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Background: Well-leg compartment syndrome (WLCS) is one of the catastrophic complications
related to prolonged surgical procedures performed in the lithotomy position, using a knee-crutch-
type leg holder (KCLH) system, to support the popliteal fossae and calf regions. Obesity has been
implicated as a risk factor in the lithotomy position-related WLCS during surgery. In the present
study, we investigated the relationship between the external pressure (EP) applied to the calf
region using a KCLH system in the lithotomy position and selected physical characteristics.
Methods: Twenty-one young, healthy volunteers (21.4%0.5 years of age, eleven males and ten
females) participated in this study. The KCLH system used was Knee Crutch®. We assessed
four types of EPs applied to the calf region: box pressure, peak box pressure, contact pressure,
and peak contact pressure, using pressure-distribution measurement system (BIG-MAT"). Rela-
tionships between these four EPs to the calf regions of both lower legs and a series of physical
characteristics (sex, height, weight, and body mass index [BMI]) were analyzed.

Results: All four EPs applied to the bilateral calf regions were higher in males than in females.
For all subjects, significant positive correlations were observed between all four EPs and height,
weight, and BMI.

Conclusion: EP applied to the calf region is higher in males than in females when the subject
is supported by a KCLH system in the lithotomy position. In addition, EP increases with the
increase in height, weight, and BMI. Therefore, male sex, height, weight, and BMI may contribute
to the risk of inducing WLCS.

Keywords: well-leg compartment syndrome, pressure-distribution measurement system, peak
contact pressure, physical characteristics, obesity

Introduction

Well-leg compartment syndrome (WLCS) associated with prolonged surgical
procedures performed in the lithotomy position, such as those involving the pelvic
viscera and perineum in urological, colorectal, and gynecological surgeries, is a
rare event. However, WLCS may result in catastrophic complications, such as calf
swelling, weakness of toe flexion, foot drop, pain during passive toe extension, par-
esthesia, significant muscle loss, rhabdomyolysis, muscle necrosis, metabolic acidosis,
myoglobinuric renal failure, lower extremity amputation, permanent disability, and
even death."® The overall incidence of WLCS following major pelvic surgery per-
formed in the lithotomy position has been estimated to be one in 3,500 cases.” WLCS is
related to compartmental syndromes where increased pressure within the nonexpansible

submit your manuscript
Dove

http:

Therapeutics and Clinical Risk Management 2016:12 305-312 305

© 2016 Mizuno and Takahashi. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at htps://www.dovepress.com/terms.php
T2 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S86934
mailto:mizuno_ju8@yahoo.co.jp

Mizuno and Takahashi

Dove

fascial compartments in lower leg compromises the circula-
tion, resulting in ischemia, which further causes edema and
reperfusion injury, resulting in an abnormally increased
intracompartmental pressure (ICP). Intramuscular pressure
increases due to external compression from the calf support,
while perfusion pressure (PP) decreases due to elevation in
the lithotomy position. Therefore, WLCS has been observed
after prolonged compression of the calf muscles, which lie
in contact with a knee-crutch-type leg holder (KCLH) sys-
tem supporting the popliteal fossae and calf regions during
prolonged surgical procedures performed in the lithotomy
position. Decreased PP due to calf compression and leg
elevation in the lithotomy position may be one of the most
important underlying factors for the onset of WLCS.

The definitive diagnosis of WLCS is made by the direct
measurement of ICP.* In routine, ICP can be invasively
measured by using a simple needle manometer, continuous
infusion, wick catheter, slit catheter, or solid-state transducer
method. A noninvasive diagnosis of chronic compartment
syndrome can be made by measuring variations in the level
of muscle hemoglobin and myoglobin oxygen saturation
by near-infrared spectroscopy'® and continuous measure-
ment of the laser Doppler flow in muscles.!! Alternatively,
the pressure-distribution measurement system, BIG-MAT®
(Nitta, Osaka, Japan), is a noninvasive method to measure
external pressure (EP) for industrial applications.'? In our
previous studies, we have used the BIG-MAT® system in
the medical field to measure EP in certain fibular regions to
investigate the cause of common peroneal nerve paralysis
using the KCLH system in the lithotomy position.!>!4

It is known that obesity can induce WLCS."* However,
it is not clear why only selective patients develop WLCS.
We hypothesized that subject-related physical characteristics,
such as sex, height, weight, and body mass index (BMI),
induce lithotomy position-related WLCS. In the present study,
we investigated the relationships between the EP applied to
the calf regions using a KCLH system in the lithotomy posi-
tion and a series of subject-specific physical characteristics
of volunteer subjects. Therefore, the aim of this study was to
characterize sex differences in soft tissue quality in healthy
adults and identify the potential risk factors for WLCS in the
lithotomy position, in order to suggest prevention strategies.

Methods
Our study was approved (approval number 307) by the ethics

committee of Okayama Prefectural University; 21 young,
healthy university students (21-22 years of age, eleven males
and ten females) were recruited as volunteers. Subjects with

diabetes mellitus or motor and sensory disturbances in the
lower extremities were excluded. Before starting the study,
written informed consent was obtained and height, weight,
and BMI were measured for each subject.

First, the KCLH system Knee Crutch® (L 27 cm x
W 16 cm X D 6 cm; Takara Belmont, Osaka, Japan), which
supports the popliteal fossae and calf regions and extends
a short-distance cephalad on the dorsal thigh and a long-
distance one caudally on the posterior aspect of the lower
leg in the lithotomy position, was connected to a class IB®
electric operating table (Takara Belmont).

Next, a pressure-distribution measurement sheet BIG-
MAT2000P3BS® (L 440 mm X W 480 mm x D 0.4 mm;
Nitta) was spread over the Knee Crutch®. The BIG-MAT®
system was calibrated by careful placement of a 25-kg
concrete block. Digital values were converted to pressure
information using a personal computer with built-in BIG-
MAT® software (Nitta), which displayed two-dimensional,
visually understandable separate squares for 2,112 sensor
cells. Outputs from all sensor cells were displayed as a
number within the range of 0-255. Changes in pressure
values were consecutively recorded, and chronological
changes were saved as movie files on the personal computer;
100 pressure-distribution views were recorded per subject
followed by the measurement of the EP distribution for the
BIG-MAT2000P3BS® sheet.

During the measurement, the subjects were asked to lie
down in the lithotomy position on a mattress covering the
class IB® and were kept awake in the laboratory. Both knees
and lower legs were placed on the BIG-MAT2000P3BS®
sheet spread over a Knee Crutch® (Figure 1). By using the
angle gauge, both hip joints were flexed at 90° from the trunk,
externally rotated at 40° from the midline, and abducted
at 20°; and both knee joints were flexed at 90° until both
lower legs were parallel to the class IB®.!'* We measured and
recorded the EP distribution in the calf regions of both lower
legs using the BIG-MAT® system in the neutral state.

We selected the box corresponding to the calf regions on
the display and analyzed the load value (LV), which repre-
sented the total loading value and the four EPs in the box:
box pressure (BP), peak box pressure (PBP), contact pressure
(CP), and peak contact pressure (PCP). BP represented
the total pressure in all cells loaded in the box, which was
equal to the total loading value divided by the total area of
the box. PBP represented the total pressure in the peak area
that corresponded to 2x2 loaded cells, showing the highest
value in the box, which was equal to the total loading value
in the peak area divided by the peak area. CP represented the
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Figure | Lithotomy position.

Note: The subject’s left knee and lower leg were placed on a BIG-MAT2000P3BS® sheet spread over a Knee Crutch®.

pressure in the loaded cells in the box, which was equal to
the total loading value divided by the loaded cell area. PCP
represented the pressure in the loaded cells in the peak area,
which was equal to the total loading value divided by the
loaded cell area in the peak area.

Analyses were performed using Excel 2013® (Microsoft,
Redmond, WA, USA) and DeltaGraph 5.4.5vJ® (Deltapoint,
Monterey, CA, USA) software. BMI was calculated as weight
(kg)/(height [m])*. Values were expressed as mean * standard
deviation. Student’s f-test (paired or unpaired) was used for
statistical comparison. Simple linear regression analyses were
performed to determine correlations between LV or four EPs
and subject-specific physical characteristics (sex, height,
weight, and BMI). A P-value of <0.05 was considered to be
significant.

Results

Physical characteristics

The age, sex, height, weight, and BMI of the 21 volunteer
subjects are shown in Table 1.

LV and EPs

Figure 2 shows representative pressure-distribution values
recorded for contact of the left popliteal fossa and calf region
when using a Knee Crutch®. LV and the four EPs to the
bilateral calf regions were greater in males than in females

(Table 2) and significantly increased with the increase
in height, weight, and BMI for all the subjects (P<<0.05;
Figure 3).

Discussion

The primary novel findings of the current study were that
LV and the four EPs to the calf regions of both lower legs
were greater in males than in females and increased with the
increase in height, weight, and BMI when patients were held
in the lithotomy position and supported by a KCLH system.
Male sex, height, weight, and BMI may present potential risk
factors for WLCS in the lithotomy position.

External pressure

The compressive KCLH system may obstruct or retard
venous and lymphatic return, increase the risk of hypoperfusion

Table | Physical characteristics

All subjects Males Females

(n=21) (n=11) (n=10)
Age (years) 21.4+0.5 21.5+0.5 21.41£0.5
Height (cm) 167.5£10.0 175.0+6.3%* 159.3+£5.7
Weight (kg) 60.7+12.8 70.04£8.6** 50.4£7.6
BMI (kg/m?) 21.443.0 22.9+2.8* 19.8+2.4

Notes: *P<<0.05, **P<<0.00| versus females. Data expressed as mean + standard
deviation.
Abbreviation: BMI, body mass index.
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Figure 2 Representative pressure-distribution view at the surface of the left
popliteal fossa and calf region in contact with the left Knee Crutch® measured using
the BIG-MAT® system in the lithotomy position.

Notes: High-pressure areas are shown with red squares, while low-pressure
areas are shown with blue squares. The dotted-line square box shows the left calf
region.

to the lower extremities, and increase ICP. When EP com-
presses the skin and feeding vessels at the calf regions, blood
flow in the peripheral vessels stops and the adjacent muscles
and nerves are exposed to ischemia. Consequent occlusion of
the venous circulation leads to functional loss of the muscular
tissues in this region, and the ensuing muscle necrosis leads
to rthabdomyolysis. A previous study reported that capil-
lary blood pressure in the canine muscle was 25 mmHg."”
Another study reported that capillary blood pressure in human

Table 2 LV and four EPs to the calf regions using the Knee
Crutch® in the lithotomy position

All subjects Males Females
(n=21) (n=11) (n=10)
Bilateral LV (kg) 10.2+3.0 12.1£2.5%* 8.1+1.9
Right LV (kg) 10.4£3.1 12.742.3%* 8.0+1.8
Left LV (kg) 9.9+2.9 11.5£2.6* 8.1+2.0
Bilateral BP (mmHg) 15.712.9 17.0£2.4%* 14.2+2.6
Right BP (mmHg) 15.6£3.2 17.5£2.5%* 13.412.41
Left BP (mmHg) 15.8+2.6 16.5+2.3 14.9+2.8
Bilateral PBP (mmHg) 55.8+31.1 69.5+36.6* 40.7£12.4
Right PBP (mmHg) 57.9134.4 73.8+41.1* 40.4£10.4
Left PBP (mmHg) 53.7+£28.2 65.3£33.0* 41.0+14.7
Bilateral CP (mmHg) 227134 24.31+3.0%* 21.0£2.9
Right CP (mmHg) 23.0+3.5 24.8+3.4* 18.6+2.6
Left CP (mmHg) 22.4+3.3 23.7£2.7% 209134
Bilateral PCP (mmHg) 58.4136.4 73.8+43.8* 41.4%12.7
Right PCP (mmHg) 63.0+43.4 82.4+52.7* 41.7£11.1
Left PCP (mmHg) 53.7+28.2 65.3+33.0*% 41.0£14.7

Notes: *P<<0.05, **P<<0.001 versus females; 1P<<0.05 versus left. Data expressed as
mean * standard deviation.

Abbreviations: LV, load value; EP, external pressure; BP, box pressure; PBP, peak
box pressure; CP, contact pressure; PCP, peak contact pressure.

skin was 32 mmHg with microinjection.'® EP >32 mmHg
is known to induce the occlusion of capillary vessels and
ischemic nerve injury. Therefore, it is recommended that EP
loading to the skin surface should be kept <32 mmHg and as
low as possible.!” Another study reported that the pressure-
flow curve in the skeletal muscle tissue was curvilinear,
with convexity toward the flow axis, and that compression
with a pressure of 60 mmHg reduced muscle blood flow to
41% of the reference value, while local vascular resistance
increased by 32% above the reference value.”® Any complica-
tion associated with reduced blood supply may increase the
risk of ischemic injury. In the present study, the mean PCP
to the bilateral calf regions was 58.4 mmHg for all subjects,
which was significantly higher than the 32 mmHg threshold
(P<<0.001). These results indicate that EP to the calf region
using the KCLH system in the lithotomy position can lead
to WLCS.

Perfusion pressure

It has been shown that placing lower extremities in the
lithotomy position in an anesthetized patient can cause a
reduction in the blood pressure in the lower extremities and
a rise in ICP.”?' This reduction is ~10 mmHg compared
to the systolic pressure in the supine position. For every
centimeter that an extremity is raised above the right atrium,
PP is reduced by 0.78 mmHg.?>* Hypoperfusion pressure
can reduce blood flow, which prevents nutrient and oxygen
supply to the muscle cells. During elevation of the lower
leg for 25 minutes, mean arterial pressure reduced from
100 to 77 mmHg, while PP dropped from 103 to 21 mmHg,
corresponding to a reduction in the oxygen saturation of
the medial gastrocnemius muscle from 68% to 58%. These
results demonstrated significant desaturation of the calf
muscles during surgery performed in the lithotomy position.*
WLCS is attributable to prolonged impairment of lower
extremity perfusion secondary to an increase in ICP within a
closed fascial space. Reduction in PP causes tissue ischemia,
which may be followed by reperfusion, with subsequent
capillary leakage and tissue edema. Consequently, abnormal
hydrostatic and oncotic pressure inside the intravascular and
tissue spaces cause local ischemia, acidosis, and cell death,
resulting in a vicious circle of tissue edema and impairment
of perfusion.

Intracompartmental pressure

Persistently elevated EP leads to a repeated cycle of increas-
ing intramuscular pressure and ischemia within the
compartment. Clinical studies have reported a significant
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Figure 3 Relationship between peak contact pressure (PCP) to the calf region and the physical characteristics of all subjects using the Knee Crutch® in the lithotomy

position.

Notes: Circles and triangles show PCP to the right and left calf regions, respectively. Solid, dashed, and dotted simple regression linear lines show relationships between
PCP to the bilateral, right, and left calf regions and three physical characteristics of the subjects (height, weight, or body mass index [BMI]). (A) Height: solid line, PCP
(mmHg) =1.88x height (cm) —256 (r=0.51, P=0.001); dashed line, PCP (mmHg) =2.05x height (cm) —281 (r=0.47, P=0.031); and dotted line, PCP (mmHg) =1.7 I X height (cm) —232
(r=0.60, P=0.004). (B) Weight: solid line, PCP (mmHg) =1.54x weight (kg) —34.9 (r=0.53, P=0.000); dashed line, PCP (mmHg) =1.64x weight (kg) —36.5 (r=0.48, P=0.026);
and dotted line, PCP (mmHg) =1.44x weight (kg) —33.4 (r=0.65, P=0.001). (C) BMI: solid line, PCP (mmHg) =4.85x BMI (kg/m?) —45.5 (r=0.40, P=0.009); dashed line, PCP
(mmHg) =5.21x BMI (kg/m?) —48.6 (r=0.36, P=0.107); and dotted line, PCP (mmHg) =4.48x BMI (kg/m?) —42.3 (r=0.48, P=0.028).

increase in the venous pressure of the great saphenous vein
in the lithotomy position compared with the supine position.”
The lithotomy position with support behind the calf or knee
increases ICP within the tibialis anterior muscle compart-
ment to 16.5 versus 10.7 mmHg in the supine position.?
Initially, venous drainage is impeded, but arterial supply
is compromised eventually. Ultimately, WLCS is initiated
when ICP approaches or exceeds systemic diastolic blood
pressure (DBP).

There is no universal agreement on the precise ICP at
which we should consider intervention. The normal range of
ICP during surgery is between 0 and 10 mmHg. One study
reported a significant risk of damage in the canine muscle
when ICP exceeded 30 mmHg.'” Therefore, skeletal muscle
necrosis occurs in conjunction with an absolute ICP of over
30 mmHg. Many surgeons now use the measured ICP of
30 mmHg as an indication for fasciotomy.””?° Another
report recommended that surgical decompression should be
performed if the differential pressure level between DBP and
ICP drops below 30 mmHg.*°

The combination of increased ICP due to external
compression from the calf support and reduced PP due to
the elevated position causes a significant reduction in the
difference between DBP and ICP when the knee and lower
leg are placed in a KCLH system in the lithotomy position.
Therefore, positioning the knee and lower leg below the level
of the atrium is highly recommended.

Obesity
Obesity has been reported as a risk factor for WLCS.*!
Another risk factor associated with the development of

WLCS is high BMI.?? Rhabdomyolysis in overweight
patients with WLCS is frequently reported after prolonged
surgical procedures performed in the lithotomy position.®
The metabolism of obese patients is probably an additional
risk factor to the gravitational effect of obesity itself. In this
study, weight and BMI were positively correlated with the
four EPs. Our previous study showed that PCP to the fibular
head region using the Knee Crutch® increased with both
weight and BMI.! These findings indicate that EP to the calf
in the lithotomy position increased along with an increase
in weight and BMI.

We speculate that WLCS following surgery performed in
the lithotomy position is related to three main components:
body mass, gravitation, and the KCLH system. The size of
the KCLH system should therefore be changed in accordance
with the subject’s physical characteristics, particularly for
obesity. Further research is required to investigate the precise
risk associated with metabolic disorder and obesity.

In the present study, BMI for all subjects was
21.443.0 kg/m? with only limited variation. Future studies
should be conducted to investigate the relationship between
EP and BMI, including both underweight and obese
subjects.

Sex

In this study, the mean PCP to the bilateral calf regions using
the Knee Crutch® for young males and females was 73.8 and
41.4 mmHg, respectively, and the four EPs to the bilateral
calf regions were higher in males than in females. In our
previous study, PCP to the fibular head region using the Knee
Crutch® was higher in males than in females.'*
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Body compositions, such as tissue mass and area, fre-
quently differ between males and females. Generally, males are
taller and heavier than females. The body muscle percentage,
leg bone-free lean mass, calf muscle cross-sectional area, and
calf muscle density are also greater in males than in females,
whereas the opposite is true for body fat percentage, leg fat
mass, calf fat cross-sectional area, and calf fat density.*

These findings indicate that EP to the calf region in the
lithotomy position supported by a KCLH system may be
higher in males than in females. Consequently, surgeons
should consider the potential effects of the KCLH system
in relation to sex while planning surgical procedures in the
lithotomy position.

Study limitations

The etiology of WLCS is multifactorial;*' emphasis must be
placed on the identification of high-risk patients, prevention
or rapid correction of any etiological factors, early diagnosis
of the problem, and an aggressive treatment approach.'-*3

First, we selected four EPs as representatives using the
BIG-MAT® system. We were unable to gather clear evidence
on the correlation between the four indices measured (BP,
PBP, CP, and PCP) and the actual PP and ICP, although
we have previously reported PCP using the BIG-MAT®
system.'>!* Therefore, we need to obtain additional data on
the correlation between measurements with the BIG-MAT®
system and invasive pressure measurements, such as PP
and ICP.

Second, most cases of WLCS occur following opera-
tion under general anesthesia. A conscious, prolonged
position that causes muscle compression gradually results
in discomfort. During general anesthesia, patients do not
experience discomfort and are unable to control the litho-
tomy position. Therefore, we need to measure LV and the
four EPs in subjects with the use of sedation, analgesia, and
a muscle relaxant.

Third, the subjects of this study were young, healthy
adults. In the future, such studies should involve geriatric
patients; smokers;*! patients with chronic hemodialysis;*
patients with preexisting systemic diseases, such as diabe-
tes mellitus,'*73% hypertension, hyperlipidemia, peripheral
vascular disease;*!* and patients with anatomical variations
resulting in reduced blood flow to the lower extremities.

Fourth, prolonged operative duration, massive blood loss
during surgery, and significant intraoperative hypotension
are the risk factors for the development of WLCS.?? ICP
shows minor elevations after initial lithotomy positioning
and gradually increases, with levels rising to 30 mmHg over

an average period of 5 hours.*” The canine skeletal muscle
necrosis associated with impending compartment syndrome
occurs at a threshold ICP of 30 mmHg after 8 hours.*!
However, time variables are often unknown in suspected
compartment syndromes. Combined with a prolonged
surgical time, the lithotomy position may cause WLCS
using the KCLH system. The duration of surgery should be
as short as possible in order to reduce the extra risk in obese
patients. Therefore, we need to measure LV and the four EPs
in subjects continuously for a long period.

Fifth, increase in PCP during surgery in the lithotomy
position with support near the calf may be one of the factors
that contribute to the development of WLCS. In contrast,
the lithotomy position with support near the ankle reduces
ICP within the tibialis anterior muscle compartment to
8.7 mmHg compared to 13.3 mmHg in the supine position.*
Changing from a calf-supported to a heel-supported posi-
tion significantly reduced intramuscular pressure within the
compartments.*” Instead of using a KCLH system, leaving
the calf free increases the difference between ICP and DBP
and may, therefore, reduce the risk of WLCS.

Finally, because the BIG-MAT® system is not currently
approved for clinical use as a medical instrument, it can
only be used in clinical studies with the approval of relevant
ethics committees.

Conclusion

EP to the calf region is higher in males than in females in
the lithotomy position supported by a KCLH system and
increases with the increase in height, weight, and BMI.
Therefore, male sex, height, weight, and BMI represent
factors that can increase EP and may contribute to the risk
of inducing WLCS. An EP dispersion leg holder system
should be expended for surgical procedures in the lithotomy
position according to the physical characteristics of the
subjects analyzed.
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