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Hyroresstox frequently follows the administration of spinal anestheti§
agents. It has been looked upon as an untoward reaction and someg
thing to be avoided. The physioclogical characteristics of hypotensiong.
as postulated by Smith et al. (1), are well known. It was not unti}
Gillies (2) pointed out the advantages of the hypotensive spinal thag
this method of anesthesia has come under investigation. 5

This report is concerned with the clinical application of hypotensive
anesthesia in 63 patients from 20 to 89 years of age. Figure 1 graphig
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cally demonstrates the age distribution of the patients in this reporg
The patients were selected from among candidates for spinal anest
thesia. The graph reflects the age distribution typieal of the ag8
groups coming to surgery and is not planned to follow any particula®
pattern. g

* Read before the Annual Mecting of the American Bocicty of Anesthesiologists, In

Seattle, Washington, October 7, 1953.
t Aecepted for publication February 1, 1954.
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Figure 2 shows the duration of hypotension, arbitrarily set at &q)
mm. of merenry systolic or below, lasting from thirty minutes to seved
and a half hours. The duration of hypotension corresponds to the
duration of the surgical procedure in each case. There were no i
stances in which episodes of prolonged hypotension extended into tif
postoperative period. Hypotensive anesthesia was attempted in 3
number of other cases, but a satisfactory fall in blood pressure did n&l
occur even though the level of anesthesia reached the sixth thoracfe
segment, In some of these cases a transient fall in pressure wgp
observed, but did not persist. These cases are not presented or dif-
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cussed in this report. The reason for these failures is not appareEt,

but failure is thonght to be the result of the method of administerin,
and managing the anesthesia. -
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Three methods of achieving an effective sympathetic block ware '
utilized in this series. They consisted of (1) single injection spigal
analgesia, (2) continuous spinal analgesia and (3) continuous equidugal

o

analgesia. N
The single injection spinal method was used in 37 cases. The punc-
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ture was performed at the third lumbar interspace with the patient i
the lateral position. In this position the knees were drawn up and thg
neck was flexed to facilitate lumbar puncture by widening the intervet%
tebral spaces. A 22 gauge needle was inserted and 1.5 ce. of a hyperz
baric solution of 10 per cent dextrose containing 10 mg. of tetracaing
was injected. The table was tilted from 5 to 10 degrees in the Tremg
delenburg position to carry the level of analgesia to the sixth thoraeit
segment. Care was taken to keep the patient’s head supported on &
high pillow, thus preventing the hyperbaric solution from reaching an
affecting the cervical outflow. A vasopressor was not given. S
Continuons spinal anaglesia was used in 22 cases in much the same
manner as described above. A number 4 ureteral catheter was inserted
through a 16 gauge Tuohy needle into the subarachnoid space for 8
distance of 6 cm. This technique was employed when it was estimated
that the surgical procedure would last longer than one hour. A sold
tion of 2.5 per cent procaine in Ringer’s solntion was used. The initisg}
dose varied from 75 mg. to 125 mg. Repeated injections of 25 mg. wers
given as required to relieve discomfort or to keep the blood pressurg
at the desired level. 5
The catheter technique was also utilized for epidural analgesia ig
4cases. A 2 cc. syringe with a freely movable plunger, partially witlf
drawn, was affixed to the hub of a 16 gauge Tuohy needle, and inserted
at the eleventh thoracic interspace. As the tip of the needle entered
the epidural space, the plunger was drawn into the barrel a distancg
of 3 mm. A catheter was then passed through the needle into thg
epidural space for a distance of 4 em. If difficulty was encountere
in passing the catheter through the needle, a small amount of the anes
thetic solution was injected through the needle. This forced the dnrg
away from the needle tip and allowed the catheter to pass freely from
the needle opening into the epidural space. The needle was then with:
drawn and the catheter was allowed to remain in place. A solution
of 1 per cent lidocaine was used to produce analgesia. The usual initi&]
dose was 30 cc. and amounts of 5 cc. to 15 ce. were injected to contin@
analgesia as required. Oxygen was administered by face mask in eao§
case, S

ResuLTts

pd'60

The best results were obtained when the continuous spinal or coi
tinuous epidural techniques were used. Several observations wei®
made which confirm those previously reported by Gillies (2) and Payne
(3). Patients with low pressures did not develop the clinieal pictu®
that is characteristic of the shock syndrome. Even though the blocd
pressure fall was abrupt, there was no facial pallor and veins remained
well filled. Tachycardia did not occur. Respiration remained slow
Puapils were constricted and the patients themselves showed no sign @'
anxiety or apprehension. 'The skin remained warm and dry. - Table 1
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TABLE 1 g

A CouparisoN oF THE PuysiorogicaL CHARACTERISTICS OF HypoTENSION g
A8 PRODUCED BY ARTERIOTOMY AND SPINAL ANESTHESIA <
Arteriotomy Spinal Anesthesis &

Blood pressure fall delayed Blood pressure fall abrupt S
Blood pressure fall moderate Blood pressure fall profound >
Tachycardia Bradycardia g
Facial pallor No facial pallor =
Skin cold and clammy Skin warm and dry %
No prominent veins Prominent veins ~
Rapid respiration Normal or slowed respiration o,
<

(]

shows some of the clinical findings observed during hypotensive spingl
anesthesin as compared to hypotension following arteriotomy. 2
An interesting observation made by the surgical staff as well as Ig

the anesthesiologists was that the postoperative course of patien
subjected to hypotensive spinal anesthesia seemed to be unusually goog.
Tor this reason the surgeons were never reluctant to operate whén
hypotensive techniques were employed. The added value of minim§l
blood loss combined with excellent relaxation has seemed to provige
almost ideal operating conditions. o)
Shock was not evident in this series during anesthesia, although it &
recognized that the shock syndrome could have been masked by the hi@l
spinal anesthesia. Magill (4), in 1952, stated that the clinical picture
of shock does not occur in patients who have complete sympatheffe
block. Shock did not develop, however, in any patient during the posf-
operative period, as the anesthesia subsided. N
The majority of patients remained awake during hypotensive ane@-
thesin. In some cases drowsiness oceurred which, according to Payfe
o
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(3), may have been the result of reduced cerebral blood flow with accomS
panying mild hypoxia. There was no evidence of postoperative ceres
bral damage in any patient. It appears, therefore, that such manifestag
tions, if due to hypoxia, are entirely reversible. 2
The experience gained through performance of the hypotensivg
technique has crystallized certain disadvantages. Internists and cardi2
ologists alike have been unable to reconcile themselves to the principleg
of hypotensive anesthesin. Dripps and Vandam (5) have suggested
that damage to the brain, heart, liver or kidneys may be associated
with abrupt changes in blood pressure resulting from inadequate bloo&
flow, thrombosis or spasm.
The mortality in this series is presented in figure 4. Three death;
occurred, which is a mortality rate of 4.7 per cent. This mortalit;
compares favorably with that following normotensive spinal anesthesig
as reported by Lorhan and Merriam (6). The deaths in this group ar

)
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not necessarily related to the duration of hypotension or to age. Thg
mortality is commensurate with the type of surgical procedure and thg
number of patients in the sixth and seventh decades. The estimateg@
anesthetic risk as compared with mortality is shown in figure 5. ]
The exact cause of hypotension following spinal anesthesia has na}
fully been explained. Several theories have been reviewed by Pappeny
Bradley, and Rovenstine (7). Among the theories forwarded to exs
plain hypotension following sympathetic block are: hematogenous
intoxication, drug action on the medulla, paralysis of adrenal nerves
with reduction in the secretion of epinephrine, the anoxia theory, the
paralysis of vasoconstrictor fibers in the anterior spinal roots an,
stagnation in the postarteriolar bed. The last mentioned appears to
be the most plausible explanation. The fall in blood pressure is pri
marily associated with a decrease in cardiac output. There is also ag
increased difference in arteriovenous oxygen. An increase in circula®
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Q
tion time occurs, together with a fall in venous pressure. The thésis
of arteriolar vasodilatation as the cause of hypotension is discardedin

favor of the principle of postarteriolar bed stagnation. g
Certain conditions are necessary for the satisfactory performagice
of the hypotensive technique. For example, oxygen deprivation Zan
be catastrophic, which clearly bears out the fact that the hypotensive
patient is keenly susceptible to hypoxia (1); therefore oxygen mus@)e
administered during anesthesia and until normotensive levels are estib-
lished. The position of the patient is equally important (8). TEhe
Trendelenburg position is essential to insure the gravitational flowSof
blood toward the heart. This aids the venous return to the heart and
helps to maintain an adequate cardiac output. If these conditions &re
met satisfactorily, patients may tolerate drops in blood pressure té a

TYPE OF ANESTHESIA RISK
WITH MORTALITY

GOOD FAIR POOR
Fia. 5.
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o
systolie level of 50 mm. of mercury without apparent untoward effegls.
Kven at this level a pulse at the radial and temporal arteries is readsly
palpable. g

It is not fo be inferred that myocardial ischemia does not occgr.
In this series, premature ventrieular contractions were observedsin
one patient and nauricular fibrillation was noted in another. Bth
patients were poor risks with pre-existing cardiovascular disease.
Levine (9) pointed out the dangers of hypotension among cardiac
patients and suggested that normotensive levels be maintained. M
cardial ischemia may have been responsible for these arrhythmias, shd
its occurrence in the presence of marked hemodynamic alterations cgh-
not be discounted. Arrhythmias were not observed in the good risk
patients regardless of the severity of the fall in systolic pressure.
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Restlessness, nausea and occasional vomiting were observed. If
some cases, nansea occurred only when extremely stimnlating maneus
vers were attempted, giving rise to reflexes over pathways not obtundetg
by high spinal anesthesia. Tension on the mesenteric attachments o
the gastrointestinal tract, and manipulation of the liver, spleen ore,
kidneys have produced nausea. Although restlessness has been de2
seribed as one of the manifestations of hypoxia, it also occurs w1t15‘
nausea or even discomfort of the patient on the table; therefore they\,
exact mechanism of this particular sign can only bea matter for speculay,
tion. It may be associated with hypoxia but it also occurs in the pres
ence of other factors. 3

All of the contraindications -to spinal anesthesia must apply w];\en?,r
the hypotensive technique is employed. Particular attention is dxrected;
to the following:

1. Blood must be immediately available. This is necessary becaustﬁ
reflexes do not function to bring about a compensatory read;ustmen
following changes in circulating blood volume as the result of hemorg
rhage.

2. Oxygen must be administered.

3. The use of hypotensive anesthesia should be restricted to sitnag
tions in which a bloodless field is of vital importance to the patient nn@
the surgeon. If unusually large blood loss is anticipated, the conserva=
tion of blood may be essential. 2

4. Althongh shock is a contraindication for the use of spinal 81188\1
thesia, it is even a greater threat if the hypotensive state obtmnsw
Compensatory mechanisms do not operate to protect the patient ot
warn the anesthesiologist of impending cirenlatory collapse. ThQ
importance of a careful preoperative evaluation, therefore, cannot bg
overemphasized.

5. Anemia and a reduced circulating blood volume are definite conm
traindications to the use of the hypotensive techniques.

Two readily available laboratory observations, urinary output and?
hematocrit readings, contribute to the clinical appraisal of hypotensxvg
anesthesia.

Urinary Output. The urinary output was carefully measured 118
a number of patients. An oliguria was often observed for a perio
of twenty-four hours after operation. Diuresis then followed, lasting’
twenty-four to forty-eight hours, after which the urinary outpuf
returned to normal levels. In no instance was anuria observed, nor di
oliguria persist. S,

Hematocrit. Hemoconcentration was noted in 2 instances during
the early postopemtlve period. This occurred without blood transfu>
sion and in spite of administration of intravenous fluids. This may_
have been an unseen manifestation of a shock-like condition that de3
veloped either during operation or early in the postoperative peri
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No clinical signs of shock were noted. The phenomenon, therefore, gs
unexplained.

CoxNcLusioN
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The advantages of the hypotensive technique, as previously .lsscrtﬁd
by Gillies (2) and Payne (3), have heen borne out by this series. It
has been possible by this means to conserve blood with its attendaﬁt
benefits to both patient and surgeon. The disadvantages are, perhagg,
more implied than real, but must be seriously considered by any oje
contemplating use of the technique. It is the authors’ opinion thgt
hypotensive anesthesia, of necessity, is limited to use by anesthesigl-
ogists thoroughly acquainted with the use of spinal anesthesia togethér
with all of its cireculatory and neurological implications. It should §e
attempted only under ideal circumstances, when blood, oxygen asd
resuscitative equipment are at hand. It is doubtful whether the meth@d
will ever attain a wide field of usefulness or deserve a wave of populﬁ-
ity. As evidenced by the 63 cases reported in this paper, however, thds
technique can be employed with advantage if it is planned with
patient in mind.

SuMMARY
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High spinal anesthesia as a means of producing a state of hypo-
tension during operation was subjected to clinical evaluation in 63 cas.

A dry surgical field with resultant conservation of blood for the
patient are the advantages to be expected from this technique.

Spinal or epidural anesthesia is employed to obtain an effectige
sympathetic block up to the first thoraecic segment. The Trendelenbufy
position is essential to insure an adequate venous return to the hesst
and to prevent a drastie fall in cardinc output, with resultant cerebrdl
anemia. It is emphasized that oxygen must be administered by fnge
mask until normal blood pressure levels are established.

Among the several theories forwarded to explain hypotensxgn
following sympathetic block, the theory of postarteriolar bed stagna-
tion seems the most p]mxsil)lc. The dangers of hypotension are ngt
overlooked. The technique has been criticized on theoretical grounds,
but clinical experience indicates the method may have merit in select&d
cases in which large blood loss is anticipated.

[Ax4}
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