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Usefulness of Tip-to-Carina Distance
as a Marker for Detecting Right Atrium
Positioning of a Central Venous
Catheter on Chest X-Ray

Joon Min Park, M.D., Tae Nyoung Chung, M.D., Min
Joung Kim, M.D., Sun Wook Kim, M.D., Yoo Seok
Park, M.D., Sung Pil Chung, M.D., Seung Ho Kim,
M.D.

Purpose: Our goal was to check the effect of physique on
tip-to-carina (TC) distance for detecting the right atrium
(RA) position of a central venous catheter tip, and to deter-
mine the optimal cut-off value for TC distance.

Methods: We did a retrospective review of patients who
were given chest computed tomography within 12 hours
after central venous catheterization (CVC) between
September 2005 and February 2009. We used electronic
medical records (EMR) and a picture archiving communica-
tion system (PACS). TC/height ratio and TC/thoracic width
ratio were used as height and thoracic width corrected TC
distances. We developed receiver operating characteristic
(ROC) curves for TC distance, TC/height and TC/thoracic
width, and compared the area under curves (AUCs) of
each. An optimal cut-off value for TC distance was obtained
using ROC curves.

Results: A total of 88 patients were enrolled in our study to
determine the optimal cut-off value for TC distance. Of the
88, records for 64 included height, which was required for
comparing TC with height and thoracic width corrected TC.
AUCs of TC, TC/height, and TC/thoracic width were,
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respectively, 0.966, 0.962, 0.970. There was no statistically
significant differences between them. The cut-off value for
TC distance for detecting RA positioning of a CVC is 30
mm (Sensitivity = 100%, Specificity = 85.1%).

Conclusion: TC distance is a useful marker for detecting
RA positioning of a CVC regardless of the patient's height
and thoracic width. We suggest 30 mm as the optimal cut-
off value for TC distance.

Key Words: Catheterization, Central venous, Radiography,
Thoracic, Methods

Department of Emergency Medicine, Yonsei University,
College of Medicine, Seoul, Korea
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Fig. 1. Relation of central venous catheter and carina and
measurement of thoracic width.
TC: tip to carina, SVC: superior vena cava, RA:
right atrium
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Fig. 2. Determination of TC distance on scout image of chest computed tomography (A) and axia image of chest computed
tomography for determining RA position of CVC tip (B).
TC: tip to carina, CVC: central venous catheter, RA: right atrium
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285
Chest X-ray and chest CT performed after
central venous catheter insertion within 12
hours

Y

Meet exclusion criteria

4: age<8 years old

2: severe tracheal deviation

1: poor image quality

190: cephalad position of arm

197

A

88
Data set for cut-off
value determination of
TC distance

Y

Height uncheckable from medical

24

record

64
Data set for
performance
comparison of TC
distance with body size
corrected TC

Fig. 3. Distribution of Patient Popul ation.
* TC: tipto carina, " CT: computed tomography

Table 1. Patients' characteristics

Data set for performance comparison of
TC distance with body size corrected
TC distance (n=64)

Data set for cut-off value determination of
TC distance (n=88)

Male, n (%) 35(54.7)

Age, mean+SD, year (IQR) 57.31£4.3 (44~74)

TC distance, mean+=SD, mm (IQR)  11.0£6.5 (-6.3~+25.8)
Caseof CVCtipinRA, n (%) 9(14.1)

Height, mean*+SD, cm (IQR) 163.0+1.9 (158.0~170.0)

Thoracic width, mean=SD, mm (IQR) 251.8£5.6 (235.7~270.7)

53 (60.2)

55.5+ 3.8 (44.0~72.3)
12.6+5.1 (-4.3-+25.8)
12 (13.6)

* TC: tipto caring, " SD: standard deviation, * IQR: interquartile range
$ CVC: central venous catheter, ' RA: right atrium
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Table 2. Areaunder curve of TC distance, TC distance/height, TC distance/thoracic width
Areaunder curve 95% ClI
TC distance 0.966 0.887 to 0.995
TC distance /thoracic width 0.970 0.893 to 0.996
TC distance/height 0.962 0.881 t0 0.994
* TC: tipto carina, ' Cl: confidence interval
Table 3. Pairwise comparison of areaunder curve of TC distance, TC distance/height, TC distance/thoracic width
TC distance with TC distance with TC distance/Height with
TC distance/height ratio TC distance/ TC distance/
thoracic width ratio thoracic width ratio
Difference between areas 0.00404 0.00404 0.00808
Standard error 0.0135 0.0181 0.0226
95% ClI -0.0223 to 0.0304 -0.0314 to 0.0395 -0.0363 to 0.0524

* TC: tipto carina, ' Cl: confidence interval
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1-Specificity Cathter Tip Position

Fig. 4. ROC curve of TC, TC/width, TC/height for detect- Fig. 5. Interactive dot diagram of TC, catheter tip Position
ing right atrial position of catheter tip. * TC: tipto caring, ' RA: right atrium
* ROC: receiver operating characteristic, TC: tip to
carina
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