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Long-Term Continuous Spinal Anesthesia
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Summary. The mortality rate from tetanus is still
high if the disease is accomapanied by signs of
autonomic nervous system dysfunction. We treated
a 75-year-old woman with tetanus and autonomic
dysfunction with continuous high spinal anesthesia
for 23 days. She recovered. Spinal anesthesia may
be a useful adjunct for the treatment of severe teta-
nus.
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Severe tetanus may be complicated by a syndrome
of “sympathetic overactivity” manifested by ex-
cessive sweating and salivation and by abrupt ma-
jor fluctuations in the arterial blood pressure. The
mortality rate is unexpectedly high [1, 22, 31, 32].
This report describes the use of continuous spinal
anesthesia in such a patient, in addition to estab-
lished therapeutic modalities for tetanus including
mechanical ventilation, sedation, and neuromuscu-
lar blockade with curare.

Case Report

A 75-year-old woman sustained a minor laceration
of the great toe. Eight days later, she complained
of dysphagia, trismus, and stiffness around the
shoulder girdle. She was hospitalized with a diag-
nosis of tetanus and was given tetanus hyperim-
mune globulin and tetanus toxoid. Within 24 h,
generalized muscle spasms were present; the fol-
lowing day, apnea occurred, followed by cardiac
arrest. She ws successfully resuscitated and then
transferred to our institution. She had previously
been in good health, but had never received tetanus
toxoid.

On admittance, she was breathing spontane-
ously through an endotracheal tube at a rate of
28 breaths/min. Her blood pressure was
154/100 mm Hg, heart rate 100 beats/min, sinus
rhythm normal. She was alert. She had muscular
rigidity, most prominently affecting the jaw, neck,
and torso. The deep tendon reflexes were greatly
hyperactive. Minor stimuli resulted in frequent
generalized muscle spasms. The toe laceration ap-
peared clean and dry. The cerebrospinal fluid and
arterial blood gas analysis were both normal.

Tetanus hyperimmune globulin was given in-
tramuscularly (3,000 U), intrathecally (250 U) and
into the wound (250 U). She was given additional
tetanus toxoid and a 7-day course of penicillin
(10,000,000 U i.v. every 12 h) was begun. Intrave-
nous diazepam did not reduce the frequency of
the opisthotonic attacks. They were treated with
pancuronium bromide and continuous positive
pressure ventilation with a volume-controlled ven-
tilator. Other supportive measures included digita-
lization and intravenous hyperalimentation. Tra-
cheostomy was performed on the third hospital
day because of profuse tracheal secretions.

Serum catecholamines were determined daily
(9:00 a.m.) throughout the hospital course. Cate-
cholamines were also determined daily on an ali-
quot of a 24-h urine collection.

On the 4th hospital day, dramatic abrupt fluc-
tuations in blood pressure within the range of 230
to 90 mm Hg (in systolic pressure) appeared
(Fig. 1), accompanied by profuse salivation and
excessive sweating. On the 5th hospital day, the
blood pressure fell to 60/40 mm Hg and the heart
rate fell from 120 to 70 beats/min. Dopamine
(5 pg/kg-min) restored the blood pressure, but it
still fluctuated erratically, a pulmonary artery cath-
eter was inserted to permit more precise monitor-
ing of the hemodynamic status.
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Fig. 1. Systolic arterial blood pressure during the illness

In view of the increased hemodynamic instabili-
ty, a trial of spinal anesthesia was instituted. An
intrathecal catheter was inserted through the 13—
L4 interspace and directed cephalad for 20 cm. A
test dose of 1 ml of 1% lidocaine intrathecally re-
sulted in an immediate fall in blood pressure from
168/71 to 97/44 mm Hg, accompanied by decrease
in total peripheral resistance (TPR), central venous
pressure (CVP), and pulmonary wedge pressure
(PWP) as shown in Fig. 2. The blood pressure stili
tended to elevate when the tracheostomy was suc-
tioned, but this response was eliminated following
an additional intrathecal administration of 2 ml li-
docaine. Intravenous epinephrine was used to ti-
trate cardiac output, TPR, CVP, and PWP to with-
in acceptable ranges. The excessive salivation and
sweating ceased. Because of the favorable re-
sponse, it was decided to maintain the spinal anes-
thesia by continuously infusing isotonic 0.5% bu-
pivacaine. Epinephrine infusions in the range of
0.02 to 0.18 ug/kg-min maintained the systolic
blood pressure above 100 mm Hg. The changes of
systemic blood pressure, oxygen consumption, and
carbon dioxide production before and after the in-
troduction of spinal anesthesia are shown in Fig. 3.

The spinal anesthesia was administered contin-
uously from the 8th to the 31st hospital days. Clini-
cally, the level of spinal anesthetic for motor nerve
system was approximately C6. She retained move-
ment of the upper limbs. However, the level for
the autonomic nervous system was thought to be
higher because excessive sweating, including on her
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Fig. 2. Hemodynamic changes following the trial application

of spinal anesthesia on the 8th hospital day. I7, intrathecal

infusion; IV, intravenous infusion
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Fig. 3a, b. Effects of spinal anesthesia combined with exogenous epinephrine infusion on blood pressure (BP), oxygen consumption
(V0O,) and carbon dioxide production (FCO,). (a) The 8th hospital day, before spinal anesthesia (b) The 8th hospital day,
during spinal anesthesia (0.5% bupivacain 2 ml/h IT & epinephrine 90 x 10~° g/min-kg IV)

face, and salivation ceased after the introduction sive sweating and salivation. The hemodynamic
of spinal anesthesia. Trial interruptions of the spi-  changes are presented in Table 1. On the 23rd hos-
nal anesthesia on the 14th and 19th hospital days pital day, cardiac arrest occurred without obvious
were promptly followed by dramatic fluctuations cause. The patient was easily resuscitated by exter-
in blood pressure (Fig. 1), accompanied by exces- nal cardiac massage. On the 31st day, the spinal
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Table 1. Hemodynamic changes during interruption of total spi-
nal anesthesia and exogenous epinephrine administration on
the 19th hospital day

During During

infusion® interruption®
BP (mm Hg) 164/77 226/96
PAP  (mm Hg) 31/15 43/20
PWP  (mm Hg) 13 19
CVP (mm Hg) 10 12
HR (/min) 90 90
Cl (I/min-m?) 5.0 6.1
TPR (dynes s/em®) 1,297 1,434
PVR (dynes sjcm®) 124 128
LVSWI  (g-m/m?) 75.1 117.5
RVSWI (g m/m?) 6.8 17.6
VO, (ml/min-m?) 128 189

® Continuous infusions of epinephrine (27 x 10~° g/min-kg,

IV) and 0.5% bupivacaine (2 mli/h, IT)

1 h after interruption of the infusions BP, blood pressure;
PAP, pulmonary arterial pressure; PWP, pulmonary wedge
pressure; CVP, central venous pressure; HR, heart rate; CI,
cardiacindex; TPR, total peripheral resistance; PVR, pulmo-
nary vascular pressure; LVSWI, left ventricular stroke work
index; RVSWI, right ventricular stroke work index; VO,,
oxygen consumption

b

anesthesia was discontinued without reappearance
of the profuse salivation or sweating. The muscular
spasms had completely disappeared. There was
some persistent fluctuation in the blood pressure,
but this was less pronounced than it had been pre-
viously. By the 41st day, she had been weaned from
the ventilator. The patient was discharged fuily re-
covered on the 64th day.

Discussion

There are two main causes of death related to the
cardiovascular disturbance in severe tetanus. One
of them is unexpected cardiac arrest [6, 7, 13, 15,
30, 32] which typically occurs in the midcourse
of the disease, sometimes after tracheal suction or
other physical stimuli, but most often without ob-
vious cause. When beta-adrenergic blocking agents
have not been used, resuscitation is usually possi-
ble and the blood pressure quickly recovers. The
mechanism is unclear, but the abrupt occurrence
of the arrest and its good response to resuscitation
suggest that it is most likely due to cardiac para-
sympathetic nervous stimulation. There is evidence
that the parasympathetic nervous system and par-
ticularly the vagal nuclei are affected by tetanus
toxin [2, 16]. Furthermore, it has been proposed
that neutral integration of cardiovascular control
and baroreceptor reflexes are impaired in severe
tetanus [9, 11]. It could be possible therefore to
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prevent cardiac arrest by vagal cardiac nerve
blockade [7].

The other cardiac cause of death is myocardial
degeneration [7, 16, 20] with persisting hypoten-
sion in the preterminal phase of the disease. This
is not specific to severe tetanus, but is common,
especially in conditions in which endogenous cate-
cholamines are released in large quantities [20].
Serum catecholamine levels are known to be ele-
vated in severe tetanus [3, 10, 17-20, 29]. Local
release of norepinephrine from cardiac sympathet-
ic nerve endings may have a more and direct effect
on the myocardium than the circulating catechol-
amines [25].

Various drugs have been used in severe tetanus
[4, 5, 8, 11, 12, 14, 15, 17, 18, 21, 23, 24, 26-28,
32, 33] especially propranolol and labetalol [12,
15, 18, 23, 24]. However, these agents are not uni-
formly effective [4, 8, 11, 12, 32] and hypotension
[5, 8, 33] induced by them may result in serious
consequences. Beta-blockade also may make resus-
citation difficult when arrest occurs [32].

In order to prevent cardiac arrest and myocar-
dial degeneration, it is necessary to block not only
the sympathetic but also parasympathetic nervous
systems. Circulatory support then becomes manda-
tory, especially to prevent hypotension. The hemo-
dynamic depression of total spinal anesthesia can
be readily controlled by small amounts of catechol-
amines. The serum concentrations of exogenous
epinephrine required to maintain hemodynamic
variables at an appropriate level appear to have
no appreciable adverse cardiac effects [25]. The
concept that locally released catecholamines play
a primary role in myocardial degeneration is in
part supported by the low serum and urine cate-
cholamine values that we measured during total
spinal anesthesia (Fig. 4). Both the serum and uri-
nary norepinephrine levels were decreased, prob-
ably reflecting a decline in norepinephrine release
from sympathetic nerve endings. The high serum
and urinary epinephrine levels were due to exoge-
nous administration.

Contrary to our expectations, sudden cardiac
arrest occurred once during the administration of
total spinal anesthesia. However, resuscitation was
readily possible — in contrast to the reported expe-
rience when beta-blockers are used. The dose of
bupivacaine we used was not sufficient for obtain-
ing perfect total spinal anesthesia; it probably re-
sulted in incomplete parasympathetic blockade.
Cardiac arrest may have been prevented by larger
doses of bupivacaine.

In addition to hemodynamic stabilization, total
spinal anesthesia depresses salivation and sweating
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and may lower respiratory complications. Reduced
requirements of sedatives and muscle relaxants
could reduce the frequency of drug-induced organ
dysfunction.

The complications of long-term spinal anesthe-
sia are usually minimal, although meningitis is of
course of potential hazard.

We conclude that total spinal anesthesia may
have an important role in the treatment of patients
with severe tetanus.
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Buchbesprechungen

Tumor Aneuploidy. (Editors: Biichner T, Bloomfield CD, Hid-
demann W, Hossfeld DK, Schumann J) With contributions
by Andreeff M, Barlogie B, Bassewitz DB von, Becher R,
Bloomfield CD, Biichner T, Carbonell F, Eagle B, Fliedner
TM, Ganser A, G6éhde W, Grundmann E, Hauss J, Heimpel
H, Henze G, Hiddemann W, Hoelzer D, Hossfeld DK,
Kaufmann U, Kleinemeier HJ, Klinnert V, Langermann H-J,
Melamed MR, Miller D, Miiller K-M, Redner A, Rees JKH,
Riehm H, Ritter J, Roessner A, Schellong G, Schumann J,
Steinberz P, Thongprasert S, Weh H-J, Wérmann B. Springer,
Berlin Heidelberg New York Tokyo 1985. VIII, 141 pp.,
49 figs., 56 tabs. Soft cover DM 48, —.

Das vorliegende Buch liber die Tumor-Aneuploidie ist eine
Zusammenstellung der in européischen und amerikanischen
Forschungsgruppen untersuchten, verschiedenen Teilaspekite
von DNA-Verdnderungen in Neoplasien. Es sind die bisher
vorliegenden Erkenntnisse tiber Chromosomenanalysen und
quantitative durchfluBzytophotometrische DNA-Messungen
bei Leukdmien und soliden Tumoren dargestellt. Neben Aspek-
ten der Zytogenetik und der Tumorheterogenitit werden die
jeweilige Inzidenz der Aneuploidie sowie ihre Bedeutung fiir
die Prognose und Therapieplanung erortert. — Die einzelnen
Teilaspekte der Tumor-Aneuploidie sind jeweils klar dargestellt.
Der Leser wird in komprimierter und dennoch detaillierter
Weise iiber den aktuellen Wissensstand informiert. Dariiber
hinaus wird eine Reihe noch offener Fragen aufgeworfen, die
erst in zukiinftigen und interdiszipliniren Untersuchungen be-
antwortet werden kénnen. — Das Buch bietet die Mdglichkeit,
sich in kurzer Zeit und zu einem angemessenen Preis mit der
Problematik der Tumor-Aneuploidie vertraut zu machen.

W. Mellin (Miinster)

Praktikum der Genetik. (Herausgeber: Winkler U). Band 3: Hu-
mangenetik. (Herausgeber: Wolf U, Mitherausgeber: Winkler
U). Mit Beitrdgen von Bender K, Bissbort S, Giinther E, Maye-
rova A, Miiller CR, Speit G, Vogel W, Wieacker P, Wienker
TF. Springer, Berlin Heidelberg New York Tokyo 1985. XIV,
214 S., 38 Abb. Brosch. DM 29,80.

Praktikum der Genetik Band 3: Humangenetik ist ,das‘
Buch fiir wissenschaftliche Assistenten, die mit der Planung
und Durchfithrung von Praktikumsversuchen beauftragt sind. In
Uibersichtlicher, praxisbezogener Gliederung werden exempla-
risch wichtige biochemische Methoden dargestelit. — Die Versu-
che sind nach zytogenetischen, biochemischen, immunolo-
gischen und molekularbiologischen Themen zusammengestellt
und decken damit die derzeit wichtigsten Arbeitsmethoden der
Humangenetik ab. Biologische Grundlagenforschung ist ebenso
beriicksichtigt wie praktische Medizin. So ist der vorliegende
Band gleichermaBen geeignet fiir Biologen, Biotechniker und
Mediziner. — Die einzelnen Versuche sind entsprechend prakti-
kumsgerecht gegliedert. Einer kurzen theoretischen Einfiihrung
zur jeweiligen Fragestellung folgt ein detaillierter Zeitplan zur
Versuchsdurchfiihrung. Eine Liste iiber bendtigte Materialien
erleichtert die Organisation auch bei groBerer Teilnehmerzah-
len. — Die Versuchsabliufe sind vorbildlich beschrieben. Reich-
liche Illustrationen, Schemazeichnungen und schrittweise An-
weisungen machen auch dem Neuling verstindlich, was wie
zu tun ist. — Aufgrund der auBergewdhnlichen Anschaulichkeit
scheint dieses Buch auch lohnenswert fiir den, der nicht selbst
experimentell arbeitet, sondern Einblick in Methoden praxisbe-
zogener Humangenetik erwerben will.

H. Schuster (Miinchen)



