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The Site of Origin of the Intravascular Electrocardiogram
Recorded from Multiorificed Intravascular Catheters

Alan A. Artru, M.D.,* Peter S. Colley, M.D.”

Successful retrieval of venous air emboli via central venous cath-
eters requires accurate placement of the distal tip of the catheter.
The distal tip of single-orificed central venous catheters can be
precisely located using intravenous electrocardiography (IVECG).
However, the site of origin of the IVECG complex with multiori-
ficed central venous catheters is not well known, In this study, the
site of origin of the IVECG complex deriving from the wire within a
multiorificed Arrow® Antecubital Central Venous Catheterization
Kit, the same Arrow® catheter type without wire, and a multiorificed
Cook® Bunegin-Albin CVP Kit was determined in ten anesthetized
dogs. The IVECG was found to originate from the distal portion of
the Arrow® wire whether the distal tip of the wire was within the
distal segment of the Arrow® multiorificed catheter, at the tip of the
catheter, or protruding several cm from the tip of the catheter.
When the Arrow® multiorificed catheter (without wire) was used to
determine the IVECG, the mean site of origin of the IVECG was 1.7
+ 1.2 cm (mean + SD) proximal to the distal catheter tip. When the
Cook® multiorificed catheter (without wire) was used to determine
the IVECG, the mean site of origin of the IVECG was 2.5 + 0.6 cm
proximal to the distal catheter tip. Knowledge of the site of origin of
the IVECG with the Arrow® and Cook® multiorificed catheters
should permit the distal tips of these catheters to be placed in loca-
tions where efficient retrieval of venous air emboli is likely. (Key
words: Embolism, air: venous. Equipment, catheters: central
venous; right atrial, Heart, electrocardiography: intravascular.
Monitoring: central venous; electrocardiography.)

VENOUS AIR EMBOLI (VAE) may be retrieved from the
right atrium using a single-lumen, multiorificed cath-
eter.! Two such catheters designed to be inserted via
antecubital veins are the Cook® Bunegin-Albin CVP Kit
(Cook Incorporated, Bloomington, IN) and the Arrow®
Antecubital Central Venous Catheterization Kit (Arrow
International Incorporated, Reading, PA). Efficient re-
trieval of VAE with multiorificed catheters is possible
only with accurate positioning of the catheter tip rela-
tive to the right atrial (RA)-superior vena cava (SVC)
junction (sinoatrial [SA] node). Bunegin et al. reported
that the percentage of air recovered from a model of
the human heart decreased from 63-81% to less than
28% when the tip of a multiorificed catheter was moved
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only 1.0-2.0 cm from the position of most efficient re-
trieval of VAE.!

One means of accurate placement of single-orificed
catheters relative to the SA node is intravascular elec-
trocardiography (IVECG).? With single-orificed cath-
eters, the IVECG clearly derives from the distal and
only orifice. However, there have been no reports on
the site of origin of the IVECG with the Cook® Bune-
gin-Albin or Arrow® Antecubital multiorificed cath-
eters. Thus, it is not certain whether the IVECG derives
from the proximal orifice, the distal orifice, or some
intermediate point with these catheters. Consequently,
accurate placement of the catheter tip relative to the SA
node may not be achieved, and the potential for effi-
cient retrieval of VAE may be lost.

The present study was designed to determine the site
of origin of the IVECG with the Cook® Bunegin-Albin
multiorificed catheter (14 gauge diameter, 60 cm in
length, one distal orifice, and six side holes of 1.0 mm
diameter) and the Arrow® Antecubital multiorificed
catheter (16 gauge diameter, 91 cm in length, one distal
orifice, and four oval side holes of 1.0 X 1.5 mm diame-
ter) in anesthetized dogs. Because a J-wire is contained
within the lumen of the Arrow® Antecubital catheter as
the catheter is advanced intravascularly, the J-wire,
rather than the catheter itself, may be used for IVECG.?
Accordingly, the present study also determined the site
of origin of the IVECG with the J-wire within the
Arrow® antecubital catheter. In contrast, when placing
the Cook® Bunegin-Albin catheter, the J-wire is first
inserted to a depth likely to place the tip within the
heart, then the catheter is advanced over the wire, the
wire is removed, and the position of the catheter is de-
termined.? Because the position of the wire tip relative
to the catheter tip is not known when this placement
technique is used, the present study did not seek to
determine the site of origin of the IVECG with the
J-wire within the Cook® Bunegin-Albin catheter.

Materials and Methods

ANIMAL PREPARATION

This study was approved by the Animal Care Com-
mittee of the University of Washington. Ten unmedi-
cated mongrel dogs (weights 15-23 kg) were studied.
Anesthesia was induced with halothane (>1.5%, in-
spired) and nitrous oxide (66%, inspired) in oxygen.
The trachea was intubated and ventilation was con-
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trolled. The right femoral artery was cannulated to
permit arterial blood sampling for blood gas analysis
and to permit continuous monitoring of systemic arte-
rial pressure and heart rate. Mean arterial pressure
(MAP) was determined by electronic integration. A uri-
nary catheter was inserted, the right femoral vein was
cannulated for fluid administration, expired CO, was
continuously monitored, and temperature was moni-
tored by a nasopharyngeal thermistor probe.

The method of determining the site of origin of the
IVECG involved four steps: 1) a single-orificed cath-
eter and the test catheter were inserted into the SVC
with the catheters lying side-by-side and the distal tips
aligned; 2) the IVECG was recorded from the single-
orificed catheter and both catheters advanced so that
both tips were located at the SA node; 3) the IVECG
then was recorded from the test catheter, and the test
catheter was advanced or withdrawn (single-orificed
catheter held in place) until an IVECG similar to that
recorded in step 2 via the single-orificed catheter was
seen; and 4) the distance that the test catheter was
moved (relative to the single orificed catheter) indicated
how far from the distal tip was the site of origin of the
IVECG as recorded via the test catheter. The details of
these steps are presented in the following paragraphs.

An incision was made in the right external jugular
vein, and a section of clear, flexible tubing (4.5 mm
internal diameter, 35 cm in length) was inserted so that
the distal tip was located in the SVC. Heparinized saline
was injected into the open proximal end of the tubing to
prevent clot formation. This tubing served as an “‘in-
troducer sheath” for subsequent placement of single-
orificed and Arrow® and Cook® multiorificed catheters
into the right external jugular vein.

A single-orificed catheter (1.0 mm internal diameter,
60 cm in length) and either the Arrow® or Cook® mul-
tiorificed catheter were laid side-by-side with the distal
tips aligned before being inserted into the dog. The
single-orificed catheter and either the Arrow® or Cook®
catheter were fastened together at the proximal end,
and both catheters were marked at 5 cm intervals so
that, when the catheters were simultaneously inserted
into the jugular vein, it could be assured that the visible
portions of the catheters were still aligned. Both cath-
eters were filled with heparinized bicarbonate solution,®
then inserted through the large bore tubing, being still
fastened side-by-side with the distal tips aligned. Once
the catheter tips were beyond the distal tip of the large
bore tubing, the chest lead of a six-lead ECG cable was
attached to the proximal end of the single-orificed
catheter via a metal stopcock. The other five leads of
the ECG cable were attached at the standard four limb
sites and one midline “ground” site using metal nee-
dles. The IVECG deriving from the distal tip of the
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single-orificed catheter was displayed using an ECG am-
plifier and strip chart recorder (Gould Incorporated,
Cleveland, OH).

ARROW® WIRE COMPARED
TO SINGLE-ORIFICED CATHETER

The single-orificed and Arrow® catheters were ad-
vanced simultaneously until the IVECG deriving from
the distal tip of the single-orificed catheter indicated
that the catheter tips were located at the SA node. (Be-
cause the catheters were not attached at the distal end,
it is possible that the tips of the two catheters separated
from one another once they passed beyond the distal
protion of the introducer sheath.) Catheter tips were
considered to be at the SA node when: 1) the IVECG
complex consisted of a negative deflection P wave with
amplitude equal or greater than the negative deflection
of the QRS, and 2) the negative deflection of the P wave
became smaller in amplitude if the catheters were ad-
vanced or withdrawn.? After locating the catheter tips
at the SA node using the single-orificed catheter, the
wire for the Arrow® multiorificed catheter was inserted
into the catheter so that the tip of the wire was located
at the distal tip of the catheter. (The wire had pre-
viously been marked at the proximal end so that it could
be inserted the proper distance to place the tip of the
wire at the distal tip of the catheter.) The chest lead of
the six-lead ECG cable was removed from the metal
stopcock at the proximal end of the single-orificed
catheter and attached to the proximal end of the wire
within the Arrow® catheter via a metal clip. The IVECG
was recorded with the wire 2 mm beyond the catheter
tip for comparison with the IVECG complex recorded
from the single-orificed catheter tip. The IVECG was
then recorded from the Arrow® wire: 1) after the tip of
the wire had been advanced 0.5, 1.0, 1.5, 2.0, and 2.5
cm from the position where the wire was located at the
distal tip of the catheter, and 2) after the wire had been
pulled back 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 cm from the
position where the wire was located at the distal tip of
the catheter (catheter position unchanged).

The chest lead of the six-lead ECG cable was removed
from the Arrow® wire and attached to the metal stop-
cock at the proximal end of the single-orificed catheter.
The single-orificed and Arrow® catheters were ad-
vanced simultaneously until the IVECG deriving from
the distal tip of the single-orificed catheter indicated
that the catheter tips were located at the mid-RA. Cath-
eter tips were considered to be at mid-RA when: 1) the
IVECG complex consisted of a large biphasic P wave
with positive deflection equal in amplitude to negative
deflection, and 2) the positive and negative defections
of the biphasic P wave became unequal in amplitude
when the catheters were advanced or withdrawn.? After
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F1G. 1. The single-ori-
ficed and multiorificed
catheters are attached so
that the tips are aligned,
and the IVECG is re-
corded from the single-
orificed catheter. The

. Introducer
Al sheath

eﬁ;?grtnm attached catheters are
jugular advanced until an
vein IVECG complex charac-

teristic of the SA node
(shown schematically,
not anatomically) is ob-
tained from the single-
orificed catheter. The
attachment between the
catheters is cut and the
IVECG is recorded
from the multiorificed
catheter. The single-ori-
ficed catheter position is
fixed, and the multiori-
ficed catheter is ad-
vanced (or withdrawn)
until an IVECG com-
plex characteristic of the
SA node is obtained.
The difference between the marks on each catheter relative to proxi-
mal end of the introducer sheath indicates the difference between the
catheter tips and, thus, the site of origin of the IVECG with the mul-
tiorificed catheter.

Right
atrium

ventricle

locating the catheter tips at the mid-RA using the sin-
gle-orificed catheter, the wire for the Arrow® catheter
was inserted so that the tip of the wire was located at the
distal tip of the catheter. As at the SA node, the IVECG
was recorded from the wire when it was located at the
catheter tip and after the wire was advanced or with-
drawn 0.5, 1.0, 1.5, 2.0, and 2.5 or 2.5 and 3.0 cm.

ARROW® CATHETER COMPARED
TO SINGLE-ORIFICED CATHETER

The chest lead of the six-lead ECG cable was removed
from the Arrow® wire and attached to the metal stop-
cock at the proximal end of the single-orificed catheter.
The single-orificed and Arrow® catheters were simulta-
neously repositioned at the SA node. The IVECG was
then recorded from the Arrow® wire to confirm that
the catheter tips still were aligned. The wire was re-
moved from the Arrow® catheter and the catheter was
filled with a heparinized bicarbonate solution.” The
chest lead of the six-lead ECG cable was attached to the
Arrow® catheter via the metal adapter at the proximal
end of the catheter, and the IVECG was recorded. The
position of the Arrow® catheter (proximal end) relative
to both the large-bore tubing and the single-orificed
catheter (proximal ends) was noted, the positions of the
large-bore tubing and single-orificed catheter relative
to the dog were stabilized, and the attachments between
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the single-orificed and Arrow® catheters were cut. The
Arrow® catheter was then advanced or withdrawn until
an IVECG complex characteristic of the SA node was
obtained (fig. 1). The distance that the Arrow® catheter
had been moved to obtain an IVECG complex charac-
teristic of the SA node was measured to the nearest 0.1
cm and recorded. This distance indicated how far
proximal from the distal tip of the Arrow® catheter was
the site of origin of the IVECG. The single-orificed and
Arrow® catheters were again fastened together at the
proximal end and simultaneously withdrawn from the
introducer sheath. The catheters were laid side-by-side
and the position of the tip of the single-orificed catheter
relative to the tip of the Arrow® catheter was measured
to the nearest 0.1 cm and recorded. This was done to
verify the site of origin of the IVECG from the Arrow®
catheter as determined by in vivo measurements.

CoOK® CATHETER COMPARED
TO SINGLE-ORIFICED CATHETER

The methodology for these comparisons was the
same as that used for the Arrow® catheter compared to
single-orificed catheter, above.

STATISTICAL ANALYSIS

Systemic variables were compared between condi-
tions using analysis of variance for repeated measures.
The distances that the Arrow® and Cook® catheters
were inserted to obtain an IVECG characteristic of the
SA node were compared to the distance that the single-
orificed catheter was inserted to obtain an IVECG
characteristic of the SA node. The mean and SD of
those Arrow®-to-single-orifice and Cook®-to-single-ori-
fice distances was computed. The distance that the
Arrow®and Cook® catheters were advanced beyond the
distal tip of the single-orificed catheters indicated how
far proximal from the distal tip of the Arrow® and
Cook® catheters was the site of origin of the IVECG
complex.

Results

ARROW® WIRE COMPARED
TO SINGLE-ORIFICED CATHETER

With the tip of the Arrow® multiorificed catheter lo-
cated at the SA node, the IVECG complex obtained
from the wire within the Arrow® catheter was charac-
teristic of the SA node in all dogs only when the wire
was located at the catheter tip (fig. 2). The IVECG ob-
tained from the wire changed from a complex that was
characteristic of the SA node to a complex with a small
negative P wave when the tip of the wire was pulled
back to a location within the multiorificed portion of
the catheter (catheter tip still at the SA node). The
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IVECG obtained from the wire changed to a complex
with biphasic P wave when the tip of the wire was ad-
vanced several cm to a location beyond the tip of the
multiorificed catheter (catheter tip still at the SA node).

With the tip of the Arrow® multiorificed catheter lo-
cated at the mid-RA, the IVECG complex obtained
from the wire within the Arrow® catheter was charac-
teristic of the mid-RA inall dogs only when the wire was
located at the catheter tip. The IVECG obtained from
the wire changed from a complex that was characteristic
of the mid-RA to a complex with a negative P wave
when the tip of the wire was pulled back to a location
within the multiorificed portion of the catheter (cath-
eter tip still at the mid RA). The IVECG obtained from
the wire changed to a complex with a small biphasic P
wave whose negative deflection was only about 25% of
the amplitude of the negative deflection of the QRS
when the tip of the wire was advanced several cm to a
location beyond the tip of the multiorificed catheter
(catheter tip still at the SA node).

ARROW® CATHETER COMPARED
TO SINGLE-ORIFICED CATHETER

When the tip of the single-orificed catheter was lo-
cated at the SA node and the tip of the Arrow® catheter
aligned with the tip of the single-orificed catheter, the
IVECG complex recorded from the Arrow® catheter
(without wire) was not characteristic of the SA node.
Instead, the complex was characteristic of a location
proximal to the SA node. An IVECG complex charac-
teristic of the SA node was seen only if the Arrow®
catheter was advanced so that its tip was 1.7 £ 1.2 cm
(mean * SD) beyond the SA node.

COOK® CATHETER COMPARED
TO SINGLE-ORIFICED CATHETER

When the tip of the single-orificed catheter was lo-
cated at the SA node and the tip of the Cook® catheter
aligned with the tip of the single-orificed catheter, the
IVECG complex recorded from the Cook® catheter was
not characteristic of the SA node. As with the Arrow®
catheter, the complex was characteristic of a location
proximal to the SA node. An IVECG complex charac-
teristic of the SA node was seen only if the Cook® cath-
eter was advanced so that its tip was 2.5 * 0.6 cm
beyond the SA node.

Systemic variables were not different between condi-
tions (not tabulated).

Discussion

The results of this study indicate that, when the
IVECG is recorded from the wire within the Arrow®
catheter, the signal identifies the position of the tip of
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FiG. 2. Schematic versions of the Arrow® and Cook® multiorificed
catheters show the location of the distal arifice and the side holes. The
position of the solid circle relative to the longitudinal axis of the cath-
eter (spaced at 0.5 cm intervals for clarity) shows the apparent site of
origin of the IVECG. The number of solid circles at each position
indicates the frequency of that location appearing to be the site of
origin of the IVECG. When the IVECG was recorded from the wire
(dashed lines) within the Arrow?® catheter (tip of wire at tip of cath-
eter), the complex originated from the distal end of the catheter.
When the IVECG was recorded from the Arrow?® catheter without
wire, the site of origin of the complex varied from the proximal side
hole to the distal orifice. When the IVECG was recorded from the
Cook® catheter, the site of origin of the complex varied but was cen-
tered around the middle portion of the multiorificed area.

the catheter when the wire extends just to the tip of the
catheter. The wire is located at the tip of the catheter
when the hub at the proximal end of the wire is sepa-
rated by 2.7 cm from the hub at the proximal end of the
catheter. If the IVECG is recorded from the wire while
the hub on the wire is fit snugly into the hub on the
catheter, 2.7 cm length of wire (in a *‘]” configuration)
will protrude from the tip of the catheter. The IVECG
does not identify the position of the tip of the catheter
in this case, but, rather, derives from a location a short
distance distal to the catheter tip. If the IVECG is re-
corded from the wire while the hub on the wire is sepa-
rated from the hub on the catheter by more than 2.7
cm, the tip of the wire will lie within the catheter. The
IVECG does not identify the position of the tip of the
catheter in this case, but, rather, derives from a location
some distance proximal to the catheter tip.

When the Arrow® catheter (without wire) or Cook®
catheter is used to record the IVECG, the signal derives
from a location somewhere between the proximal and
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distal orifices of the catheter. With both catheters, the
mean location of the IVECG was at the middle orifice of
the catheter. Specifically, the Arrow® catheter has five
orifices, one each at distances 0, 1.2, 1.7, 2.2, and 2.7
cm from the distal tip of the catheter. The position of
the middle orifice (1.7 cm from the catheter tip) corre-
sponds to the mean location of the IVECG (1.7 = 1.2
cm proximal to the catheter tip). The Cook® catheter
has seven orifices, one each at distances 0, 0.8, 1.6, 2.4,
3.2, 3.9, and 4.7 cm from the distal tip of the catheter.
The position of the middle orifice (2.4 ¢cm from the
catheter tip) corresponds to the mean location of the
IVECG (2.5 £ 0.6 cm proximal to the catheter tip).

Assuming that the optimum location for the tip of a
multiorificed catheter is 1.0 cm distal to the SA node,’
and that the relationship between the site of origin of
the IVECG and the catheter tip is similar in humans to
that in dog, the results of this study suggest that Arrow®
and Cook® catheters should be inserted as follows.
When the Arrow® catheter is positioned using the wire
to record the IVECG, the tip of the wire should be
located at the distal tip of the catheter. An IVECG
characteristic of the SA node should be obtained, then
the catheter should be advanced 1.0 cm. When posi-
tioning the Arrow® catheter (without wire) via IVECG,
an IVECG characteristic of the SA node should be ob-
tained, then the catheter should be pulled back by a
mean distance of 0.7 cm so that the catheter tip will be
located 1.0 cm distal to the SA node. It should be em-
phasized that the mean distance of 0.7 cm is an average
figure, and that the range that observed in this study
was 1.5 cm. Because the range of values was so great
with the Arrow® catheter (without wire), positioning of
the catheter using the wire may be preferable.

When positioning the Cook® catheter via IVECG,
and IVECG characteristic of the SA node should be
obtained, then the catheter should be pulled back by a
mean distance of 1.5 cm so that the catheter tip will be
located 1.0 cm distal to the SA node. Accurate place-
ment of the Cook® catheter may be more likely than
accurate placement of the Arrow® catheter (without
wire), because the range observed in this study for the
Cook® catheter was *1.0 cm, less than that with the
Arrow® catheter. It should be noted that the recom-
mendation that the tips of multiorificed catheters
should be located 1.0 cm distal to the SA node is based
on in vitro data.' There are no in vivo studies to verify
that recommendation. Thus, while the results of this
study should be helpful to clinical practice by providing
data on the average site of origin of the IVECG, there is

Anesthesiology
V 69, No [, Jul 1988

no indication that measurements as precise as those
made here will improve clinical care.

The finding in this study that the IVECG recorded
from a multiorificed catheter originates from a location
proximal to the catheter tip is consistent with a previous
report by Johans.® In that study, a custom-designed,
double-lumen catheter, with one distal orifice (size not
given) in one lumen and 15 orifices (2.5 mm in diame-
ter, personal communication) spaced over the distal 10
cm of the second lumen was examined in three patients.
The IVECG of the multiorificed lumen was 10 ¢cm
proximal to that of the single-orificed lumen. The find-
ing in this study that the IVECG from a multiorificed
catheter originates from the midpoint of the multiple
orifices is not consistent with the proposal that the
IVECG originates from the most proximal orifice.>®
Whether the IVECG originates from the most proximal
orifice or from a point somewhere between the proxi-
mal and distal orifices may be influenced by the size and
spacing of the orifices, and should be determined for
each catheter type.

The range of the data for apparent site of origin of
the IVECG is wide with the Arrow® catheter (without
wire) and narrow and normally distributed with the
Cook® catheter. The explanation for this is unknown.
The different spacing of the orifices on the Arrow® and
Cook® catheters, the difference in orifice sizes, or dif-
ferences in materials or internal structures may account
for the differences in the range of the IVECG data. The
present results do not indicate whether these or other
differences between the catheters account for the dis-
parity in the range of IVECG data.
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