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Enhancement of d-Tubocurarine Neuromuscular Blockade
by Diuretics in Man

RONALD D, MILLER. M.D.% YUNG ], Soin

Renal failure may prolong newromuscular
blockade by d-tubocurarine because of re-
tarded excretion and/or interaction with anti-
biotics.”® The tollowing case reports addi-
tionally suggest that mannitol or furosemide
angments d-tubocurarine-induced newromus-
cular blockade in patients undergoing renal
transplantation.

REPORT OF THREE CASE:
Force of thumb addnction (measured with a
Grass FT-10 force-displacement  trsducer) in-
duced by stimulation of the uluar nerve at the
wrist was monitored in all patients. A Grass §-4
stimulitor administered single stimuli of 0.1 msec
duration with a voltaze at least 15 times that
necessan to evoke @ masinal twitch response.

Patient I.A3: rre-old man who had had chronic
slomerudonephritis since 1 hied been maintained
on hemaodialysis sinee 19730 He was iving
preduisone. 25 ma. boid., azathioprin mg per
day. and alpha-methyldopa. 250 mg, bid.. orally.
Blood pressure wias HO110 torr. Hemoglobin,
potassium. and creatinine were 8.8 «/100 ml, 1.6
mEg]. and 150 mg 100 ml. respectively. The
patient received no preoperative medication prior
to amesthesia for renal transplantation.

After administrmtion of thiopental, 130 mg. v,
anesthesia was naintained  with lalothane and
nitrous oxide, 60 per cent. The trchea was in-
tubated after spray with 2 ml 4 per cent lido-
caine. No other drug was administered.
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Appraximately 60 minutes after induction of
anesthe d-tubocurarine, 0.3 mwkyg (165 mg
total), given iv, depressed twitch tension 96 per
cent. Forty-three minutes later twiteh he ht was
depressed” 62 per cent. Mannitol, u, and
furosemide., S0 mg, were given iv, and 10 minutes
later twiteh height grdually  decreased to 72
per cent depression. Forty minutes Tater, twitch
height returned to the level obtained before ad-
ministration of mannitol und furosemide.

Patient 2. A 38-vear-old man who had w six-
month history of ‘end-stage renal  disease was
seheduled for renal transplantation. He was hyper-
tensive and was receiving chronic treatment with
apresoline, 25 mg. q.id., and propranolol, 20 mg.
b.id.. orally. Blood pressure the day before ope
tion was 1907100 torr. The patient also received
prednisone, 120 me, and azathioprine. 300 mu.
before operation.  Hemoglobin, potassium, and
creatinine were /100 ml, 4.0 mEVL, and 15.0
mw 100 ml. respectively. The patient received no
preanesthetic medic

Anesthesia was indnced and maintained with
halothane and nitrous ovide. After spraying the
trachea with 2 ml 4 per cent lidocaine, endo-
tracheal intubation was accomplished without the
wse of other drugs. Forty-two minutes later, d-tubo-
curarine, 0.3 meky (tota riven iv, abolished
twitch tension {fig. 1. veseven minutes later
an additional 3 mg d-tubocurarine were adminis-
tered. After an add Wl 35 minutes twiteh ten-
sion was nearly half the contral valve. Mannital,

25 u and furosemide, S0 mg. then were ad-
ministered iv. Twiteh tension immedintely de-
creased. and over the course of an hour and a half
was reduced to less than one quarter of the con-
trol value (fig. 1.

Patient 3. A 15-vear-old boy who had end-

stage renal disease was scheduled for renal trns-
plantation. Blood pressure was 1607100 torr. Hemo-
/100

wlobin, potassinm, and creatinine were 3
ml. 49 mEgL and 89 m@100 ml, respec
The patient received prednisone, 100 mg, az:
prine. 300 mg, and alpha-methyldopa, 250 mg.
bid.. orally before operation. He received no pre-
anesthetic medication.
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F16. 1. (The panel reads from right to left) A deen
of mannitol, 12

Fic. 2. In this recording from Patient 3.
mannitol, 125w and furosemide, 40 my,
wiven together caused a decrease in twiteh
tension. An additional 40 meg furosemide
caused a further and even greater reduction.

Forty minntes after induction of halothane ane
thesia, d-tubocurarine. 0.3 mwka (2 mg total),
was administered iv. One hundred per
pression of twitch height followed iz 2). About
2.5 hours later, nuamitol, 12.5 . and furosemide,
40 mg. were given iv. Twiteh height deereased
from 46 to 36 per cent of control. An additional
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Pyridastigmine
2

e in twitch tension following intrivenous administration
w.and furosemide, S0 mye.

d7C
minutes 0.5mg/kg
le——! 2
e
Mannitol
20 +
minutes

Furofemide Furcisemide

40 mg furosemide given 25 minates later was
followed by twitch height decrease to 22 per cent
of control (fig. 2. The plasma concentration of
d-tubocurarine, measured by immunoassay,! con-
comitantly increased from 0.74 gg/m! immediately
prior to diuret Iministration to 0.82 p/ml at
the time of the 22 per cent reading despite no
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: 1. Percentage Depression of Twiteh Tension

and Pleana d-Tubocurarine Concentrations
Percentage
Depression
1 Twiteh d-Tubocuraine
Tion-* Te il
3 100 6.61
15 100 3.39
30 100 224
60 92 1.96
90 54 1.04
150 34 0.7
Mannitol and
furosemide 180 S 0.52
230 66 [Urg

* Minuates after administration of d-tubocurardne,
0.5 muwkg.

additional administrtion ol d-tubocurrine (table
. Furthenmore, a lower plasima concentration ol

d-tubocunirine  produced  greater neuromuscenlar

blockade following diuretic administration. Before
wiving mannitol or farosemide, 0,74 ge/ml d-tubo-
cnrarine was associiated with 34 per cent depres-
sion of twitch heighte After mannitol and
semide, 0.71 wl d-tubocurarine was associated
with 66 per cent depression

In all three cases, the residinal newronmscular
Dlockade was antagonized easily with pyridostis-
mine, 14 g, or neostigmine, 3.0 myg with 1.2 my

ol itropine.

0~

DiscussioN

Our resalts indicate the diureties furo-
semide and mannitol enhanee the neuromus-
cular blockade produced by d-tubocurarine.
That furosemide alone augmented the d-tubo-
cunrine-induced blockade in Patient 3 as
much as the combination of mannitol and

farosemide suggests that mannitol has little
effect on neuromuscular blockade. Indirect
support for this supposition was provided by
AMatteo et «l..; who found that mito]
does not alter the mte of renal excretion
of d-tubocurarine. However, they did not
monitor the effect of mannitol on neuromus-
cular blockade, and hence their study alone
wonld not rule ont a direet eflect on the
“myoncural junction.

! Matteo RS, Pux EK. Horowitz PE. et
Urinany excretion of d-tnbocurarine in man—
feet of osmotic dinretic. ASA Abstrcts of Scien-
tific Presentations, 19 1-2
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Furosemide (and mannitol) may angment
a  d-tubocurarine-induced  neuromuscnlar
blockade by 1o direet depressant effeet
on the newromasenlbar junction: 2) o clunge
in extreellular electrolyte coneentnion: 3)
redistribution of d-tubocurerine frons inactive
to active depot sites: and/or D deer
intravascular and extracellnlar fluid volumes,
resalting in concentration of or iner

ases in

ase in

the plasma conecentration of d-tubocurarine.

The effect of mannitol or {urosemide on
the ncuromuscular junction has not heen
studied. However, ordinany doses ol ehloro-
thinzide, chlorthalidone, and ace
enhance nenromuscular blockade by d-tubo-
curarine in rabbits.® In contrast, much larger
doses of chlorothiazide antagonize d-tubacur-
eri“("i"(!"('(‘(l l)l(,L' ll(ll' l)””l i“ l'il'll ;l“(l
in citro. Obvionsly the in-ritro results snwe-
vest that  redistribution  of d-tiubocun;
or changes in extrcellular Huid volume or
clectrolytes need not be invoked to explain
the effect seen.

azolanide

rine

Decreases in estracellular caleinne and po-
tussinm concentrations may angment d-tubo-
cunarine-induced  newromuscular bloe
However, althongh urinary exeretion of cal-
cinm and potassimm is enlanced by adininis-
tration of furosemide and mannitol.® plasma
concentrittions are not acutely altered, and
therefore these agents are anlikely to affect
muscle contraction by this mechanism, Itis not
known whether neuromuscular junction mem-
brane potentials are altered. This is a0 pos-
sibility.  however, si
other membrines such as isolated envthro-
evtes amd the inner car is altered by di-
ureti " Since we did not measnre plasima
electrolyte  concentrations  introperatively,
the above discussion is speculative.

The increases in plasma d-tubocurarine
concentrations following furosemide and man-
nitol snggest redistribution or concentration
of d-tubocurarine. Although the increase is
small, it is within the limits of accurey of
the radioimmunoassay  technique,  which
measures as little as 3 ng/ml d-tubocurarine
with confidence limits of 3 per cent.' The
decrease in extmeclular fluid volume that
begins to oceur inunediately after adminis-
tration of these dinreties? would potentially
concentrte the residual d-tubocurarine. Pos-

le."

¢ ionic flux across
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sibly d-tabocurarine may be redistributed
from imactive o active sites. Furosemide

may have astronger aftinity for plasmia and
tissue proteins than does d-tubocurarine.

In summary, these case reports suggest
that furosemide and possibly manmitol
ment d-tubocurarine-induced nenromuseuls
blockade, This is ol particular signif
to patients indergoing renal tumsplantation,
sinee such patients alveady are at risk of pro-
loneed neuromuscnlar blockade.
late  that d-tubocurarine
and/or a direet depressant ettect on the nenro-

Unee

We specn-

redistribution ol

muscular junction is the mechanism by which
these dinreties angment the effeet of d-tubao-
curring.,
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Another Hazard of Free-standing Vaporizers, Increased Anesthetic
Concentration with Reversed Flow of Vaporizing Gas

WiLLias E. MARKS, Jr., M.D.*

Although Munson! has pointed out that free-
stunding How-through vaporizers present a
hazard through the possibility of tipping.
several of these units remain in use in our
department for reasons of economy and con-
venience. We have recently recognized
another hazard of these non-attached vapor-
izers, that of Howing the vaporizing gases
through backwards.

Three times over the past five months, at-
tending anesthesiologists  have  discovered
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these vaporizers set up in a reverse manner
by residents and student nurse-anesthetists.
Twice it was discovered prior to use of the
cquipment, and once during use. The Cy-
prane® vaporizers that we use can easily be
set up by mistake to allow vaporizing
mases to flow through them in a reverse
direction. All that is required is to connect
the delivery tube from the common gas outlet
of the anesthesia machine to the ontlet side
of the vaporizer, and to connect the delivery
tube to the patient’s breathing circuit to the
inlet side of the vaporizer. Although the inlet
and outlet sides of the vaporizer are labeled,
the labeling is not conspicuous. The same
size of tubing fits either side.
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