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Continuous jugular venous oximetry in the
neurointensive care unit — a brief review

[L’oxymétrie continue de ln veine jugulaive a Punité des soins intensifs

neurologiques — une breve revue |

Hayden White rcp(sA), Andrew Baker MD FRCPC

Purpose: To describe the technique of continuous jugular venous
oxygen saturation (§)VO,) monitoring and review its applications in
the neurointensive care unit (NICU), with special reference to the
management of raised intracranial pressure (ICP) following severe
acute brain injury.

Source: This narrative review is based on a selection of current lit-
erature on $}VO, monitoring in conjunction with local experience
using this technique.

Principal findings: Despite limitations, the use of SVO, monitor-
ing has the potential to impact on patient care in the NICU. The
placement of the catheter is relatively simple. Studies have con-
firmed that abnormalities in cerebral venous oxygen saturation are
associated with adverse outcome following traumatic brain injury.
There is evidence that VO, may be a useful adjunct to ICP mon-
itoring of patients with intracranial hypertension. Furthermore,
managing cerebral extraction of oxygen in conjunction with cerebral
perfusion pressure may result in an improved outcome. Further
research in this area is needed. Other indications for SVO, moni-
toring include subarachnoid hemorrhage, cardiopulmonary bypass
and following ischemic stroke.

Conclusion: In the past, the management of severe acute brain
injury was targeted at ICP and perfusion pressure with little consid-
eration for the metabolic requirements of the injured brain. SVO,
monitoring is another tool the intensivist can use to obtain informa-
tion about the global oxygen requirements of the injured brain on
a continuous basis. Whether this will impact on care in the long
term remains to be seen.

Objectif : Décrire le monitorage continu de la saturation en oxygene
de la veine jugulaire (S0,Vj) et revoir son application & I'unité des soins
intensifs neurologiques (USIN) en évoquant spécialement le traitement
de I'hypertension intracrdnienne (HTIC) faisant suite a une sévere
Iésion cérébrale aigué.

Source : La revue narrative repose sur une sélection d'articles récents
sur le monitorage de la SO,Vj en conjonction avec une expérience
locale d'utilisation de cette technique.

Constatations principales : Malgré certaines limites, I'utilisation
du monitorage de la SO,Vj peut influencer les soins données a I'USIN.
La mise en place du cathéter est relativement simple. Des études con-
firment que des anomadlies de la saturation en oxygéne du sang
veineux cérébral sont associées a des complications suivant une lésion
cérébrale traumatique. Il y a des indications a I'usage de la SO,Vj
comme auxiliaire utile au monitorage de la PIC des patients souffrant
d'hypertension intracrdnienne. De plus, le contrble de I'extraction
cérébrale d’oxygéne en conjonction avec celui de la pression de perfu-
sion cérébrale pourrait améliorer I'évolution. Il faut toutefois poursui-
vre les recherches dans le domaine. D'autres indications pour le mon-
itorage de la SO,Vj comprennent I'hémorragie sous-arachnoidienne, la
circulation extracorporelle et les suites d'un accident ischémique
cérébral.

Conclusion : Dans le passé, le traitement d’'une sévére lésion
cérébrale aigué ciblait la PIC et la pression de perfusion et attachait
peu d’importance aux besoins métaboliques du cerveau lésé. Le moni-
torage de la SO,Vj est un autre outil que les intensivistes peuvent utilis-
er pour obtenir, en continu, de I'information sur les besoins globaux en
oxygene du cerveau lésé. Il reste a déterminer si la technique influ-
encera les soins d long terme.

HE past decade has seen a resurgence of
interest in neurocritical care. Until recently,
management of severe acute brain injury
has been directed almost solely at intracra-
nial pressure (ICP) and cerebral perfusion pressure
(CPP). With newer technologies, it is now possible to
assess the injured brain from a metabolic perspective,
and thus raise the prospect of making important inter-
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ventions. The brain is thought to depend entirely on
oxygen to fulfill its energy needs and is the rationale
for the observation that cerebral tissue is highly sus-
ceptible to oxygen deficits. In turn, oxygen delivery is
dependent on cerebral blood flow (CBF), and
although it is highly regulated in the healthy individ-
ual, injury often leads to a loss of blood flow regula-
tion. It would therefore be useful to have a measure of
the cerebral oxygen deficit. While several techniques
are available, among the most extensively investigated
is the measurement of jugular venous oxygen satura-
tion (§jVO,). The difference between the venous and
arterial oxygen saturation is used to interpret the cere-
bral oxygen requirements and to guide therapy.
Whether this leads to improved outcome is not known
at present.

Pathophysiology of SjVO, monitoring
SjVO, monitoring provides a means of indirectly
assessing the brain’s ability to extract and metabolize
oxygen. Cerebral oxygen delivery (DO,) is the prod-
uct of CBF and arterial oxygen content. In the healthy
individual, the cerebral metabolic rate (CMRO,) is
coupled to CBF such that when CMRO, increases,
CBF increases to match demand. The extraction ratio
between arterial and venous blood remains constant.
This is not the case in patients with head injury in
whom 50% or more exhibit evidence of defective cere-
bral autoregulation and subsequent uncoupling of
CBF from CMRO,.!

By the Fick principle cerebral oxygen consumption
can be calculated:

CMRO, = CBF x (arterial O, content - jugular
venous O, content);

Where:

CaO,(CvO,) = (Hb x % saturation x 1.34) +
(arterial or venous O, tension x 0.003).

As dissolved oxygen is negligible and can be
ignored and since hemoglobin is constant, the content
of oxygen is really proportional to the saturation and
therefore the difference in arterial-venous (A-v) con-
tent of blood can be determined by the difference in
Sa0, and §jVO,.

SjVO, is therefore a function of the arterial oxygen
saturation, CBF and CMRO,,. In the situation where
CMRO, increases without a concomitant increase in
CBF, the A-vO, difference will rise in conjunction
with cerebral oxygen extraction. This leads to a
decrease in oxygen content or saturation of the venous
effluent from the brain. As long as hemoglobin and
arterial saturation remain constant, the SjVO, is an
indicator of cerebral oxygen demand.?
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§jVO, catheter

Catheter insertion

The internal jugular veins drain virtually all of the
blood from the brain. In most individuals the right lat-
eral sinus is the larger of the two. It is unclear as to
whether sufficient mixing of venous blood occurs to
ensure that the oxygen saturation in the two sinuses is
similar. Autopsy specimens have revealed that blood
draining the subcortical areas tends to flow into the
left lateral sinus while the cortical areas drain via the
right.>* Several small series have examined the rela-
tionship between side of catheter insertion and venous
oxygen saturation.>® Most found similar saturations
from both internal jugular veins, although it would
appear that this might only be true in the case of dif-
fuse cerebral injury.” It is likely however, in patients
with focal disease i.e., stroke or unilateral hemorrhage,
that there would be a greater difference between the
two sinuses.® The question therefore is: given that
SjVO, is supposed to be representative of the global
oxygen consumption by the brain, on which side
should the catheter be inserted?

As the flow in the jugular veins is not the same, it
would seem logical to insert the catheter into the vein
with the greatest flow. There are several methods by
which this can be accomplished. The first is purely
functional where each jugular vein is compressed in
turn and the catheter inserted into the vein with the
largest rise in ICP following this manoeuver.? The sec-
ond uses the admission computer tomography scan to
assess the jugular foramina and assumes that the larg-
er must have the greater flow.® The third uses ultra-
sound to visualize the dominant vein. None of these
procedures has been studied in a controlled way and
there is no evidence that the side of insertion is asso-
ciated with better clinical outcome. Some advocate
inserting the catheters into the side of injury but this
is controversial.”

Equipment

During the early 1900’s, the jugular bulb was pierced
directly to obtain cerebral venous oxygen saturation.
Later, permanent catheters were inserted high in the
internal jugular vein. This allowed repetitive sampling
of §jVO, without repeated needle punctures. More
recently, fibreoptic technology has allowed the devel-
opment of iz vivo spectrophotometric catheters. The
catheters commonly available in North America
include the Oximetrix 3® system from Abbott
Laboratories (Illinois, USA) and the Edslab system
from Baxter Healthcare® (Irvine, California, USA).!0
Although the systems are similar, the Oximetrix 3 has
the advantage of using three light wavelengths allow-
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ing measurement of both the hemoglobin concentra-
tion and oxygen saturation. With the Edslab system,
the hemoglobin has to be entered manually. In gener-
al, both units appear to have equivalent sensitivity and
specificity. Although the Oximetrix 3 can be calibrat-
ed prior to insertion, it is recommended that they
undergo # vivo calibration at least daily and when the
saturation readings are in question.

Catheter placement

The technique for retrograde cannulation of the inter-
nal jugular is relatively simple. The patient is positioned
either horizontally or in a slight head down position.
Care should be taken not to allow the ICP to increase
above 20 mmHg. The internal jugular vein is cannulat-
ed in the cephalad direction, either distally between the
heads of the sternocleidomastoid or more proximally, at
the level of the cricoid ring. The Seldinger technique is
used and a pediatric introducer with a luer lock adapter
is inserted. The fibreoptic catheter is then advanced
through the introducer to the jugular bulb, approxi-
mately at the level of the mastoid process.

Once the catheter is inserted, it is critical that the
correct position be attained in order to limit the conta-
mination from extra cerebral blood. Although, this is
thought to represent only 3% of the blood in the jugu-
lar vein, there are anecdotal reports of far greater cont-
amination.!! The catheter should sit as close to the roof
of the jugular bulb as possible. Even a 2-cm difference
can lead to as much as 10% contamination. This rises
exponentially as the tip is withdrawn further. The posi-
tion of the catheter tip can be confirmed by either a lat-
eral or an antero-posterior (AP) neck radiograph.!? On
the lateral film, the catheter tip must be above the disc
of C1/C2 and as close to the skull base as possible
(Figure 1). On AP view, a correctly placed tip should lie
cranial to a line extending from the atlanto-occipital
joint space and caudal to the lower margin of the orbit.
The catheter tip should also lie cranial to a line con-
necting the tips of the mastoid processes.

Other modalities for measuring cevebral oxygen
reqUITEmMents

The accuracy of the S§jVO, monitor has been compared
to other modes of intracerebral oxygen monitoring.
The possibility of using systemic mixed venous oxy-
genation as a surrogate of S$jVO, has been studied.®
Given that the brain receives 15% of cardiac output and
that the extraction of oxygen is more efficient, it seems
illogical to compare SjVO, to systemic venous satura-
tion. Near-infrared spectroscopy has been used to mea-
sure local oxygenation in the brain.!® It has several
limitations, which include technical difficulties associat-
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FIGURE 1 Lateral neck radiograph demonstrating catheter tip
position (black arrow).

ed with the optimum path length and distortion by
extracellular tissue. A more invasive technique for mea-
suring local oxygen levels is the use of intraparenchymal
microcatheters. Although they give an accurate mea-
surement of local conditions, the correlation with glob-
al cerebral oxygen levels is less clear. Gopinath
compared brain tissue oxygen PaO, levels with §jVO,
and noted that they provided complementary informa-
tion and that neither technique alone identifies all
episodes of ischemia.'* Furthermore, it was clear that
tissue PaO, monitors tend to reflect local rather than
global conditions.!® It could be argued that, as they
measure different areas of the brain, both tissue probes
and §jVO, catheters should be used.

Interpretation

The monitoring of cerebral venous oxygen saturation
is an integral part of multimodality monitoring fol-
lowing acute brain insult. Together with ICP, arterial
pressure, transcranial Doppler (TCD) and evoked
potentials, SjVO, can be used to assess the impact of
various interventions on cerebral metabolism.!®17
Normally, if DO, decreases, the oxygen extraction
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ratio increases and SjVO, will decrease acutely. This
leads to an increase in CBF resulting in an improved
oxygen delivery. When autoregulation is intact, meta-
bolic requirements would be re-established and the
oxygen extraction ratio would decrease again. In the
setting of brain injury however, autoregulation may be
dysfunctional and therefore unable to compensate for
the changing oxygen requirements.'® If the desatura-
tion is not identified and managed appropriately, per-
manent brain damage may result.!” There is evidence
that early insertion of catheters is associated with an
improvement in outcome.!?

Normal values

Studies in healthy individuals suggest that normal
SjVO, values range somewhere between 55% and
71%.29-2! This is lower than mixed venous oxygen sat-
uration and reflects the increased oxygen require-
ments of the normal brain. Whether this is true for
patients with cerebral injury is not clear. Healthy vol-
unteers are able to tolerate fairly low levels of venous
oxygen saturation before neurological deficits become
apparent. This is not the case in patients with head
injury in who desaturation is associated with a wors-
ened outcome.'??? In fact, a single episode of desatu-
ration below 50% is associated with a doubling of the
mortality rate.?! Even in patients undergoing elective
cardiovascular surgery, venous oxygen saturations
below 50% are associated with an increase in the inci-
dence of neurological complications.?? Current rec-
ommendations are to maintain the SjVO, between
55% and 75% to allow for a margin of error.

The accuracy of §jVO, measurement may be affect-
ed by a variety of factors including hemoglobin con-
centration, systemic arterial oxygen saturation, core
temperature and CO, levels. For this reason, many now
use other measures of oxygen utilization to comple-
ment SjVO,.2 These include the cerebral arterial-
venous oxygen saturation difference and lactate-oxygen
index. The latter has been used extensively in the study
of cerebral metabolism.!?

Decreasing SjVO, (Figure 2)

A decrease in the §jVO, represents an increase in cere-
bral oxygen extraction. In acute brain injury, this may
result from systemic hypoxia, low CBF secondary to
hypotension or vasospasm or increased ICP with a
subsequent decrease in CPP.>?? Factors that increase
cerebral oxygen demand such as seizures or pyrexia
may also play a role. In the setting of decreased SjVO,,
it is necessary to determine which of the above play a
role and to treat accordingly.?* In a study of over 100
patients admitted to an intensive care unit after trau-
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FIGURE 2 Interpretation and management of an abnormal
SjVO,. HTS = hypertonic saline.

matic brain injury (TBI), Gopinath et a/. demonstrat-
ed that multiple episodes of low S§jVO, were associat-
ed with poorer outcomes than patients who had only
one or no desaturations.?’

Increasing SjVO, (Figure 2)

The interpretation and management of increased
SjVO, can be potentially more challenging. One pos-
sibility is that the patient is experiencing abnormally
high blood flow to the brain secondary to the loss of
autoregulation. A more sinister situation is where the
brain tissue is unable to extract oxygen from the blood
or where the ICP is so high that blood is effectively
shunted past the capillary beds leading to arterial
blood in the venous system and focal ischemia. High
SjVO, values have also been associated with poor out-
comes.?® A recent study by Cormio ez al. confirmed
this observation and further subdivided outcome
based on whether the high S§jVO, was a reflection of
hyperemia or a decreased CMRO, with the latter asso-
ciated with a worse result.?

2
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Clinical applications

TBI

Many cases of severe acute brain injury admitted to the
neurointensive care unit result from trauma. Early inser-
tion of §§VO, monitors has been recommended follow-
ing TBI as the first 12 hr postinjury are often associated
with a decrease in cerebral perfusion.' Vigue et al.
showed that CPP correlates fairly well with cerebral
SjVO, monitoring and as such, should be optimized to
ensure that cerebral metabolic requirements are
met.2628 In a study of 150 patients with severe head
trauma De Deyne found that 38% experienced desatu-
rations during the first 12 hr. The cause in half the
patients was a low mean arterial pressure (MAP) while
a low PaCO, was observed in the remainder." Several
authors have demonstrated an association between
cerebral oxygen desaturation and poor neurological
outcome. In a recent study of 50 trauma patients,
SjVO, desaturation was the only factor associated with
outcome.?” In another study the percentage of patients
with a poor neurological outcome was 90% with multi-
ple episodes of desaturation compared to 55% in
patients with no episodes of desaturation.? Further tri-
als are necessary to confirm the benefit of §jVO, tar-
geted therapy in the first 24 hr post TBI.

In addition to confirming the deleterious effects of
low CPP, §jVO, can be used to monitor interventional
therapies. The use of mannitol is common in the setting
of cerebral edema and raised ICP.28 There is some evi-
dence that mannitol may initially reduce cerebral oxy-
genation. This can be detected by the use of the §VO,
monitor. Hyperventilation has been used to rapidly
decrease ICP in patients with intractable intracranial
hypertension. The danger exists that the PaCO, is
decreased to the point where cerebral oxygenation may
be compromised. Indeed, the Brain Trauma
Foundation recommends maintaining PaCO, between
30-35 mmHg.?° Approximately 20% of patients with
intracranial hypertension have a mismatch of CBF to
metabolism where blood flow outstrips cerebral meta-
bolic requirements. Hyperventilation in this group may
lower blood flow and improve intracranial hyperten-
sion. Cruz investigated this so-called flow-metabolism
coupling. In a study of 353 adults with severe acute
brain injury, he compared therapies directed at cerebral
extraction of oxygen and CPP as compared to manage-
ment of CPP alone. The study demonstrated a signifi-
cantly better outcome in the cerebral oxygen extraction
group as compared to controls.3* §jVO, monitoring is
able to assist in identifying the threshold where further
reductions in PaCO, could lead to cerebral ischemia.?!

Due to the lack of well-designed controlled trials,
treatment management of TBI often depends on the
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philosophy of individual centres.3? The Brain Trauma
Foundation Guidelines do not review the use of the
SjVO, monitor, but there is a suggestion that this tech-
nique may be useful in guiding second tier therapy in
cases of refractory ICP.?** The European Brain Injury
Consortium guidelines do not review the §jVO, moni-
tor®3 and the Italian Society for Anaesthesia, Analgesia,
Reanimation and Intensive Care provide suggested cri-
teria for its use.3* Despite this lack of consensus, many
centres in North America and abroad routinely insert
these catheters.>3®

Other
More recently, the use of SjVO, monitors during car-
diac surgery with cardiopulmonary bypass has been
explored.®® Although the SjVO, does not change dur-
ing the initiation phase of normothermic CPB, the
potential for marked desaturation is present during the
rewarming phase.?” Desaturation appears to be associat-
ed with low MAP, low hematocrit and rapid rewarming.
It is now possible to assess the influence of the various
warming and cooling techniques on cerebral oxygena-
tion.? Although the optimum level of SjVO, in this
group is unclear, several studies have indicated that a
saturation of less then 50% is associated with increased
mortality and poor neurological outcome.® It should
be noted that it has yet to be shown whether the
catheters used for continuous monitoring are accurate
at low temperatures (< 32°C).%0

SjVO, has been measured after cardiac arrest and an
association found between high saturations and death.*!
Whether this reflects the inability of the neurons to
extract oxygen is not known. $jVO, monitoring follow-
ing subarachnoid hemorrhage is under investigation.*?
The use of TCD to diagnose vasospasm has become
fairly commonplace. One of the difficulties with the
TCD is distinguishing hyperemia from vasospasm.*?
The management of these two conditions is markedly
different. The S§jVO, may be used in this setting, as
patients with hyperemia would demonstrate markedly
increased venous oxygen saturation while in severe
vasospasm, the saturation would be decreased. There is
no outcome data for this technique.

Conclusion

SjVO, monitoring is only one of many new approach-
es to cerebral monitoring. Other recently described
techniques include cerebral tissue oxygen monitoring,
microdialysis and near infra-red spectrophotometry.
Whether metabolic monitoring will have an impact on
outcome remains to be seen. As discussed, the accura-
cy of the §jVO, can be influenced by various technical
factors and these need to be addressed before any con-
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sideration is given to altering management. Although
we are unable to influence the primary cerebral insult
following acute brain injury, much morbidity can
potentially be avoided by limiting the secondary brain
injury that occurs in the intensive care unit.** As with
any monitoring technique the information is only as
good as the clinician’s ability to interpret it. With more
understanding and greater use, SjVO, monitoring has
the potential to complement our current management
protocols and possibly improve patient outcomes.
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