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Intraoperative jugular bulb desaturation during

acute ancur ysmal r uptur C

[Désaturation peropévatoive du golfe de la jugulnive pendant la rupture aigué

aA’un anévrysme|

Irene Rozet MD,* David W. Newell MD,T Arthur M. Lam MD FRCPC}

Purpose: To describe an episode of acute jugular venous desat-
uration during intraoperative rupture of a cerebral aneurysm.

Clinical features: A 57-yr-old patient was scheduled for clip-
ping of a large unruptured basilar tip aneurysm. Abrupt bulging
of the brain was observed after bone flap removal, but before
dura was opened. This was associated with concurrent devel-
opment of systemic hypertension to 200/120 mmHg and jugular
venous bulb (SiVOZ) desaturation to 13%. Rupture of aneurysm
was confirmed by frank blood in cerebrospinal fluid drainage
from the lumbar subarachnoid catheter.

Conclusions: Abrupt S, O, desaturation prior to dural opening
may suggest an acute increase in intracranial pressure, which in
our case followed aneurysmal rupture; the systemic response
to increased intracranial pressure (Cushing’s response) may be
ineffective in maintaining cerebral perfusion.

Objectif : Décrire un épisode de désaturation aigué de la veine ju-
gulaire pendant la rupture peropératoire d’'un anévrysme cérébral.
Eléments cliniques : Un patient de 57 ans devait subir la ligature
d’'un important anévrysme non rupturé de la pointe basilaire. Un
bombement soudain du cerveau a été observé apres le retrait du
volet osseux mais avant I'ouverture de la dure-mére. Une hyperten-
sion générale a 200/120 mmHg s’est développée concurremment
ainsi qu’une désaturation a 13 % du golfe de la jugulaire (SijZ).
La rupture de I'anévrysme a été confirmée par la présence franche
de sang dans le liquide céphalo-rachidien décelée par le cathéter
lombaire sous-arachnoidien.

Conclusion : La désaturation soudaine de la S,,0, avant I'ouverture
de la dure-mére peut évoquer une hausse soudaine de la pression
intracranienne, faisant suite a une rupture anévrysmale ; la réponse

généralisée a I'hypertension intracrdnienne (réaction de Cushing)
peut étre inefficace a maintenir la perfusion cérébrale.

ONITORING of jugular venous bulb

saturation (S. O,) has been shown to

be helpful in neurosurgical anesthesia.!

In this report, we present a case of
acute jugular bulb desaturation associated with intra-
operative aneurysmal rupture. Rupture of aneurysm
occurred before dura was opened, and this was associ-
ated with the development of systemic hypertension
and temporary profound S, O, desaturation. This was
accompanied with the classic Cushing response. The
physiological aspects of Cushing response and the
clinical applications of intraoperative continuous S, O,
monitoring are discussed.

Case report

According to institutional guidelines, case reports
do not require approval from Institutional Review
Board.

A 56-yr-old male with a past medical history of
stable coronary artery disease, hypertension, and
heavy smoking, was transferred to our hospital for
investigation of subarachnoid hemorrhage. Computed
tomography of head was negative for subarachnoid
hemorrhage, but angiography revealed a large aneu-
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FIGURE 1 Left vertebral artery angiography. Arrow shows
a large multilobular basilar tip aneurysm, 1 x 2 cm.

rysm of basilar artery (Figure 1). After unsuccessful
attempts to coil the aneurysm, the patient was sched-
uled for surgical clipping on day 16 post-admission.
Preoperatively, the patient was alert and awake with
a Glasgow coma scale score of 15. After unevent-
ful induction of anesthesia with fentanyl, propofol
and rocuronium, the trachea was intubated and the
patient was ventilated with a mixture of oxygen/
air, and anesthesia was maintained with sevoflurane
(1.5-2% end-tidal), remifentanil (infusion at 0.125
pg-kgt-hr!), and vecuronium as needed. In addi-
tion to routine monitoring, a 4-Fr oximetric catheter
(model: 040HF4, Edwards Lifesciences, LL.C, Irvine,
CA, USA) was inserted into the right jugular bulb,!
and calibrated iz vivo for continuous S, O, measure-
ment (Vigilance Monitor, Edwards SAT2™ com-
puter, Irvine, CA; USA oximetry range of 0-99%).
Positioning of the catheter tip was verified radio-
logically (Figure 2). For induction of moderate hypo-
thermia an intravascular cooling device (Innercool
Therapies, San Diego, CA, USA) was inserted into the
inferior vena cava via the left femoral vein.

During cranium opening, vital signs were stable:
PaCO, 33 to 36 mmHg, arterial pressure (AD)
110/60 to 130/70 mmHg, heart rate (HR) 70
beats-min, SJ.VO2 50 to 55%. The patient was cooled
to 33.0°C. Mannitol (1g-kg™) was given. After the

FIGURE 2 Left lateral neck and head x-7ay. The arrow
points to the tip of the retrograde jugular catheter, posi-
tioned in the jugular bulb at the level of the lower border
of the mastoid process and CI1 vertebra.

bone flap was raised, the brain initially appeared to
be slack. Immediately before opening of dura, how-
ever, the dura suddenly became tense, and the brain
started bulging out, making dural incision impossible.
Arterial pressure abruptly increased to 200-210,/120
mmHg, HR decreased to 46 beats-min~!, and Sij2
precipitously decreased to 13% (Figure 3). The lumbar
subarachnoid catheter was opened, which returned
bright red blood, confirming acute rupture of the
aneurysm, and then was clamped. The operation was
halted, and the patient was treated with hyperventila-
tion, v boluses of sodium thiopental (2 g i» total),
labetalol (100 mg #»), and mannitol (2 g-kg™ 7»). After
approximately five minutes, 5,0, started to increase,
AP decreased to 150/ 70 mmHg, and HR increased
to 70 beats-min~!. There was visible improvement
in dural tension. At constant end-tidal CO,, SjVO2
increased progressively to 84% and remained elevated
for ten minutes (Figure 3), followed by a gradual
decline to 55%. The jugular venous bulb lactate was
1.8 mmol-L!, compared to 1.0 mmol-L! in arterial
blood. After 30 min, the brain appeared to be slack
again, and with the patient hemodynamically stable,
the surgical procedure was allowed to resume. The
lumbar subarachnoid catheter was opened and drained
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FIGURE 3 Continuous S, O, monitoring, recorded dur-
ing the event. With the rupture of the basilar tip aneurysm,
$,,0, abruptly decreased from 53% to 13% for about five
minutes, indicating nearly “no flow state” in the brain.
Following the treatment with sodium thiopental and man-
nitol, §, O, started to increase, and stayed at the high level
of 84%, indicating luxury perfusion state.

100 mL of bloody cerebrospinal fluid. Under micro-
scopic dissection, the aneurysm was identified and
found to be leaking. Temporary cardiac arrest lasting
up to 25 sec was induced with escalating boluses of
adenosine up to 24 mg i», and the aneurysm was
clipped successtully. Transient decrease of S, O, lasting
five to ten seconds occurred with the two high doses
of adenosine.

On postoperative day one (POD 1), the patient
awoke, opened his eyes, but was aphasic, and had
right hemiplegia. On POD 5, the patient became
unresponsive to painful stimuli (Glascow coma scale
score of 3). Angiography confirmed severe vasospasm
of left middle cerebral artery, which was treated with
angioplasty, and triple-H therapy (hemodilution to
a hematocrit of 30, hypervolemia to central venous
pressure of 16 mmHg, and induced hypertension of
systolic AP of 180 mmHg). This was complicated
by pulmonary edema and rapid atrial fibrillation, but
without cardiac enzymes changes. Following brief
improvement, the patient’s neurologic status again
deteriorated. Magnetic resonance imaging of the
brain revealed left temporal lobe edema and infarction
of left midbrain. Subsequent intensive care unit stay
was complicated by the development of ventilator-
associated pneumonia and adult respiratory distress
syndrome, meningitis, sepsis, and multi-organ failure.

On POD 62, the patient expired.

Discussion
Intraoperative aneurysm rupture is not an infrequent
occurrence, but this usually occurs during dissection

and/or clipping.? Diagnosis of rupture before dural
opening may be obvious or difficult, and the present
case illustrates the physiological changes associated
with this complication. Although the cranium is open,
because the dura remains closed, rupture of the aneu-
rysm with subsequent bleeding still leads to an abrupt
increase in intracranial pressure (ICP) with systemic
changes indicative of the classic Cushing response. The
associated S, O, change provided insight into this
response, and facilitated the perioperative management.

The use of S, O, monitoring has been described in
neuroanesthesia® and can be used to adjust mechanical
ventilation and blood pressure to maintain adequate
oxygen delivery to the brain. In our institution, con-
tinuous S, O, monitoring is a part of routine practice
during clipping of basilar tip ancurysms, when tran-
sient cardiac arrest with adenosine is planned. In our
patient, S, O, decreased abruptly from 52% to 13%,
accompanied by an increase in lactate, strongly sug-
gesting a nearly “no tflow” state, confirming the diag-
nosis of aneurysmal rupture. Although the accuracy
of oximetry at such low values has not been carefully
studied (accuracy range at SatO, = 30 to 99% is + 2%,
according to manufacturer manual), this is the low-
est S, O, value ever reported. This was preceded by
systemic hypertension, but the time lag was short,
and within a minute. This is consistent with low cere-
bral oxygen reserve with a highly metabolically active
organ requiring a high blood flow. Systemic hyperten-
sion, however, is a nonspecific sign during surgery and
not diagnostic for aneurysmal rupture.

After treatment with sodium thiopental and man-
nitol, dural tension decreased, and 5,0, gradu-
ally increased; both are indicative of decrease in brain
compression and restoration of cerebral blood flow.
Subsequent increase in S].VO2 to 84% suggests reactive
hyperemia post-brain injury, or “luxury” perfusion.
Had the hyperemia persisted, it would suggest that
the brain might have suffered irreparable damage,
and was no longer able to extract oxygen. A joint
neurosurgery-anesthesia decision had been made to
abandon the procedure, if the S, O, did not normalize
within the 30 min period.

With regard to systemic blood pressure changes, S, O,
monitoring provides some interesting insights worthy
of discussion. The classical Cushing response consists
of systemic hypertension and bradycardia secondary to
increase in ICP* According to the classic hypothesis,
increase of systemic BP during intracranial hyperten-
sion represents a compensatory mechanism intended to
maintain cerebral perfusion pressure (CPP).° Different
mechanisms of BP elevation secondary to increased ICP
had been suggested in animal studies. Systemic hyper-
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tension has been described to be a result of the reflex
increase of catecholamine secretion,®® and a result of
the sympathetic overactivity due to brainstem com-
pression,” or due to craniocaudal ischemia.!®!¥ Some
animal studies suggest Cushing’s response is a late
feature, when ICP approaches mean arterial pressure,
signalling breakdown of cerebral autoregulation.!*1” In
this situation, hypertension leads to further increase of
ICP, adversely influencing cerebral perfusion.'*1” It is
likely that both the level of maximal ICP, and the rate
of ICP change influence the hemodynamic response.
Animal studies showed “classic” Cushing’s response to
be apparent and beneficial to CPP only with gradual
increases in ICP, with maximal ICP staying within the
limits of cerebral autoregulation.!®!® In our case, the
sudden occurrence of tense dura and appearance of the
bright blood from the lumbar subarachnoid catheter
confirmed the diagnosis of aneurysmal rupture. In
centres where subarachnoid catheters are not placed
routinely, the sudden and severe SjVO2 desaturation may
facilitate the diagnosis of ancurysmal rupture. Although
the cranium was open, the acute profound fall of S, O,
indicated a rapid extreme cerebral hypoperfusion sec-
ondary to increased “intraparenchymal pressure”. This
is the first time jugular desaturation has been recorded
during acute aneurysmal rupture accompanied by the
Cushing response. Although the increase in systemic
blood pressure represents a compensatory mechanism
to maintain CPP, the severe jugular venous desatura-
tion in our case suggests that 1) there was cortical
cerebral ischemia, 2) the Cushing response may be an
ineffective compensatory mechanism.

Although not essential in routine clinical practice,
the presence of §; O, monitoring in our case facilitated
the perioperative management of unexpected aneurys-
mal rupture, and provided some insight regarding the
mechanism and efficacy of the Cushing response.

References

1 Gunn HC, Matta BE, Lam AM, Maybery TS. Accuracy of
continuous jugular bulb venous oximetry during intracra-
nial surgery. J Neurosurg Anesthesiol 1995; 7: 174-7.

2 Batjer H, Samson D. Intraoperative aneurysmal rup-
ture: incidence, outcome, and suggestions for surgical
management. Neurosurgery 1986; 18: 701-7.

3 Matta BF, Lam AM, Maybery TS, Shapira Y, Winn
HR. A critique of the intraoperative use of jugular
venous bulb catheters during neurosurgical procedures.
Anesth Analg 1994; 79: 745-50.

4 Cushing H. Some experimental and clinical observa-
tions concerning states of increased intracranial tension.
Am ] Med Sci 1902; 124: 375-400.

5 Plets C. Arterial hypertension in neurosurgical emer-

10

11

12

13

14

15

16

17

18

gencies. Am ] Cardiol 1989; 63: 40C-2C.

van Loon ], Shivalkar B, Plets C, Goffin ], Tjandra-
Maga TB, Flameng W. Catecholamine response to a
gradual increase of intracranial pressure. J Neurosurg
1993; 79: 705-9.

Oyilvy CS, DuBois AB. Effect of increased intracranial
pressure on blood pressure, heart rate, respiration and
catecholamine levels in neonatal and adult rabbits. Biol
Neonate 1987; 52: 327-36.

Kocsis B, Fedina L, Pasztor E. Eftect of preexisting
brain ischemia on sympathetic nerve response to intra-
cranial hypertension. J Appl Physiol 1991; 70: 2181-7.
Pasztor E, Fedina L, Kocsis B, Berta Z. Activity of
peripheral sympathetic efferent nerves in experimental
subarachnoid haemorrhage. Part I: observations at

the time of intracranial hypertension. Acta Neurochir
(Wien) 1986; 69: 125-31.

Rosner MJ, Newsome HH, Becker DP. Mechanical brain
injury: the sympathoadrenal response. ] Neurosurg
1984; 61: 76-86.

Shivalkar B, Van Loon ], Wieland W, et al. Variable
effects of explosive or gradual increase of intracra-

nial pressure on myocardial structure and function.
Circulation 1993; 87: 230-9.

Shrader H, Hall C, Zwetnow NN. Effects of prolonged
supratentorial mass expansion on regional blood flow
and cardiovascular parameters during the Cushing
response. Acta Neurol Scand 1985; 72: 283-94.
Marshman LA. Cushing’s “variant” response (acute
hypotension) after subarachnoid hemorrhage. Association
with moderate intracranial tensions and subacute cardio-
vascular collapse. Stroke 1997; 28: 1445-50.

Fitch W, McDowall DG, Keaney NP, Pickerodt VW.
Systemic vascular responses to increased intracranial
pressure. 2. The “Cushing “ response in the presense of
intracranial space-occupying lesions: systemic and cere-
bral haemodynamic studies in the dog and the baboon.
J Neurol Neurosurg Psychiatry 1977; 40: 843-52.
Shalit MN, Cotev S. Interrelationship between blood
pressure and regional cerebral blood flow in experi-
mental intracranial hypertension. ] Neurosurg 1974;
40: 594-602.

Brinker T, Seifert V, Dietz H. Cerebral blood flow and
intracranial pressure during experimental subarachnoid
haemorrhage. Acta Neurochir (Wien) 1992; 115: 47-52.
Huyrris AP, Helon S, Traystman RJ, Jones MD Jr,
Koehler RC. Efficacy of the Cushing response in main-
taining cerebral blood flow in premature and near-term
fetal sheep. Pediatr Res 1998; 43: 50-6.
Barbiro-Michaely E, Mayevsky A. Eftects of elevated
ICP on brain function: can the multiparametric moni-
toring system detect the ‘Cushing Response’? Neurol
Res 2003; 25: 42-52.





