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This study did not assess the difference in

of anesthesia between  the
groups. nor did it assess the degree of muscle
relaxation. However, using concentrations of
tetraciine greater than 0.1 per cent for hiypo-
baric spinal anesthesia, others have found that
the musele relaxation achieved during ortho-
pedic procedures is greater than that achieved
with 0.1 per cent? A possible practical ad-
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a second separate sterile 10-ml syringe to mix
the anesthetic solution.

Effective hypobarie spinal anesthesia may
he achieved by dilutions of tetracaine in dis-
tilled water other than the standard 1 mg/ml
sulution. Using higher and
lower volumes, itis possible to limit the spread

concentrations

Endotracheal Tube Cuif Design and Postoperative Sore Throat

Epwarn A. Lot

Severe tracheal damage after prolonged
endotracheal intubation with high-pressure
endotracheal or tracheostomy tube cuffs has
led to the development of endotracheal tubes
with a variety of low-pressure cufls. Presum-
ably, Tow-pressure-cutfed endotrucheal tubes
should cause Tess tracheal trauma and fewer
and less severe postoperative sore throats
than high-pressure-cuffed tubes. This study
was conducted to compare the incidences and
severities of postopenttive sore throats in pa-
tivnts intubated with low-pressure- and high-
cuffed endotracheal tubes and those
whose tracheas were not intubated.
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MEeTHODS
Eight commercially availuble 7.0-8.5 mm
1D low-pressure- and  high-pressure-cutted
endotracheal tubes were studied. Four of the
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tubes had high-residual-volume, low-pressura
s (Foregger, Soft-Cufl: American, lli-L(g
yrporeal, Lanz: Portex) and four ha@
lu\\ residual-volume,  high-pressure cuﬂg
(Rusch. Red Rubber: Harris Lake, Harluked
American: Shiley). Fifty tubes of each typa
were studied in 400 anesthetized adult patient®
19-64 vears of age, undergoing abdomin:

or lower-extremity  orthopedic  operationsg
An additional 30 patients nndcr}.{niné

similar operations withont endotracheal intig
bation were also evaluated. Patients whig
needed a nasogastrie tube, sustained difficufd
intubation, fLe.. more than one attempt %
passage of the tube, or coughed after intuly®
tion or before extubation, were excluded irulw
the study. g;

All patients were similarly premedicated?
and anesthesia was induced with thiopentsd
(3—+4 mwky). Paticuts were parlyzed \\1({2
succinyleholine, 1.5 mwkg, and the tricheas
were intubated in the usual fashion. The
endotracheal tubes were lubricated with i
per cent lidocaine ointment.§ Cufls werg

0

Worcester, Mass. (3 per cent Xy l«m

§ Astr, Ince.,
d propylene glycol™

caine in polyethylene glyeol
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TapLe 1. Mean Incidence and Severity (Seale 0-3) of Sore Throat in Intubated Patients
Law-presiste Cutts Hesh-pressure Cifis g
Awneeric Eatras Aspeni- 2
Ak can coeporeal Porter Padake | Ruscli can Shilrg
(5]
Incidence (per cent) 22 4871 H 5471 24 354 24 25 El:
Severity (0-3) 26 | 6401 : 651 24 1018 | 26 253
3
<P < 0L 4 P < 05, chissquare test, compared with mask values. ES
: P < .01, chissquare test, compared with cach of the high-pressure cuffs except the Rusch. S
§ P -2 05, chi-square test, compared with cach of the Tow-pressure cuffs. =
g
INg
filled with air until the trachea was just sealed. enamel paint was then spr ‘ed into the ;mi%

Cuft volumes and pressures were measured
immediately after intubation and just prior to
extubation as previonsly described.’ Anesthe-
A was maintained with halothane (1-2 per
cent) or enflurane (1=-3 per cent) plus 60 per
cent nitrous oxide in osygen and intermittent
doses of pancuronium. All patients had sterile.
disposable, Ohio plastic oral airways (size 3 or
1) in place throughout the operation, and some
had them in place during the early postopera-
tive period. Extubation of the trachea was ac-
complished in the operating room.

All patients were interviewed 20-30 hours
postopentively by an anesthesiologist who
used a set protocol but did not know what
variety of endotracheal tube had been used or
whether the trachea had been intubated.
Patients were asked whether they had experi-
enced a sare or sertehy throat from the time
of their operation until the interview. Any

positive response was recorded as a sore
throat. For evaluation of severity, patient re-
sponses were evaluated and graded on w 0-3
seale as follows: 0 = no sore or scratchy throat
at any time since operation and no evidence
of hoarseness at the time of interview: 1
minimal sore or seratchy throat for the same
period and no hoarseness at the time of inter-
view: 2 = moderate sore throat and/or some
3 = severe sore throat for the
at the

hoarseness:
same period and/or obvious hoarsenes
time of interview.

In addition to the above investigation, three
8.0 mm ID tubes of ecach variety studied
were evalmated inan artificial trachea to deter-
mine  cuff=tracheal  surface-contact  area
during cuft inflation. A section of 1.6 em 1D
heavy plastic tubing was used as an artificial
trichea and cach cuff inflated until a seal with-
standing 15 om HLO was established. Black

ficial trachea from both ends, coating all areas®
except where the cuff was in contact with t]lt%
artificial trachen, thus outlining the area ()E
surfuce contact. The width of the cuff=tracheal
wits then measured and correlated

surface ar
with the incidence of postoperative
throat in patients.
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Durations of operations. types of operatives,
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procedures, and sex distributions were simiz,
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Jar in all groups of patients studied. All endogy
tracheal tube cuffs sustained significant ing
in cuff volume and pressure at the
o
>

creas
end of operation, as had been deseribed.!

The incidence and severity ol sore tllrn;\tg
after use of all low-pressure cults were signifi-&
cantly greater, P < 01, than after ;mcxthcsi;@
by mask or intubation with any of the high®
pressure cuffs (table 1. In contrast, with rc-‘g
ward to incidence and severity of postopera-8
tive sore throat, use of high-pressure enffs &
with the exception of Rusch Red Rubberp
tubes. was similar to anesthesia by mask (table Do
Correlations of incidences and severitics u@
sore throats in patients with cuff=tracheal®
surface contact widths in the artificial tracheaS
were high, r= .94 and r=.97, respecti\'el_\lg
(. 1. There was poor correlation, r < .38
of intubation time. change in cuff volume nr;J
pressure, age. type of operation, anesthetics
agent or endotracheal tube size with the inci
dence or severity of sore throat. The overal
incidence of sore throat was higher in womené.
than in men (43 ts. 35 per cent), but the differS

ence wits not significant.

DiscussioN

The postoperative “sore-throat syndrome
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F1G. 1. Incidences of sore throat in intubated pa-
tients using eight varieties of enffed endotracheal
tubes correlated with the width of cuff=tracheal
surface contact area in an artificial trachen using the
same tubes and entls.

hoarseness usually lasts only a few days after
operition, and is considered a minor compli-
cation of anesthesia® Nonetheless, it is a fre-
quent complication atter endotracheal ntul
tion as well as after
Mechanisms  contributing to postoperative
throat have included: trauma to the
tonsillar pillars. pharvux, tongue, larynx and
trachea: edema in the structures of the nasal
cavity when this route of intubation is used:
drying out of mucosal the
trachea with endotracheal intubation or the
upper airway following anesthesia by mask
The influence of the endotrcheal tube cuff
on the development of postoperative sore
throat has not been established.

The results of this study demonstrate that
low-pressure (high-volume)  endotrucheal
tube cufts are wssociated with a markedly
higher incidence and greater severity of post-
operntive sore throat than are high-pressure
How-volume) cuffs. Our findings do not com-

anesthesia by mas
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pletely delineate the mechanism(s) involved
bt suggest that caff—tracheal sarface uml.n@
arca is probably a factor. Cuffs that have tlrg
largest cuff=tracheal ared
upon inflation in the artiticial trachea (Amerg
e, Hi-Loo and Extracorporeal. Lanz) pre
duced the highest incidence of sore throa§
and most severe sore throats in patients. €
the other hand. we cullg
with much lower cuff=tmeheal su contagh
areas  (Ameri Harlake, and Shiley)y r&
aulted in an incidence and severity of posy
operative sore throat not signifi mll\'dif'lbruxg'-
from the incidence and severity in p.nllcnS
whose tracheas were not intubated.
Rusch Tatex Red Rubber cutls resulted i mg
higher incidence and  greater  severity
sore throat after operation than the other higly
pressure cufls (in spite of a cuff=tracheal sup
face contact arca that was not appreciably
different from those of the other high-pressug
cufts). The reason for this may be related ®
the fact that these were the only tubes lh:ﬂ
were not disposable, and they were subjec
to Cidea® cleaning followed by distilled watd®
rinsing after each use. Perhaps some of HE
disinfectant solution remained in the u|§
in spite of washing and pmduccd an unt.lll\Q
reaction upon contact with  the trache
mucons membrane during the neat use.
It is not entirely clear why (-ndutr.u-hc@
tube culls that have koge cuff-tracheal sug
ril(‘(’ conbact areas ])l'("lllt'(' more sSore ll"'()ig
in spite of lower cull pressures than tubdd
with smaller enfi=tracheal surface conta@
arcas. One explamation may be that endoz
tracheal tube cufls produce tracheal -mucos§
membrne andfor tracheal cilia: damage i
direct relation to cuff—tracheal surface conta@
areit. Another may be that low-pressure ulH?
which are usually bulkier and larger th.@
high-pressure cufts, produce more damage @3
upper structures, ic.. the hovox &
pharyny, on intubation and c\tul).ltimg
Finally. low-pressure cufls have a tcmlcnv@
to fold on themselves and wrinkle in llm
artificial trachea, I they do the same in l]g
tracheas of intubated patients, points of c%
tremely high pressure with necrosis may deéd
velop. The ideal cufl for endotricheal |ntulm>
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tion during operation is one that minimizes
cuff=tracheal arca, it the
incidence of postoperative sore throat is to be

surface  contact

reduced.
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Comparison of Compounds Used for Intradermal Anesthesia

MARK A WIGHTMAN, MDD axD ROBERT W, VArGHaNx, M.

Lidocaine and procaine, the local anesthe-
ties most commaonly used for intradennal anes-
thesia, cause considerable discomfort upon
injection.  Physiologic has
been said to be a satisfactory local anesthetic
that is free of discomtfort.! This study compares
various compounds used for intradermal in-

suline  solution

jection with regard to discomfort and to in-
tensity and duration of anesthesia. The intent
was to determine which drug provides the
highest paticot acceptability and the hestanes-
thes

METHOD

A randomized, double-blind study was car-
ried out with 20 aduelt volunteers serving as
their own controls after approval from the
Human Studies Committee. Sixteen men and
four women. nmging in age from 19 to 45
vears and in weight from 34 to 95 ky. partic-
edatives,

ipated. None was taking analue
or tranquilizers. All were considered ASAL
physical status 1.

Six solutions were prepared for cach
in single-dose  I-ml ampules: physiologic
saline solution: physiologic saline solution
with 0.9 per cent benzyl alcohol: Tidodaine,
0.5 per cent; lidocaine, 0.5 per cent, with 0.1
per cent methylparaben:
procaine 1 per cent. No other additive was
present. Water was the diluent for the Tocal
anestheties.

o

cubject

idocaine, 1 percent:
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traches

The dorsum of each hand was eleansed witl
isopropyl alcohol and allowed to dry. Usine
a leml syringe with a 23-gange needle. ang
intradermal wheal was raised with 0.1 ml n!g
cieh test solution. three wheals per hand.
The order of drug injections was imdomized.
Subjects were sitting and did not observe
the injections.

Once the needle was in place. the subject
wis instructed to describe the degree of dis-
comfort and the sensation caused by raising
the wheal, Discomtort was rated from 0 (ne
discomfort) to 2 (severe discomfort),

Anesthesia produced by the whe
dermal drog was tested by pin prick, initially
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15 seconds after injection and at intervals
thercafter to a total duration of 20 minutes.
It was rated 0 (no anesthesia) to 3 (excellent §
anesthesia). Injection sites were abserved for R

adverse local effects.
Initial analy analysis of vari-

ured values by subject and drug

a two-wia

is by

ance at me
showed significant variation among subjects,
Therefore. the data were adjusted? to elim-
inate individual variability and then analyzed @
by ordinary one-way analysis of varianee with 8
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« priori and ¢ posteriori contrasts to examine S
differences between specific drugs.

1 The basic two-way analysis of variance model wir

My=u =8+ A+ By

Aq 4pd“ez000

where M is an observed seore for subject i givena
drug j: v is the grand mean: 8 is subject i's mean @
deviation from w: Ay is drug j's meun deviation from o
w; and Ey is the error term. The trnsforniation S
was made by defining
My =

My =5
so that the one-way model became
Ay =u A Ey
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