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Surgical tourniquets are rou-

tinely used to establish a dry sur-

gical field, allowing the surgeon 

to work with greater technical 

precision in a safe, clear environ-

ment. Tourniquet use may also 

decrease blood loss, and in some 

instances tourniquets are used 

for limb anesthesia. Despite the 

well-documented benefits of sur-

gical tourniquets, and despite 

many advances in tourniquet 

technology, their use is not with-

out risk and complications still 

1 
occur. High pressures on the limb 

under a tourniquet cuff can 

cause nerve, muscle, and skin 

2,3
injury. Minimizing cuff pressure 

4,5
should minimize these risks. The 

question of how to minimize cuff 

pressure, and thereby reduce the 

risk of injury, is of interest to all 

medical personnel involved in 

tourniquet use. Research of 

equipment and techniques that 

minimize cuff pressures is of par-

ticular interest to surgical tech-

nologists who are responsible for 

the tourniquet or who may be 

asked to apply a tourniquet. 
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blood flowlLimb Occlusion Pressure (LOP, the minimum 
cuff pressure that stops arterial blood flow distal 
to the cuff) is a measure of the cuff pressure 
required to maintain a bloodless surgical field 
and has been shown in previous studies to be 
useful in optimizing cuff pressures.4,6,7,8,9 

Increasing the inflatable bladder width and con­
touring the shape of the tourniquet cuff to fit 
the taper of the limb have both been shown to 
reduce the cuff pressure required to occlude 

5,10,11,12,13 and using a wide cuff when 
possible is recommended in nursing guide-
lines.14 However, the current gold-standard LOP 
measurement method (Doppler stethoscope) is 
awkward, time consuming, and requires consid­
erable operator skill to be accurate and precise 
and is therefore seldom used in current practice, 
and 4" wide cylindrical tourniquets are most 
commonly used.15 

In the current study, we compare LOP using a 
wide, contoured cuff designed specifically for the 
thigh to LOP using a conventional cylindrical 
cuff (Figure 1) applied to the thigh. We also com­
pare the Doppler stethoscope LOP measurement 
method to a new automatic measurement tech­
nique currently under development. In the auto­
matic technique, a modified tourniquet con­
troller is used that finds LOP by adjusting cuff 

pressure while detecting a distal pulse using a 
sensor (similar to a pulse oximetry sensor) tem­
porarily clipped onto the second toe of the 
involved limb (Figure 2). The measurement rou­
tine takes about 30 seconds, and the toe sensor 
may be removed immediately after LOP is dis­
played. 

Our hypotheses are that: 
(a) the wide, contoured thigh cuff will 

occlude blood flow at a lower cuff pressure than 
the standard cylindrical cuff, 

(b) basing cuff pressure on LOP measured on 
each patient immediately before cuff inflation 
will lead to lower cuff pressure settings than those 
normally used in current clinical practice, and 

(c) the automatic LOP measurement method 
is no different from the current standard 
(Doppler), and therefore is potentially a clinical­
ly practical alternative to the Doppler method. 
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Method 
Ethical approval for this study was granted by the 
University of British Columbia. Twenty healthy 
adult volunteers with no history of vascular dis­
ease were recruited by poster among medical 
research center staff members (13 male/7 female, 
ages 24-57 [median 32], 48-91 kg [median 74]). 

An appropriate size standard cylindrical cuff 

(24" or 30" Zimmer ATS Cylindrical Cuff, 100  
mm [4"] wide, Zimmer Patient Care, Dover, 
Ohio, USA) and a wide, contoured cuff (Delfi 
Low Pressure Thigh Cuff, 140 mm [5.5"] wide, 
Delfi Medical Innovations, Vancouver, Canada) 
were tested on each volunteer. Both cuffs are 
reusable and are supplied nonsterile. For each 
cuff, a Doppler LOP measurement and an auto­
matic LOP measurement was made. Each cuff 

was applied by an experienced technologist and 
left undisturbed throughout its two LOP mea­
surements. To protect the volunteer’s skin a limb 
protection sleeve (two layers of 6" lay-flat tubu­
lar stockinette, as supplied with the wide cuff) 
was used under both cuffs on all volunteers.16 

Each volunteer lay supine and a blood pres­
sure (BP) cuff was applied to the left arm. The first 
tourniquet cuff in the sequence was applied snug­
ly to the thigh. If the volunteer was not familiar 
with tourniquet testing, the cuff was inflated to 
200 mmHg for several seconds and deflated to 
ensure that the subject was comfortable with con­
tinuing the test. The volunteer was then asked to 
relax and after approximately five minutes systolic 
blood pressure (SBP) was measured using a 
Doppler stethoscope (Versatone D9, MedSonics, 
Mountain View, California) at the radial artery. 
BP cuff pressure was increased slowly using a 
hand-operated regulator (Zimmer Inflatomatic 
3000) until the pulse was no longer detected. The 
BP cuff pressure indicated by a digital pressure 
gauge with resolution of 1 mmHg (Cecomp Elec­
tronics Inc) was recorded as the SBP before test­
ing. The tourniquet cuff was then ‘seated’ by infla­
tion to 200 mmHg and immediate deflation. 
Doppler and automatic LOP measurements were 
then made on the first cuff. The first cuff was 
removed and the second cuff applied at the same 
location, and Doppler and automatic LOP mea­
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surements taken. A randomized sequence of both 
cuff type and measurement method was used 
(Table 1). All Doppler LOPs were measured at the 
posterior tibial artery4 using the Zimmer pressure 
regulator, Doppler unit, pressure gauge, and tech­
nique as described above for the SBP. After the last 
measurement in the sequence for the volunteer, 
the SBP measurement was repeated. One experi­
enced technologist performed all measurements. 
Pilot testing has shown that the standard devia­
tion (SD) of a single experienced technologist tak­
ing repeated Doppler LOP measurements on the 
same limb and cuff (without removal and reappli­
cation of the cuff) is 2 mmHg (within 4 mmHg at 
95% confidence). 

The study is a repeated measures design in 
which a pair of treatments are applied to the 
same volunteer and the mean difference between 
the two treatments is detected using a paired t-
test. To find out if the wide cuff provides a signi­
ficant LOP reduction, the Doppler results of the 
two cuffs are compared (paired t-test, 1 sided). 
To detect a difference between the Doppler and 
the automatic measurement methods, the two 
LOPs from each cuff on each volunteer are com­
pared (paired t-test, 2 sided). To determine if 
there was a significant mean SBP change during 
the test among the volunteers (which would pos­
sibly make the sequence of the measurements 
affect the results), SBP before and after the test 

FIGURE 1 

Wide, contoured 

thigh cuff (top) 

and standard 

width 30" cylin­

drical cuff 

(bottom). 
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Recommendations for tourniquet use 
on the thigh for adult patients are compared (paired t-test, 2 sided). Normal 

distribution of the data for each treatment was 
In view of the results of this study and prior recommendations in the confirmed using normal scores plots. 
relevant clinical literature as described above, the following summa- After completion of the volunteer series, the 
ry for applying and using tourniquet cuffs in the thigh region on wide cuff and the automated LOP measurement 
adults is presented: unit were put into use for orthopaedic foot and 

ankle surgery as part of an ongoing study. SBP 
1. Select the widest cuff suitable for the selected limb loca­ and LOP are measured prior to cuff inflation, 

tion5,10,11,12, 13,14 and if possible use a contoured cuff able to match after the patient had stabilized under the general 
the taper of the thigh.5 Ensure that the cuff is clean and in good anesthetic. Cuff pressure is set at LOP + 40, 60, or 
working condition14 (for example check for excessive lint fouling 80 mmHg for LOP less than 130, 131-190, and 
of the hook and loop fasteners and that the cuff does not have greater than 190 respectively. The first 15 cases 
permanent kinks or ridges on its inner surface). are presented, and mean LOP and cuff pressure 

are compared to the volunteer results for the 
2. If possible,select a limb protection sleeve specifically designed for wide cuff (non-paired t-test assuming unequal 

the selected cuff.If such a sleeve is not available, apply two layers variances, two sided). The third author was sur-
of tubular stockinette or tubular elastic bandage, sized such that geon-in-charge in all 15 clinical cases and rated 
it is stretched when applied to the limb at the cuff location and the quality of the bloodless field as excellent, 
such that the compression applied by the stockinette or elastic good, fair, or poor. 
bandage is less than venous pressure (~20 mmHg) and less than 
the pressure of a snugly applied cuff.16 Results 

3. Apply the tourniquet cuff snugly over the limb protection sleeve, Wide, contoured cuff vs standard cuff 
and prevent fluids (such as limb preparation solutions) from col- Using the standard width cylindrical cuff, the 
lecting between the cuff/sleeve and the patient’s skin.14 average cuff pressure required to occlude arterial 

flow was 192 mmHg (range 145-250, SD 27, 
4. Using the applied cuff,measure the patient’s Limb Occlusion Pres- Doppler measurement). Using the wide, con-

sure (LOP), and set the tourniquet pressure at LOP plus a safety toured cuff, the average cuff pressure required to 
margin, normally 40, 60, or 80 mmHg for LOP of less than 130, occlude arterial flow was 143 mmHg (range 110-
131-190, and greater than 190 respectively for a normotensive 182, SD 17, Doppler measurement). The wide, 
patient having a normal limb.5,6,7,8,9 contoured cuff occluded flow at a lower pressure 

than the standard width cylindrical cuff on all vol­
5. Exsanguinate by elastic bandage or elevation, as appropriate for unteers, with an average reduction of 49 mmHg 

the patient and procedure.14 (range 25-77, SD 16, Doppler measurement, P is 
less than 0.001, paired t-test, 1 sided). A hypo­

6. Inflate the tourniquet cuff and monitor the tourniquet during thesized mean difference of 42 mmHg is signifi­
use, as recommended by the manufacturer.14 cant at the 95% confidence level, meaning that 

we can conclude (with a 5% chance of being 
7. In the event that arterial blood flow is observed past the tourni­ wrong) that the average volunteer would experi­

quet cuff, increase tourniquet pressure in 25 mmHg increments ence an LOP reduction of at least 42 mmHg with 
until blood flow stops.5 the wide cuff. If the true difference between the 

two cuffs is as little as 13 mmHg, the test can 
8. Minimize tourniquet time.14 detect the difference 19 times out of 20 (95% 

power to detect a 13 mmHg difference in means). 
9. Immediately upon deflation of the tourniquet, remove the cuff See Table 1 for the data and the sequence of mea-

and sleeve from the limb. surements used on each volunteer. See Figure 3 
for comparison of mean LOP. On average there 
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was no significant change in SBP of the volunteers 
between the beginning and the end of the test 
sequence (Table 1: Mean drop in SBP during test 
of 1.3, ranging from a rise of 5 to a drop of 9, SD 
4.0, P = 0.16, paired t-test, 2 sided). 

Automatic LOP measurement vs Doppler 
There is no significant difference in LOP reported 
between the Doppler method and the automated 
method (mean difference 1.7 mmHg, SD 8.9, P = 
0.24, paired t-test 2 sided, n = 39 pair). An auto­
matic reading was not made on volunteer T with 
the wide cuff due to an equipment malfunction. In 
the remaining 39 pair of measurements, the auto­
matic LOP was between 22 mmHg higher and 14 

mmHg lower than the Doppler result. The power 
of this test to detect a true mean difference of 5 
mmHg between the two methods is 95%. 

Wide cuff and automatic LOP clinical application 
In the first 15 surgical cases in which the wide cuff, 
automatic LOP measurement, and cuff pressure 
set at LOP + 40, 60, or 80 mmHg (for LOP less 
than 130, 131-190, and greater than 190 respec­
tively) was used, LOP ranged from 97-183 mmHg 
(mean 144, SD 26). The resulting cuff pressures 
ranged from 137-243 mmHg (mean 200, SD 32: 
Figure 4). An adequate bloodless field was main­
tained in 14/15 cases (93%). Mean clinical LOP (P 
= 0.93) and cuff pressures (P = 0.87) were not 

FIGURE 2 

Volunteer thigh LOP test 

setup showing sen­

sor, prototype hand­

held LOP measurement 

module, modified 

tourniquet instrument, 

and cuff with limb 

protection sleeve. 
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Table 1 Volunteer SBP and LOP data (with sequence in parentheses) for thigh cuffs 

Volunteer SBP SBP Doppler LOP Automatic LOP Doppler LOP Automatic LOP 

start finish standard cuff standard cuff wide cuff wide cuff 

(mmHg) (mmHg) (mmHg) (mmHg) (mmHg) 

A 120 116 176 (1) 174 (2) 130 (3) 118 (4) 
B 137 142 212 (2) 213 (1) 160 (3) 159 (4) 
C 115 118 200 (2) 199 (1) 140 (4) 137 (3) 
D 120 125 194 (1) 189 (2) 148 (4) 165 (3) 
E 114 114 217 (3) 205 (4) 140 (1) 138 (2) 
F 110 108 145 (3) 151 (4) 110 (2) 120 (1) 
G 121 112 189 (4) 185 (3) 137 (2) 146 (1) 
H 135 139 193 (4) 215 (3) 168 (1) 154 (2) 
I 165 165 250 (1) 246 (2) 182 (3) 186 (4) 
J 130 128 234 (2) 227 (1) 165 (3) 172 (4) 
K 123 121 216 (2) 223 (1) 140 (4) 153 (3) 
L 121 116 178 (1) 183 (2) 141 (4) 142 (3) 
M 118 119 191 (3) 190 (4) 146 (1) 150 (2) 
N 130 125 185 (3) 180 (4) 150 (2) 150 (1) 
O 126 125 198 (4) 190 (3) 147 (2) 140 (1) 
P 103 98 148 (4) 150 (3) 123 (1) 120 (2) 
Q 110 113 178 (1) 170 (2) 130 (3) 130 (4) 
R 122 118 203 (2) 210 (1) 138 (3) 160 (4) 
S 130 129 180 (2) 200 (1) 148 (4) 150 (3) 
T 120 113 153 (1) 160 (2) 123 (4) N/a (3) 

Median age/weight Mean SBP drop: 1.3 Mean LOP: 192


(ranges): 32 yr (24-57); SD = 4.0 SD = 27


74 kg (48-91); 13 m, 7 f Range: -5-9 Range: 145-250 


Mean LOP: 193 Mean LOP: 143 Mean LOP: 147 

SD = 25 SD = 17 SD = 18 

Range: 150-246 Range: 110-182 Range: 118-186 

significantly different than the volunteer results cuff used in the current study, a bloodless field 
(non-paired t-test assuming unequal variances, was maintained in 58/58 cases at a standardized 
two sided). However the clinical LOPs were more 250 mmHg cuff pressure at the thigh (approxi­
variable than the volunteer results (P = 0.046, F mately 25% higher than the mean cuff pressure 
test for variances). See Table 2 for the clinical data. predicted by our volunteer results and used in 

our clinical series).17 In a clinical series, Pedowitz 
Discussion obtained a “fair” or better bloodless field in 10/10 

pressures.

patients using a slightly narrower (120 mm) con-
Wide, contoured cuff vs standard cuff toured cuff at LOP plus 50-75 mmHg (mean cuff 

Previous studies have shown that wide, con- pressure 197, range 160-275, SD 37).5 Our cur-
toured tourniquet cuffs occlude flow at lower rent results support these findings. 

5,10,11,12,13 For tapered limbs, contouring 
the cuff so that it matches the conical shape of the Automatic LOP measurement vs Doppler 
limb when applied has also been shown to reduce Measurement of LOP directly at the time of cuff 

LOP.5 In a review of an earlier version of the wide application takes into account variables such as 
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the type of cuff, the tightness of cuff application, 
the fit of the cuff to the limb, and the properties 
of the patient’s soft tissues and vessels under the 
cuff. However setting cuff pressure based on LOP 
is not often done in practice because the current 
“gold-standard” LOP measurement (Doppler 
stethoscope) is time consuming and requires 
skill and consistency among technologists to be 
precise and error free. The automatic LOP mea­
surement system is being developed to make 
LOP measurement at the beginning of each sur­
gical procedure clinically practical and to allow 
clinical studies involving LOP measurement to 
proceed.18 

Limb occlusion pressure (LOP) can be used to 
minimize the cuff pressure required to maintain 
a bloodless surgical field. Cuff pressures of LOP 
plus a safety margin of 50 to 100 mmHg (to 
allow for changes in BP during surgery) have 
been suggested.6,7,8,9 Based on the range of safety 
margins, the trend toward greater margins at 
higher LOP, and the better occlusion afforded by 
wide, contoured cuffs all shown in the literature, 
we propose a 40, 60, or 80 mmHg safety margin 
(for LOP of less than 130, 131-190, and greater 
than 190 mmHg respectively). We use this guide­
line in the current and ongoing clinical trials. 

Many clinicians use a standard pressure for a 
given cuff and limb based on experience, but this 
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Table 2 Surgical patient SBP and LOP data for thigh cuffs 

Patient SBP Automatic LOP 

wide cuff 

(mmHg) (mmHg) 

1 106 133 
2 96 142 
3 131 161 
4 83 97 
5 109 149 
6 94 131 
7 134 145 
8 125 119 
9 99 131 

10 109 180 
11 142 159 
12 130 180 
13 120 141 
14 124 183 
15 143 109 

Mean SBP:116 Mean LOP:144 

SD = 18 SD = 26 

Range: 83-143 Range: 97-183 

pressure may be higher than necessary for many 
patients. In thigh cuffs, 300-350 mmHg is com­
monly used,15,19 but in the current clinical results 
a bloodless field was successfully maintained at 
pressures as low as 137 mmHg using the LOP 
measurement and the wide cuff. 

Setting cuff pressure based on SBP plus a mar­
gin of 100 mmHg has also been suggested and 
found to reduce cuff pressures and early postop­
erative thigh pain.19 However, in both our volun­
teer and our clinical results, LOP varied widely 
relative to SBP. In the clinical series, the result­
ing successful cuff pressures ranged from 34­
130 mmHg above SBP (mean 89, SD 25; Table 
2) in the 14 cases with an acceptable bloodless 
field. This variability suggests that cuff pressure 
based on SBP alone will not be optimal for many 
patients. SBP is only one variable affecting LOP 
and correlation between SBP and LOP is not 
always strong, particularly in normotensive 

Wide cuff 

pressure 

(mmHg) 

193 
202 
221 
137 
209 
191 
205 
159 
191 
239 
219 
240 
201 
243 
149 

Mean cuff pressure: 200 

SD = 32 

Range:137-243 

Cuff pressure– Bloodless field 

SBP difference rating 

(mmHg) 

87 Excellent 
106 Good 
90 Excellent 
54 Excellent 

100 Good 
97 Excellent 
71 Good 
34 Fair 
92 Fair 

130 Excellent 
77 Good 

110 Good 
81 Excellent 

119 Good 
n/a Poor 

Mean difference: 89 

SD = 25 

Range: 34-130 

patients.4,10,13 In our volunteer results, LOP 
showed some linear relation dependent on SBP 
with the wide cuff (r-square = 0.79), but the 
resulting 95% confidence interval (CI) of an 
LOP predicted from SBP on the average volun­
teer in this series is 127-160 mmHg; too wide for 
SBP alone to be a reliable predictor of LOP. With 
the standard cuff the relation is weaker (r-square 
= 0.50, 95% CI of LOP 151-233 mmHg), while in 
the clinical series, there was almost no linear 
relation (r-square = 0.11, 95% CI of LOP 90-198 
mmHg). 

Wide cuff and automatic LOP clinical application 
Initial experience with the wide cuff and the auto­
mated LOP measurement technique in foot and 
ankle surgery confirms the volunteer test results 
for the wide cuff and shows that substantially 
lower pressures are possible with these tech­
niques. Average cuff pressure was 200 mmHg, a 
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20% reduction over published results using a sim­
ilar wide cuff without LOP measurement17 and a 
33% reduction over the surgeon’s normal practice 
of using 300 mmHg in standard width, cylindrical 
thigh cuffs. No problems in fit and stability of the 
wide cuff were noted. Substantial bleed through 
was experienced in one case (patient 15). In this 
case, the LOP was significantly lower than the SBP 
and a sensing malfunction leading to a low, inac­
curate LOP reading is suspected. LOP was lower 
than SBP in only one other case (patient 8), and 
the bloodless field was rated “fair.”At this stage of 
development, the automatic LOP system gives an 
error message if the pulse signal in the toes is too 
weak. For example, two attempts were required 
to get an LOP reading on patients 10 and 15. For 
some patients no measurement can be made, and 
in this initial clinical series, LOP could not be 
measured on three patients (after five attempts). 
There were five additional cases in which cuff 

pressure was set to higher pressure than defined 
by the safety margins listed above, including one 
poor field in which a sensing malfunction (similar 
to that on patient 15) is suspected. Development 
of an automatic LOP system is ongoing in an 
effort to make the system more robust to weak 
pulse signals. 

Conclusions 
Based on results from 20 healthy adult volunteers 
in a controlled laboratory setting and 15 surgical 
cases, all three hypotheses are supported: 

1.	 Use of a wide contoured cuff should reduce 
Limb Occlusion Pressure (LOP, the cuff pres­
sure required to occlude arterial flow) by an 
average of 49 mmHg compared to a standard 
width cylindrical cuff when the cuffs are 
applied at the thigh. 

2. Use of an LOP measurement on each patient 
prior to cuff inflation and setting cuff pres­
sure 40-80 mmHg higher than the LOP will 
significantly reduce cuff pressures compared 
to the typical 300-350 mmHg pressures cur­
rently used in tourniquet cuffs applied to the 
thigh. With the standard width cylindrical 
cuff the average cuff pressure setting would 

be 263 mmHg, a 12-25% reduction. With the 
wide, contoured cuff the average cuff pressure 
setting would be 198 mmHg, a 34-43% 
reduction compared to current practice. In 
clinical use the average cuff pressure used was 
200 mmHg, and a bloodless field was main­
tained in 14/15 cases (93%). 

3.	 In the volunteer series there is no significant 
difference between the automatic and 
Doppler LOP measurements, indicating that 
with continued development the automatic 
method may become a viable alternative to 
the Doppler method and may make LOP 
measurement more practical and reliable in 
the clinical setting. 
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