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It was observed by Koster (9) in 1928 that pafients given
spinal anesthesia without sympathomimetic medication appeared to
lose less blood during operation than those mm whom arterial pres-
sures were well maintained. In recent years a renewal of attempts
to diminish blood loss during operation by maintaining a low arte-
rial blood pressure has found expression in the blood-letting-rein-
fusion technic of Gardner (3) and of Hale (7), the technic of high
spinal anesthesia of Gillies (4, 5, 6) and the use of ganglionic blocking
agents as suggested by Hale Enderby (1, 2) and Pelmore and by
Hughes (8). From the point of view of maintaining the metabolic
requirements of the organism, it would seem desirable to lower ar-

terial pressure by diminishing systemic vascular resistance rather

than by liminishing the eirculating blood volume. From the point
of view of feasibility, the use of an agent that could be given

(*) Arfonad is the name that has been assigned to the drug formerly known
as RO2-2222. Throughout the paper. the term arfonad will be used.
The aunthors wish to express their thanks to Dr. Elmer L. Sevringhaus, of

Hoffmann-La Roche, Inc Hutle:r, N. J, fn-r generous suppliex of the compound
used in this astudy.

(**) Read before the Brazilian Anegthesia Society, Ric de Janeiro, Brazil,
April 19, 1952. |
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Intravenously seems more desirable and convenient than does the
use of spmal anesthesia.

Randall, Peterson and Lehmann (12) have lesecribed the ex-
perimental pharmacologic and sympathelytic characteristics of a
serles of thiophanium compounds, among which was d-3,4(1°,3'-
dibenzyl-2’-keto-imidazolido )-1,2  trimethylene thiophanium d-cam-
phor sulforate (arfonad; fig. 1). In the course of a recent series
of laboratory and eclinical investigations on the mechanisms and
therapy of acute hypertensive pulmonary edema, it was found that
arfonad was capable of consistently lowering arterial pressure in
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Fig. 1

nnanesthetized man to levels that varied with the rate of adminis-.
tration of the drug whien the latter was given by a continuous
intravenous drip (12-18). When the rate of administration was
reduced, 1t was noted that the arterial pressure rose toward control
levels and promptly returned to normal leviels when the drug was
~discontinwed. IFurther, arterial pressure could be elevated by sym-
pathomimetic medication (ephedrine sulfate or neosynephrine hy-
drochloride) even while arfonad was being adminigtered. Although
‘the latter has not thus far been found necessary, it might at times
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be desirable to know that the ganglionic blocking effects of this
drug and the resultant hypotension can be corrected readily and
rapidly with sympathomimetic medication. The hypotension imduced
by arfonad in the conscious patient was seldom aceompanied by a
significant increase in pulse rate; frequently, it remained the same
oir decreased. Neither tachyphylaxis nor the occasional pressor
responses that have been noted with tetraethylammonium chlo-
ride (10) have been observed with the use of this agent. Finally,
stable levels of low arterial pressure could be maintained for pe-

riods of time not likely to be exceeded by surgical procedurs.

With these observations at hand, it was suggested that this
acent might be adaptable to the production of controlled hypo-
tension to prevent exeessive blood loss during certain operations.
It was also thought that the prompt rise in arteral pressure
associated with the diseontinuance of the intravenous administra-
tion of this drug might eliminate or at least diminish the need
for sympathomimetic medication during the postoperative period
as has sometimes been found necessary when the single injection
technics utilizing the longer acting ganglionie blocking agents have
heen employed..

This apeport is an attempt to answer partially the question
of whether the previpusly noted characteristies of this agent observed
in the unanesthetized hypertensive patient are operative in the
anesthetized normotensive patient who is undergoing surgical
treatment.

Report of Cases.

CASE 1. A 47 year old white woman who suffered from markedly in.
creased intracranial pressure was found by preliminary ventrieulography and
pereutaneous left carotid arteriography to have a large tumor of the left tem.
poral lobe. Following ventriculography and arteriography, which was dons
under pentothalnitrous oxide.ether anesthesia, the patient was placed in the
supine position in a 5 degree head-up position. A light surgieal stage of endo-
tracheal ether-oxygen anesthesia was maintained by the carbon dioxide absorp.
tion techmnie for the remainder of the operation.

, The intravenous administration of a solution of arfonad containing 1 mg,
per cubie centimeter was begun at a rate of 4 mg, per minute. The hlaod
rressure gradually fell from 110 mm, to 8¢ mm. systolic and from 78 mnm,
to 40 mm. diastolic in approximately. See insert 1 mg. per minute and a
hypotensive state was maintained satisfactorily for the remainder of the ope-
ration, which took 140 minutes (fig. 2). A large, vascular, deep-seated menin.
gioma of the left temporal lobe was removed. On discontinuing the adminis.
tration of the drng the blood pressure promptly rose to 100 mm, systolic and
80 mm. diastolic in ten minutes., The rate of administration was reduced
to approximately. By the time the patient had reached her room, the blood
pressure was 120 mm, systolic and 80 mm, diastolic. Five hundred cubie cen-
timeters of whole blood was then administered as.it was thought that this
probably represented the amount of blood lost during the operation.. The
general condition of the patient was good for forty-eight hours, then she. gra-
dually grew less responsive and the presence of a postoperative hematoma was
suspected. Re-clevation of the bone flap failed to confirm this suspicion but
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did reveal a very edematous bhrain. Postoperatively, the patient responded

faverably to a vigorous regimen of dehydration and ultimately made a normal
recovery.

CASE 2. A 59 year old man, who weighed 160 pounds, had moderately
advanced arteriosclerotic cardiovascular disease and a right bundle branch
block. He had experienced several attacks of unconsciousness and because
of this a right, percutaneous carotid arteriogram was made which showed a
large, right temporoparietal brain tumor. A light surgical stage of ether
anesthesia, wag induced and the patient was placed supine in a 5 degree head.-
up position for the operation.

The intravenous administration of a solution of arfonad containing 0.5 mg,
per cubic centimeter was started at a rate of approximately 1 mg, per minute.
The blood pressure was redueced from 150 mm_ to 70 mm, systolic and from
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Fig. 2 — Sustained hypotension produced by small amount of arfonad

administered by constant intravenous drip.

§0 mm, to 50 mm, diastolic in approximately ten minutes. The rate of admi-
nistration was reduced to 0.25 to 0.5 mg. per minute and the desired hypo-
tensive state was maintained for 180 minutes (fig. 3). During this interval
a large, vasenlar meningioma of the right temporoparietal region was removed
and 300 ee, of whole blood administered. When the drug was discontinued
the blood pressure promptly returned to 100 mm, systolic and soon thereafter
reached 120 mm, gystolic and 80 mm, diastolic. The patient responded in the
operating room and his postoperative course was entirely uneventful.

CASE 3. A 71 year old woman came to the clinic beeaunse of a eaneer
~of the right breast. Thirteen years previously a left radical mastectomy had
been performed for carcinoma of the breast. At that time the presence of
mild diabetes mellitus wag discovered which was controlled by diet. The preope-
rative blood pressure was 140 mm, gystolic and 90 mm, diastolie, and the pulse
rate 100 per minute. Anesthesia was induced with pentothal.-decamethonium
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bromide and nitrous oxide.oxygen. After endotracheal intubation was accom-
pliched, a light stage of surgical anesthesia was maintained by the adminis.
tration of nitrous oxide-ether by the closed carbon dioxide absvrption technie,

A solution containing 0.5 mg, per cubie centimeter of arfonad was admi.
nistered intravenously at a rate of 3 mg, per minute and the blood pressure
gradueally decreased to 60 mm, systolic and 40 mm, diastolic during the next
ten minutes (fig. 4). The rate of administration was reduced to 1 mg. per
minute and the desired state of hypotension was maintained for the next
seventy.five minutes. During this time a right radical mastectomy was per-
formed; the measured blood loss was 325 ee. When the drug was diseontinued,
the blood pressure promptly returned to 110 mm, systolic and 60 mm, dias-
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Fig. 3 — TFairly typical response of a moderately hypertensive older

patient to arfonad. Note decrease in Dlood pressure without
change in pulse rate,

tolie. A tight dressing was applied to the operative region and by the time
the patient reached her room she was awake. The postoperative eourse was
uneventful.

CASE 4. A 72 year old man suffered from intraetable pain associated
with metastatic malignant disease. Twenty months before admission an
abdontino.perineal resection had been performed for adenocarcinoma of the
rectosigmoid junetion.

Nine days previous to this particular operation a left thoracie chordo-
tomy had been done which gave the patient relief of pain on the right side
helow the operative site. Because of less of 25 pounds in weight over the
past twenty months and the presence of moderate anemia, this patient was
congidered to be in poor general health.

Anesthesia was induced with thiopental sodium-synecurine.nitrous oxide,
tutubation was performed and the patient was placed in the prone position
with the upper thoracie region elevated so that the feet were in approximately
a 10 degree dependent position., Tt was obvious that the blood volume was
alveady rednced, so intravenous administration of a selution of arfonad, con.
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taining 0.5 mg. per cubic centimeter, was started very slowly, at a rate of
0.5 to 1.5 mg, per minute., The blood pressure was quickly reduced to 70 mm,
systolic and 50 mm, diastolic and the operative field was praetically bloodless
(fig. 5). This hypotensive state was maintained for thirty.five minutes. Ten
minutes after the drug was discontinued, the blood pressure returned to 100 mm.
systolic and 70 mm, diastolic. Five hundred cubie centimeters of whole blood
was administered to the patient in his room to restore the blood volume to
normal. The postoperative course was uneventful from the standpoint of the
operation and the anesthesia,

CASE 5. A 40 year old normofensive man whose chief complaint was
nocturnal convulgions and a transient hemiplegia was found by arteriography
to have a large right frontoparietal.oceipital angiomatons lesion., A light
surgical stage of ether anesthesia was induced and the patient placed supine in
a 3 degree head.up position for the craniotomy.
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Fig. 6 - In spite of this well ccntrolled hypotensive state, 3300 ce. of
blood was lost during the removal of a large intracranial angioma.

The intravenous administration of a solution of arfonad containing
0.25 mg. per cubic centimeter was started at an approximate rate of 3 mg.
per minute. The blood pressure gradually fell from 1lo mm. to 70 mm, sys.
tclic and from 60 mm, to 40 mm. diastolic., The rate of administration of
the arfonad was reduced to from 0.75 to 0.5 mg. per minute and the hypo.
tensive state maintained for the next three and onehalf hours (fig, 6).
During this period the pulse rate gradually rose from 80 beats to 110-120 beats
per minute. In spite of this apparently ideal hypotemsive state, the patient
bled profusely from the large angiomatous vessels and 2500 ce, of whole
blood iwas administered during the proeedure. Nevertheless, the hemoglobin,
which was 16.4 gm_ preoperatively, had fallen to 8.8 gm, postoperatively,
and -an additional 1000 ce, of blood was administered during his convalescence,

 CASE 6. This patient, a 46 year old normotensive man weighing 140
pounds, had signs of inereased intraeranial pressure. Anesthesia was indueced
with sodium surital and syncurine intravenously and maintained in a light
surgical stage with endotracheal ether while ventriculography and cramiofomy
were performed.

With the patient supine in a 5 degres head.up position, a solution of
arfonad containing 1 mg, per cubic centimeter was started at a rapid rate
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and the blood pressure slowly fell from 130 mm, to ‘90 mm, systolic and from
80 mm, to 70 mm, diastolic. In spite of a continued rapid rate of adminis.
tration, the blood pressure. failed to drop any lower but the pulse rate rose
from 1213 beats to 150 beats per minute. After a total of 400 mg, of arfonad
had been administered, it was diseontinued and an attempt was made to ‘drop
the blood pressure to a lower level by the administration of 100 rhg, of hexa-
methonium chloride intravenously. during the next ten minutes, but 1t remained
stationary (fig, 7). Although the amnesthesiclogist thuught this degree of
hypotension was unsatlafactnr}r, the mneurosurgeon was pleased with the dimi-
nished amount of bleeding in the operative field.
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Fig. 7 — Response of a nﬂrmﬂt&nalve pa,tlant to arfonasd a.n{il hexame-

thonium chloride. Note elevation of pulse rate in spite of only a mo-
derate decrease in blood pressure. Alth{}ugh the anesthesiologist consi-
dered this degree of hypotension - unsatisfactory, the surgeon noted a

‘marked reduction in bleeding.

Discussion

. The results reported -contribute nothing toward the decision
0§ to whether the maintenance of hypotension during an operative
pmee‘dure is sound phys siclogic surgical practice, exerapt the obser-
vation- that the postoperative coursz of patients- se managed did
not appear to differ materiallyy from that of other patients. The
indications for transfusion during or after operation are mot hard
and fast. Therefore, the fact that this” group of patients managed
. by the reported hypotensive techniec during operation required
. administration of less blood” during and a,ﬁberr operation th.an might
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otherwise have been expected cannot be interpreted precisely, al-
though it would sgem to be helpful and suggestive information.

On an @ prwr: basis 1t should probably be assumed that severely
depressed wperfusion pressures may 1nfliect some hardship on
a kidney, brain or heart, whose vascular bed may be compromised
by organic vascular disease. Unpublished data indicate that,
although renal function is moderately depressed during the initial
stages of hypotension induced with arfonad, it rises toward normal
during the continuwed administration of the drug (18). As with
any clini-al procedure, definite indications and contraindications
develop only with prolonged experience. It is anticipated that
such will prove to be the case with this practice of indueing hype-
tension.,

On the positive side, four observations were of significance.
1) Arfonad did not exhibit any apparent ineompatibilities with
the anesthetic agents used (ether, cyciopropane, nitrons oxide, thio-
pental sodium or syncurine [decamethonimm bromide]). 2) The
same flexible, graded and readily reversible lowering of the ar-
terial pressure was obtained in anesthetized patients who were
undergoing operations as was prevwusly obtaingd in unanesthe-
tized patients. 3) It was the impression of the operating surgeons
that the tendency to bleed and the actual loss of blood during the
procedures were less than would have been anticipated had the
arterial pressure not been lowered. 4) Postoperative hemorrhage,
such as might be expected from smaller vessels that had been severed
but had not been observed because of the hypotension, was not
encountered,.

The effect of arfonad on the dog appears to differ somewhat
from that on man, and these differences are worthy of mention.
First, a single injection of 0.04 mg. per kilogram in the dog pro-
duced 2 more prolonged hypotensive state. Mitchell (11) and
co-workers have demonstrated that in this species blood leveis of
histamine are elevatlpd after the drug is given. Repeated obser-
vations have not revealed the dlinicall signs of histaminemia in man;
that is, the flush, pounding and headache that follow the injection
of histamine have not been observed with those rates of adminis-
tration that ame capable of producing marked lowering of arterial
pressure. Second, after administration iof wvery large doses of
arfonad the clotting time of the bllood was prolonged In dogs.
This observation has not been noted in man to date, nor did the
postoperative course of the patients studied indicate that there was
any interference with the clotting mechanism. However, a careful
study of this important aspeet is indicated.
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Summary

Studies on 6 patients who had a variety of surgieal procedures suggest
that arfonad is a useful ageut for the production of graded and readily
réversible hypotension under ether, eyclopropane, nitrous oxide and pentothal
anesthesia, or mixtures of these agents. The necessity to prediet the depressor
response of any given patient to a given dose of a drug has been modified
by the continuous. intravenous use of this agent, as the depressor effect of
arfonad 1s ovanescent,

Addendum

-

To date, a state of hypotension has been maintained in 27 patients during
operative procedures under general amnesthesia. With the exception of 2 pa-
tients who had radical mastectomies and one who had a chordotomy, ail
patients have been subjected to operations for the removal of brain tumor,
and thepse procedures have been done with the patient placed supine in a
o degree head-up position. Blood pressures have been recorded in the standard
clinical fashion with the cuff on the armn, using the auscultatory methed,
piacing the stethoscope disk over the brachial artery. All patients have been
allowed to breathe spontaneously and only when it has seemed indicated has
assistance been given during the inspiratory phase. No attempt has beed
made to measure acctrately the blood loss except in the 2 patients whio un-
derwent radieal mastectomy and the ome who had =z chordotemy, and in these
procedures the measured blood loss was markedly reduced. No deaths. have
occurred nor have any postoperative complications been attributed to the use

of this technic.

The middle aged, moderately hypertensive patient is defimitely more -sus.
ceptible to the vaso depressor action of arfonad than the younger, robust,
normotensive patient. As demonstrated in figure 7, superimposing hexame.
thonium chloride on arfonad made no appreciable difference in lowering the
blood pressure that appearel resistant to arfonad. Extreme degrees of pos.
ture which might enhance the possible pooling effect of blood in the dependent
parts have not heen employed.

The hypotensive state is associated with an upset in the heat regulating
mechanism of the body because of the proionged peripheral vasodilatation,
and- a state of hypothermia is to be expected at the conclusion of each ope-
ration; rectal temperatures may go as low as 97° F. Once the state of hypo-
tension has been induced very little additional anesthetic agent is required ,
I{ was the impression of the operating surgeons that the tendency to bleed
and the aetual loss of blood were less than would have been anticipated had
the arterial pressure remained normal. This observation applies more to the
biood loss from ecapillaries. No matter how low the blood pressure falls,
blood loss can be significant if large arteries and veins are severed. This is
demonstrated by the amount of blood lost during the operation in Case 5 in
which an ideal hypotensive state was maintained throughout, but large veius
and arteries had to be dealt with. The use of arfonad was discontinued in
one instance because of a disturbing tachyeardia, rate 160 per minute, that
developed soon after the drug was administered. It was impossible to maintain
& satisfactory hypotensive state by the intravenous administration of arfonad

in 2 young, robust, normotensive adults who were being oporated on in a
& degree, head-up position,
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— Meteorismo post-operatorio.

— Obstipacao.

— Oligossialia.

— Taquicardia paroxistica.

Caixas de 6 e de 25 ampolas de 1 em3 a 0,b mg

Tubo de 20 comprimidos a 15 mg

PRODUTOS ROCHE
Quimicos e Farmacéuticos S. A.

Rua Moraes e Silva, n.’ 30 =
RIO DE JANEIRO £
=
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EVALDO PAES BARRETO & CIA. LTDA.

IMPORTACAO — EXPORTACAO

Material
o
Vidraria

-

-

Banco de sangue
Ambulatorios
Laboratorios
Enfermarias

. Museus e Mostruarios

RUA MEXICO, 128 - 2.* S/LOJA 3
- Telefone: 42-0813 — Caixa Postal 2198

End. Tel.: “Rioevaldo” = Rio de Janeiro

A UNICA FIRMA ESPECIALIZADA EM VIDRARIA
PARA TODOS OS FINS

Oficina Mecano-Cirﬁrgica' |
CARLOS CERQUEIRA

RUA PEDRO AMERICO, 31

FONE: 25-5350

Mecinica fina, concertos de Aparelho de Anestesia,
Tendas de Oxigénio, fabrico de Negastoscopios
e todos acessérios de Raios X.

Galvanoplastia.
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|

C. & J. Manufacturing Co.

APARELHOS DE ANESTESIA Representantes ¢ Distribunidores no Brasil

INDUSTRIAS QUIMICAS
MANGUAL S. A.

Aparelhos de Anestesia . & J.
FACILIDADE DE MANEJO — Simpli-
cidade de Manutencfo.

Absorvedor com 2 recipientes de cal
sodada independentes.

Modelos Gabinete =2 stands.

RESSUSCITADORIES

—= Modelos hospitalares e portateis.

— Pressiio positiva e negativa em se-
aiuéncias alternadas.

— Volume de oxigénio controlavel para
gqualguer pulméio.

— Aspirador ao mesmo tempo.

— Inalador quando a respiracao natu-
ral se restabelece.

RESSUSCINETEHE

— Berco transparente.

— Atmosfera Umida termo-regulavel.
— Aspirador E. & J., incluso.

— Ressuscitador E. & J., incluso.

— Atmosfera de O, regulada.

— Franca portalidade.

~— Incubadora de urgéncia.

INDUSTRIAS QUIMICAS MANGUAL S. A.

MATRIZ: Rio de Janeiro — Rua Paulino Fernandes, 53-50 — Tel. 46-1818
C. Postal 3.705 — End. Telegr. “PICOT”
LABORATORIOS: Duque de Caxias — Estado do Rio — Rua Campos, 543

FILIAT,: Sio Paulo — Rua Manoel Dutra, 218 — Tel. 32-9626
End. Telegr. “BAXTER"”



:'ﬂ.‘.:::.-.:::_'-._-.:_-_-_.-.:_#-_--_--_--__-1-_-,,-_;----n-- L LI T SR LR R T et ey T Y j Y

E CURARIZANTE

Er DE |
SINTESE |

FLAXEDIL

2559 ¥ — 3097 RP
CAIXA DE 10 AMPOLAS DE 2 em3 DOSADAS A 0,04 g

INJECOES INTRAVENOSAS
*

CIRURGTA

ABDOMINOPELVIANA, TORACICA, PULMONAR
ANESTESIA ENDOTRAQUEAL
CONVULSOTERAPIA

*
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ATIVIDADE DO CURARE NATURAL
LARGA MARGEM DE SEGURANCA
SEM EFEITOS HISTAMINTICOS

x
AMOSTRAS E LITERATURAS A DISPOSICAO DA CLASSE MEDICA

x
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RHODIA
CAIXA POSTAIL. 8095 — SAO PAULO, SP
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