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For intravenous electrocardiography (IVECG), a wire stylet is usually utilized as the exploring
probe to correctly position the central venous catheter. We present an alternative technique
using the transduction probe connected to the original right arm lead of the ECG monitor
to accurately position the central venous catheter. We compared the efficacy and quality
of the IVECG signals of the two techniques. Sixty patients were randomly enrolled into two
groups. In group G, the IVECG signal was conducted from the guide wire to identify the
correct catheter tip position. In group T, the IVECG signal was conducted from the trans-
duction probe to ascertain the tip position. The quality of IVECG signals, which included
baseline drift, P-wave pattern, and QRS wave pattern, were assessed for 10 seconds. There
was no obvious difference between the groups for catheter tip placement time or measured
optimal catheter length. During manipulation, the incidence of cardiac dysrhythmia was
higher in group G than in group T, but the difference was not significantly different (p =
0.09). Satisfactory IVECG signal quality was observed in 26 of the 30 patients in group G
and in 27 of the 30 patients in group T. We conclude that the transduction probe can effectively
conduct IVECG signals with no specific additional equipment required. It is an alternative
technique for accurate placement of central venous catheter tips during IVECG.
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INTRODUCTION

Central venous catheterization is necessary for moni-
toring central venous pressure, multiple fluid
resuscitation, and administration of total parenteral
nutrition or of antineoplastic medicines. Malposition
or improper location of the catheter tip may cause
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vessel wall injury, vessel perforation, pericardial
tamponade, thromboembolism, and increased inci-
dence of malfunction of the venous access device [1-
5]. In addition to the traditional methods of portable
chest roentgenography or fluoroscopy to verify the
accurate position of the catheter tip, the intravascular
electrocardiographic (IVECG) technique is also a sat-
isfactory alternative. It is a fast, safe, reliable, and cost-
saving method to correctly position central venous
catheter tips and reduce the incidence of exposure to
radiation [6, 7].

For the IVECG technique to correctly place the
central venous catheter tip, either electrolyte solutions
or a wire stylet is utilized as the exploring ECG probe
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[8-10]. Nonetheless, obtaining the proper IVECG sig-
nals may require additional specific equipment such
as a catheter-to-ECG adapter, alligator clamp, or a
switch box. We present an alternative technique using
the transduction probe connected to the original right
arm lead of the ECG monitor. We compared the effi-
cacy and quality of the IVECG signals of the two
catheter tip placement methods.

MATERIALS AND METHODS

Sixty patients with the American Society of
Anesthesiologists physical status of I to III, aged 18 to
60 years who were scheduled to undergo abdominal
elective surgery, were enrolled into this study and
were allocated randomly into two groups. Those who
suffered from atrial fibrillation, atrial flutter, or sig-
nificantly uncorrectable arrhythmias were excluded
from this study. This study was approved by the ethics
committee of Kaohsiung Medical University and writ-
ten informed consent was obtained from the patients.

The central venous catheter (Arrow®, Reading, PA,
USA) was placed via the right internal jugular vein
while patients were in the supine position under gen-
eral anesthesia in the operating room. The introducer
needle was inserted at the apex of the triangle formed
by the sternal head and clavicle head of the sternoclei-
domastoid muscles and the clavicle. As the introduc-
tion syringe smoothly aspirated blood, a guide wire
was passed through the syringe. The needle and sy-
ringe were removed over the wire and a double-lumen
indwelling catheter was inserted over the guide wire,
along the dilated passage, into the jugular vein.

The procedures to confirm the correct position of
the catheter tip using the IVECG signal conducted by
the guide wire (group G) was as follows. The indwell-
ing catheter was pushed over the guide wire until the
previously measured mark on the guide wire showed.
The mark was measured to match the guide wire to the
proper length of the indwelling catheter, to allow total
exposure of the guide wire flexible ] tip from the
catheter, thus acting as the exposed probe. An adaptor
(Certodyn®, B. Braun Melsungen AG, Germany) was
connected to the guide wire by applying the clamp of
the ECG connecting cable to change a normal two-
limb-lead ECG to an IVECG. As the catheter tip was
advanced toward the sinoatrial node, the p-wave in-
creased in amplitude up to the point where the largest
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p-wave, or the wave as large, or larger than, the QRS
complexes (p-atriale) was obtained. A biphasic p-wave
was observed as the tip passed the sinoatrial node. The
point of the largest p-wave, or p-atriale, was deter-
mined and the catheter was then withdrawn 3 cm. The
length of catheter inserted and the IVECG quality
were recorded. The electrocardiography monitors
(Hewlett Packard, Model 66S, Boeblingen, Germany)
were set to the monitoring mode, with a bandwidth of
0.5 to 40 Hz. The IVECG signals were recorded for 10
seconds. Another anesthesiologist who was unaware
of the technique used to confirm correct catheter tip
placement was assigned to assess the 10-second ECG
strip for quality. The total scores were rated and cat-
egorized into four grades of excellent, good, fair, or
poor (Table 1). The total scores corresponding to excel-
lent or good were considered satisfactory.

The procedures to confirm the correct catheter tip
position using the transduction probe to conduct
IVECG signals (group T) was as follows. The trans-
duction probe was introduced into the Luer lock injec-
tion cap connected to the distal pigtail orifice of the
indwelling catheter. After flushing the catheter with
0.8 meq/mL NaHCQ,, a sterilized right arm electrode
lead was attached directly to the non-coring transduc-
tion probe (Figure, A and B). The IVECG signals shown
on the monitor were read and recorded in the same
way as for group G. Side effects and complications
that occurred during the procedures of placing cath-
eter tips were also recorded.

Differences between the two groups were com-
pared using Student’s paired t-tests and chi-square
tests, as appropriate. Probability values of less than 0.05
were considered statistically significant.

RESULTS

Both groups were matched with respect to age, body
weight, gender, and operation performed. All the pa-
tients were cannulated via the right internal jugular
vein and correct catheter placement was uneventful.
There were no obvious differences between the groups
for proper catheter tip positioning time and measured
optimal catheter length (Table 2). During manipulation,
the incidence of cardiac dysrhythmia was higher
in group G than in group T, but the difference was not
significant (p = 0.09). Although these premature atrial
or ventricular contractions occurred during the
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Table 1. Quality of intravenous electrocardiographic signals

Scores Baseline drift P-wave pattern QRS waveform

3 Smooth Defined easily Define easily

2 Sporadic shift Sporadic artificial signal Sporadic artificial signal
1 Shifts at times Artificial signals at times Artificial signals at times
0 No discernible signal No discernible signal No discernible signal

Total scores were calculated by summing the numbers for each item. The total scores were rated and categorized into excellent (8, 9), good

(6, 7), fair (4, 5) and poor (< 3) for the four groups.

catheterization procedures, the dysrhythmia resolved
after adjustment or withdrawal of the catheter to its
proper length. Thus, no dysrhythmic episode required
administration of medication to correct.

The quality of IVECG signals for group G patients
was excellent in 14, good in 12, and fair in four patients.
In group T patients, IVECG signal scores were excel-
lent in 12, good in 15, and fair in three patients.
Satisfactory IVECG signal quality was observed in 26
of the 30 patients in group G and 27 of the 30 group T
patients. Although group T had a lower total signal
score compared with group G, the difference between
them was not statistically significant (Table 3).

DiscussioN

The non-coring transduction probe functionally con-
ducted the intravenous signals from a right arm elec-
trode lead. Using this technique saved time to position
the catheter correctly. This caused fewer dysrhythmic
episodes during catheterization; however, this is not

statistically significant. The technique utilizing the
transduction probe conducted IVECG signals
effectively.

In this study, both techniques for catheter tip posi-
tioning resulted in satisfactory quality of IVECG
signals, as nearly equal numbers of patients in groups
Gand T (26/30 vs 27/30) had satisfactory signal quality.
While group T obtained a lower total signal score
compared to group G, the difference was not statisti-
cally significant between them. Both groups obtained
low baseline signal scores compared to other qualita-
tive signal items. Some intrinsic and extrinsic factors
affecting baseline scores include direct current stored
potential in the electrode, body motion, poor applica-
tion of the electrode, and poor electrode contact, which
can distort the baseline and cause significant artifacts
[11]. Though the exact factor causing distortion of the
ECG signals requires further investigation, the time-
varying filter technique, which uses a bank of linear
low-pass filters, and the low-pass filtering method
that splits the raw ECG signal into a muscle noise-free

Figure. A and B. The transduction probe (TP) was introduced into the injection cap (IC) connected to the distal orifice of the indwelling
catheter (Cath). A sterilized right arm electrode lead (EL) was attached directly to the non-coring transduction probe.
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Table 2. Demographic data and characteristics of patients undergoing central venous catheterization (mean *

standard deviation)

Group G Group T

No. of patients 30 30
Age 55.4+14.1 55.0+13.0
Gender (M/F) 16/ 14 14/ 16
Weight (kg) 57.5+8.5 61.3+10.3
Time to proper catheter tip position (sec) 109 +£47.2 103.3£55.5
Catheter length (cm) 169+1.4 16.9+2.0
Dysrhythmia during catheterization 5 1
Operation performed

Upper abdominal surgery 17 22

Low abdominal surgery 13 8

Group G = intravenous ECG signals conducted from guide wire; Group T = intravenous ECG signals conducted from the transduction probe.

part and a muscle noise-overlapping part should be
considered to improve the quality of ECG signals [12,
13].

Catheter migration after central venous catheteri-
zation is a common event during the perioperative
period. Positioning a patient for a surgical procedure
might cause the catheter tip to move from its meas-
ured location. It has been demonstrated that catheter
migration occurs when patients are moved from the
supine to upright position, and the occurrence of cath-
eter migration to the peripheral site (> 90 %) is greater
than that to the central site (< 5%) [14]. Catheters
typically migrated from mid-right atrium initially to
low superior vena cava, and catheter tip migration
was greater for catheters in the subclavian veins, in
females, and in obese patients [15]. In addition, chang-
ing the posture of the upper limb can also cause cath-
eter tip movement. Kasten et al demonstrated that the
catheter tip advanced if the arm is moved from 90°

abduction to the position of the arm lying across the
chest [16]. Those catheter tips located in the upper
portion of superior vena cava or the mid-atrial cavity
may increase the incidence of cardiac arrhythmias,
cardiac perforation, and thrombosis [17, 18]. Therefore,
catheter tip position should be re-evaluated after sur-
gical positioning changes. To minimize the adverse
effects from migration of the central venous catheter
tip, the transduction probe has the advantage of re-
peatedly utilizing the IVECG signal to confirm final
catheter tip placement as patients’ positions change.
This is very difficult to do using the wire-conducting
technique for IVECG signals.

Cardiac dysrhythmia has been well documented
during procedures of central venous catheterization,
whether the catheter is inserted centrally or
peripherally. Over-insertion of the guide wire or the
central venous catheter, causing direct stimulation to
the right side of the heart, has been postulated to be the

Table 3. Separate and total scores for quality of intravenous electrocardiographic signals

Group G (n = 30)

Group T (n = 30)

p value*
Mean SD Mean SD
Baseline drift 2.1 0.7 2.0 0.6 0.54
P-wave pattern 2.6 0.5 2.4 0.6 0.80
QRS wave pattern 2.6 0.5 2.5 0.5 0.45
Total 7.1 1.5 6.9 1.4 0.53

Group G = intravenous ECG signals conducted from guide wire; Group T = intravenous ECG signals conducted from the transduction probe.

*Paired Student’s {-test (no statistical significance).
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causative factor [19-21]. Stuart et al reported that,
during guide wire insertion, 41% of procedures re-
sulted in atrial arrhythmias and 25% produced some
degree of ventricular ectopy, 30% of which were ven-
tricular couplets or greater [19]. To avoid intracardiac
chamber stimulation, prior measurement of the proper
length of guide wire or catheter should decrease the
incidence of arrhythmia. Lee et al reported that in
internal jugular vein catheterizations performed with
previous measurement of the inserted length of J-
wire, there were significantly fewer cardiac
dysrhythmias compared to the group where the guide
wire was inserted at will (28.4% vs 3.9%; p < 0.05) [22].
Monitoring the proper catheter length during cath-
eterization has the effect of decreasing the incidence
of cardiac arrhythmia, as demonstrated in our study
(group G: 16.7%, group T: 3.3%). Therefore, preparing
the proper length of guide wire to prevent
overinsertion and correct placement of the central
venous catheter under IVECG monitoring is impor-
tant to decrease the likelihood of arrhythmias.

In summary, connecting the non-coring transduc-
tion probe to the right arm electrode lead provides
satisfactory IVECG signals and requires no specific
equipment. The technique appears to be as safe, simple,
quick, and effective as the guide wire technique, but
has the advantage of quick re-evaluation of catheter
tip placement after moving the patient in preparation
for surgery. We recommend this technique to evaluate
the accuracy of catheter tip placement during
central venous catheterization and the perioperative
period.
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