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Medicine, San Diego, CA

Study Objective: To measure the surface pressure on the face of a patient placed in the

frone position. with the most commonly used frrome positioning devices, a non-face-

contoured positioner (PP) and a new face-contoured device (PV).

Design: Prospective, randomized comparison.

Setting: Operating room in an American academic medical center.

Subjects: 35 randomly recruited adult volunteers.

Interventions: Surface pressure on the face was measured in awake subjects placed in the

prone position, with the head and neck in the position of most comfort, using both the PP

and PV devices.

Measurements: Surface pressure was obtained using an array of small iransducers

imbedded in a thin cushion that was interfaced between the face and positioning device.

The amount of extension or flexion of the head on the neck was estimated using an angular

measurement of eye-ear line and horizontal line.

Main Results: The average surface pressure on. the face was less with the PV than with the

PP (21 £ 3 mmHgvs. 27 * 5 mmHg; p < 0.0001). The number of areas where pressure

exceeded 30 mmHg and 50 mmHg was lower for the PV than the PP (15 £ 7.5 areas vs.

19 * 7.2 areas > 30 mmHg p < 0.05; 5.2 = 3.3 areas vs. 9.0 £ 5.0 areas > 50

mmHg p < 0.0001). Pressure on the chin increased with extension of the head or neck (p

< 0.05) with both devices.

Conclusions: Surface pressure on the face in the prone position is 29 % higher with the

non-face-contoured PP than with the face-contoured PV. The number of areas on the face

where the surface pressure is greater than 50 mmHg is 80% higher with the PP than the

PV. Small degrees of head extension increases pressure on the chin. Both devices produce

areas of pressure, typically over the chin, which may be associated with local skin damage.
ing the head and neck in a non-flexed, non-extended position may minimize pressures.

© 2004 by Elsevier Inc.
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Figure 1. ProneView™ Protective Helmet System (PV; Du-
paco, Inc., Oceanside, CA). A face-contoured foam insert
rests inside a rigid plastic helmet that is mounted above a
wairror. The patient’s eyes can be observed directly through
the mirror.

Introduction

In performing surgery on a patient who is placed in the
prone position, the patient’s face is supported by padded
devices that attempt to safely secure the head while
minimizing pressure about the face. All padded devices
contain spaces or holes where the eyes rest so as to prevent
any pressure on or around the globes. Skin damage on the
face, most commonly over the chin, occurs with all prone
positioning devices (personal communication). It is pre-
sumed that this skin damage is caused by excessive pres-
sure on the face. Further, blindness is a rare but cata-
strophic complication for patients undergoing surgery in
the prone position. Although several mechanisms for
blindness have been postulated, increased intraocular
pressure is felt to be a contributing factor in certain cases.'
Although anesthesiologists try intermittently to determine
whether any part of the padded support device is pressing
on the eye during surgery, these checks are difficult to
perform with previously available prone positioning de-
vices. Surprisingly, to date, no study has ever measured
facial and periorbital pressures with any padded support
device.

The ProneView™ Protective Helmet System (PV; Du-
paco Inc., Oceanside, CA) recently has been introduced to
improve protection of the face and eyes during surgery in
the prone position. The PV has a face-contoured, foam-
face interface, an expansive opening for the eyes, and an
attached mirror that permits easy, continuous observation
of the eyes during surgery (#igiz ). We hypothesized that
the large, face-contoured foam contact area of the PV
would reduce the surface pressure on the face when
compared with the surface pressure produced by the
non-face-contoured Prone Positioner™ (PP; Voss Medical
Products, San Antonio, TX; Figurz 2). In this study, the
surface pressure on the face was measured and compared
for the PV and the PP.

Figure 2. Prone Positioner (PP). A non-face-contoured foam
support with a T-shaped hole for the eyes and nose.

Materials and Methods

After obtaining UCSD School of Medicine institutional
review board approval, 35 healthy adult volunteers were
randomly recruited from personnel working in the oper-
ating rooms at UCSD Medical Center. After giving in-
formed consent, each subject was placed in the prone
position on an operating room table equipped with chest
rolls 15.4 cm (6”) in diameter and 62 cm (24”) in length,
which were placed longitudinally on both sides of the
table. After randomization of subjects to receive the PP or
PV, each subject’s face was placed on the selected posi-
tioning device, onto which a three-part thin, flexible
pressuresensing pad (Xsensor™ Technology Corp., Cal-
gary, Alberta, Canada) had been applied (Figurz 3). These
pads contain 60 pressure sensors per 10 cm?, each of
which sample at 5 Hz to record pressure between 0 and
220 mumHg (the sensor pad is calibrated at the factory and
at yearly intervals thereafter). When connected via a 32-hit

Figure 3. The pressure sensing pad draped over the Prone-
View.



Figure 4. Extension of the head and neck was estimated by
measuring Angle A, the angle formed by the intersecion of a
horizontal line with the line connecting the lateral corner of
one eye and the superior aspect of the ear’s insertion to the
scalp. Increases in Angle A correspond to head and neck
€XtensIon. :

interface to a Compaq personal computer, each sensor
provides a pressure measurement for a portion of the pad
1.61 cm® in area above the sensor.” The subject was asked
to adjust his or her head and neck so as to obtain the most
comfortable position that did not allow any portion of the
eyes to contact the pressuresensing pad. The subject was
then asked to place his arms at his side in the internally
rotated position (lL.e., palms up relative to the operating
room table) and then to relax as much as possible. One
hundred twenty pressure measurements from each cell in
the sensor pad were then recorded (every 0.5 sec for 1
roin). In addition, the angle formed by the intersection of
a horizontal line with the line connecting the Iateral
comner of one eye and the superior aspect of the ear’s
insertion to the scalp was measured (Angle A; Figure 4).
After obtaining measurements with either the PP or PV,
the protocol was repeated with the other device, and an
additional 120 pressure measurements were recorded.

Statistical Analysis

The mean of the 120 pressure measurements for each
sensor was calculated. For anatomic comparison, the sen-
sors were divided into three zones {(Figure 5); the Chin
Zone consisted of all sensors lying below the superior
border of the lower lip, the Maxillary Zone represented all
sensors located between the inferior border of the upper
lip and the saperior orbital ridge, and the Forehead Zone
cousisted of all sensors located above the superior orbital
ridge. The average pressure on the face in each zone was
then obtained by finding the mean of the pressures for all
sensors in a given zone. Similarly, the overall average
pressure on the face was obtained by finding the mean of
the pressures for afl sensors for a given subject.

Forehead Zone

/ﬁ\. = -
Maxillary Zone

G )

Chin Zone

Figure 5. Facial zones used for pressure comparisons. The
Chin Zone consisted of all cells lying below the superior
border of the lower lip, the Maxillary Zone represented all
cells located between the inferior border of the upper lip and
the superior orbital ridge, and the Forchead Zone consisted
of all cells located above the saperior orbital ridge.

The number of sensors that had mean pressures
greater than 30 mmHg and greater than 56 mmHyg were
counted for both positioning devices for eacht subject. The
average pressure for each zone, the overall average pres-
sure, the average number of sensors having a pressure
greater than 30 and 50 mmHyg in each Zone, and the total
average number of sensors having a pressure greater than
30 and 50 mmHg were compared between devices using a
Chisquare test. A pvalue = 0.05 was considered signifi-
cant.

The weight supported by each zone, as well as the total
supported weight of the head, was calcunlated by obtaining
the product of the average pressure for a zone times the
surface area of all the areas in that zone that registered a
pressure. The fraction of weight on the chin and forehead
versus Angle A was analyzed by linear regression.

Results

Subjects varied in size from 40 to 100 kg (74 = 14 kg); 16
were men and 19 were women. The angular measure of
head extension/flexion from the horizontal varied from
75 to 110 degrees (91 = 11 degrees).

A typical three-dimensional plot of pressures for the PP
and PV is shown in Figuwe & The pattern of pressures
varied greatly among the subjects, Although the data
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Figure 6. Three-dimensional plot of pressures for a single patient lying on the Prone Positioner (PP) and the ProneView
Protective Helmet System (PV). Pressure is indicated in two ways: first, viz color coding, as shown in the scale to the right of the
image; second, topographically, with height proportional to the magnitude of pressure.

exhibited a great deal of variability, a positive trend was
found between the proportion of total weight supported
by the chin zone and Angle A for both devices (e 7),
and a negative trend was found between the proportion of
total weight supported by the forehead zone and Angle A
for both devices (/giue 7). Neither of these correlations
achieved statistical significance, however.

For all three zones, the average surface pressure over a
given zone using the PV was less than the average surface
pressure using the PP (7uh/¢ /). Similarly, the overall
average pressure for the entire face was less with the PV
than with the PP. The number of sensors with pressure
greater than 30 mmHg was less with the PV than with the
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PP in the maxillary zone. In the chin zone, the number of
cells with pressure greater than 50 mmHg was less with the
PV than with the PP in the chin zone (Table 2).

Discussion

The safe level of surface pressure on the face is unknown.
Prior surface pressure measurements have been obtained
almost exclusively to study the physiology of decubitus
ulcers.” In general, mattress manufacturers assert that
maintaining surface pressures below 32 mmHg prevents
the creation of decubitus ulcers.' However, such recom-
mendations are based on studies in which a relatively large
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Figure 7. Proporiion of total weight of head supported by
chin zone vs extension of neck {Angle A) for both the Prone
Positoner (PP) and the ProneView Protective Helmet Systena

PV}

area of skin {10 cm?) overlying a bony prominence (such
as the ischial tuberosity) is exposed to continuous pressure
for 12 to 72 hours, and thus are not necessarily valid
guidelines for patients undergoing surgery.” Herrman e
al’ showed that skin perfasion in rats is acutely reduced to
zero when surface pressure equals 58.2 = 3.6 mmHg. In
addition to facial surface pressure, there are other impor-
tant determinants of face and eye damage that are not
understood. The duration of complete skin ischemia that
produces irreversible damage is unknown. Sloughing of
skin over the chin has occurred when using the Voss Prone
Positioner™ at our medical center for surgery that has
Iasted between 6 and 7 hours. Finally, the degree of facjal
small vesse] disease (e.g., atherosclerosis} and the level of
facial small vessel blood pressure (arterial, capillary, and
venous) are largely unknown. Consequently, our end-
points of 30 mmHg and 50 mmHg for data analysis were
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Figare 8. Proportion of total weight of head sapported by
forehead zone versus extension of neck (Angle A) fox both the
Prone Positioner {PP) and the ProneView Protective Helmet

System. (PV).

Pressure sensing pads: Atwaler el al.

Table 1. Average Surface Pressure on the Face for Each Zone
and for Entire Face with Both the Voss Prone Positioner™ and
the Dupaco ProneView™ Devices

PP (omuHg) PV (mmHg) pvalue
Forehead zone 267 22+ 4 <0.05%
Maxillary zone 23%5 18+3 <0.05%
Chin zone 30x15 21 + 12 <0.06%
Entire face 27%5 218 <{1.05%

Note: Data are means = SD.

* = statistically significant

Voss Prone Positioner™, Voss Medical Products, $San Antonio, TX.
ProncView™ Protective Helmet Systemt, Dupace, Inc., Oceanside,
CA

chosen to allow comparison to matiress and surface per-
fusion studies.'”*

Minimizing the surface pressure over the bony promi-
nences of the face is likely to reduce the incidence of skin
damage when a patient must undergo surgery in the
prone position. Minimizing the surface pressure can be
accomplished by maximizing the contact surface area with
a supporting pad. The amount. of contact surface area can
be assessed by measuring the average surface pressure
applied against a support pad. Because the average surface
pressure is equal to the weight of the head divided by the
contact surface area, and because the weight of the head is
constant for a given patient, the larger the contact surface
area, the lower the average surface pressure. Compared
with devices used before the introducdon of the PP, such
as the horseshoe support or “catcher’s mask,” the PP
provides a greater area of contact against the patient’s
face, thereby distributing the pressure over a larger area
and reducing the pressure over the bony prominences.
Unfortunately, the Tshaped hole used in the PP is not

‘contonred to facial geography and does not insure that

the patient’s eyes do not contact the foam. during surgery.
The PV device is contoured to the patient’s face and has a
large opening for the eyes. The face-contoured foam used
in the PV allows a greater area of contact with the face
than the PP, which resulted in the lower surface pressures
that were found in this study.

With both devices, and regardless of body weight, we
found areas where the surface pressure exceeded the
value where skin perfusion may go to zero. These areas
were primarily over the chin, although they occasionally
occurred on the forehead immediately superior to the
supraorbital ridge. Pressures greater than 50 mmHg were
not found over the zygomas. This finding may explain why
skin breakdown bas not been reported in that area of the
face. ;

In this study, we measured the position of the head to
see how much head flexion or extension affected pressure
on the face. Even though the range of our angular
measurements was small, we found that extending the
head tends to increase pressure over the chin, and con-
versely, flexing the head tends to increase pressure over
the forehead. It may be that maintaining the head and
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Table 2. Avernge Number of Cells with Pressure Greater than 30 mmHg or 50 mmHg for ¥ach Zone and for the Entire Face Using

the PP or PV device

Number of Cells Having Number of Cells Having

Pressure > 30 mmHg Pressure > 50 mmHg

PP FV pvalee PP 4% fvalue
Forehead zone 11.0x 49 11.0 = 8.0 091 3.6£40 25+286 0.18
Marxillary zone 27+26 85=x11 <(1.0b¥* 083 1.2 06305 0.38
Chin zone 5.5 X35 3.9+ 38 0.10 4.5 * 3.6 2.1x24 <0.05%
Entire face 19.0 £ 7.2 15075 <{).05* 9.0 £5.0 52%33 <0.05%

*Indicates statistical significance.

neck in a non-lexed, non-extended position minimizes
the areas of high surface pressure.

Because surface pressure measurements currently are
not obtained on patients placed in the prone position, it is
not possible for the anesthesiologist to optimize the posi-
fion of the head with either the PP or PV. Nevertheless,
based on this study, we believe that use of the PV device
will Ekely produce lower surface pressures compared with
the PP device. Development. of simple surfsce pressure
measurement devices may enable practitioners to mini-
mize pressures in the future,

This study prompts the need for two further investiga-
tions. First, the degree of head flexion/exténsion may be
very important with respect to the distribution of pres-
swres, Measurements of sirface pressures during large
changes in head position are needed to confirm this
theory. Second, surface pressures on the face may differ in
anesthetized patients from awake subjects due to the loss
of voluntary control of muscles and elimination of active
effort to decrease surface pressure on the face. Surface
pressures should be obtained in patients undergoing
surgery in the prone position.

In summary, we found that surface pressures on the
face in 2 patient placed in the prone position average
below 30 mroHg, but small areas of high pressure exist in
all patients, primarily over the chin. A head support device

that contours to the face reduces skin surface pressure on
the face compared with flat supports, which may reduce
the incidence of skin damage during surgery in the prone
position. Further, maintaining the head and neck in a
non-flexed, non-extended position may reduce the num-
ber of high pressure areas and thereby decrease the risk of
skin damage.
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