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ABSTRACT

Purpose: This study aimed to derive a prediction rule for estimating the required length to place the tip of a right internal jugular vein (IJV)
catheter at the mid-point of the superior vena cava using surface landmarks. Methods: The distance from the apex of Sedillot’s triangle to the
ipsilateral sternoclavicular joint and from the latter to the lower border of the right second sternocostal junction was summed and regressed on
the actual length required to place the catheter tip at 30 mm cephalad to the atrio-caval junction as determined with transesophageal echocardi-
ography (TEE) in 70 adults undergoing right 1)V catheterization. The accuracy of the proposed rule was evaluated by calculation of the standard
error of the estimate (SEest) and was compared with Peres’ formula and the C-length methods. Results: The proposed rule had a SEest of 8.4
mm compared with 14.0 mm and 30.7 mm for the C-length and Peres’ formula, respectively. The standardized mean difference (95% confidence
interval) between the catheter length predicted with the surface landmarks rule and that estimated with TEE was 0.00 (-0.24, 0.24), P > .999.
The corresponding difference from the TEE estimations was -0.36 (-0.61, -0.12), P = .003 and 2.42 (2.02, 2.82), P < .0001, for the C-length and
Peres’ formula, respectively. K-fold cross-validation of the proposed rule showed a mean cross-validation score of 0.135 mm. Conclusion: The
proposed surface landmarks rule has a high accuracy that is comparable to TEE and performs better than Peres’ formula or the C-length method.
External validation of the rule is required.
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transesophageal.
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RESUMEN

Propésito: Este estudio tuvo como objetivo derivar una regla de prediccién para estimar la longitud necesaria para colocar la punta de un catéter
en la vena yugular interna (VY1) derecha en el punto medio de la vena cava superior, utilizando referencias anatémicas superficiales. Métodos: Se
sumaron las distancias desde el vértice del tridngulo de Sedillot hasta la articulacién esternoclavicular ipsilateral, y desde esta hasta el borde inferi-
or de la segunda unién esternocostal derecha. Esta suma se correlacioné con la longitud real necesaria para colocar la punta del catéter a 30 mm
cefalicos de la unién atriocaval, determinada mediante ecocardiografia transesofagica (ETE) en 70 adultos sometidos a cateterizacién de la VYI
derecha. La precision de la regla propuesta se evalué mediante el célculo del error estandar de la estimacién (EEest) y se comparé con la férmula
de Peres y el método de longitud-C. Resultados: La regla propuesta tuvo un EEest de 8,4 mm, en comparacién con 14,0 mm y 30,7 mm para el
método de longitud-C y la férmula de Peres, respectivamente. La media + EE de la diferencia entre la longitud del catéter predicha con la regla
de referencias superficiales y la estimada con ETE fue de 0,0 = 1,0 mm (P > .999). La diferencia de medias estandarizada (intervalo de confianza
del 95 %) entre la longitud del catéter predicha con la regla de referencias superficiales y la estimada mediante ETE fue de 0,00 (-0,24; 0,24), P >
.999. La diferencia correspondiente con respecto a las estimaciones por ETE fue de -0,36 (-0,61; -0,12), P = .003, y de 2,42 (2,02; 2,82), P < .0001,
para la longitud-C y la férmula de Peres, respectivamente. La validacion cruzada tipo k-fold de la regla propuesta mostré una puntuacién media
de validacién cruzada de 0,135 mm. Conclusion: La regla propuesta basada en referencias anatémicas superficiales presenta una alta precision
comparable con la ETE y supera el rendimiento de la formula de Peres y del método de longitud-C. Se requiere validacién externa de esta regla.

Palabras clave: Cateterismo venoso central, referencias anatémicas, regla de prediccion clinica, vena yugular, vena cava superior, ecocardiografia

transesofdgica.

Introduction

tral venous cannulation when it is anticipated that a cen-

tral venous catheter (CVC) would be in use for a limited
period, as is the case in perioperative insertions, given its rep-
utably lower risk for CVC-related mechanical complications[1].
The right IJV is normally the preferred choice for cannulation
owing to its straight course to the superior vena cava (SVC),
which helps place the catheter within the IJV or the SVC in a
parallel orientation to the wall of the great veins, thus reducing
the risk of perforation and cardiac tamponade[2].

Central venous cannulation with the advancement of the
catheter to an empirical length ends in approximately one-quar-
ter of the catheters placed in the right atrium (RA)[3]. In this re-
gard, placement of a CVC tip in the RA or the lower SVC carries
a potential risk of cardiac tamponade[4], which, though a rare
event, is associated with a dreadfully high mortality rate in the
order of 65%[5]. Notably, the Food and Drug Administration
recommended that, except for pulmonary artery catheters, no
CVC be introduced into the cardiac cavity[6].

A cadaveric study showed that the pericardial reflection ex-
tended for three centimeters on the medial side of the SVC and
that the carina was situated below the pericardial reflection in
all the cadavers they studied. The investigators concluded that
a CVC tip had to be placed above the carina to negate the risk
of cardiac tamponade in case erosion of the venous wall oc-
curred[7]. However, data from in vivo studies have questioned
the validity of this recommendation. For instance, a radiologi-
cal study showed that the upper limit of the pericardial reflec-
tion was approximately at the mid-point of the SVC and was
consistently seen in the same computed tomography slices as
the takeoff of the right mainstem bronchus. The carina, on the
other hand, was situated caudad to the pericardial reflection
by a mean of 0.7 cm and caudad to the mid-point of the SVC
by a mean of 1.3 cm. Therefore, the authors suggested using
the right main bronchus takeoff as a more reliable landmark to
minimize the risk of tamponade[8].

The internal jugular vein (JV) is the preferred route for cen-
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In the present trial, we attempted to derive a prediction
rule to estimate the required length for placement of the CVC
tip at the mid-point of the SVC from simple anatomical land-
marks that are consistent with the known surface projections
of the great veins. The accuracy of this rule was examined
using TEE and was intended for adult patients undergoing
cannulation of the right IJV utilizing a middle approach. As
a secondary aim, we examined the performance of this sug-
gested rule as contrasted with two other popular methods for
estimation of the CVC length, the Peres formula[3] and the
C-length methodl9].

Patients and Methods

This single-center, prospective, clinical study was conducted
during the period from September 2019 to December 2020.
The study protocol was approved by the Institutional Review
Board and was registered at the ClinicalTrials.gov Protocol Reg-
istry. Written informed consent was obtained from all partic-
ipants, and the trial was monitored by the local institutional
Data and Safety Monitoring Board.

Patient selection

Patients > 18 years of age of either sex scheduled for elective
cardiac surgery in whom TEE was indicated or recommended
were eligible. Exclusion criteria included previous cardiothoracic
or neck surgery, previous radiotherapy on the neck or chest,
intrathoracic or neck mass lesions, deformity of the chest wall
or cervicothoracic spine, or congenital anomalies of the heart
or great vessels. All patients were planned for central venous
cannulation utilizing a middle approach to the right V.

Interventions

Before induction of anesthesia, three sets of measurements
were obtained on each patient: 1) Surface distance: This meas-



ure was obtained by placing three points on the skin using a
non-erasable marker, point A at the apex of the triangle be-
tween the two heads of the sternomastoid (Sedillot’s triangle),
point B at the ipsilateral sternoclavicular joint, and point C at
the lower border of the right second sternocostal junction. The
distance between point A and point B and between point B
and point C was measured in millimeters and summed (Figure
1[10]; 2) C-length: Using the Picture Archiving and Communi-
cations System (PACS) Synapse® 6, software version 4.4.3 (FUJI-
FILM Medical Systems, Lexington, MA, USA), the distance from
the tip of the transverse process of the first thoracic vertebra
(T1) to the tracheal bifurcation (carina of the lung) was meas-
ured in millimeters[9]; 3) Peres’ formula: According to Peres’
formula, the patient’s height in centimeters was divided by ten
to determine the CVC length expected to have the CVC tip
placed in the SVC. The expected CVC length was then convert-
ed to millimeters[3]. Preoperative measurements were taken by
one of two cardiac anesthesiologists not involved in IJV cannu-
lation or the conduct of TEE examination.

Anesthesia was induced and maintained according to the
standard institutional protocols. A TEE probe (GE Vivid 6®, GE
Healthcare®, Wauwatosa, WI, USA) was introduced, and the
multiplane angle was adjusted between 80° and 110° until a
clear bicaval view was obtained to visualize the caudad part of
the SVC at its entry into the RA. The TEE probe was then ma-
nipulated to display the SVC as far as possible from its junction
with the RA. TEE examinations were conducted by one of two

Figure 1. Hand-drawn art line illustrating the proposed surface land-
marks method. Point A: Apex of Sedillot’s triangle (triangular space be-
tween the sternal and clavicular heads of the sternomastoid muscle);
Point B: Sternoclavicular joint; Point C: Lower border of second sterno-
costal junction. The distance between point A and point B and between
point B and point C is measured in millimeters and summed. Adapted
by the authors from Cunningham DJ[10]. The original illustration is in
the public domain.
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cardiac anesthesiologists certified in perioperative TEE.

Unless contraindicated, the patients were then placed in a
15- to 20-degree head-down (Trendelenburg) position with a
slight leftward rotation of the head, and the skin was sterilized
with povidone-iodine and draped. The right 1)V was cannulat-
ed under ultrasound guidance using the Seldinger technique
and utilizing a middle approach to the vein. Once the vein was
cannulated, the syringe was disconnected, and a J-wire was
advanced through the trocar until the J-end of the guide wire
was visualized at the SVC-RA junction via the TEE. The trocar
was withdrawn from the skin, and the dilator was passed over
the guide wire to dilate the passage of the CVC through the
skin and subcutaneous tissue. The CVC was then threaded over
the guide wire until the tip was seen at the atrio-caval junction.
The guide wire was removed, and the CVC was withdrawn for
30 mm as measured with a sterile flexible ruler. The length of
the exteriorized portion of the CVC was determined with the
flexible ruler, and the measured length was subtracted from
the total length of the catheter (20 cm) to calculate the length
of the inserted portion of the CVC with the tip placed at the
mid-SVC. Cannulations of the )V and adjustment of the CVC
tip at the desired depth were carried out by the same anesthe-
siologist.

After surgery, all patients were transferred to the cardi-
ac surgical intensive care unit (ICU), where a portable anter-
oposterior (AP) chest radiograph was obtained. To ensure
consistency in assessments, all images were acquired using a
standardized protocol. Patients were propped up in a 60-de-
gree head-up (semi-Fowler’s) position with the head and neck
centralized in the neutral position, in alignment with the trunk
and limbs. If not able to maintain the desired position, an as-
sistant helped stabilize the patients during the acquisition of
the image. Images were acquired at end-expiration with at-
tention to radiographic quality, including exposure, rotation,
and adequacy of lung inflation. Radiographs were reviewed
at full resolution on the PACS, and brightness/contrast adjust-
ments were permitted to enhance visualization of anatomical
structures and catheter course. The projection was deemed
optimal if the carina and main bronchi were readily visible
with the trachea in the midline and the catheter tip identified.
Any films deemed suboptimal in quality were repeated. The
level of the right main bronchus takeoff was taken as the an-
atomical reference for CVC tip depth, and the distance of the
CVC tip from that line was measured in millimeters. Accord-
ingly, distances cephalad to the reference line were identified
arithmetically with a minus (-) sign and distances caudad to it
with a plus (+) sign, to distinguish mathematically whether the
CVC tip was placed short of or beyond the reference line, re-
spectively. The proportion of patients associated with each of
the three rules in whom the CVC tip would be virtually placed
at or cephalad to the reference line was determined. For this
purpose, we added the actual distance between the CVC tip
and the reference line to the estimated CVC length as deter-
mined with the predictive rule, then we subtracted the insert-
ed length of the CVC as guided with TEE from that value. All
chest radiographs were rated by a single anesthesiologist with
over 15 years of experience in radiological assessment of CVC
imaging. The rater was not involved in the preoperative or
intraoperative care of the patients and was blinded to other
clinical details.
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Outcome measures

The primary outcome measure was the accuracy of the
three prediction rules (i.e., the surface landmarks-based rule,
C-length, and Peres’ formula) for estimation of the CVC length
required to place the CVC tip in the mid-SVC using TEE as the
gold standard. The secondary outcome measures were: 1) the
degree of agreement between each of the three non-invasive
rules and TEE, and 2) the proportion of patients associated with
each of the three rules in whom the CVC tip would be placed
at or cephalad to the right main bronchus takeoff line on post-
operative chest radiographs.

Statistical methods

Sample size calculation

The required sample size was calculated using the Power
Analysis and Sample Size Software© (PASS®) v. 11.0.8 (NCSS,
LLC, Kaysville, Utah, USA, ncss.com/software/pass). We planned
to regress the actual length required to place the CVC tip in the
mid-SVC, as determined with TEE guidance (outcome variable),
on the expected length as estimated non-invasively from the
surface landmarks (explanatory variable). Since we had no prior
information regarding the estimates of such an equation, we
identified a minimum coefficient of determination (R2) of .25
as a clinically important goodness-of-fit measure for the pro-
posed prediction rule. This was based on the suggestion that
an R2 of >.15 or more would indicate a meaningfully good fit
for clinical models [11]. So, we calculated that a sample size of
55 patients would achieve a power of 99% to detect a non-ze-
ro R? attributed to one explanatory variable (surface distance)
using a two-sided t-test. The actual value of R? was assumed
to equal .25, and the significance of the test was targeted at a
conventional value of P < .05. Expecting a drop-out rate of no
more than 20%, we recruited 70 patients to provide for sample
attrition.

Statistical methods

Data were analyzed using the MedCalc® Statistical Soft-
ware version 22.009 (MedCalc® Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2023). Continuous numerical varia-
bles were presented as mean and standard deviation (SD), and
categorical variables as number and percentage.

To derive a prediction rule based on the proposed landmarks
method, we used a simple linear regression model wherein we
regressed the actual length needed to place the CVC tip at the
mid-SVC, as guided with TEE (dependent variable), on the ex-
pected length as estimated with the surface landmarks method
(independent variable). The accuracy of the prediction rule was
assessed by calculation of the standard error of the estimate
(SE,.). which is the SD of the residuals. For the C-length meth-
od and Peres’ formula, we determined the SE__ by calculating
the difference between the expected CVC length and the ac-
tual length for each patient. Then, we squared the differences,
summed them, and calculated the mean squared difference.
The SEest was taken as the square root of the mean squared
difference .
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(SE,, = Vmeannsquared difference)

K-fold cross-validation of the proposed rule was done uti-
lizing the Pandas [12] and Scikit-learn[13] libraries in Python
version 3.12.0 (October 2023)[14].

The inter-method agreement was examined using Bland-Alt-
man plots[15],[16].

Related numerical data were compared using repeated
measures analysis of variance with application of the Holm-Bon-
ferroni correction for post-hoc pairwise comparisons. The
Cochran Q test was used to compare related binary data, and
post-hoc comparisons were done using the McNemar test with
application of the Holm-Bonferroni correction. The Sheskin
method was used to calculate the minimum required difference
for related binary data. Differences are reported as both stand-
ardized (Cohen’s dz) and raw unstandardized (raw) differences
with a 95% confidence interval (95% Cl). The Wilson method
was used to calculate the 95% Cl for binary data, as it is more
robust for near-extreme percentages. For continuous data, the
standard t-distribution method was used. All reported P values
are two-sided. P values < .05 are considered statistically signifi-
cant.

Results

The present study included 70 patients, 35 (50%) males
and 35 (50%) females, with a mean + SD age of 49 + 14 years
(range, 18 to 85 years). The characteristics of the study popu-
lation are summarized in Table 1. The details of regressing the
TEE-verified length needed to place the CVC tip at the mid-SVC
on the measured surface distance, including the goodness-of-
fit tests, are shown in Supplementary Digital Material 1. Supple-
mentary Digital Materials 2-4 show the scatter plots for testing
the assumptions of linear regression. The derived regression
equation was as follows:

Expected CVC length in mm = 64.919+(0.516* Measured sur-
face distance in mm)

Primary outcome

The proposed surface landmarks rule had a SEest of 8.4
mm compared with 14.0 mm and 30.7 mm for the C-length
and Peres’ formula, respectively. The mean (95% Cl) of the dif-
ference between the CVC length predicted with the surface
landmarks rule and that estimated with TEE was 0.0 (-2.0, 2.0)
mm (standardized mean difference [95% CI] = 0.00 [-0.24,
0.24], Holm-Bonferroni-corrected P value > .999). The corre-
sponding difference (95% Cl) from the TEE estimations was
-4.8 (-8.0, -1.7) mm for the C-length (standardized mean dif-
ference [95% Cl] = -0.36 [-0.61, -0.12], Holm-Bonferroni-cor-
rected P value = .003), and was 28.5 (25.7, 31.2) mm for Pe-
res’ formula (standardized mean difference [95% Cl] = 2.42
[2.02, 2.82], Holm-Bonferroni-corrected P value < .0001). We
did k-fold cross-validation of the proposed rule using five equal
splits of the original data, each including 14 observations. The
cross-validation scores (root mean square errors) were -0.144,
-0.218, 0.136, 0.443, and 0.460 mm, with a mean cross-vali-
dation score of 0.135 mm.
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__________________________________________________________________________________________________________________________________________________|
Table 1. Characteristics of the study population

Variable

Age (years)

Male sex

Weight (kg)

Height (cm)

BMI (kg/m?)

Surgery

Aortic valve replacement

Bentall procedure

CABG

CABG plus aortic valve replacement

CABG plus mitral valve replacement

Mitral valve replacement

Mitral valve replacement plus tricuspid valve replacement
Pulmonary valve replacement plus perivalvular abscess drainage
Septal myomectomy

Septal myomectomy plus aortoplasty

Tricuspid valve replacement

VSD closure

Surface distance (mm)

C-length (mm)

Peres’ formula (mm)

TEE-verified length needed to place CVC tip at mid-SVC (mm)

Metric
49 + 14 (18, 85)
35 (50.0%)
78 + 15 (47, 122)
164 + 8 (140, 180)
29.1 £ 5.2 (17.9, 46.7)

8 (11.4%)
1(1.4%)
37.1%)
2.9%)
4.3%)
27.1%)
2.9%)
1(1.4%
2(2.9%
1(1.4%
4 (5.7%
1(1.4%)
136 + 13 (109, 169)
131 £ 15 (95, 174)
164 + 8 (140, 180)
135+ 11 (110, 162)

2

6
2
3
19
2

(
(
(
(
(
(
(
(
(
(

)
)
)
)

Data are presented as mean + SD (minimum, maximum) or count (percentage). BMI = body mass index; CABG = coronary artery bypass
grafting; CVC = central venous catheter; SVC = superior vena cava; TEE = transesophageal echocardiography; VSD = ventricular septal defect.

Secondary outcomes

The limits of agreement between the proposed surface
landmarks rule and TEE were from a lower limit of -16.6 (95%
Cl =-20.0 to -13.1) mm to an upper limit of 16.6 (95% Cl =
13.1 to 20.0) mm, with a bias (mean difference) of 0.0 (95%
Cl = -2.0 to 2.0) mm (Figure 2), which was more acceptable
clinically compared with the C-length (lower limit of agreement
[95% Cl] = -30.8 [-36.2, -25.4] mm, upper limit of agreement
[95% Cl] = 21.2 [15.7, 26.6] mm, bias [95% CI] = -4.8 [-8.0,
-1.7]1 mm) (Figure 3) or Peres’ formula (lower limit of agreement
[95% Cl] =5.6[0.9, 10.4] mm, upper limit of agreement [95%
Cl] = 51.3 [46.5, 56.1] mm, bias [95% Cl] = 28.5 [25.7, 31.2]
mm) (Figure 4).

On postoperative chest radiographs, the mean (95% Cl) of
the actual distance between the CVC tip and the right main
bronchus takeoff line was -7.5 (-8.6, -6.6) mm. The mean (95%
Cl) of the virtual distance between the hypothetical location of
the CVC tip, as expected using the proposed surface landmarks
rule, and the right main bronchus takeoff line was -7.5 (-10.0,
-5.0) mm. The mean (95% ClI) of the corresponding distances
for the C-length and Peres’ formula were -12.3 (-16.1, -8.6)
mm and 20.9 (17.6, 24.3) mm, respectively. The difference be-
tween the proposed surface landmarks rule and TEE was not
statistically significant (mean difference [95% Cl] = 0.0 [-2.0,

2.0] mm, Cohen’s dz [95% Cl] = 0.00 [-0.24, 0.24], P value >
.999). However, the C-length was associated with a shallower

Figure 2. Bland-Altman plot showing the agreement between the pro-
posed surface landmarks rule and transesophageal echocardiography.
Lower limit of agreement (95% Cl) = -16.6 (-20.0, -13.1) mm. Upper
limit of agreement (95% Cl) = 16.6 (13.1, 20.0) mm. Bias (95% Cl) =
0.0 (-2.0, 2.0) mm.
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Figure 3. Bland-Altman plot showing the agreement between the
C-length and transesophageal echocardiography. Lower limit of agree-
ment (95% Cl) = -30.8 (-36.2, -25.4) mm. Upper limit of agreement
(95% Cl)=21.2 (15.7, 26.6) mm. Bias (95% Cl) =-4.8 (-8.0, -1.7) mm.

CVC tip location compared with TEE (mean difference [95%
Cl]=-4.81[-8.0, -1.7] mm, Cohen’s dz =-0.43 [-0.73, -0.13], P
value = .003). In contrast, Peres’ formula was associated with a
deeper CVC tip location compared with TEE (mean difference
[95% Cl] = 28.5[21.7, 27.2] mm, Cohen’s dz [95% Cl] = 2.35
[1.96, 2.74], P value < .0001) (Table 2 and Figure 5).

None of the patients (0.0%, 95% Cl: 0.0% to 5.2%) had
the CVC tip located caudad to the right main bronchus takeoff
line on postoperative chest X-ray.The virtual location of the CVC
tip, as estimated with the surface landmarks rule, C-length, or
Peres’ formula, was caudad to the right main bronchus take-
off line in 10 (14.3%, 95% Cl: 7.9% to 24.3%) patients, 20
(28.6%, 95% Cl: 19.4% to 40.1%) patients, or 64 (91.4%,
95% Cl: 82.5% to 96.0%) patients, respectively (Cochran Q
¥?[3] = 127.930, P value < .0001). The difference between
the C-length and TEE (unstandardized difference [95% Cl] =
28.6% [17.8%), 39.3%], Cohen’s dz [95% Cl] = 0.63 [0.39,
0.87], P value < .0001), and between Peres’ formula and TEE
(unstandardized difference [95% Cl] =91.4% [84.8%, 98.1%],
Cohen’s dz [95% Cl] = 3.24 [3.00, 3.24], P value < .0001), was
statistically significant (Sheskin’s minimum required difference
= 23.8%). In contrast, the difference between the proposed
surface landmarks rule and TEE did not exceed Sheskin’s mini-
mum required difference (unstandardized difference [95% ClI]
= 14.3% [6.1%, 22.5%], Cohen’s dz [95% Cl] = 0.22 [0.09,
0.35], P value = .004, Sheskin’s minimum required difference =
23.8%) (Table 2 and Figure 6).

Discussion

The present study showed that the proposed surface land-
marks rule had high accuracy for the estimation of the length
required to have the CVC tip placed at the mid-SVC for cathe-
ters inserted via the right V. The suggested rule could estimate
the required length with an error of less than one centimeter.
Compared with the C-length and Peres’ formula, the proposed
rule showed better agreement with the TEE measurements and
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Figure 4. Bland-Altman plot showing the agreement between Peres’
formula and transesophageal echocardiography. Lower limit of agree-
ment (95% Cl) = 5.6 (0.9, 10.4) mm. Upper limit of agreement (95%
Cl)=51.3(46.5, 56.1) mm. Bias (95% Cl) = 28.5 (25.7, 31.2) mm.

Figure 5. The distance between the CVC tip and the right main bron-
chus takeoff line as measured on postoperative chest radiographs for
each of the four catheterization methods. Markers represent individual
observations. Error bars represent the 95% confidence interval. The
central line within the error bars represents the mean. The difference
between the proposed surface landmarks rule and TEE was not statis-
tically significant (Cohen’s dz [95% Cl] = 0.00 [-0.24, 0.24], P value >
.999). However, the C-length was associated with a shallower CVC tip
location compared with TEE (Cohen’s dz = -0.43 [-0.73, -0.13], P value
=.003) and Peres’ formula with a deeper CVC tip location compared
with TEE (Cohen’s dz [95% Cl] = 2.35[1.96, 2.74], P value < .0001).

was associated with the least chance for placement of the CVC
tip below the pericardial reflection.

Advancing CVCs to an empirical length is associated with
an alarmingly high incidence of intra-atrial placement[3] and
predisposes patients to cardiac tamponade that carries a dis-
mal outcome, with about 80% of victims succumbing and 12%
surviving in a vegetative state, according to one series[17].

On the other side, there is evidence that the farther the



Figure 6. The percentage of CVC tips placed below the right main
bronchus takeoff line as observed on postoperative chest radiographs
for each of the four catheterization methods. Error bars represent the
95% confidence interval. The difference between the proposed surface
landmarks rule and TEE did not exceed Sheskin’s minimum required dif-
ference (unstandardized difference [95% Cl] = 14.3% [6.1%, 22.5%],
Cohen’s dz [95% CI] = 0.22 [0.09, 0.35], P value = .004, Sheskin’s
minimum required difference = 23.8%).

catheter tip is placed from the atrio-caval junction, the higher
the risk of central venous thrombosis is[18]. An international
consortium of experts made a Grade 1A recommendation (i.e.,
a strong recommendation based on a high level of evidence)
that the tip of the CVC should be located at the confluence
of the SVC with the RA to reduce the risk of catheter-related
thrombosis[19]. However, despite the claimed benefit of that
recommendation, the atrio-caval junction may not be the best
destination since a CVC tip so placed would be well seated
within the pericardial sac, a vulnerable position concerning
cardiac tamponade. This notion is based on anatomical data
showing that the pericardial reflection extends for three cen-
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timeters on the medial side of the SVC, which approximately
corresponds to the mid-point of the SVC[7],[20]. One study in-
volving embalmed cadavers reported the carina was situated at
a mean distance of four millimeters above the pericardial reflec-
tion with an SE of one millimeter. In no single case was the ca-
rina seated lower than the level of the pericardial reflection[7].
These findings were corroborated by another anatomical study
involving fresh cadavers[20].

Nonetheless, in vivo data showed that the carina did not
assume the same relations with the pericardial sac or the mid-
point of the SVC as those described in cadaveric studies. One
radiological study conducted on live patients demonstrated that
the upper limit of the pericardial reflection was approximately
at the mid-point of the SVC and was consistently seen in the
same computed tomography slices cutting through the takeoff
of the right main bronchus. In contrast, the carina was situated
lower than the pericardial reflection and the mid-point of the
SVC by a mean (SD) of 0.7 (1.2) cm and 1.3 (0.9) cm, respec-
tively. Therefore, the authors suggested using the right main
bronchus takeoff as a more reliable in vivo surrogate landmark
to minimize the risk of tamponade[8].

A relevant issue that is worth discussing in this setting is
the post-insertion migration of catheters, since there is data
denoting that about 6% of initially well-placed CVCs undergo
secondary migration or malposition[21]. Interestingly, a retro-
spective review of tunneled port catheters compared imme-
diate post-insertion fluoroscopic screening images with chest
radiographs taken within 48 hours of catheter placement. The
authors reported that tip migration was observed in about
41% of catheters and that two-thirds of migrations occurred
in women. Besides, they observed a statistically significant rela-
tion between tip migration and a higher body mass index (BMI)
and female sex. They explained that women could be at higher
risk for tip migration owing to the more massive breast tissue
compared to males and concluded that allowance should be
made for the possibility of migration, especially in women and

' _____________________________'____________________________________ __________________________________________________________ __________|]
Table 2. CVC length as estimated with TEE, the proposed surface landmarks rule, C-length, or Peres’ formula, and the CVC tip
distance from the right main bronchus takeoff line on postoperative chest radiograph

Variable TEE Proposed surface

landmarks rule

Estimated CVC 135.4 (133.8, 137.0)

length (mm)

CVC tip distance
from the right
main bronchus
takeoff line (mm)
.

CVC tip sited
below the right
main bronchus
takeoff line

135.4 (132.8, 137.9)

-7.5 (-8.6, -6.5) -7.5 (-10.0, -5.0)

0(0.0%[0.0%, 5.2%])

10(14.3% [7.9%, 24.3%])°

C-length Peres' formula P value
130.5 (127.0, 1341+ 163.8 (161.8, 165.8)° < .0001*
-12.3 (-16.1, -8.6)* 20.9 (17.6, 24.3)8 < .0001*
20(28.6% [19.4%, 40.0%])° 64(91.4% [82.5%,96.0%]® <.0001**

Data are presented as mean (95% Cl) or count (percentage [95% Cl]). T Actual distance for TEE and expected distance for other methods.
A minus (-) value refers to a location cephalad to the right main bronchus takeoff line, and a plus (+) value to a location caudad to the
right main bronchus takeoff line; ¥ Actual site for TEE and expected site for other methods; * Repeated-measures analysis of variance; **
Cochran Q test (Sheskin’s minimum significant difference = 23.8%); * P value = .003 versus TEE (Holm-Bonferroni-corrected); & P value <
.0001 versus TEE (Holm-Bonferroni-corrected); ¢ P value = .004 versus TEE ((Holm-Bonferroni-corrected); CVC = central venous catheter, TEE
= transesophageal echocardiography.
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in those with higher BMI[22]. The implication of this is twofold:
Firstly, any predictive rule should adjust for the possibility of
catheter migration following proper placement, and secondly,
rules designed to target more caudad destinations (e.g., lower
SVC or atrio-caval junction) may not be a favorable choice if
avoiding the occurrence of cardiac tamponade is a priority.

In the present trial, we demonstrated that the proposed sur-
face landmarks rule was superior to the other two comparators,
the C-length and Peres’ formula, both in terms of the magni-
tude of error in determining the required CVC length and in
terms of the chance to have the CVC tip placed below the right
main bronchus takeoff line. Of note, we demonstrated that Pe-
res’ formula overestimated the needed depth of insertion by
approximately 3 cm on average and could be associated with a
frighteningly high chance for catheter tip placement below the
right main bronchus takeoff that exceeded 90%. This is in con-
cordance with a previous trial reporting that the vast majority
(98.5%) of right 1)V insertions guided with Peres’ formula were
over-inserted[23]. Conversely, other investigators reported high
accuracy of Peres’ formula for right )V catheterization, but they
defined different endpoints for the appropriateness of CVC tip
position. For instance, Czepizak and coworkers[24] considered
the placement as optimum if the tip was viewed above or in the
distal SVC in anteroposterior chest radiographs and reported an
accuracy of 90% for the formula. Contrary to Peres’ formula,
the C-length underestimated the required depth of insertion
by nearly 0.5 cm on average and was associated with a much
lower chance of placing the CVC tip below the right main bron-
chus takeoff (about 29%) in the present study. This agrees with
a previous series, which found that about 87% of the CVC tips
inserted with the C-length guidance were placed in the upper
SVC and only 13% in the lower SVC[9].

Although the precision of the C-length differed slightly
from that of the proposed surface landmarks rule (SEest: 14.0
mm vs. 8.4 mm), the difference was more pronounced in the
case of Peres’ formula (SE_: 30.7 mm). Deductively, the clinical
implications of these differences could be relevant considering
the observed radiographic findings, as approximately 30% of
patients catheterized with guidance of the C-length meth-
od could have their CVC tip placed caudad to the right main
bronchus takeoff line (i.e., within the pericardial reflection). For
Peres’ formula, this probability could even be much higher, ex-
ceeding 90%. It is noteworthy that although the proposed sur-
face landmarks rule was associated with a lower vulnerability in
the order of 14% for this occurrence, given an estimated 95%
Cl of 7.9% to 24.3%, it is quite probable that a considerable
proportion of catheterizations guided with the proposed rule
could eventually end up with the CVC tip dwelling below the
pericardial reflection. It need not be overstressed, therefore,
that clinical vigilance should be exercised with whatever rule is
employed to guide central venous catheterization.

Several methods and predictive rules, whether guid-
ed by topographical or radiological landmarks, have
been proposed to help determine the ideal CVC insertion
depth[3],[9],[23],[25]-[28], but none has been established as
a benchmark. Intuitively, it cannot be anticipated that a uni-
form rule would be ubiquitously adopted by all practitioners,
given the diversity in the clinical purpose for inserting a CVC
and the variation in the metrics defining what is considered the
ideal position of a CVC tip. For perioperative purposes, a CVC
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is customarily inserted for a relatively unprotracted duration,
usually in the order of a few days, to administer medications
and/or monitor right-sided filling pressure. In such a setting, the
provision of a reliable method for verifying the location of the
CVC tip, such as TEE, would not be feasible given the imposed
costs, required expertise, and the ethical issues of subjecting
patients to unnecessary interventions. Alternatively, performing
intraoperative chest roentgenography could not be suggested
as a routine practice for this purpose. The present trial, there-
fore, attempted to fill a relevant gap by seeking to develop a
simple prediction rule based on the known surface projections
of the great veins and the pericardial anatomy that are easi-
ly identified by clinicians. For this purpose, we determined the
optimum CVC length required to place the tip at the target
site (i.e., mid-SVC) with TEE, which we considered as our gold
standard test given its demonstrated accuracy[29]. Besides, we
evaluated the accuracy of the proposed rule for guiding place-
ment of the CVC tip outside the pericardial reflection using a
simple radiological landmark (i.e., right main bronchus takeoff)
that has been demonstrated to be a better alternative to the
carinal line[8].

On the other hand, the present study has limitations. First-
ly, the accuracy of the suggested surface landmarks-based rule
has been evaluated on a rather small cohort from which it was
derived. A known shortcoming in predictive models is that they
best fit the training sample from which they are developed[30].
Although we subjected the rule to internal validation using
k-fold cross-validation, the rule has yet to undergo external val-
idation on other separate samples that are adequately sized.
Another limitation is that the prediction rule is meant to be ap-
plied to adult subjects undergoing right IJV cannulation utilizing
a middle approach. The present results cannot, therefore, be
generalized to other patient populations or other approaches
for central venous cannulation.

In the context of limitations, it is also noteworthy to dis-
cuss the shortcomings of portable chest X-ray systems. The
posteroanterior (PA) projection is considered the gold standard
for chest radiography owing to its superior image quality and
accurate cardiac size estimation; however, it is generally limited
to ambulatory patients who can stand or sit fully upright at a
radiographic unit. The reason is that a true PA view requires the
X-ray beam to pass through the T7 level in a posterior-to-ante-
rior projection at right angles to the image detector, which is
placed against the patient’s anterior chest wall. The minimum
source-to-image distance required to reduce the magnification
of thoracic structures, especially the heart, and enhance im-
age sharpness is 180 ¢cm, which is usually unfeasible in a bed-
side setting[31]. For portable systems, however, the quality of
the regularly performed AP projection could be significantly
enhanced if patients were propped up in a 45- to 60-degree
head-up (Fowler’s) position, which is usually feasible, and some-
times the preferred position for nursing patients in the ICU. In
contradistinction to the supine decubitus, this position limits
cardiac magnification and enhances the accuracy of mediasti-
nal assessment[32].

Another limitation is the effect of the body position and
respiratory phase on the CVC tip position relative to the tra-
cheobronchial tree. In this regard, there is evidence that the
tip moves an average of 9 mm more cephalad to the carina
during inspiration[33] or when changing from the supine to the



upright position[34]. A peculiar, though unavoidable, problem
akin to post-cardiac surgery radiographs is the potential to con-
ceal mediastinal structures by wires, drains, or monitoring elec-
trodes[35]. While it is possible that inter-rater variability could
impact judgements, there is data denoting excellent inter-ob-
server agreement for the determination of CVC tip on portable
X-ray systems[36].

To minimize the effect of these confounding factors, we
have standardized the portable imaging technique, addressing
possible modifiable factors to enhance the reliability of radio-
graphic images, which were examined by a single rater with
adequate experience to reduce inter-rater variability.

Conclusion

The proposed surface landmarks-based rule presents a sim-
ple method to guide the determination of the CVC depth that
is required to have the catheter tip placed at the mid-SVC in
adults undergoing catheterization of the right IJV via the middle
approach. The rule was associated with a smaller error and low-
er chance of intra-pericardial placement than both the C-length
and Peres’ formula, and demonstrated better agreement with
TEE than either method, but needs further validation on larger
cohorts.
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