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Density of Tetracaine—Water Mixtures and the Effectiveness of 0.33

Per Cent Tetracaine in Hypobaric Spinal Anesthesia

HENRY ROSENBERG, M.D.*

Solutions commonly unsed for producing
hypobaric spinal anesthesia are light dibu-
caine (0.66 per cent) or tetracaine diluted to
0.1 per cent with distilled water.* Such a dilu-
tion of tetmeaine will usually produce ade-

quate analgesia. However. large volumes of
solution are necessary, and muscle relaxation
is often incomplete. Kallos and Smith® in
studying patients undergoing hip surgery with
hypobaric spinal anesthesia, used a concen-
tration of .15 per cent tetracaine to prevent

patient movement.

The present study was designed to define
the range of dilutions of 1 per cent tetra-
caine (Winthrop) that will provide effective,
but still hypobaric, tetracaine mixtures. A
second objective of the study was to deter-
mine whether the characteristics of spinal
anesthesia with concentrations of tetracaine
other than 0.1 per cent {in distilled water)
were different from those with 0.1 per cent
tetracaine.

METHODS

Using a 2-ml or 3-ml syringe, commercially
availuble 1 per cent tetraeaine solution was
diluted with distilled water. Final concentra-
tions ranged from 0.1 to 1 per cent. Density
was determined with either a 2-ml pyenom-
eter or a Digital Density Meter (DMA 10,
Mettler Instrument Co., Princeton, N.J.) Den-
sity determinations were done at 23-25C.
Both pyenometer and the Digital Density
Meter were calibrated with sterile distilled
water.

1 also sought to compare the characteris-
tics of spinal anesthesia with 0.1 per cent
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tetracaine with that produced by asolution ol
0.33 per cent tetrcaine. This tetreaine con3
centrmtion (0.33 percent) was selected becauseg
it was the Towest whole-number ratio of wate,
to anesthetic representing a hypobaric mixg
ture at 23-25 C (see below). Spinal anesthesis o
was induced in male patients hetween 20 (u=
70 vears old undergoing anorectal surgery llh
the jacknife prone position. The spinal nucdkm
was inserted at the L3-+1 interspace. FourZ
teen patients were anesthetized with 10 lllf.g
of 0.33 per cent tetracaine in water (3 mlg
and 14 patients were anesthetized with 8-—1(%
myg of 0.1 per cent tetracaine (8-10 ml)%"
After a period of 20 to 40 minutes. but notZ.
exceeding one hour, the patient was turn(-(B
and the maximum level of scnmr\‘<

supine
L =
analgesia to pinprick was determined. =
o
ol
RESULTS °
o
=
. L N
Density Determination g
o
As expected, tetracaine density in water \\.|%
a linear function of dilution (fig. 1. At 23 —h

25 C. concentrations of tetmeaine Tess than
approximately 0.33 per cent were h)'pulxu'icﬁ
while concentrations  in the :q)pmxim;mg
rnge of 0.33 to 0.9 per cent were isobari§
with cerebrospinal fluid (CSF). Comparisor@
is made with CSF density at 37 G* in order tdy
simulate clinical conditions. In citro, thd§
anesthetic solution equilibrates  with CSI2
temperature in about a minute.? lln\\‘c\'crg
information as to whether this oceurs in vicd®
is not available. In any event, increasing theg
temperature of the solution lowers its (lull\ll} R
making it even more hypobaric to CSF.
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The two patient groups were similar g
terms of height, weight, and age. The mewnB
final level of anesthesia was approximately -5
dermatomes less in those anesthetized \\|lh>
0.33 per cent tetracaine. This difference Wl
significant as determined by Student’s t thtS
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/@" Monufacturer's data

1.002 T

-
4 CSF Density Limits 37°C

1.000

0.998

Density (g/ml) at 23-25°C

0.996 + t t + + + t + t
0.1 0.3 05 o7 09 10
% Telracaine in water {g/100ml}
Fic. 1. Effect of dilution of 1 per cent tetracaine in distilled water upon density determined

at 20

All patients in this study anesthetized with
0.1 per cent tetracaine achieved a final level
of analgesia higher than or equal to T10,
while ouly 50 per cent of those anesthetized
with 0.33 per cent had a level higher than
T10. Anesthesia was  satisfuctory in both
groups.
DiscussioN

This study demonstrates that haypobaric
spinal anesthesia may be achieved with con-
centrations other than the customary (.1 per
cent tetreaine, By increasing the concentra-

TaBLE L. Characteristics of the Patients (Mean = SE) and Levels of Anesthesia

25 C. CSF density limits (mean = 3 SD) are those found by Davis and King?

tion and thereby limiting the volume of anes-,
thetic used. it was found that the level of anes-
thesia with 10 mg tetracaine was less likely ta
extend above T10 with 0.33 per cent tetra-
caine  than with 0.1 tetrcaine.
However, in any one patient it is diffiealt i3
to predict what the final anesthetic level will
be. Other measures, such as reduced dose nI'E

d-ajo11/ABOj0ISBYISaUR/WOD" IBYDISA|IS ZBSE//:dNY WO} papeojumoq

1289/9/SY/iP

per cent

tetracaine,” slow injection, injection at a lower 8
interspace, and urging the patient notto cough,
speak or otherwise inerease abdominal pres-
sure, are of value in limiting the spread of
anesthesia.
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Tetracaine Dilution

0.1 Per Cent i - 14 0,53 Per Contan - 18
Age (vears) 4446 = 3.7
Weight (pounds) 13
Height (inches) 685 =18

Uppermost dermatome level (Range)

T5.7 = 0.9¢T2-LD T9.6 = 1.2 (T4-L4}

Percentage with dermatome levels, T2-T10

30+

100

= P < .01 compared with 0.1 per cent dilution.
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This study did not assess the difference in
durations  of anesth between  the two
aroups. nor did it: s the degree of musele

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-

vintage of using .33 per cent tetracaine is
that most commercially prepared spinal anes-

thesia trays do not have 10-ml syringes. Utiliz-

ing 0.33
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
Using higher concentrations

solution.
lower volumes, itis possible to limit the spread

Epwarn A. Lot

Severe trucheal  dumage after
endotracheal intubation with high-pressure
endotracheal or tracheostomy tube cuffs has
led to the development of endotracheal tubes
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per cent tetrcine avoids the use of
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of hypobaric tetracaine while obtaining satis-
L

factory il g

vann Mueller provided able technical as-
sistance.
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Endotracheal Tube Cuif Design and Postoperative Sore Throat g
o
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prolonged  tubes had high-residual-volume, ln\\'-pru\’nrcg
culls (Foregeer, Soft-Cuft: American, Hi- Ln.g

Extracorporeal, Lanz: Portex) and four had
low-residual-volume,  high-pressure  cufts}y

(Rusch. Red Rubber: Harris Lake, H:lrl;\kc:%

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-
uffed endotracheal tubes and those
heas were not intubated.

pressur

whose

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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were intubated i
endotracheal tubes were lubricated with 5§
per cent lidocaine ointment.§ Cufls were3

American: Shiley). Fifty tubes of each typeo
were studied in 400 anesthetized adult pa mcnl\o
19-64 vears of age. undergoing .ll)dmnln.\lo
or lower-extremity orthopedic operations. & Z
An additional 30 patients nndcr}.{ningé
similar operations withont endotracheal intu-g
bation were also evaluated. Patients whog
needed a nasogastrie tube, sustained difficultS
intubation. Le.. more than one attempt ats
passage of the tube, or coughed after intuba-
tion or before extubation, were excluded tfrom™>
the study.
All patients were similarly premedicated g
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and anesthesia was induced with thiopental@

(3-4 mwke).

Paticuts were parlyzed \ulhm
succinyleholine, 1.5 mwkg, and the tracheas o
in the usual fashion. TheZ

caine in polyethylene glycols and propylene glyvol).

§ Astru, lnc., Worcester, Mass. (3 per cent Xylo-
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