Anesthesiology
V 67, No 4, Oct 1987

15. Lewelt W, Moszynski K, Kozniewska H: Effect of depolarizing
and non-depolarizing muscle relaxants and intubation on the
ventricular fluid pressure, Intracranial Pressure 11, Edited by
Beks JWF, Bosch DA, Brock M. New York, Springer-Verlag,
1976, pp 215-218

16. Shapiro HM: Neurosurgical anesthesia and intracranial hyper-
tension, Anesthesia. Edited by Miller RD, New York, Chur-
chill Livingstone, 1986, pp 1563-1620

17. Cottrell |E, Hartung |, Giffen |P, Shwiry B: Succinylcholine and
intracranial pressure—A cause for “pause” (letter). Anesth
Analg 63:620-622, 1984

18. Lam AM, Gelb AW: Succinylcholine and intracranial pressure—
A cause for “pause” (letter). Anesth Analg 63:620, 1984

19. Moszynski K: Dynamic changes in cerebrospinal fluid pressure
during neurosurgical operations. Acta Neurochir (Wien)
34:285-286, 1976

Anesthesiology
67:573-575, 1987

CLINICAL REPORTS

573

20. Cottrell JE, Hartung ], Griffin V, Shwiry B: Intracranial and he-
modynamic changes after succinylcholine administration in
cats. Anesth Analg 62:1006~1009, 1983

21. Halldin M, Wahlin A: Effect of succinylcholine on the intraspinal
fluid pressure. Acta Anaesthesiol Scand 38:155-161, 1959

22. Marx GF, Andrews IG, Orkin LR: Gerebrospinal fluid pressures
during halothane anesthesia. Can Anaesth Soc | 9:239-245,
1962

23. Minton MD, Grosslight K, Stivt JA, Bedford RF: Increases in
intracranial pressure from succinylcholine: Prevention by
prior nondepolarizing blockade. ANESTHESIOLOGY 65:165-
169, 1986

24. Bedford RF, Morris L, Jane JA: Intracranial hypertension during
surgery for supratentorial tumor: Correlation with preapera-

tive computed tomography scans. Anesth Analg 61:430-433,
1982

Introducer Sheath Malfunction Producing Insidious Air Embolism

MicHAEL B. COHEN, M.D.,* JONATHAN B. MARK, M.D.,} RicHARD W. Mogrris, M.B., B.S., FFARA.CS.}
EVAN FRANK, M.D., PH.D.*

Venous air embolism from the use of catheter intro-
ducer sheaths which were not self-sealing! has led to the
use of self-sealing sheaths. Despite use of a sheath with
this safety feature, we encountered an unusual presen-
tation of probable venous air embolism (VAE) which led
to pulmonary edema. We describe herein the mecha-
nism of self-sealing valve malfunction and resultant air
entrainment,

CASE REPORT

A 64-yr-old man underwent retroperitoneal lymph node dissection.
Induction and maintenance of general anesthesia were uneventful. An
8.5 F sidearm introducer sheath (Walrus, Medical Parameters, Inc.,
Woburn, MA) was placed in the right internal jugular vein for central
venous access. As had occurred during a previous laparotomy, perito-
neal traction led to sinus arrest, with 2-4-s pauses. Therefore; a con-
sultant cardiologist placed a 6F bipolar pacing wire (USCI Division,
C. R. Bard, Inc, Billerica, MA) through the sheath assembly. Although
the pacing wire could not be passed into the right ventricle, it did allow
eflfective atrial pacing, and was used intermittently throughout the
procedure. At the conclusion of operation, neuromuscular blockade
was reversed, and the trachea was extubated in the operating room,
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In the recovery room, the patient was alert, with normal vital signs,
and breathing comfortably in the semi-sitting position. Approximately
3 h later, a systolic arterial blood pressure of 90 mmHg was noted, and
was treated by return to the supine position and iv administration of
300 ml of Iactated Ringer's solution. Sinus rhythm continued at 75
bpm. Hypotension again occurred, and was accompanied by an in-
crease in tidal volume and respiratory rate. The patient was placed in
the head-down position and given more iv fluid. The pulse oximeter
was placed, revealing an arterial oxygen saturation (Sag,) of 85% while
breathing oxygen via facemask. Pag, was 33 mmHg, a pH 7.27, and
Paco, 43 mmHg. Electrocardiogram (ECG) and chest radiograph were
unchanged from their preoperative appearances. Arterial blood pres-
sure rose to 110/70 mmHg, and cardiac rhythm remained sinus.
Central venous pressure (CVP) was below 5 cm HyO. An endotracheal
tube was placed and conventional mechanical ventilation was begun,
with Fig, = 1.0, positive end expiratory pressure (PEEP) = 5 cm H,0.
Arterial blood gases were then Pag, 85 mmHg, pHa 7.36, Pago, 43
mmHtg.

Intermittent hypotension ensued, responding to iv fluids and a do-
pamine infusion. At this point, a screw cap on the introducer sheath
was noled to be missing, with fluid leaking around the pacing wire.
Sheath and pacing wire were removed and replaced with a new sheath.
A pulmonary artery catheter was inserted several hours later, Initial
measurements were pulmonary arter (PA) pressure of 30/12 mmHg,
pulmonary artery wedge (PAW) pressure of 12 mmHg, cardiac output
of 5.5 L/min, and systemic vascular resistance of 750 dynes
-scc-dam™. A chest radiograph taken 3 h after the initial episode
showed diffuse pultmonary edema without cardiomegaly.

Mechanical ventilation was maintained over the next 3 days, during
which time the F1g, was reduced from 1.0 10 0.5 and PEEP from 12 cm
Hp0 to 5 cm Hy0, while maintaining Pag, greater than 70 mmHg.
The patient remained hemodynamically stable, and the iv dopamine
infusion was discontinued within 48 h. Serial ECGs and creatine phos-
phokinase values gave no suggestion of myocardial infarction, and
PAW pressures remained below 15 mmHg. The trachea was extu-
bated on the third postoperative day, by which time the chest radio-
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FIG. 1. Diagram of introducer sheath assembly. ‘The left-hand figure
shows the properly scated valve components. The right-hand figure
illustrates how removal of the screw cap and passage of a wire allows
valve components a, b, ¢, and d, 10 separate, creating a passage for air
entrainment between the components and the sheath assembly. (1, c)
spacing washers (b) Tuohy-Bovst® type valve (d) anti-reflow self-sealing
“duck-bill” valve.

graph had improved dramatically. However, pulmonary dysfunction
was still evident on the fifth postoperative day, when Pag, was 44
mmHg while breathing room air, improving to 81 mmblg with the
addition of 50% oxygen by facemask. The patient continued to im-
prove, and he was discharged from the hospital in good condition on
the 13th postoperative day.

The introducer sheath and pacing wire were saved intact and tested
in the laboratory. A pressure transducer (Gould P231D) was attached
to the distal lumen and a 50-ml syringe to the sidearm stopcock. On
application of & S-mmHg subatmospheric pressure, air was drawn
through the valve assembly at a rate of 100 ml/min. When the screw
cap was correctly replaced, syringe aspiration to pressures of 40
mmbg failed to entrain air. On careful examination of the valves with
screw cap removed, it was evident that minor movements of the pacing
wire caused separation of the valve components and failure of valve
competence (fig. 1).

DISCUSSION

This was an unusual presentation of venous air em-
bolism in the early postoperative period. In the operat-
ing room, with the patient in the supine position and
receiving positive-pressure ventilation, there was no
driving force to entrain air through the misassembled
introducer sheath. Once in the recovery room, with the
patient in the semi-sitting position, breathing spontane-
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ously, and with a low CVP, a pressure gradient could
easily occur, allowing insidious intravascular air en-
wrainment. A slow continuous infusion of air, as might
occur, would lead to hypotension and hypoxia.»* Cen-
tral venous and pulmonary artery pressures would in-
crease with slow infusion of air, probably as a result of
pulmonary vasoconstriction, while rapid entrainment of
a quantity of air large enough to produce an airlock in
the right heart would cause an acute fall in arterial and
PA pressures.? As the patient developed respiratory
distress, increasing respiratory rate and tidal volume
would enhance air entrainment, exacerbating the situa-
tion.

While others have described pulmonary edema owing
to VAE,* all noted clinically apparent VAE, then re-
lated development of pulmonary edema. Venous air
embolism was predicted to be a common occurrence in
those situations, so monitoring techniques were chosen
to rapidly and specifically detect VAE. Venous air em-
bolism occurred in our patient in the recovery room, in
a situation in which monitoring to detect VAE is not
ordinarily utilized. As a result, VAE was not considered
in our patient until the appearance of pulmonary edema
and the discovery of the source of air entrainment.
There was no clinical or hemodynamic evidence to im-
plicate other common causes of postoperative pulmo-
nary edema, such as congestive heart failure, sepsis, as-
piration, or forceful inspiration against a closed airway,
Given a source of air entrainment, the appearance of
pulmonary edema with no other likely etiology, and the
satisfactory resolution with only supportive therapy, we
felt confident in making a clinical diagnosis of VAE. A
demonstration of increased physiologic dead space
(Vp/Ve) or appropriate findings on ventilation-perfu-
sion scanning would have provided more objective doc-
umentation of VAE, as well as its resolution.

An introducer sheath can be a source of VAE of sig-
nificant magnitude, even with only a small pressure
gradient favoring air entry.” Our simple technical ex-
amination clearly demonstrated that substantial
amounts of air could be entrained with minor negative
pressures (5 cm Hg), if the valve assembly was mis-
seated. This degree of air entrainment was comparable
to that reported by Conahan et al.® for a defective self-
sealing valve (1.36 ml/sec at 30 cm HyO negative pres-
sure).

Venous air embolism is a well-known complication of
central venous cannulation, especially when a large
bore catheter is utilized.»® The 8.5 F introducer sheath
inserted into this patient relies on a Tuohy-Borst® type
valve, as well as a “duckbill’” valve to prevent air leak
when the sheath is in situ and a catheter or pacing wire
has been guided through it, as well as when there is no
catheter or pacing wire in place. In addition, the manu-
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facturer designed a removable screw cap to seal the port
and insure proper alignment of the valve components.
Although the apparatus should provide a seal even
without the screw cap, passage of the pacing wire, which
required a number of attempts, both deformed the
valves’ seal around the wire and distorted their align-
ment within the sheath. Without the screw cap in place,
a path for air entrainment existed, either through the
valves or around them.

Although this report clearly demonstrates misuse of
this device by unfamiliar operators, we believe that this
episode exemplifies inherently unsafe equipment de-
sign. Other introducer sheaths are designed without the
removable cap (e.g., Arrow International, Inc.,
AK-09803, Reading, PA), thus obviating the potential
for error. Although not previously reported with this
device, another patient at similar risk has been observed
carlier by one of us. Postoperatively, this patient was
breathing spontaneously, in the 45° head-up position,
with the same introducer sheath in the internal jugular
vein. Both pulmonary artery catheter and sheath seal-
ing screw cap had been removed, but, fortunately, the
valve components had retained their sealed configura-
tion. Experienced anesthesiologists, cardiologists, sur-
geons, and nurses were involved in these incidents. Re-
design of the valve system of this sheath so that it does
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not depend on a removable component would improve
the safety of the device,

Theauthors thank Dr., Leroy D. Vandam for hisillustration and Ms.
Judy Wyman for manuscript preparation.

REFERENCES

1. Doblar DD, Hinkle JC, Marshall LF, Condon BF: Air embolism
associated with pulmonary catheter introducer kit. ANESTHE-
SIOLOGY 56:307-309, 1982
2. Adornato DC, Gildenberg PL, Ferrario CM, Smart |, Frost AM:
Pathophysiology of intravenous air embolism in dogs. ANES-
THESIOLOGY 49:120-127, 1978
3. Verstappen FT], Bernards JA, Kreuzer FK: Effects of pulmonary
gas embolism on circulation and respiration in the dog. 1. Ef-
fects on circulation. Pflugers Arch 368:89-96, 1977
4. Still JA, Lederman DS, Renn WH: Pulmonary edema following
air embolism. ANESTHESIOLOGY 40:194-196, 1974
. Perschau RA, Munson FS, Chapin |C: Pulmonary interstitial
edema after multiple venous air emboli. ANESTHESIOLOGY
45:364-368, 1976
6. Holmes CMcK, Baker AB: Pulmonary edema associated with se-
vere venous air ecmbolism. Anaesth Intensive Care 13:435-
437,1985
7. Conahan TJ: Air embolization during percutaneous Swan-Ganz
catheter placement. ANESTHESIOLOGY 50:360-361, 1979

Conahan TJ, Barberii BS, Calkins JM: Valve competence in pul-
monary artery catheter introducers., ANESTHESIOLOGY
58:189-191, 1983

o

o

Is the EEG a Useful Monitor during Cardiac Surgery? A Case Report

MornaMEDp EL-Fiki, M.B., CH.B.,* KEVIN J. FisH, M.B., CH.B.§

Open cardiac procedures carry the risk of neurologic
damage.' The use of a neurologic monitor (such as the
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electrocephalogram-EEG) during open cardiac proce-
dures would therefore seem logical. However, the role
of EEG monitoring during open cardiac surgery has not
been defined. Because of the difficulties associated with
the intracperative use of the standard multi-channel
EEG, a number of techniques for computerized EEG
analysis have been developed*® and incorporated into
EEG monitors that are available commercially.

We describe a patient’s neurologic status which was
being monitored during cardiac surgery by a 2-channel
density spectral array EEG (Cerebro Trac™ 2500 EEG
Monitor, SRD, Peekskill, NY). In this device, after Fast
Fourier Transformation of the EEG signal to produce a
power/frequency spectrum, the EEG is displayed as a
density-spectral array.? The areas of maximum density
of dots correspond to those frequencies making the
largest contribution to the EEG spectrum (fig. 1). The
spectral edge frequency (SET; the frequency below
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