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Figare 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
nuirror. 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 is caused by excessive pres-
sure on the face. Further, blindness is a rare buf 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 (Figr= ). 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; Figure 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 (247) 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 (Figure 3). These
pads contain 60 pressure sensors per 10 am? each of
which sample at 5 Hz to record pressure between 0 and
220 momHg (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
horirontal line with the line connecting the lateral corner of
one eye and the saperior aspect of the ear’s insertion to the
scalp. Increases in Angle A correspond to head and neck
extension. :

interface to 2 Compag 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
eyves o contact the pressare-sensing pad. The subject was
then asked to place his arms at his side in the internally
rotated position (i.e., palms up relative to the operating
room table) and then to relax as much as possible. One
hundred twenty pressure measurements from each rell in,
the sensor pad were then recorded (every 0.5 sec for 1
min). In addition, the angle formed by the intersection of
a horizantal line with the lne connecting the Iateral
comer 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 FV,
the protocol was repeated with the other device, and an
addirional 120 pressure measuremnents were recorded.

Stafistical Analysis

The mean of the 120 pressure measurements for each
sensor was calculated. For anatomic comparison, the sen-
sors were divided into three zones {(Figur: 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 superior orbital ridge, and the Forehead Zene
consisted 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 overal average
pressure on the face was obtained by finding the mean of
the pressures for all sensors for a given subject.

Forehead Zone

Maxillary Zone

(s}

Chin Zone

Figure 5. Facial zones used for pressure comparisons. The
Chin Zone consisted of all cells lving below ¢he superior
border of the lower lip, the Maxillary Zone represented alf
cells located between the inferior border of the upper Ip and
the superior orbital vidge, and the Forchead Zone consisted
of all cells located above the superior othital ridge.

The number of sensors that had mean pressures
greater than 30 momHg and greater than 50 mmHg were
counted for both positioning devices for each 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 mmHgz were compared between devices umsing a
Chisqnare 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 calculated by obtaining
the prodnet 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/fexion 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 Figuw & The pattern of pressures
varied greatdy among the subjects, Although the data



i

Prone Positionar™

PromeVYWiew™

coading, @5 shown in the scale o the oght of the

EL T
preEsune.

& proporiionz] &0 the magninde of

Pressure is indicated b oo waas: Arse,

Figuore 6. Threedimensional plot of pressares for & single patient hing on the Prone Posifioner (PP} and the ProneView
 second, wopopraphically, with

Progeotve Helovee Syaeean (FV).
mage

th pressure greater than 50 mmHg was Lo with the

wi

PP in the maxillary zone. In the chin zome, the number of

cells
T PV than with the PP in the chin zone { Takle 5.

g

es (g

ility, & positive trend woas
dervic
todal weipht supported by the forehead rone and Angle A

by the chin zone and Angle A for hath
for both devices (7

and a negative rend was foand between the proportion of

exhibited a great deal of vari
found between the proportion of total weight supported

). Meither of these correlations

usively o stndy the physiology of decubitos
In general, meattress: manefctoners assert thak
mining surface pressures below 32 mmHg prevents

the ereation of decubitus uleers.’ However, suach recoom-
mendations are based on studies in which a relatively e

The safe level of surface pressure on the foe s unkoown,
Prior surface pressure messorements have heen obtined

thie PV was less than the average surface almest exct
uloers,
main

hemwerver,
For all three zones, the sverage surface pressure over a
). Similardy, the owerall
e face was less with the PV
with the PV than with the

i

than with e FF. The oumber of sensoms with pressure
greater than 30 momBHg was less

averige pressure for the enti

presmore nsing the PP (70

achicved statistical significance,

ETVETL TOE 1ESNE

1 lin. Ancsih,, wol. U6, Macch 2MHKE

114



&

.
k-1
L]

]R8, dag ven

# ® % 8 £ ® 8 B

B

(=L ] L1 ] (L] 1
(P o Hearsd Wil Srappoited oo Chin Fomn

Fgure: 7. Froportion of weEl weight of hesd supported by
chin wome vi extension of neck (Angle A} for both the Prone
Postdcner (FT} and the ProneView Frowctive Febimer Systen
(V).

area of shin (10 e overlving a hony prominence such
as the kchis] wherosity] & exposed to continuos pressune
for 12 to T2 hoors, and thus are not necesdrly vakid
guidelines fior patients undergoing surgery.’ Herrman ot
al’ showed that skin perfnsion i rafs is acutely reduced to
méves when surface pressure equals 562 = 5.6 mmEly. In
additon to Swial surface pressurs, there are other ionpor-
ot dewerminants of face and eye damage that are not
undemtomd. The duration af complele skin schemia that
produces Irreversible damage = ankocwn Sloughing of
skin over the chin has occwrred when wsing the Yoss Prone
Positioner™ at our medical center for sorgery that has
Lasted betwess 6 and 7 howurs. Fimally, the of facial
sroall vessel disease {eg atheroeckerosls) and e level of
Facial small vesgel blood pressure (arerial, capillary, and
venons) are lsrpely unknewn. Copsequenthy, oor end-
points of 30 mmHg and 50 mmHg for data anatyss were
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Figure 8 Proporton of ol weight of hegd sapporied by
forehead o ey extension of neck (Angle A) for borh the
Prome Posideser {FP) and the Prooeylew Protectve Helmen

System, {FV],
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Tahde L. Sypfaee Presagre on the Face for Each Yone
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Minipirng the surface pressure over the homy prormi-
nences of the face s fikely to reduce the incidence of sin
damage when a patient must undergo surgery in the
prone position. Minimizitng the surface pressurc can be
accomplished by mracieniring the contact surfaece arca with
a supporting pad. The amourt of contact sorface area can
be asessed by measuring the avemgs surface pressure
applied agalnst a support pad. Bacanse the average surface
presurt & eqnal tor e weight of the Bead dividad by the
contact surface area, and becanse e welght of the head i3
comstant for a given patent, the larger the contact surface
area, the kower the average surface presure, Campaced
with devices ned before fhe introducton of the PP, ssch
as the horsshos sepport ar “catcher’s wadl,” the FP
provides @ greater srea of contact against the patient’s
fare, thereby distributng the pressurs over & larger area
and reducing the pressure over the bony prominences
Unformnately, the Tshaped hole wsed in the PP i Dot
comoured to fasal geegraphy and does not insire that
the patient's eyes do nod contact the foam during surgery,
The PV device I contoured to the patient's face and has a
large opening for the eyes. The fece-comtoured fomn: used
in the PV allows & greaver ares of contact with the fice
thars the PP, which resaited fn the hower surfice presores
thae were found i this stedy,

With both devices, and regardless of body weight, we
found areas whers the surface presure. excoeeded the
vadue where shin perfinsion may go fo zero, These aress
were prinmrily over e chin, alfhough ey oooasionally
occwrred on the forehead Immediately superior to the
supracrhbital ridge, Fressures greater than 50 mmHg were
not foured over the zygomas, This fndmg may expliin why
slin breakdown has not been reported in dhat area of the
farm;

I this stedy, we measured the position of the head o
e hoay much head flexion or extension affected pressuns
an the face, Even though the moge of our angular
measarements waes small, we found that exending the
head tends o incresse presure over the chin, and cop-
versely, fexing the head tends o merease pressure over
the forehead. It may be that moinmining the head and

5
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Table 2. Awwmpge Mumber of Cells withy Pressoee Grepser chan S0 amaHg or 80 smHyg for Each Yoane and Sor thee Exire Face Uang

the FF ar PV device

Mimwher of Cells Heving Timnber of Cells Havmg

Frevsure > i mmHy Prvtiwir 2= 5 iy

PP rv fraline PP FY fpvaloe
Forehead mone 1l.0=49 11080 el Ah=40 LaxLh 4,13
Maziliary rone TG 5= 1.1 <{LiG¥ s = 1.2 aRE =05 0,55
Chin zone AR 85 o= A8 .14 432 EA - B B <05
Entire fue 19fr % T2 1hir 2 T8 <{l.0h* 9.0 =80 Lkbe o B =T,
*Incdicaics stitical Sgnificance,

neck ina noseflexed, nopextendsad position minioires
the aress of high surfhce
Becanse surface Dressure mMoasucermenls clurTently ane
aod obiained on patens placed in the prone position, itk
o possibie for the anesthesiologist to optimize fhe posi-
tion of the head with either the PP or PV, Nevertheless,
based on the stody, we believe that e of the FV device
will Hkely produce lower snrfece presanes compared with
it PF device. Development. of simple surface pressore
MEAsITeTHnl devices may emabde prachisoners to mind-
This shedy prowepis the meed for two Fanber investica-
tons, First, the degree of head Hexbon/exténalon may be
veTy imporiant with respect fo the distribodon of pres
sores, Measuremenis of nunface pressures during lange
chapges n head posiSon are needed to confirm this
theory, Second, surface pressures an the e may differ in
anesthetined patents from avabe anbjects due b the los
of volnmtary comitrol of mmescles and elimination of actve
effort 1o decreass surface pressure on the face. Surface
pressures should be obfamed in patends andergodng
surgery in the prone poiition
I summsry, we found that surface pressures on the
Fuce in g patienit pliced in the prone posidon eerags
below 30 mrpHeg, but small areas of high pressare exiss in
all patlents, primaily over the chin. A head sappost devics

that contours to the face reduces ekin surface presnrs on
the face compared with faf supparis, wineh may redose
ihe incidenes of skin damags during surgery in the prones
positon. Furdber, maintaining the head and neck inoa
nondlexed, nonextended potition may reduce the num-
ber of bigh pressure aress and thereby dacrease the risk of
skin damage,
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