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REPORTS OF ORIGINAL INVESTIGATIONS

Internal jugular vein blood flow in the upright position during
external compression and increased central venous pressure: an
ultrasound study in healthy volunteers

Débit sanguin de la veine jugulaire interne en position debout
pendant une compression externe et augmentation de la pression
centrale veineuse : une étude échographique aupres de volontaires
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Abstract

Background External compression of the jugular veins is
an effective method to increase intracranial blood volume
and brain stiffness in rats and healthy volunteers. It has
been reported that, on assuming an upright posture,
cerebral venous drainage is distributed away from the
internal jugular veins (IJVs) to the cervical venous plexus,
causing complete collapse of the 1JV. If so, it is not clear
why external 1JV compression would increase intracranial
blood volume, but the latter is frequently observed in
neurosurgery in the sitting position. The aim of this study
was to observe the effect of external IJV compression and
the Valsalva maneuver on the change in IJV cross-
sectional area and 1JV flow in volunteers in the upright
posture.

Methods After Research Ethics Board approval, we used
ultrasound to evaluate both 1JV cross-sectional areas and
peak velocities in ten healthy volunteers in the sitting
position. With the volunteers breathing normally at rest, we
applied the Valsalva maneuver along with circumferential
supraclavicular compression of 15 mmHg. Imaging was
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performed at the level of the cricoid cartilage and at the
most superior level under the mandible. The 1JV flow was
calculated using the product of Doppler velocity and 1JV
cross-sectional area.

Results Flow was detected in both 1JVs of all subjects. The
median [interquartile range] cross-sectional area for the
right 1JV at the level of the cricoid was 0.04 [0.03-0.08]
cm’ (baseline), with collar 0.4 [0.2-0.6] cm’ (P = 0.003
compared with baseline). There were no significant
changes in the median blood flow.

Conclusions Compression of the internal jugular veins or
an increase in intrathoracic pressure does not reduce
venous drainage but actually may increase intracranial
venous volume.

Résumé

Contexte La compression externe des veines jugulaires est
une méthode efficace pour augmenter le volume sanguin
intracrdnien et la rigidité cérébrale chez les rats et les
volontaires sains. 1l a été rapporté que, en adoptant une
position debout, le drainage veineux cérébral est redirigé
des veines jugulaires internes (VJI) vers le plexus veineux
cervical, ce qui provoque un collapsus complet de la VJI
Si tel est le cas, nous ne savons pas pourquoi la
compression externe de la VJI augmenterait le volume
sanguin intracrdnien, mais on observe souvent ce
phénomene lors des cas de neurochirurgie en position
assise. L’objectif de cette étude était d’observer ['effet
d’une compression externe de la VJI et de la manceuvre de
Valsalva sur le changement d’aire de la section transverse
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de la VJI et le flot de la VJI chez des volontaires en position
debout.

Méthode Aprés avoir recu le consentement du Comité
d’éthique de la recherche, nous avons utilisé I’échographie
pour évaluer les aires de la section transverse et les
vélocités maximales de la VJI aupres de dix volontaires
sains en position assise. Alors que les volontaires
respiraient normalement au repos, nous avons appliqué
une manceuvre de Valsalva ainsi qu’une compression
supraclaviculaire périphérique de 15 mmHg. Nous avons
obtenu des images au niveau du cartilage cricoide et au
niveau le plus élevé sous la mdchoire inférieure. Le flot de
la VII a été calculé en utilisant le produit de la vélocité
Doppler et de I'aire de la surface transverse de la VJI.
Résultats Un flot a été détecté dans les deux VJI chez tous
les volontaires. L’aire de la surface transverse médiane
[écart interquartile] pour la VJI droite au niveau de la
cricoide était de 0,04 [0,03-0,08] cm? (valeur de base),
collet a 04 [02-06] cm® (P=0,003
comparativement a la valeur de base). Aucun
changement significatif n’a été observé en ce qui a trait
au flot sanguin médian.

Conclusion Ni la compression des veines jugulaires
internes, ni I’augmentation de la pression intrathoracique
ne réduit le drainage veineux, mais ces maneeuvres
pourraient en fait augmenter le volume veineux
intracrdnien.

avec un

Intracranial compliance is important in day-to-day life to
accommodate acute changes in cerebral blood volume from
each cardiac cycle, changes in venous outflow res.istance,1
and chronic changes in intracranial blood volume from
periodic hypercapnia (such as during sleep apnea). The
cerebrospinal fluid (CSF) is initially displaced into the
compliance of the skull® and spinal cord.'* Presumably, it
is the compliance (or capacitance)” that accommodates
some of the increased volume due to transient cerebral
edema or, more catastrophically, from intracerebral bleeds.
The traditional explanation for brain injury in closed head
trauma is due to exhaustion of the intracranial compliance.

An interesting additional mechanism of brain injury has
recently been proposed. Head trauma results in pressure
waves traversing the brain and reflecting inside the skull —
summing and cancelling as the wave paths cross. These
pressure waves give rise to shearing forces on the delicate
axons and dendrites causing widespread neuronal
disruptions. “Slosh” destabilizes a tanker truck with a
partially filled tank when it changes direction. For the
truck, the solution is to fill the tank. By analogy, it has been
suggested that “topping up” intracranial venous blood by
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applying gentle external compression on the internal
jugular vein (IJV) with a cervical collar decreases
compliance in the skull and could prevent slosh in the
brain. Furthermore, Hatt et al. have shown that, in supine
healthy volunteers, the blood distributed throughout the
brain due to IJV compression increases the viscoelastic
properties (i.e., its stiffness) of brain tissue in a nonlinear
fashion.* Although studies in rats>® were consistent with
the mechanism of injury and its mitigation by jugular
venous compression, it is not certain that jugular
compression will result in the intracranial blood retention
required to protect against slosh in upright humans.

Cerebral venous blood flows from the superior sagittal
and straight sinuses via the transverse and sigmoid sinuses
into the IJVs and subsequently drains into the superior vena
cava via the brachiocephalic vein.”® In the supine position,
the IJVs represent the main cerebral venous outflow.’
When upright, the alternate venous drainage pathway
through the vertebral venous plexus predominates. This
venous network courses along the spinal cord and
ultimately drains into the inferior vena cava.”® Indeed, it
has been claimed that, in the upright posture, flow is
redirected from the IJV to the cervical venous plexus and
often ceases entirely in the IJV.° In this case, IJV
compression would not cause a backup of blood and an
increase in intracranial venous volume.

On the other hand, our experience as anesthesiologists
suggests otherwise.'” The head-up positions were
commonly used in neurosurgical procedures as they
facilitated brain relaxation and minimized venous
bleeding due to reduced venous pressure. It has been
frequently observed that, in this setting, jugular venous
compression or kinking of the vein by turning the head
increases cerebral venous engorgement.'’

The objective of this study was to examine 1JV blood
flow in healthy volunteers using two-dimensional (2D)
echography and Doppler in the sitting position during a
Valsalva maneuver and application of IJV external
compression. Our hypothesis was that IJV blood flow
continues while sitting and that circumferential
supraclavicular IJV pressure and the Valsalva maneuver
would result in progressive cephalad IJV filling.

Methods
Participants

This study was approved by the Institutional Research
Ethics Board at the University Health Network, Toronto.
The inclusion criteria were healthy adult volunteers > 18 yr
of age with a body mass index of < 35 kg-m~? Twelve
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subjects (four female) provided informed consent for the
study.

The volunteers were kept comfortable in the sitting
position. The cricoid cartilage (representing the C6 level)
was used as a landmark. A horizontal straight line drawn
across the volunteer’s neck at the cricoid level and
intersecting the IJV on both sides of the neck marked the
initial scanning points.

The second scanning point was along the IJV at the
highest accessible point on the neck.

Internal jugular vein cross-sectional area and blood
velocity were measured using 2D ultrasound and Doppler
(Philips CX50, Andover, MA, USA), respectively, with a
12-3 MHz transducer (Philips L12-3, Andover, MA, USA).
The IJV cross-sectional area was obtained by manually
using the ultrasound caliper to trace the circumference of
the IJV. Velocities of IJV flow were measured using
pulsed-wave Doppler and angle correction (Fig. 1).
Extrinsic venous compression was controlled by
measuring through a large bead of ultrasound gel to
avoid, as much as possible, contacting the skin with the
ultrasound transducer. The IJV measurements were
obtained at the end of inspiration. The IJV flow was
calculated using the following equation:

Flow (mL-min~') = Cross-sectional area
Doppler velocity (cm-sec™') x 60 sec-min™".'?

Measurements of the participants’ right and left IJVs
were taken in accordance with the following conditions:

(cm2) X

e normal breathing at rest
e during the Valsalva maneuver

PW

3.3 MHz
Gn 50

2.0 cm
Angle 60°
Fltr SOHZ
35 mm/s

WW ’(!AM !M \

e with standardized external compression of both IJVs

During the Valsalva maneuver, the volunteers were
instructed to inspire deeply and expire forcefully through a
closed glottis for 30 sec. Compression was achieved with a
band incorporating two rectangular sponge pads (2 cm x 3
cm) designed to fit over the IJVs. A 100-mL saline bag
attached to a calibrated pressure transducer (TruWave;
Edwards Lifesciences, Irvine, CA, USA) was placed at the
back of the volunteer’s neck, and the transducer was
positioned at the level of the pad. The band was tightened
by traction of the elastic strap leveraged over a buckle until
the pressure read 15 mmHg. The strap was then fixed in
place by engaging it with the Velcro burrs on the band
(Fig. 2).

Data collection and statistical analysis

The data were entered and analyzed using Microsoft Excel
(Microsoft Inc., Redmond, WA, USA). Continuous
variables were summarized as mean (standard deviation
[SD]) or median [interquartile range (IQR)]. Comparisons
of the cross-sectional area, peak velocity, and flow
measurements at rest, during Valsalva maneuver, and
application of the cervical collar were made using the
paired Student’s ¢ test, the Wilcoxon test, or the Mann-
Whitney U test as appropriate.

Results with P value < 0.05 were considered statistically
significant.

'”'l 'h ‘ﬂ\wéw"u ,\"’il-ﬁ

Fig.1 Assessment of internal jugular venous flow in a subject in the sitting position. A) Cross-sectional area at the cricoid level. B) Colour flow
Doppler in the long-axis view and positioning of the pulsed-wave Doppler sample volume. C) Spectral Doppler trace
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Fig.2 Compression band positioned and tension set at 15 mmHg
transduced pressure

Results

Two subjects (one male and one female) were eliminated
for poor compliance to neck strap and inability to maintain
prolonged Valsalva maneuver. The Table summarizes the
comparisons of IJV cross-sectional areas, peak velocities,
and flows in the sitting position at rest and with application
of the cervical collar. At rest, flows and cross-sectional
areas were measured in both” the right and left IJVs. After
application of the cervical collar, there was a significant
increase in the median cross-sectional areas of both IJVs;
however, there was no significant change in the median
blood flow in the right IJV. Similarly, the difference in
median blood flow in the left IJV at rest and with collar
application was not substantive. The mean (SD) collar
pressure was 15 (1.2) mmHg.

During the Valsalva maneuver, there was an increase in
the median cross-sectional area of both the right and left
Iv.

Discussion

This study addresses some uncertainties about the effect of
circumferential neck compression on cranial venous
outflow in the upright posture. Whereas it was not clear
to what extent, if at all, the IJVs continue to drain the
intracranial venous return in upright humans, our study
showed that IJV flow continued in both IJVs in all subjects.
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This indicates that the maintenance of IJV flow is common
rather than exceptional. Indeed, this novel study shows that
moderately increasing IJV outflow resistance in the upright
posture causes the blood to back up cephalad of the
resistance — distending the IJVs. We ascertain that, having
done so, the pre-occlusion IJV flow was restored,
indicating the re-establishment of increased brain
stiffness and a greater hydrostatic pressure gradient.*
Continued flow of at least part of the venous return from
the brain via the IJV (as opposed to complete diversion to
cervical plexus) is crucial to maintaining brain stiffness.*

The Valsalva maneuver also expanded the IJV. This is
often attributed to extending an increase in central venous
pressure up the IJV.'? Nevertheless, intrathoracic pressures
would not be transmitted to the brain in the presence of
competent 1JV valveslo’m’lﬁ; rather, it is evidence of
continuous IJV flow and filling from above.

Based on previous literature, the effect of posture on
cerebral venous drainage has been controversial. In the
supine position, 74-95% of the cerebral venous blood
drains through the IJVs.”'”'® A change in posture from
supine to sitting results in a redistribution of venous
drainage from the IJVs to alternative extra-jugular venous
pathways.”'""'” As well, the increased drainage of blood
reduces the superior venous sinus and CSF pressure, often
below atmospheric pressure, and the internal jugular veins
collapse, acting like Starling resistors.'>'® Valdueza er al.’
used Doppler ultrasound in the upright posture and reported
a 50% reduction in venous flow and a marked 90%
redistribution of flow away from the IJV. With a 15° head-
up tilt, two of 23 subjects showed no flow in the IJ'V, and at
a 90° tilt, 9/23 subjects showed no flow. In contrast,
Alperin et al.'” used much more accurate and reproducible
magnetic resonance imaging (MRI) methods and found
that only approximately 50% of IJV flow shifts away from
the 1JVs. Still, they found complete collapse of the IJV in
the smallest (non-dominant) vein in 5/10 participants (and
bilateral collapse in only 3/10). More recently, Ciuti ez al.'®
used more accurate and sensitive ultrasound sensors and,
taking care to transduce through generously applied gel and
to avoid any pressure on skin, they observed that the 1JVs
are not only “rarely occluded” but they conduct about a
third of venous return.”'” Our results are consistent with
this latter study. We detected 1IJV flow bilaterally in all ten
subjects. The median IJV flow was considerable at ~200
mL-min~' (compared with 70 mL-min~" for Valdueza
et al.’ 300 mL-min~! for Alperin et al.,'” and 100
mL-min~! for Ciuti er al.).'®

An important observation by Alperin er al.'” was the
increase in intracranial compliance on assuming the erect
posture. This increase in compliance and reduction in
intracranial pressure is based on a reduction in blood
volume of only a few milliliters, yet it is associated with a
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Table Comparisons of bilateral internal jugular vein cross-sectional area, peak velocity, and flow in the sitting position at rest and with

application of the cervical collar (n = 10)

Right Internal Jugular Vein

Left Internal Jugular Vein

Rest Collar* P value Rest Collar* P value
Cross-sectional area at C6 (cm?) 0.04 [0.03-0.08] 0.4 [0.2-0.6] 0.003 0.07 [0.05-0.13] 0.35[0.17-0.44] 0.04
High cross-sectional area (cm?) 0.04 [0.02-0.06] 0.21 [0.17-0.30] < 0.001 0.05 [0.03-0.09] 0.13 [0.11-0.15] 0.002
Peak velocity (cm-sec™ ) 70 [9-116] 17 [10 -22] 0.16 30 [22-47] 12 [5-16] 0.03
Flow at C6 (mL-min™") 193 [50-491] 349 [262-488] 0.27 113 [93-323] 183 [78-389] 0.88
Flow at high cross-sectional area (mL-min~ 1) 121 [23-328] 236 [114-503] 0.27 105 [38-170] 889 [36-206] 0.88

Data are presented as median [interquartile range]. *Mean (standard deviation) collar pressure is 15 (1.2) mmHg

marked reduction in intracranial pressure (2.4 times) as
well as in venous and CSF pulsatility. In normal day-to-day
life and under all normal activity, this increase in
compliance does not cause any health concerns.

Recently, new considerations of intracranial compliance
have been added to those of surgical positioning. Head
trauma and explosive blast waves result in displacement of
the brain relative to the skull (“rattle”) and in conduction of
energy in the form of waves through the brain parenchyma,
i.e., “slosh”.’ In slosh, pressure waves traverse the brain,
CSF, and blood. This generates shearing forces and results
in widespread diffuse damage to neurovascular structures.
Smith et al.” showed that applying a collar to lessen
intracranial venous outflow reduces intracranial compliance
and thereby reduces the damage from rattle (i.e., the coup
and contrecoup injuries) and slosh in a rat traumatic brain
injury model. Nevertheless, if the [JVs are indeed collapsed
and have no flow in an upright posture, it would be pointless
to obstruct the IJVs to reduce cerebral compliance. Toung
et al. studied the effects of IJV pressure on cerebral venous
pressure in dogs in the vertical position.'” They found that
40 mmHg of circumferential pressure on the IJVs
established a continuous fluid column to the cerebral
veins, which increased and sustained venous pressure over
atmospheric pressure for the duration of the inflation (20
min). All conditions reverted to baseline when the
tourniquet was released. Our study provides some
optimism with respect to use of external IJV compression
in humans. We showed IJV flow in all of our subjects, as did
Ciuti er al."® Compared with the use of a circumferential
tourniquet, our obstructing band exerted only 15 mmHg of
pressure focused over each IJV. It nevertheless increased
the cross-sectional areas of the IJV cephalad to the
obstruction. This implies filling from above, as the
pressure at the root of the neck and the valves in the
lower part of the IJVs prevented filling from below. This is
consistent with our finding of persistent flow in the IJV at
rest. With compression, the IJVs must fill before the
hydrostatic pressure is reflected into the skull. The volume
of the IJV above the compression is about 6 mL."

Assuming the flow of 200 mL-min~! found in this study,
it would take about two seconds to fill and encroach on
intracranial compliance.

One of the limitations of our study is the small sample
size. The inconsistencies in the observations of 1JV flow
under sitting/standing conditions may be related to
differences in opening pressures of the venous systems in
the neck. When venous distending pressure is less than the
opening pressure (e.g., in the standing position), the 1JVs
collapse. Hatt er al.* showed increased stiffness with
jugular venous resistance, but the subjects were supine.
With respect to protection from traumatic brain injury, we
do not have access to an upright MRI unit and were
therefore unable to measure intracranial compliance.
Nevertheless, as mentioned above, studies in dogs15 and
in humans with open crania'® confirm brain hyperemia
with IJV compression in upright humans. We can therefore
only assume that this would reduce compliance, increase
stiffness, and minimize slosh and the accompanying brain
injury.?°

We made only one measurement for all required
parameters, and this may have reduced the reliability of
the data. Nevertheless, it would not have changed the
general conclusions regarding the main observations
reported in the study—i.e., upright posture and its effect
on the patency of the IJV, development of a blood column
and its effect on increasing the resistance of outflow, and
the persistence of centripetal flow. We used a custom-made
collar and arbitrarily chose 15 mmHg as the representative
pressure that compressed most IJVs and was accepted as
comfortable by all our subjects. In our view, the scientific
principles deduced from a pressure of 15 mmHg will apply
to a lesser or greater degree with IJV pressures of 10-20
mmHg.

Conclusions

Notwithstanding substantial venous return from a cervical
plexus of veins, in the upright posture, the IJVs are patent
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in most, if not all, healthy people and have persistent
centripetal flow. In the upright posture, outflow resistance
due to external compression or increased central venous
pressure may increase intracranial venous volume, increase
brain stiffness, and reduce intracranial compliance.
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