Although this
measurement has been used in previous studies, 14,16,36 there is
inherent subjectivity to this assessment that may have interfered with
the results obtained. Secondly, the LOP measurement method takes
time in the operating room and requires certain skills and practices
from the operator in charge to be precise. Therefore, it is a method
thatisrarely used in the routine clinical practice, and we believe these
aspects could be a limitation to expanding its use routinely in clinical
practice in foot surgery.

In conclusion, the present study has determined the quality of
the surgical field using a method for quantifying tourniquet pressure
(LOP method) when the location is at the ankle in forefoot surgery.
The mean pressure used by the tourniquet in the present study was
192.73 £31.73 mm Hg, which represents pressures lower than those
historically used at the ankle as standard for foot surgery. The quality
of the surgical field was considered Excellent or Good in 94.8% of
cases. Calculating tourniquet pressure at the ankle using the LOP
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method adding a safety margin is a valid and reliable method that
yields excellent and good surgical field quality in most cases and
with minimal complications. The authors believe that the pressure
calculation method should be done on an individual basis, and the
routine use of a constant pressure of 250 mm Hg in all cases should
be avoided.
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