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The accuracy and stability of the oxygen
electrode were periodically tested against
known concentrations of oxygen. When cali-
brated with zero gas and 100 per cent O.,
the oxygen electrode deviated less than 4 mm
Hg from a linear relationship in the inter-
mediate P, range.

ResuLTs

The results are summarized in figure 1. The
regression equation was

Prg,cale = 1.0028 Pro,0v* + 0.4044

where P1y*>* is the measured Po, and Pro ¢
is the Py, calculated from the barometric pres-
sure and dial setting on the MA-1. The re-
gression equation has a slope very close to one
and a y intercept a fraction from zero. The
correlation coefficient of 0.9988 is statistically
significant at 0.0001 level. The largest dis-
crepancy bet\veen calculated and observed
P1p, values was 25 mm Hg.

Discussiox

A discussion of the mechanism of the MA-1
regulator is impossible at this time, as the
company has not released this information.

Evaluation of External Jugular Venous Pressure as
a Reflection of Right Atrial Pressure

Rosert K. StoELTING, M.D.°

Central venous pressure (CVP) is a valu-
able monitor, but the best approach for place-
ment of the measuring catheter in the central
venous circulation is unsettled. Subclavian -2
and femoral -2 vein catheterization are asso-
ciated with significant hazards. Attempts to
pass catheters into the superior vena cava
from an external jugular® or antecubital*-+
vein are often unsuccessful. A peripheral ve-
nous pressure that accurately reflected right
atrial or central venous pressure would avoid
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However, as is evident from figure 1, the cal§
culated Pig, values corresponded accumt‘e!yE
to those observed, the regression line approxi-g’
mating very closely the ideal line. The dml%
setting of the Bennett MA-1 ventilator, there-_h
fore, is accurate within the commonly used°
range from 20 to 200 per cent oxygen. Bl

The observed Plp,s appear smaller thnn‘.c
the calculated P1o,’s when the oxygen concen-§
tration is increasing, but greater when it 1s§’,
decreasing. This may reflect the transxentﬂ
state of the inspired oxygen change, the finald
concentration having not been achieved at the:r
end of the 3-6-minute period. Though not¥
detected, a play in the dial may induce a8
similar error.
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these problems. This study compares periph-Q
eral venous pressures measured in an &Ktemnlo
jugular vein with those pressures measured i n'L!3
the right atrium via a catheter in an internalS
jugular vein.

MEeTHODS

Sixteen anesthetized patients whose tracheas S
were intubated were studied at the conclusion 2
of elective operations. A 3-cm Teflon cathe-
ter f was placed percutaneously in either ex—&
ternal jugular vein. The right internal jugular
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Fic. 1. Typical mean venous pressure recordings from a single patient. During controlled
respiration (upper funels) there was greater variation of right atrial pressure with the venti-
k pressure was nearly identical to that in the external jugular vein. This

Iator cycle but peal

variation was d d with

jon (lower panels) and venous pressures

from the two sites were nearly identical.

vein was catheterized percutaneously in the
same patient using a2 30 cm Teflon catheter.}
A postoperative chest x-ray confirmed the
right atrial position of the longer catheter.
Respiration was controlled with a volume ven-
tilator. Mean venous pressures were recorded
from each catheter in succession by using a
single transducer and turning the appropriate
three-way stopcock. Spontaneous respiration
was then allowed to resume and venous pres-
sure measurements were repeated while the
patient was still attached to the anesthesia
circuit.

Blood samples were drawn from each ve-
nous catheter and an indwelling radial artery
catheter simultaneously during controlled and
spontaneous respiration for Py, and Pgo. de-
terminations.

ResuLTs

Maximum venous pressures measured in the
external jugular vein during controlled respira-
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The large amplitude deflections during spontancous
respiration represent phasic venous pressure recordings.
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tion and corresponding to end inspiration of3
s

the ventilator cycle averaged 10.6 = 0.9 torrco
(=SEM). Right atral pressures at this timeS
averaged 10.0 = 0.9 torr. The lowest venuus§
pressures, recorded just before the start of theQ
ventilator’s inspiratory cycle, averaged 8.2 ="
0.9 torr in the external jugular vein and 6.0 =S
0.9 torr in the right atrium (P <0.01). Ve-
nous pressure variation with the ventilator cv-
cle was nearly eliminated during spontaneous®
ventilation, and external jugular vein pressureg
(9.6 == 1.3 torr) was not significantly differentS
from right atrial pressure (8.9 1.2 torr). g
Figure 1 illustrates typical venous pressure g
recordings from both venous sites during con-g
trolled and spontaneous ventilation. o
Blood-gas data are summarized in table l.g“
During controlled respiration Pvg, was greater >
in the external jugular vein than in the right ©
atrium (P < 0.01), while Pvgo.’s at the two©
sites were nearly identical and about 5 torr
more than Pace,’s. Right atrial Pve, increased S
with spontaneous respiration (P < 0.02), but ©
external jugular Pvo, was still greater than
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Tance 1. Blood-Gas Data (Averages == SEM; n = 16)*

Controlled Respiration

Spontaneous Respiration

i
| .
' Iticht Atrium | g Extermal || Rodisd Artery | it i ' sgermal | Radial Artery
! !
Po. (torr) 4L £ 27 I 50.0 £ 3.5 ! 186 == 5.0 SlA 1.4 56.3 == 1.4 162 £ 5.0
Pco: (torr) 331 £ 15 i 33.8 =20 283 £ 1.8 46.0 £ 1.4 47.8 %= 13 426 222

* Right atrial samples were obtuined through the internal jugular vein catheter.

that in the right atrium (P < 0.05). Pv¢e. in-
creased during spontaneous ventilation and re-
mained 4-3 torr higher than Pac,,.

Discussiox

These data indicate that venous pressures
recorded from a 5-cm catheter in the external
jugular vein accurately reflect right atrial pres-
sures during anesthesia and controlled or spon-
taneous respiration. The only significant dif-
ference was the greater right atrial pressure
varfation during positive-pressure ventilation,
but maximal venous pressures at the two sites
were nearly identical. Previous investigators 3-¢
have reported that external jugular venous
pressure reflects right atrial pressure, but de-
tailed measurements have not been presented.

Placing a short catheter in the external
jugular vein avoids the difficulty of threading
past the junction with the subclavian vein or
lodgement in tributary veins.? Craig e al.?
described valves at the termination of the ex-
ternal jugular vein but, if present, these did
not interfere greatly with reflection of right
atrial pressures. Additional advantages are its
simplicity and safety—pneumothorax and in-
trathoracic bleeding are impossible with proper
use of the technique. If one wishes to moni-
tor CVP during anesthesia, a short catheter in
the external jugular vein is a reliable ap-
proach. However, the external jugular vein
has two important disadvantages. It does not
accurately reflect right atrial Py, and attempts
to monitor adequacy of tissue perfusion may
not be reliable. The major limitation of the
external jugular vein approach is the posi-
tional nature of its function. In almost every
instance it was necessary to turn the head to
the opposite side to insure free blood with-
drawal and subsequent reliable venous pres-

sure readings. This becomes a significant dis-
advantage in the awake patient.
Percutaneous internal jugular vein cathe-
terization reliably placed the catheter tip in
the right atrium without the attendant haz-
ards of the subclavian approach. Difficulty
threading the catheter or subsequent difficulty
withdrawing blood usually indicated a coiled
catheter—this was confirmed radiographically
in three such instances. The right internal
jugular vein was used in this study, but
catheterization of the left internal jugular vein
was equally successful on other occasions.
However, the added distance made right atrial
placement of the catheter less assured. In ad-
dition, these catheters functioned in all posi-
tions and thus achieved greater acceptance.

Sunixiary

Venous pressures recorded from a 3-cm
catheter in the external jugular vein accurately
reflected right atrial pressures during anesthe-
sia with controlled or spontaneous respiration.
Advantages were its simplicity and safety, but
the positional nature of its function detracted
from use in awake patients. Percutaneous
catheterization of the right internal jugular
vein reliably placed the catheter tip in the
right atrium without the associated hazards
of subclavian vein catheterization. Advan-
tages of the internal jugular vein approach
were its function in all positions and the ease
of obtaining right atrial samples for blood—gas
analysis.
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A New Disposable Spirometer

Joux H. Lecky, M.D., J. KENNETH DENLINGER, M.D.,
Arax J. Oamixsey, M.D.

The devices currently available for measur-
ing vital capacity (V) and minute ventilation

Vg) usually suffer from one or more major
deficiencies. These include: 1) cost; 2) fra-
gility; 3) flow dependence; 4) lack of porta-
bilitv; 5) possibility for bacterial cross-con-
tamination between patients. Recently, a dis-
posable spirometer that appears to eliminate
all of these deficiencies has become available.®
This report assesses the accuracy and precision
of this new device for measuring vital capacity
and minute ventilation.

DESCRIPTION OF THE DISPOSABLE SPIROMETER

Figure 1 is a schematic diagram of the dis-
posable spirometer. The device consists of a
flexible 3-liter polyethylene bag calibmated in
95-m! increments. The bag is attached to a
rigid polyethylene T tube which can be either
used directly as a mouthpiece or attached to
standard 15-mm anesthesia fittings.
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MeTsop oF Use

d-ajo1ie/ABojoisayisaue/woo leydian|is zese//:dy

Measuring Vital Capacity. The paheng
breathes normally through the rigid tube whxl&
the bag entrance port is occluded with ﬂ]q;
operator’s finger.i On command, a ma_\'xmum-\
inhalation is taken. The operator removes }ng
finger from the bag entrance port and oc—h
cludes the exhaust end of the T tube. ThéE
patient then exhales maximally into the cah-O
brated bag. When the exhalation is com$
pleted, the bag entrance port is again c]osed%
with the operator’s finger.

To measure the exhaled volume, the device
is placed on a flat surface. Using the heel oﬁ
the hand, the operator displaces the volumé
of gas distally (away from the rigid tube)O
until the bag lifts upward from the surfaceN
When this lift produces an angle of 30 degreesS
between the flat surface and the bag, the vol-—~
ume is read directly from a scale printed on<
the bag (fig. 2).

Measurement of Minute Ventilation. For at{’.
patient on a ventilator, Vg is measured by atS
taching the device to the exhalation line of theg
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s Boehringer Laboratories, P.O. Box 18, Wynne-
wood, Pennsylvania 19096. Approximate cost:
$4.50 each

ventilator and measuring the volume of three®
breaths. Respiratory frequency is recordedl
simultaneously. Vy, is then determined llﬂl‘l",.g

$ When desired, supplemental oxygen can be
provided through the T tube.



