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uration of brain effluent blood
gives a global estimate of cerebral
oxygenation. It may provide clini-
cians with information to assist in
reducing secondary insults to the
brain with potential benefits to a
range of patients with actual or po-
tential acute brain injury such as
trauma and cardiac bypass proce-
dures. The technology to continu-
ously measure this variable is simple
to use but requires attention to de-
tail; it is limited in its ability to de-
tect discrete regions of ischaemia or
hyperaemia unless these are of suf-
ficient magnitude to influence the
saturation of brain effluent blood.

and they are usually of a minor nat-
ure. The technique also enables re-
search opportunities from the ability
to sample blood as it leaves the cra-
nium. Poor outcomes are seen in
patients with traumatic brain injury
who exhibit either reduced or in-
creased cerebrovenous oxygen sat-
uration and it remains to be seen if
detection and correction of these
anomalies will produce patient ben-
efits.
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Introduction

Intensive care patients with acute brain injury suffer fur-
ther brain damage (secondary injury) from physiologi-
cal insults such as hypotension, hypoxia and raised in-
tracranial pressure, and from destructive inflammatory
processes initiated as a consequence. Improved long-
term outcome is the aim of a multidisciplinary approach
including emergency care teams, neurosurgeons, inten-
sive care physicians, physiotherapists, speech therapists,
and psychologists. Minimising secondary insults is the
most important aim for intensive care doctors. Howev-
er, in order to do this, the insults must first be detected.
Older technologies permitted continuous monitoring
of systemic variables, including blood pressure and oxy-
gen saturation, which were then applied to brain physi-
ology. Newer techniques and equipment allow the brain
to be directly monitored (including intracranial pres-

There are few complications that

sure and cerebrovenous oxygen saturation) with almost
instant recognition of physiological challenge, thus al-
lowing prompt corrective measures, as necessary. Moni-
toring for, and reducing the burden of, secondary insults
—including the use of cerebrovenous (jugular bulb) oxy-
gen saturation — may allow interventions that will re-
duce adverse long-term consequences of secondary
brain injury.

This review will discuss the theory behind jugular
bulb monitoring, the practicalities of the technique and
equipment, and its clinical application. The discussion
will also examine other uses for the technique, such as
during cardiac surgery and some research possibilities.
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Anatomy

The internal jugular veins drain virtually all of the blood
from the brain. Blood courses from the brain into sinus-
es (superior sagittal sinus, inferior sagittal sinus, straight
sinus, right and left transverse sinus, and occipital sinus)
which terminate in the right and left sigmoid sinuses.
These two sinuses pass through their respective jugular
foramina at the base of the skull and dilate to form the
jugular bulb - the dilated cephalad part of the internal
jugular vein. A small proportion of cerebral effluent
blood may drain via the vertebral venous plexus which
is most pronounced when in the erect position [1].

Physiology

Saturation of blood in the jugular bulb is related to cere-
bral blood flow (CBF), arterial blood saturation, and
brain oxygen extraction — the cerebral metabolic rate
for oxygen (CMRO,). The Fick equation relates these
variables:

CMRO, = CBF x (arterio-venous O, difference)

The arterio-venous oxygen difference is the difference
in content of oxygen (CaO,) where:

Ca0, = (% saturation x 1.34 x Hb) + (arterial or ve-
nous O, tension x 0.003)

Since the haemoglobin (Hb) level is practically constant
between arterial and venous circulations, and dissolved
oxygen is negligible, it can be seen that CaO, varies
with saturation. In practical terms if the arterial satura-
tion is constant:

SjO, @ CBF/CMRO,

Thus SjO, is a function of arterial saturation, CMRO,,
and CBF. There is debate as to what the normal range
of SjO, is, but most authorities assume 50-54 % to be
the lower limit of normal and 75 % the upper limit. Dif-
ferent methods for defining normality has caused con-
troversy as to the exact lower limit of normal SjO, with
some authors assuming 50 % [2, 3] and others 54 % [4,
5, 6, 7]. In fact, neither are wrong as shown in a recent
paper comparing SjO, monitoring with brain tissue
oxygenation (PtiO,) [8] where PtiO, values of
8.5-11.0 mmHg (albeit with a large variability) corre-
sponded with SjO, values of 50-54 %.

Cannulation
Which side?

The choice of which jugular bulb to cannulate can po-
tentially influence results. It cannot be assumed that
the jugular bulb contains exclusively cerebral effluent
blood as it may be contaminated by extracranial drain-
age. Early experimentation by Shenkin etal. [9] on
eight patients without cerebrovascular lesions, in whom
dye was injected into the external carotid artery, demon-
strated that 0-6.6 % (mean 2.7 %) of blood in the jugu-
lar bulb was derived from extracranial sources. This is
due to the emissary and frontal veins draining into the
sagittal sinus, and the cavernous sinus connection to
the sigmoid sinus and the jugular bulb through the pet-
rosal sinuses [10]. The largest source of potential con-
tamination is the facial vein that joins the internal jugu-
lar vein a few centimetres below the jugular bulb. Re-
cent experiments show that the rate of withdrawal of
blood from the jugular bulb affects the composition of
the sample; a rate of 1-2 ml per min is optimum [10].
Somewhat surprisingly, the composition of the two
jugular bulbs is not equal. Cortical tissue drains into
the sagittal sinus while subcortical tissue drains into the
straight sinus. These join to form the torcular Herophili
that divides into the two lateral or transverse sinuses
which ultimately drain into the jugular bulb via the sig-
moid sinuses. Mixing of blood from the cortex and deep-
er regions of the brain is incomplete; the lateral sinus is
larger on the right in 62 %, the left in 26 %, and equal
in 12 % of subjects [11]. In an autopsy study, Gibbs [12]
found that blood from subcortical areas draining via
the straight sinus tended to flow into the left lateral si-
nus, while blood from cortical tissue (draining via the
sagittal sinus) flowed mostly into the right lateral sinus.
Shenkin et al. [9] suggested that two-thirds of the con-
tent of the internal jugular vein is from the ipsilateral
hemisphere and one-third from the contralateral hemi-
sphere. Simultaneous sampling of both right and left
jugular bulbs in normal individuals has shown that oxy-
gen saturation at the level of the internal jugular vein is
equal on both sides [13]. More recently, in a study of
32 head-injured patients, Stocchetti [14] cannulated
both jugular bulbs and took 171 paired blood samples.
The differences in saturation of the paired samples was
5.32 £5.15% (mean = SD). It is probably the case that
in normal individuals there is no difference in saturation
between the right and left sides, but there are differenc-
es in head-injured patients. It is good clinical practice to
test intracranial compliance and identify the dominant
side by compressing each jugular vein in turn and ob-
serving the rise in intracranial pressure [15, 16]. The
side with the greatest increase in ICP drains most blood
and therefore allows SjO, monitoring of the largest vas-
cular territory of brain. If there is no difference between
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Fig.2 4-French gauge reflection spectrophotometric catheter and
insertion equipment. I: Cook 18 F gauge 7 cm needle; 2—4: Daig
Fast-Cath 7-F gauge haemostasis introducer kit (2 guide wire, 3 di-
lator, 4 introducer). A Catheter connection to optics module B
catheter tip (patient end) with graduated markings, C contamina-
tion sheath

the two sides, the right side is commonly used in diffuse
injury as it is more likely to be the dominant anatomical
side [17]. Metz et al., however, recommended CT assess-
ment for the larger jugular foramen in diffuse injury
[18].

Cannulation technique

Retrograde cannulation of the internal jugular vein is a
simple and safe procedure in experienced hands [19]. It
may be cannulated distally where it courses close to the
skin between the two heads of the sternocleidomastoid
muscle [20, 21], or more proximally at the level of the
cricoid ring [15]. The patient is positioned head down
(without allowing ICP to exceed 20 mmHg), or as close

Fig.3 Lateral neck X-ray demonstrating catheter tip position
above the disc of C,/C,

to horizontal as possible. The appropriate landmarks
are identified and, using a Seldinger technique, the
vein is cannulated and the fibreoptic catheter advanced
into the bulb (at about 12-15 cm) (Figs.1, 2, 3). Segal
has described cannulation in the head up position with
the aid of a needle with an in situ Doppler probe [22].
The catheter tip must be above the disc of C,/C, to min-
imise facial vein contamination, thus position of the
catheter tip must be ascertained by X-ray to ensure ac-
curate measurement and reduce complications. An
overpenetrated lateral radiograph is the simplest and
most reliable type of X-ray [23]; alternatively, antero-
posterior radiographs are preferred by some clinicians
[24].

Complications

As with any invasive procedure iatrogenic injury may
occur, the incidence of which can be minimised by fol-
lowing standard techniques. Complications may arise
as a consequence of catheter insertion or be associated
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with the catheter remaining in the vein for long periods.
These include carotid artery puncture (incidence
1-4.5% [25, 26]), haematoma formation, thrombosis
[26, 27] and, rarely, raised ICP. In a study of paediatric
patients, Goetting measured intracranial pressure in 28
patients with jugular bulb catheters and found that nei-
ther cannulation nor the presence of catheters in situ
raised the pressure further [28]. In an observational
study of 44 patients with jugular bulb catheters, Coplin
et al. [26] concluded that complications related to cathe-
ter insertion were rare and clinically insignificant, and
that the risk of bacteraemia related to the catheter was
negligible. However, on ultrasound, the incidence of
subclinical internal jugular vein thrombosis after jugular
bulb catheter monitoring was as high as 40 % with cath-
eters in situ for up to 6 days. Patients with a proven
thrombus did not develop any symptoms. On a balance
of risks, jugular bulb monitoring is safe and can provide
useful information for the clinician.

Equipment

The early pioneers of jugular bulb monitoring used in-
termittent sampling with offline blood gas analysis. Fi-
breoptic technology has allowed the development of in
vivo reflection spectrophotometric catheters. Two sys-
tems are in common use — the Oximetrix 3 System (Ab-
bott Laboratories, North Chicago, Ill., USA) and the
Edslab system (Baxter Healthcare, Irvine, Calif., USA)
(Figs.1, 2). The Oximetrix 3 system uses three light
wavelengths in the red/infrared spectrum, allowing the
measurement of haemoglobin concentration and calcu-
lation of saturation. The Edslab uses two light wave-
lengths, hence the haemoglobin value must be entered
manually. In clinical practice Souter and Andrews found
the Edslab to be reliable if calibrated every 24 h [29],
compared to 12 hourly with the Oximetrix 3 system
[15]. Gunn et al. [30] found the Edslab to be comparable
to blood gas analysis during neurosurgical procedures
lasting an average of 7 h. Others have found both the
Edslab [31] and Oximetrix 3 [6] inaccurate after the first
calibration, but with satisfactory results thereafter. In a
volunteer study [32] the Oximetrix fared reasonably
well compared to blood gas analysis with a mean differ-
ence (d) in paired samples of 0.54 % with limits of agree-
ment ranging from -9.5 to 8.4 %. A clinical study of the
Edslab revealed a higher degree of accuracy
(d=028%) with limits of agreement ranging from
—4.88 t0 4.32 % [29]. This accuracy was verified recently
in a clinical study of patients with traumatic brain injury
[33]. Another catheter system, the Paratrend 7 (Bio-
medical Sensors, High Wycombe, Bucks, UK), which
was designed for intra-arterial use, may also be placed
in the jugular bulb. It incorporates a miniaturised Clark
electrode for measuring P, two optical fibres for mea-

suring P, and pH, and a thermistor for temperature
[34].

A criticism of the jugular bulb saturation method for
detecting brain ischaemia is that it is a global measure
of brain venous blood that may not detect an abnormal-
ity affecting small focal areas of brain. However, brain
tissue oxygenation measured by polarographic intrapa-
renchymal microcatheters correlated well with SjO,
monitoring in 13 patients with severe head injury [35].
Difficulties with stability and consistency exist with the
non-invasive near infrared spectrophotometer tech-
nique (NIRS) [36]. In clinical comparisons of SjO, ver-
sus NIRS, where global cerebral blood flow was altered
by clamping of the internal carotid artery [37], circulato-
ry arrest [38], or altering PaCO, levels [39], correlation
of the two methods was found to be clinically accept-
able. However, in a small qualitative study of head-in-
jured patients, Kirkpatrick et al. [40] found NIRS to
have a greater specificity than SjO, monitoring for de-
tecting desaturation events. These two techniques mea-
sure different physical properties [41]; NIRS represents
all blood (arterial, capillary and venous) within a small
area, and may therefore be complimentary in alerting
the clinician to secondary insults.

Many neuro-intensive care units now routinely use
jugular bulb saturation as part of their multimodality
monitoring [4, 42, 43, 44, 45]. The pathophysiology de-
tected by monitoring of jugular bulb saturation is not
only recorded but also used to implement treatment
regimens aimed at reducing and preventing secondary
insults.

Sj0,-guided treatment regimens

Physiological insult detection

As part of multimodality monitoring for acute brain in-
jury e.g., pulse oximetry, ECG, ICP, arterial pressure,
and CPP, jugular bulb saturation is an integral compo-
nent which can make important contributions to clinical
management by directing effective therapeutic strate-
gies. Monitoring of SjO, has applications in neurosur-
gery, neuro-intensive care, and in cardiac surgery with
cardiopulmonary bypass and hypothermic techniques
[46]. Normally, if cerebral oxygen delivery decreases,
the oxygen extraction ratio increases and SjO, will de-
crease acutely. CBF is then increased by compensatory
regulatory mechanisms which are often absent or inef-
fective in acute brain injury. The main objective is to de-
tect and treat cerebral hypoperfusion to minimise sec-
ondary insults [47] (Fig.4). Much of the secondary brain
injury is caused by ischaemia [48], perhaps as a conse-
quence of inflammatory processes within the brain [49,
50, 51]. As mentioned above, normal values for SjO,
are approximately 54-75%. In acute brain injury low
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Fig.4 Jugular bulb saturation clinical guidelines

values are indicative of increased brain extraction of ox-
ygen as a result of systemic arterial hypoxia, low CBF
from hypotension or vasospasm, or a high ICP with a
low CPP. Chan et al. [52] demonstrated a reduction in
SjO, when CPP fell below 70 mmHg. Pyrexia and sei-
zures (which may not be obvious if the patient is para-
lysed) also result in low SjO, due to increased brain met-
abolic requirements.

Conversely, an increased SjO, can be the product of
either hyperaemia [53] or a failure of oxygen extraction
(similar to the ‘sick cell syndrome’ manifest in septic pa-

ICP ICP
< 25 mmHg > 25 mmHg
:: A:it::: Check venous
d obstruction/neck position

Check pupils
?PCO,
? Surgical cause
Consider CT

Start Treatment:
titrate against SjO,/EEG
hyperventilate
barbiturates
vasoconstrictors

<25 mmHg

Note: MAP and ICP
should be considered
. together but MAP
. should take priority. .~

tients). Another possibility exists in patients with a high
SjO, who may have a very low CPP due to a high ICP as
a pre-terminal event with shunting of arterial blood. A
cause for hyperaemia should be sought and treated,
e.g., hypercapnia [54]. There is currently no treatment
option for failure of oxygen extraction.

Acute brain injury

The most common cause of acute brain injury is trauma
with an incidence of up to 400 per 100 000 in Europe and
North America [55]. Subarachnoid haemorrhage is the
other main reason for admission to neuro-intensive
care units; both conditions justify SjO, monitoring as
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further brain injury results in a worse outcome [47, 56,
57]. Monitoring from the earliest possible time follow-
ing primary injury is important as many secondary
events occur during this early period [4]. The most un-
stable period is often in the first few days when many
episodes of desaturation in the jugular bulb have been
demonstrated [54, 58, 59]. CBF is at its lowest during
the first 12 h post-injury [60]. Many researchers now be-
lieve CPP is more critical than ICP and that CPP should
be maintained above 70 mmHg to avoid ischaemic brain
metabolism implied by a low SjO, [52]. However, as ce-
rebral autoregulatory mechanisms may not be function-
ing, SjO, monitoring becomes an even more important
tool to guide therapy. It correlates well with brain tissue
oxygenation [35] and is less invasive. There is some evi-
dence that mannitol may initially reduce oxygenation
of the brain; this can be detected by SjO, monitoring
and treated, e. g., by increasing PaCO.,.

In addition to confirming the deleterious effects of a
low CPP or systemic desaturation, SjO, can be used to
guide interventional therapies. The initial active treat-
ment for a high ICP is to ‘bag’ the patient to lower
PaCO, levels, and thus lower ICP via cerebral vasocon-
striction. It is impossible to know the threshold PaCO,
for each patient before cerebral ischaemia occurs unless
SjO, is monitored [59]. This is because an individual’s
PaCO, threshold is dependent upon their CPP, the stea-
dy-state PaCO,, and comorbid factors such as athero-
sclerosis. SjO, monitoring permits therapeutic hypocap-
nia until the SjO, is nearing the lower limit of normal.
Extreme hyperventilation (to PaCO, 3.3 kPa) has been
shown to be deleterious in severe head injury [61].
Cruz et al. [62] showed a reduction in SjO, when hypo-
capnia was induced for control of ICP. Hence, ventila-
tion as a therapeutic manoeuvre is a strong indication
for the monitoring of SjO, being recommended by the
American Association of Neurosurgeons [63]; in its ab-
sence, current guidelines recommend ventilation to a
minimum PaCO, of 4 kPa [64]. Hyperoxia is another
therapeutic manoeuvre described by Matta et al. [65]
to allow the lowest possible PaCO, while preserving
global oxygenation as monitored by SjO,.

With regard to subarachnoid haemorrhage, a major
cause of morbidity and mortality is delayed neurological
deficit [66], a syndrome including arterial vessel narrow-
ing and neurological deficit. Systemic and local treat-
ments for this vessel narrowing involves triple ‘H’ thera-
py (hypertension, haemodilution, and hypervolaemia)
[67], and localised injection of the arterial vasodilator
drug papaverine. Using jugular bulb saturation to moni-
tor papaverine treatment, immediate improvements
were noted by Fandino et al., in a small series of ten pa-
tients [68].

Sj0, measurement and outcome data

There are several clinical features associated with a
poor outcome following traumatic brain injury includ-
ing hypoxia, hypotension, and pyrexia [4, 47, 56]. Ab-
normalities in SjO, have also recently been associated
with a poor outcome compared to patients who do not
demonstrate such physiological derangement. In a study
of more than 100 patients admitted to intensive care af-
ter traumatic brain injury, Gopinath et al. [2] demon-
strated that multiple episodes of low SjO, were more of-
ten associated with poorer outcomes than those patients
who had only one or no desaturation events. Converse-
ly, high SjO, values have also been associated with
poor outcomes [7, 69].

Other clinical uses for Sj0, monitoring

Cardiac bypass

A new application for SjO, techniques is the intra- and
post-operative monitoring of patients undergoing car-
diopulmonary bypass. There is no relationship between
mixed venous saturation and SjO, during stable hypo-
thermia or following re-warming [70], hence the impor-
tance of direct SjO, monitoring. A particularly vulner-
able time for cerebral ischaemia, as assessed using a jug-
ular bulb catheter, is during normothermic bypass, [71]
especially during the re-warming phase [46, 72, 73]. In
children, where very low temperatures are used during
bypass, different cooling regimens have been investigat-
ed using jugular bulb sampling to determine the degree
of brain protection [74]. However, it is controversial
whether continuous saturation catheters can be used
with confidence under hypothermic conditions [75, 76].

Cardiac arrest

The global acute brain injury from hypoxia during cardi-
ac arrest has been studied by numerous techniques in-
cluding SjO,. An interesting finding from a small study
was that non-survivors had mean SjO, values of 80 %,
significantly higher than survivors (67%) [77]. This
could be explained by hyperaemia or an inability of
damaged neurones to utilise delivered oxygen. In anoth-
er small study patients with the poorest outcomes had
SjO, values higher than mixed venous values, while the
opposite was seen in those who fared better [78]. These
findings are controversial as other studies have found
no difference in SjO, values [79].
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Research applications for jugular bulb monitoring

Access to blood draining from the brain provides the
opportunity for a range of research possibilities. In early
studies sampling was intermittent and mainly used for
oxygen saturation/content measurement. The develop-
ment of continuous saturation monitoring by fibreoptic
methods means that therapeutic interventions may be
monitored and evaluated, and enable observational
studies relating physiological derangement to outcome
parameters.

In addition to oxygen measurement, analysis of
blood sampled from the jugular bulb has implicated the
brain in inflammatory processes. Studies have shown
the brain to be contributing to the inflammatory re-
sponse after primary injury from trauma or subarach-
noid haemorrhage with production of cytokines such as
interleukin-6 [49]; high concentrations of SICAM-1
have been associated with poor outcome after traumatic
brain injury.

Post-mortem examinations of brains of patients with
traumatic brain injury have demonstrated ischaemic ar-
eas not related to the primary injury [48]. This led to
measurement of blood lactate in the jugular bulb to
identify cerebral ischaemia [80]. The lactate—oxygen in-
dex (LOI) was derived: the negative ratio of cerebral ar-

terio-venous difference in lactate to the difference in ox-
ygen (LOI = ~AVDL/AVDO,) [81]. The LOI is normal-
ly less than 0.03; higher values ( > 0.08) may indicate is-
chaemia. It has been used widely to study brain metabo-
lism during cardiac bypass and liver transplantation, af-
ter brain trauma, and during drug trials.

Conclusion

Jugular bulb monitoring has evolved over recent years
into a versatile and useful addition to multimodality
monitoring for acutely brain injured patients in inten-
sive care. There is abundant evidence to support the
fact that secondary physiological insults to the injured
brain result in further brain damage; clinicians have a
duty to minimise these. Jugular bulb saturation monitor-
ing provides early warning of brain ischaemia from sys-
temic disturbances such as hypotension and hypoxia,
and permits therapeutic manoeuvres to be undertaken
safely without inducing brain ischaemia. The risks asso-
ciated with the technique are far outweighed by the ben-
efits. SjO, monitoring should be considered part of the
optimal modality monitoring in every patient with acute
brain injury requiring ventilation and intensive care.

References

1. Epstein HM, Linde HW, Crampton  6.Lewis SB, Myburgh JA, Reilly PL
(1995) Detection of cerebral venous de-
saturation by continuous jugular bulb
oximetry following acute neurotrauma.
Anaesth Intensive Care 23: 307-314

AR, Ciric IS, Eckenhoff JE (1970) The
vertebral venous plexus as a major cere-
bral venous outflow tract. Anesthesiol-
ogy 32: 332-337

12. Gibbs EL, Gibbs FA (1934) The cross
section areas of the vessels that form
the torcular and the manner in which
blood is distributed to the right and to
the left lateral sinus. Anat Rec 54: 419

2. Gopinath SP, Robertson CS, Contant 7. Cormio M, Valadka AB, Robertson CS  13. Gibbs EL, Lennox WG, Gibbs FA

CF, Hayes C, Feldman Z, Narayan RK,
Grossman RG (1994) Jugular venous
desaturation and outcome after head

57:717-723

3. Sheinberg M, Kanter MJ, Robertson
CS, Contant CF, Narayan RK, Gross-
man RG (1992) Continuous monitoring

head-injured patients. J Neurosurg 76:
212-217

4.Jones PA, Andrews PJ, Midgley S, 60: 240-252

Anderson SI, Piper IR, Tocher JL, 10.Matta BF, Lam AM (1997) The rate of
blood withdrawal affects the accuracy
of jugular venous bulb: oxygen satura-
tion measurements. Anesthesiology 86: 16. Dearden M (1991) Jugular bulb venous

Housley AM, Corrie JA, Slattery J, De-
arden NM (1994) Measuring the burden
of secondary insults in head-injured pa-

(1999) Elevated jugular venous oxygen
saturation after severe head injury.
J Neurosurg 90: 9-15

injury. J Neurol Neurosurg Psychiatr 8. Kiening KL, Hartl R, Unterberg AW,
Schneider G-H, Bardt T, Lanksch, WR  14. Stocchetti N, Paparella A, Bridelli F,
(1997) Brain tissue pO,-monitoring in
comatose patients:
therapy. Neurolog Res 19: 233-240

of jugular venous oxygen saturation in 9. Shenkin HA, Harmel MH, Kety SS
(1948) Dynamic anatomy of the cere-
bral circulation. Arch Neurol Psychiatr  15. Andrews PJ, Dearden NM, Miller JD

(1945) Bilateral internal jugular blood.
Comparison of A-V differences, oxy-
gen-dextrose ratios and respiratory
quotents. Am J Psychiatr 102: 184-190

Bacchi M, Piazza P, Zuccoli P (1994)
Cerebral venous oxygen saturation
studied with bilateral samples in the in-
ternal jugular veins. Neurosurgery 34:
38-43

implications for

(1991) Jugular bulb cannulation: de-
scription of a cannulation technique
and validation of a new continuous
monitor. Br J Anaesth 67: 553-558

tients during intensive care. J Neuro- 806-808 oxygen saturation in the management

surg Anesthesiol 6: 4-14 11. Hatiboglu MT, Anil A (1992) Structural of severe head injury. Curr Opin Ana-
5. Cruz J (1988) Continuous versus serial variations in the jugular foramen of the esth 4: 279-286

global cerebral hemometabolic moni- human skull. J Anat 180: 191-196 17. Lam JM, Chan MS, Poon WS (1996)

toring: applications in acute brain trau-
ma. Acta Neurochir Suppl 42: 35-39

Cerebral venous oxygen saturation
monitoring: is dominant jugular bulb
cannulation good enough? Br J Neuro-
surg 10: 357-364



1035

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Metz C, Holzschuh M, Bein T, Woert-
gen C, Rothoerl R, Kallenbach B, Tae-
ger K, Brawanski A (1998) Monitoring
of cerebral oxygen metabolism in the
jugular bulb: reliability of unilateral
measurements in severe head injury.
J Cereb Blood Flow Metab 18: 343
Goetting MG, Preston G (1990) Jugular
bulb catheterization: experience with
123 patients. Crit Care Med 18:
1220-1223

Mayberg TS, Lam AM (1996) Jugular
bulb oximetry for the monitoring of ce-
rebral blood flow and metabolism. [Re-
view]. Neurosurg Clin North Am 7:
755-765

Riegel B, Drizenko A, Verdin M, Fe-
sard P, Tronchon L, Krivosic-Horber R
(1995) Retrograde percutaneous cathe-
terization of the internal jugular vein in
head-injured patients. Ann Fr Anesth
Reanim 14: 172-175

Segal J (1993) Percutaneous catheter-
ization of the jugular bulb with a Dop-
pler probe: technical note. Neurosur-
gery 33: 151-153

Hayman LA, Fahr LM, Taber KH,
Hughes CL, Ritter AM, Robertson C
(1995) Radiographic assessment of jug-
ular bulb catheters. Emerg Radiol 2:
331-338

Bankier AA, Fleischmann D, Windisch
A, Germann P, Petritschek W, Wies-
mayr MN, Hubsch P (1994) Position of
jugular oxygen saturation catheter in
patients with head trauma: assessment
by use of plain films. Am J Roentgenol
437441

Jakobsen M, Enevoldsen E (1989) Ret-
rograde catheterization of the right in-
ternal jugular vein for serial measure-
ments of cerebral venous oxygen con-
tent. J Cereb Blood Flow Metab 9:
717-720

Coplin WM, O’Keefe GE, Grady MS,
Grant GA, March KS, Winn HR, Lam
AM (1997) Thrombotic, infectious, and
procedural complications of the jugular
bulb catheter in the intensive care unit.
Neurosurgery 41: 101-107

Berlot G, Nicolazzi G, Viviani M, Tom-
asini A, Bussani R (1996) Massive cere-
bral venous thrombosis associated with
the bilateral catheterization of the inter-
nal jugular veins: a case report. Eur J
Neurol 3: 373-376

Goetting MG, Preston G (1991) Jugular
bulb catheterization does not increase
intracranial pressure. Intensive Care
Med 17: 195-198

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38

Souter MJ, Andrews PD (1996) Valida-
tion of the Edslab dual lumen oximetry
catheter for continuous monitoring of
jugular bulb oxygen saturation after se-
vere head injury. Br J Anaesth 76:
744-746

Gunn HC, Matta BF, Lam AM, May-
berg TS (1995) Accuracy of continuous
jugular bulb venous oximetry during in-
tracranial surgery. J Neurosurg Anes-
thesiol 7: 174-177

Ritter AM, Gopinath SP, Contant C,
Narayan RK, Robertson CS (1996)
Evaluation of a regional oxygen satura-
tion catheter for monitoring SjvO2 in
head-injured patients. J Clin Monit 12:
285-291

Olsen KS, Madsen PL, Borme T,
Schmidt JF (1994) Evaluation of a 7.5
French pulmonary catheter for continu-
ous monitoring of cerebral venous oxy-
gen saturation. J Neurosurg Anesthesi-
ol 6: 233-238

Coplin WM, O’Keefe GE, Grady MS,
Grant GA, March KS, Winn HR, Lam
AM (1998) Accuracy of continuous jug-
ular bulb oximetry in the intensive care
unit. Neurosurgery 42: 3-9

Menzel M, Soukup J, Rieger A, Roth S,
Radke J, Burkert W (1997) Continuous
measurement of jugular venous blood
gases in a patient with subarachnoid
haemorrhage. A case report. Anaesthe-
sist 46: 329-334

Kiening KL, Unterberg AW, Bardt TF,
Schneider G-H, Lanksch WR (1996)
Monitoring of cerebral oxygenation in
patients with severe head injuries: brain
tissue PO2 versus jugular vein oxygen
saturation. J Neurosurg 85: 751-757
McKeating EG, Monjardino JR, Signo-
rini DF, Souter MJ, Andrews PJ (1997)
A comparison of the Invos 3100 and
the Critikon 2020 near-infrared spectro-
photometers as monitors of cerebral ox-
ygenation. Anaesthesia 52: 136-140
Schindler E, Zickmann B, Muller M,
Boldt J, Kroll J, Hempelmann G
(1995) Cerebral oximetry by infrared
spectroscopy in comparison with con-
tinuous measurement of oxygen satura-
tion of the jugular vein bulb in interven-
tions of the internal carotid artery. Vasa
24:168-175

.de Vries VJ, Visser GH, Bakker PF

(1997) Neuromonitoring in defibrilla-
tion threshold testing. A comparison
between EEG, near-infrared spectros-
copy and jugular bulb oximetry. J Clin
Monit 13: 303-307

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50

51.

Tateishi A, Maekawa T, Soejima Y,
Sadamitsu D, Yamamoto M, Matsus-
hita M, Nakashima K (1995) Qualita-
tive comparison of carbon dioxide-in-
duced change in cerebral near-infrared
spectroscopy versus jugular venous oxy-
gen saturation in adults with acute brain
disease. Crit Care Med 23: 1734-1738
Kirkpatrick PJ, Smielewski P, Czosnyka
M, Menon DK, Pickard JD (1995)
Near-infrared spectroscopy use in pa-
tients with head injury. J Neurosurg 83:
963-970

Owen-Reece H, Smith M, Elwell CE,
Goldstone JC (1999) Near infrared
spectroscopy. Br J Anaesth 82: 418-426
Czosnyka M, Whitehouse H, Smielew-
ski P, Kirkpatrick P, Guazzo EP, Pickard
JD (1994) Computer-supported multi-
modal bed-side monitoring for neuro
intensive care. Int J Clin Monit Comput
11: 223-232

Miller JD, Piper IR, Jones PA (1994)
Integrated multimodality monitoring in
the neurosurgical intensive care unit.
Neurosurg Clin North Am 5: 661-670
Unterberg AW, Kiening KL, Hartl R,
Bardt T, Sarrafzadeh AS, Lanksch WR
(1997) Multimodal monitoring in pa-
tients with head injury: evaluation of
the effects of treatment on cerebral oxy-
genation. J Trauma 42: Suppl-7

Chan KH, Dearden NM, Miller JD, An-
drews PJ, Midgley S (1993) Multimo-
dality monitoring as a guide to treat-
ment of intracranial hypertension after
severe brain injury. Neurosurgery 32:
547-552

Souter MJ, Andrews PJ, Alston RP
(1998) Jugular venous desaturation fol-
lowing cardiac surgery. Br J Anaesth
81:239-241

Miller JD, Sweet RC, Narayan R, Beck-
er DP (1978) Early insults to the injured
brain. JAMA 240: 439-442

Graham DI, Adams JH, Doyle D
(1978) Ischaemic brain damage in fatal
non-missile head injuries. J Neurolog
Sci 39: 213-234

McKeating EG, Andrews PJ, Signorini
DF, Mascia L (1997) Transcranial cyto-
kine gradients in patients requiring in-
tensive care after acute brain injury.
Br J Anaesth 78: 520-523

. McKeating EG, Andrews PJ, Mascia L

(1998) The relationship of soluble adhe-
sion molecule concentrations in system-
ic and jugular venous serum to injury
severity and outcome after traumatic
brain injury. Anesth Analg 86: 759-765
Dearden NM (1998) Mechanisms and
prevention of secondary brain damage
during intensive care. Clin Neuropathol
17:4-8



1036

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

Chan KH, Miller JD, Dearden NM, An-
drews PJ, Midgley S (1992) The effect
of changes in cerebral perfusion pres-
sure upon middle cerebral artery blood
flow velocity and jugular bulb venous
oxygen saturation after severe brain in-
jury. J Neurosurg 77: 55-61

Bullock R, Stewart L, Rafferty C, Teas-
dale GM (1993) Continuous monitoring
of jugular bulb oxygen saturation and
the effect of drugs acting on cerebral
metabolism. Acta Neurochir Suppl 59:
113-118

De Deyne C, Vandekerckhove T, De-
cruyenaere J, Colardyn F, Rappaport,
ZH, Unterberg A (1996) Analysis of
abnormal jugular bulb oxygen satura-
tion data in patients with severe head
injury. Acta Neurochir 138: 1409-1415
Statham PF, Andrews PJ (1997) Central
nervous system trauma. Critical Care
Neurology. Bailliere Tindall, London,
pp 497-514

Gentleman D, Jennett B (1990) Audit
of transfer of unconscious head-injured
patients to a neurosurgical unit. Lancet
335:330-334

Cruz J (1993) On-line monitoring of
global cerebral hypoxia in acute brain
injury. Relationship to intracranial hy-
pertension. J Neurosurg 79: 228-233
De Deyne C, Decruyenaere J, Calle P,
Vandekerckhove T, Vaganee B, Blanca
GR, Colardyn F (1996) Analysis of
very early jugular bulb oximetry data
after severe head injury: implications
for the emergency management? Eur J
Emerg Med 3: 69-72

Schneider GH, von HA, Lanksch WR,
Unterberg A (1995) Continuous moni-
toring of jugular bulb oxygen saturation
in comatose patients — therapeutic im-
plications. Acta Neurochir 134: 71-75
Bouma GJ, Muizelaar JP, Choi SC,
Newlon PG, Young HF (1991) Cerebral
circulation and metabolism after severe
traumatic brain injury: the elusive role
of ischemia. J Neurosurg 75: 685-693
Muizelaar JP, Marmarou A, Ward JD,
Kontos HA, Choi SC, Becker DP, Gru-
emer H, Young HF (1991) Adverse ef-
fects of prolonged hyperventilation in
patients with severe head injury: a ran-
domized clinical trial. J Neurosurg 75:
731-739

Cruz J, Miner ME, Allen SJ, Alves
WM, Gennarelli TA (1991) Continuous
monitoring of cerebral oxygenation in
acute brain injury: assessment of cere-
bral hemodynamic reserve. Neurosur-
gery 29: 743-749

63.

64.

65.

66.

67.

68.

69.

70.

71.

De Deyne C, Van AJ, Decruyenaere J,
Struys M, Colardyn F (1998) Jugular
bulb oximetry: review on a cerebral
monitoring technique. Acta Anaesthe-
siol Belg 49: 1-31

Maas Al, Dearden M, Teasdale GM,
Braakman R, Cohadon F, Iannotti F,
Karimi A, Lapierre F, Murray G, Oh-
man J, Persson L, Servadei F, Stocchetti
N, Unterberg A (1997) EBIC-guide-
lines for management of severe head in-
jury in adults. European Brain Injury
Consortium. Acta Neurochir 139:
286-294

Matta BF, Lam AM, Mayberg TS
(1994) The influence of arterial oxygen-
ation on cerebral venous oxygen satura-
tion during hyperventilation. Can J
Anaesth 41: 1041-1046

Solenski NJ, Haley ECJ, Kassell NF,
Kongable G, Germanson T, Truskowski
L, Torner JC (1995) Medical complica-
tions of aneurysmal subarachnoid hem-
orrhage: a report of the multicenter, co-
operative aneurysm study. Participants
of the Multicenter Cooperative Aneu-
rysm  Study. Crit Care Med 23:
1007-1017

Mayberg MR, Batjer HH, Dacey R, Di-
ringer M, Haley EC, Heros RC, Sternau
LL, Torner J, Adams HPJ, Feinberg W
(1994) Guidelines for the management
of aneurysmal subarachnoid hemor-
rhage. A statement for healthcare pro-
fessionals from a special writing group
of the Stroke Council, American Heart
Association. Stroke 25: 2315-2328
Fandino J, Kaku Y, Schuknecht B, Va-
lavanis A, Yonekawa Y (1998) Im-
provement of cerebral oxygenation pat-
terns and metabolic validation of super-
selective intraarterial infusion of papav-
erine for the treatment of cerebral va-
sospasm. J Neurosurg 89: 93-100
Macmillan CSA, Andrews PJD, Jones
PA, McKeating EG, Easton VJ, Ho-
wells TP (1998) Poor outcome associat-
ed with elevated jugular bulb saturation
in acute brain injury. Acta Anaesth
Scand 42: 603

Croughwell ND, White WD, Smith LR,
Davis RD, Glower DDIJ, Reves JG,
Newman MF (1995) Jugular bulb satu-
ration and mixed venous saturation dur-
ing cardiopulmonary bypass. J Cardiac
Surg 10: Suppl-8

Cook DJ, Oliver WCJ, Orszulak TA,
Daly RC (1994) A prospective, ran-
domized comparison of cerebral venous
oxygen saturation during normothermic
and hypothermic cardiopulmonary by-
pass. J Thorac Cardiovasc Surg 107:
1020-1028

72.

73.

74.

75.

76.

71.

78.

79.

80

81.

Chen CS, Leu BK, Liu K (1996) Detec-
tion of cerebral desaturation during car-
diopulmonary bypass by cerebral oxi-
metry. Acta Anaesth Sinica 34: 173-178
Von KG, Hanel F, Werner C, Am EJ
(1997) Jugular bulb oxygen saturation
and middle cerebral blood flow velocity
during cardiopulmonary bypass. J Neu-
rosurg Anesthesiol 9: 128-133

Kern FH, Ungerleider RM, Schulman
SR, Meliones JN, Schell RM, Baldwin
B, Hickey PR, Newman MF, Jonas
RA, Greeley WJ (1995) Comparing
two strategies of cardiopulmonary by-
pass cooling on jugular venous oxygen
saturation in neonates and infants. Ann
Thorac Surg 60: 1198-1202

Nakajima T, Ohsumi H, Kuro M (1993)
Accuracy of continuous jugular bulb ve-
nous oximetry during cardiopulmonary
bypass. Anesth Analg 77: 1111-1115
Trubiano P, Heyer EJ, Adams DC,
McMahon DJ, Christiansen I, Rose
EA, Delphin E (1996) Jugular venous
bulb oxyhemoglobin saturation during
cardiac surgery: accuracy and reliability
using a continuous monitor. Anesth An-
alg 82: 964-968

Takasu A, Yagi K, Ishihara S, Okada Y
(1995) Combined continuous monitor-
ing of systemic and cerebral oxygen me-
tabolism after cardiac arrest. Resuscita-
tion 29: 189-194

Zarzuelo R, Castaneda J (1995) Differ-
ences in oxygen content between mixed
venous blood and cerebral venous
blood for outcome prediction after car-
diac arrest. Intensive Care Med 21:
71-75

van der Hoeven JG, de KJ, Compier
EA, Meinders AE (1995) Early jugular
bulb oxygenation monitoring in coma-
tose patients after an out-of-hospital
cardiac arrest. Intensive Care Med 21:
567-572

. Robertson CS, Grossman RG, Good-

man JC, Narayan RK (1987) The pre-
dictive value of cerebral anaerobic me-
tabolism with cerebral infarction after
head injury. J Neurosurg 67: 361-368
Robertson CS, Narayan RK, Gokaslan
Z1L, Pahwa R, Grossman RG, Caram
PJ, Allen E (1989) Cerebral arteriove-
nous oxygen difference as an estimate
of cerebral blood flow in comatose pa-
tients. J Neurosurg 70: 222-230



