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Sixce we first reported our experience with decamethonium bromid
(syncurine®) two years ago (1), we believe that we have gained enoug
knowledge concerning this drug to make a few definite conclusions an:
recommendations. Some of these conclusions are slightly at varian
with those contained in our preliminary report.

Syncurine has been used at the George Washington Universi
Hospital in 2,403 cases. During the same period of time, 21,139 ans
esthesias of all kinds were employed, including local, spinal and generaf
anesthetics. In approximately one-half of the cases in which it wag
used, the drug was employed primarily to provide relazation for endog
tracheal intubation. It has been used twenty-six times for laryngoscopy
or bronchoscopy in conjunction with pentothal® anesthesia. In obs
stetrics it has been used in 27 cesarean sections and 33 vaginal deliveriess
The remainder of the cases represented operations in all fields of
general and specialized surgery.
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MeTHODS

The patients who received syncurine during operation represente
all age groups and all classifications of physical status. The anes®
thetists were, for the most part, residents in anesthesiology under the.
supervision of qualified anesthesiologists.

In general surgery the common method of administration was t&
induce relaxation by slow intravenous injection of 1 to 2 mg. of synS
curine following the skin incision. Supplementary doses were given a
intervals as needed. An attempt was made to keep the total dose bexs
tween 4 and 6 mg., but this amount was exceeded occasionally. Varia;
tions in this technique were used for endotracheal intubation and iw
obstetric cases.
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® From the Department of Anesthesiology, George Washington University Hoepitaly
Washington, D, C. S
t Presented at the Southern Socioty of Anesthesiologists Meeting, April 12, 1952, New
Orleans, Louisana, 2
$ This article was pted for publication in AN 0aY on Ni ber 12, 1955
The long delay in publieation was due to the y of iting publication of the mortality,
statisties cited in reference 9. Q
§ U. 8. Army, Former Fellow in Anesthesiology.
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For intubation, syncurine was given usually in a 2 mg. dose follog'-
ing induction of anesthesia with pentothal. Cocaine, 5 per cent, was
almost routinely employed in a topical spray to the larynx. Oxygen 8r
gas-oxygen was frequently given in the three to five minute interval
between injection of syncurine and the beginning of laryngoscopy.
preparing for bronchoscopy a similar routine was followed. =

In the few obstetric cases, the administration varied with the type
of procedure. For cesarean section, syncurine was given to prepargd
and draped patients concurrently with induction with pentothal. An-
esthesin was maintained with pentothal-ethylene-oxygen. During
vaginal deliveries, syncurine was given to patients under ethyleme-
oxygen anesthesia at about the time forceps were applied to the fetds.
The obstetrician then gradually exerted traction with the foreeps
against the relaxing perinenm. An average of 2 mg. was used
obstetric patients. 2

Anesthetic agents employed in the series included pentothal, surih@“,
nembutal, nitrous oxide, ethylene, ether, avertin, and cyclopropage.
The latter two were used least. In nearly all cases, the syncurine Wgis
administered separately from the intravenous barbiturate. 5

Resvrrs aNDp DiscussioN

pd-spone,

In the evaluation of effects of a drug in clinical anesthesia, 3o
many uncontrollable variables are present that statistical estimatidn
of the drug’s worth is difficult. Among the variables, which affect the
quality of relaxation, are the demands of the individual surgeon, dite
of operation, size of incision, skill of the anesthetist, anesthetic drugs
used, types of retractors employed and the individual requirementsghf
the patient. This last item, in the evaluation of syncurine, may be Bhe
most variable factor of all. Q

After considerable experience with syncurine, we found that its
properties adapted it well to certain procedures but rendered it 1gss
snitable for others. Among its properties are rapidity of action (two
to three minute onset) and relatively short duration of action (tweiy
to thirty minutes). Another property, of which we became mgre
cognizant as time went along, was that of tachyphylaxis. This latfer
characteristic, which applied certainly to the curarizing propertysof
syncurine, causes repeated doses to be less effective than the origigal
dose in producing satisfactory relaxation, at least in some individugls.
As has been suggested by other investigators, syneurine appearsgto
antagonize itself when repeated doses are given (2, 3). Still another
property, which is a more favorable one, is that the drug has exhibifed
no histamine-like activity; we bave seen no blood pressure fallssor
bronchospasms attributable to this drug (4). Absence of broncho-
spasm probably makes syncurine safer than other drugs in the asthmatic
patient. ®
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A characteristic of syncurine which may be a troublesome one to theg
anesthetist is its variability of action from patient to patient. The3
drug appears to be less potent in those patients who have a high toler-:;f
ance to other hydrocarbons (for example, pentothal) used in anesthesia,=.
for instance, in the alcoholic patient or the one who is habituated tog
barbiturates, paraldebyde, or other hypnotics. Occasionally, however,z
tolerance to the curarizing effects of syncurine is seen in patients who2
require only normal amounts of other agents to maintain adequate
depth of anesthesia. >

Lastly in the summary of the properties of syncurine, we have found<
that it is not particularly “‘sparing of respirations’’ as was first thoughts
(5,6). This has never constituted a hazard in our experience, because2.
the anesthetists have been quick to employ manual respiratory support.3
The instances of apnea and hypopnea which have occurred have been3
of short duration (rarely over ten minutes) and have been characterizeds
by rapid return of normal tidal exchange once the peak effect of thes
drug has passed. @

We have never thought that endotracheal intubation is required ing
every patient who receives syncurine, as recommended by Folder Ns
but we routinely use oropharyngeal airways and keep endotracheals
equipment on hand for use when indicated. Of course, oxygen equip<
ment is always on hand, and it is frequently used prophylactically. %

With these properties of syncurine in mind, we wonld like to discuss2
its use in various types of procedures. Among the abdominal opera3
tions in which syncurine was used, the most satisfactory results wered
obtained in lower abdominal surgery, particularly in those operationsy
which required less than one to one and a half hours. An initial dosg}
of 2 mg. usually sufficed to provide adequate exposure on opening thes
peritonenm.  Placing of packs, use of Trendelenburg position and, s
gynecologic procedures, the use of Balfour type retractors aided thel
anesthetist in maintaining a good operative field. Frequently, addiz
tional syncurine was not needed until just before closure was begung
Usually not more than 4 to 5 mg. was required for these procedures
done under light pentothal-gas anesthesia. In most cases, vital reﬂexe%
returned before the patients left the operating room. S

Upper abdominal surgery was usually more difficult, and surgeons
more frequently complained of inadequate exposure. Deeper aness
thesia was usually necessary with ether being added to the anesthetic a§
a supplemental or, more often, as a primary agent. Respiratory traéci
tion reflexes, such as breath-holding, were particularly bothersome if
surgical procedures on the galibladder. Excessive movement of the
diaphragm after abdominal and intercostal muscles were paralyzed
frequently created a bothersome motion in the operative field ever.
though relaxation otherwise was adequate. This effect usually wad
short-lived and could be controlled partially by manual support of
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o
respiration. Variability of individual response to syncurine and tacEy-
phylaxis was particularly evident in upper abdominal operations where
greater relaxation is necessary and operations are often of loné’er
duration. &

Rather profound respiratory depression was almost unavoidable
in upper abdominal operations, and in fact some decrease of tigal
volume was noted in the majority of patients in whom relaxation Was
adequate for lower abdominal work. Actual apnea occurred in a réla-
tively small number of patients. Respiratory depression usually lasfed
only a few minutes, but several patients remained apneic twenty mgn-
utes, and one remained on controlled respirations forty-five minutps.
We are of the opinion that, in some instances, overactive manual s#ip-
port of respiration can prolong an apnea that would terminate soofler
with less vigorous artificial respiration. 3

Tollowing the recovery of nearly normal respiratory excharge,
which usually occurred guite suddenly after a few minutes of depegs-
sion, breathing was usually smooth and relaxation adequate for perigds
up to thirty minutes. At any time during this period, however, sudgen
traction upon organs or peritoneum would produce ‘pushing,”’ lnr?n-
geal stridor, or breath-holding, particularly if anesthesia had becdme
too light. Often at the time of closure, an abdomen that appeafed
adequately relaxed for closure would become unmanageable after ap-
plication of clamps to the peritoneum, and more syncurine would hgve
to be given. 3

Total dosage of syncurine used for any one patient depended t§ o
great degree on the individual tolerance of the patient. Usually, main-
tenance doses had less and less effect, and the original dose counldZbe
given at the end of operation without causing the respiratory dep®s-
sion seen originally. It has been pointed out recently that this ta@y-
phylaxis applies only to the curarizing effect of syncurine and thatve
do not know whether there are other properties of the drug which gre
similarly affected (2). Here lies, perhaps, the explanation for séne
instances of prolonged apnea that have been reported in the literafaire
(8). For this reason we recommend that the total dosage be kept Bw.

Endotracheal intubation was particularly facilitated by the use@ of
syncurine, which was employed in over half the cases in this seges
primarily for intubation. The dose most frequently used was 2 Rg.,
injected through the intravenous tubing immediately after inducgion
with pentothal. Usually the patient was ready for intubation within
five minutes after the injection. During this period we frequentlyéd-
ministered oxygen or gas-oxygen as prophylaxis against hypoxia duging
the act of intubation. Topical cocainization just before intuba&on
helped materially in reducing coughing and breath-holding followding
passage of the tube. Usually the jaw was found to be well relgyed
and the vocal cords well abducted, offering an excellent laryngosc?ﬁc
view. Manual support of respiration was employed rontinely after
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passage of the tube. Qccasionally additional cocaine was applied2
through the endotracheal tube if coughing was excessive.

Nasal intubation was also facilitated by small amounts of syncurineg
Laryngospasm from blind manipulation was largely overcome, but re<
duction of tidal exchange sometimes hindered placement owing to theS
quietness of respiration. Prior curarization, however, rendered thes
patient ready for visualized intubation in the event of failure of blindZ
intubation. 2

No patients were given syncurine if doubt existed that intmbation®
could be done without difficulty. For instance, in patients who had
ankylosis of the jaw or who had porcelain capped teeth, other method&_%‘_';
were employed. - 2

Syncurine is especially advantageous for intubation when furthei
relaxation will not be needed during surgery. The evanescent curarizas
tion permits early return of adequate respirations for long head and
neck operations, plastic procedures and spinal operations. %

Most of the intubations in which syncurine was used were easil¥
performed. Those that were difficult occurred usually in patients witlg
unrecognized anatomiceal changes in the pharynx or larynx. Impropes
positioning for laryngoscopy led some of our less experienced residents
into difficulties in other eases. Serious complieations following intubad
tion were secn in 3 cases; one of postoperative lnryngeal edema requirs:
ing tracheotomy and 2 of granuloma of the vocal cords requiring treat2
ment several weeks after operation. Whether the granulomas resulteds
from intubation or not is, of course, open to question.

‘We wish to emphasize that dangerous levels of hypoxia can occups
during intubation under syncurine and that the anesthetist should nofl
become so involved in carrying out intubation that he forgets to deg
termine whether oxygenation is adequate.

The generally favorable results with intubation prompted us to ems
ploy syncurine for other endoscopic procedures. Syneurine in conjuncg
tion with pentothal for bronchoscopy has proved, in the main, to be fg
satisfactory procedure. The method of administration is similar tg
that for intubation, except that bronchoscopy is begun when the peag
effeet of the syncurine has passed. Oxygen is given through the broxé
choscope during the procedure; if respiratory depression is excessivéy
the lungs are inflated by alternately opening and closing the end of thé
bronchoscope with the thumb. Topical cocainization was frequentl§
employed as a preliminary to the general anesthesic but not as a routing
The surgeons in particular were pleased by the quiet respirations and
easge of introducing the bronchoscope to the extent that they now prefet
to do their bronchoscopies under general rather than topieal anesthesig
alone. General anesthesia is certainly more pleasant for the patieng
Most of the patients required less than 500 mg. of pentothal and less
than 3 mg. of syncurine for the procedure. Most were reacting and
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had normally deep respirations at the time the bronchoscope was wi§1-
drawn. g
On two occasions, difficulties were encountered. In one patiant
bleeding of the larynx developed when the bronchoscope was intre-
duced. Obstruction occurred and he became cyanotic. A cuffed en
tracheal tube was inserted and oxygen given until the patient recovergd.
Later bronchoscopy was performed without difficulty under ether gp-
esthesia. In a second patient violent coughing and breath-holding §‘e-
veloped before the bronchoscope was introduced. He became cyanofic
but recovered with treatment with oxygen by Kreiselman resuscitafor
and bronchoscopy was carried out without further incident. g
In a few cases syncurine has been employed for laryngoscopic
biopsies and esophagoscopies. It is probably advisable to give oxygen
before laryngoscopy is performed, and the danger of bleeding from the
biopsy site must be recognized. Facilities for intubation shounld fbe
ready in the event of excessive bleeding. Nearly all our esophagoscopges
were done under endotracheal anesthesia and were uneventful. The
use of an endotracheal tube, we believe, is essential for this procedureg
In obstetrical anesthesia, we have employed syncurine both to pgo-
vide muscular relaxation and to allow smailer amounts of anesthdic
agents to be given (with increased amounts of oxygen). For cesaraan
section, anesthesia is induced with pentothal and maintained with
cthylene-oxygen. Induction is delayed until the obstetrician is p¥Fe-
pared to make the incision, and the drug (usually 2 mg.) is given fm-
mediately after the patient has lost consciousness. Little effect on the
infant’s early respiration is seen if the baby is born within ten minulbs
of the induection of anesthesia. &
For vaginal delivery, the patient is anesthetized with cthylege-
oxygen and about 2 mg. of syncurine is injected at the time forceps fre
applied (or for additional perineal relaxation when decompositionof
a breech is begun). The obstetrician then finds that traction is exerged
against an ever-relaxing perineum. Usually forceps rotations &re
facilitated, and smaller episiotomies can be employed. The anesthefist
finds that fewer traction reflexes (for example, laryngeal stridor) oceZur
under light ethylene-syncurine anesthesia than under ethylene aloné&2
As a rule, some effect is seen on the newborn. About half of tHgm
require resuscitation, depending on how much sedation the mother
previously had and how long the syncurine effect has been presgnt
before delivery is accomplished. Usually, the babies are more flacgd,
but the flaccidity wears off quickly. Many breathe with vigorous sp§n-
taneous respirations as soon as they are born, but the delivery rogm
personnel must be prepared to resuscitate a number of these infajts.
One neonatal death occurred in a premature infant delivered by
cesarean section for premature separation of placenta. S
Operative and postoperative deaths ocenrring during this two ygar
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period were as follows: 3 in the operating room, 4 on the day of opera-%
tion or on the first postoperative day, 23 others postoperatively. Theg
cause of the three operating room deaths was as follows: (1) multiples
embolization during mitral stenosis operation (release of mural=:
{hrombi), (2) ventricular fibrillation during mitral stenosis operation,$
and (3) coronary thrombosis during a Smithwick operation. =
Only in the third case conld the use of syncurine be considered asZ

a possible contributory cause of death. Intubation had been performed$
with difficulty under pentothal-syncurine some forty-five minutes before;,
the coronary occlusion occurred. During intubation the patient hadg
become cyanotic and transient blood pressure fall had occurred. Thes
blood pressure and pulse remained normal after the operation startedS
until the surgeon began to resect a rib. At that time blood pressureg
pulse and respirations ceased. Postmortem examination revealed ag
coronary thrombosis. 2
The four immediate postoperative deaths were as follows: (1)3
sudden death after craniotomy, the eause undetermined but probablys
due to cerebral edema, (2) coronary occlusion nfter the patient got outs
of bed on the day of operation, (3) hemorrhage and (4) cardiac failures
after an ancurysm operation. There was no evidence that syncurin(é
was in any way responsible directly or indireetly in any of these deathsg
The other 23 postoperative deaths occurred up to three months afters
operation and were not related to anesthesia in any way. 2
Therefore, the entire incidence of mortality in our series was ap
proximately 1 to 2,400. This incidence is considerably at variance with
the figure of 1 to 370 given in a report by an anesthesia study commisg
sion (9) as being the incidence of death in anesthesias in which curarg¢}
(all types) was used. S
Atelectasis developed in 10 patients, requiring postoperative brons
choscopy. Five of the patients bad had pneumonectomies or lobeed
tomies. 2
Other postoperative complications were: shock, 7 cases; cyanosis%
3 cases; congestive heart failure, 2 cases; pulmonary infaret, one caseg
and transient amnesia due to hypoxia, one case. The cases of cyanosi
and amnesia were related to respiratory depression following adminisg
tration of syncurine during the surgical procedure.
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PrecauTIONS

Since respiratory depression to some degree must be expected folg
lewing the administration of syncurine it should be given only unde#
the supervision of a competent anesthesiologist. Oxygen equipment foS
artificial respiration should always be on hand, and manual support ob
respirations should be given as prophylaxis against hypoxia in mo
cases. Oropharyngeal airways should be employed rontinely, and
endotracheal equipment should be at hand for use when indicate
Effort shounld be made to keep the dosage of syncurine minimal.
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(CONCLUSIONS

Decamethonium bromide (syncurine®) has been used in 2,403 casés
at George Washington University Hospital and the results are reportedl,
Among its properties are rapidity of action, shortness of duratiod,
tachyphylaxis, absence of histamine activity, variability of individugl
reaction and depression of respiration. g
Most satisfactory results were obtained in lower abdominal operg\,x-
tions of short duration, endotracheal intubation and endoscopy. Lealt
satisfactory results were obtained in upper abdominal operations ad
gurgical procedures of long duration. 2
Syncurine is of some benefit to the obstetrician, but some effect 8f
the drug may be seen in the newborn. a
One death in the 2,403 cases may have been indircetly caused By
anoxia Tollowing administration of syncurine and intubation.
Precautions are enumerated, with particular emphasis on adequéle
oxygenation of the patient and the use of low dosage of decamethonilgn
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bromide. 8
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