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9) Maintain low airway pressures. Anesthesia by mask with
spontaneous or assisted ventilation is preferable to endo-
tracheal intubation and mechanical ventilation because of
potential orolaryngotracheal  hematomas and  pneumo-
thoraces.

10) Avoid hypertension. This may exacerbate blood loss or

cause rupture of occult ancurysms.

To avoid esophageal damage, try to keep the patient from

vomiting while cricoid pressure is applied.

12) Use adequate doses ol muscle relaxant for case of endo-

tracheal intubation without trauma or bucking.

Extreme gentleness is indicated for endotracheal intubation

or passage of nasogastric tubes.

-

13

~

Ehlers-Danlos syndrome may be present in various
degrees of severity. In severely affected individuals
tissue fragility and the potential for hemorrhage can
present management problems during anesthesia.
These two cases illustrate many of the problems,
and recommendations are made for anesthetic
management.
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Subdural Pneumocephalus Resulting from Drainage of
Cerebrospinal Fluid during Craniotomy

Berry L. Grunpy, M.D.* aAND RoBERT F. SPETZLER, M.D.t

Uncontrolled drainage of cercbrospinal fluid
(CSF) during craniotomy can produce ventricular
collapse and ncurologic damage. Pneumocephalus is
a possibility whenever the cranial vault is open and a
frec path for gravity drainage of CSF exists. While
anesthesiologists are attuned to the need for close ob-
servation and control of lumbar CSF drainage
instituted to facilitate operations on the brain, they
may be less aware of risks posed by the presence
of other pathways for dependent escape of CSF. We
have observed two instances of subdural air collection
during craniotomy in patients with treated hy-
drocephalus.
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ReporT OF Two CASES

Patient 1. A 23-month-old 10-kg hydrocephalic boy with
treated lumbar myelomeningocele, hypotonia, and seizure disorder
was admittéd with recurrent fever and dysfunction of his
ventriculoperitoneal (VP) shunt. The proximal end of the shunt
was converted to external ventriculostomy drainage and the
child was prepared for placement of a new VP shunt. Ventriculos-
tomy drainage was kept open and the reservoir bottle placed on
the operating table with the patient during induction of
anesthesia with nitrous oxide, oxygen, and halothane. The rate
of CSF flow increased noticeably with administration of
halothane. Vital signs were stable during placement of a left
parictal burr hole, but with opening of the dura systolic pressure
rose from 80 to 105 torr and heart rate decreased from 140 to
120 beats/min, When the underlying ventricle was tapped CSF
flow was sluggish. At this point the reservoir bottle attached to
the external ventriculostomy catheter was noticed to be on the
floor, the tubing open. A 170-ml volume of CSF had been
drained acutely, a volume greater than 20 per cent of the child's
estimated blood volume. Roentgenograms of the skull revealed
a large left subdural pneumocephalus with ventricular collapse
and inversion of the cortical mantle (fig. 1). Subdural air was
evacuated and the ventricles were refilled with lactated Ringer’s
solution. Physiologic saline solution, 250 ml, was given intra-
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Fig. 1. Paiient 1. Intraoperative pneumocephalus.

venously, The child awoke with a right hemiparesis that partially
cleared during the next several weeks.

Patient 2. An 18-year-old boy with von Recklinghausen's syn-
drome and multiple intracranial masses was scheduled for excision
of a large symptomatic acoustic neuroma, He had since infancy
undergone several shunt procedures for hydrocephalus and cur-
rently had in place a functioning valved ventriculoperitoneal
shunt, Posterior fossa craniotomy and excision of the tumor were
performed uneventfully with the patient in the sitting position.
Routine postoperative roentgenograms of the skull revealed a
huge collection of subdural air bilaterally (fig. 2). The patient’s
VP shunt was externalized and used to refill the ventricles
partially with saline solution after bilateral shunt tubes had been
placed into subdural air collections. The patient was comatose for
24 hours, with a marked left hemiparesis evidenced by
responses to noxious stimuli. The ventricles were allowed to re-
expand over 72 hours by clamping the ventricular catheter and
allowing the subdural catheters to be open. Thus, the patient’s
own CSF production was used to re-expand the ventricles
gradually. The patient made a complete recovery over a
three-week period.

DiscussioN

Patients who have undergone CSF shunting or
drainage procedures for treatment of hydrocephalus
are particularly apt to experience subdural pncu-
mocephalus if free gravity drainage of CSF is per-
mitted while the cranial vault is open. In patients with
marked hydrocephalus the cerebral mantle is thin and
easily collapsible. When negative ventricular pressure
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exists, as from the siphon effect through a shunt
tube, an opening of the skull outside the cerebral
mantle will result in excessive CSF drainage and
collapse of the ventricles. Special care must be taken
to minimize the possibility of rapid or excessive
loss of ventricular CSFin these susceptible individuals.
Our first patient had an external ventriculostomy.
Subdural pneumocephalus and ventricular collapse
developed because the position of the ventriculostomy
reservoir was inadequately monitored, and when the
skull was opened, the cerebral mantle collapsed as
air entered the subdural space. Though it may be
desirable to maintain open ventriculostomy drainage
during induction of anesthesia with agents such as
halothane that arc known to increase intracranial
blood volume, ventriculostomy tubing should be
kept clamped except when drainage is clinically
indicated. Certainly all members of the operating
room team must be aware of the critical importance
of positioning ventriculostomy reservoirs properly
and checking them frequently.
Our sccond patient had a functioning VP shunt,
which was not disturbed at the time of craniotomy.
We failed to recognize the risk introduced by sub-

jecting a patient with noncommunicating hydro-

Fig. 2. Patient 2. Postoperative pneumocephalus with complete
ventricular collapse. Notice the ventricular catheter and “high-
pressure” shunt valve.
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cephalus to craniotomy in the sitting position while
that patient had a functioning VP shunt. When the
posterior fossa was opened, air entered the subdural
space, allowing the ventricles to drain and to
collapse completely.

Even with the skull intact, the shunted hydro-
cephalic patient lives with a constant potential risk of
subdural hematoma.!? Although the negative pres-
sure due to the siphoning effect of the shunt is
equally distributed through the skull, any slight head
trauma may rupture a small dural-cortical blood
vessel and lead to subdural hematoma, whercas in
most patients such small bleeding sources are ade-
quately tamponaded by the higher intracranial pres-
sure. Valves opening at “high” (60-110 mm H;O)
or “medium” (40-60 mm H,O) pressurcs are in-
corporated into shunts to minimize such complica-
tions. Antisiphoning devices have been developed,?
but it is not clear that these devices reduce the
incidence of subdural hematoma.?

Dependent loss of CSF during craniotomy may
also occur in patients without shunts or ventricular
catheters. Lunsford et al' reported two cases of
subdural tension pneumocephalus in patients who
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underwent posterior fossa craniotorny in the sitting
position. They postulated a mechanism for air entry
analogous to entry of air into an inverted bottle,
referring to the “inverted pop-bottle syndrome.”

The risk of subdural pneumocephalus due to un-
controlled CSF drainage during craniotomy can be
minimized by: 1) identification of patients at risk; 2)
vigilant observation of ventricular or lumbar CSF
drainage catheters and reservoirs; 3) externalization
of functioning shunts prior to craniotomy with the
patient in the sitting or head-up position.
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Hemodynamic Effects of Prosthesis Insertion during
Knee Replacement without Tourniquet
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During recent total knee replacement operations
in which bone cement was used, release of the tourni-
quet was followed by an acute and significant pul-
monary vascular obstruction,' which may explain the
reported complications of hypotension and cardiac
arrest.®** Although a tourniquet decreases hemor-
rhage and facilitates the surgical procedure, this op-
eration may also be performed without a tourniquet.
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In this study we observed the intraoperative hemo-
dynamic changes during total knee replacement
performed without a tourniquet.

METHODS

Eight patients (mean age 70 years, range 60-78
years) without cardiorespiratory disease were studied.
All received a so-called Guepar prosthesis, which re-
quires insertion with acrylic bone cement. Mcan dura-
tion of the operations was 125 min.

Premedication with atropine, 0.5 mg, im, and
diazepam, 10 mg, im, was followed by spinal anes-
thesia to T10 with tetracaine. Diazepam was infused
during operation at a rate of approximately 0.02
mg/min. The patients were drowsy and breathed
ambient air to which oxygen was added at 3 1/min.
The estimated blood loss was replaced with whole
blood and averaged 1,260 ml. Lactated Ringer’s solu-
tion was administered in a mean volume of 740 ml.
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