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Abstract

Study objective: Central venous catheterization is an essential component of intensive
care of critically ill patients, and proper positioning of the catheter is essential to
prevent position-related complications. This study was conducted by using digital
tape measurement to objectively assess clinician preferences for central venous catheter
positioning based on specific position levels and landmarks on post-procedural chest
radiographs. Design: A cross-sectional study using electronic questionnaire survey.
Setting: Single academic teaching hospital participated in this study. Participants: The
study enrolled 276 physicians from multiple clinical disciplines. Interventions: None.
Measurements: A seven-level reference system labeled on a sample chest radiograph
was used to identify the acceptable lower and upper limits and landmarks used to
determine the optimal central venous catheter tip position as well as the pattern of clinical
practices based on the specialty and level of experience of participants. Main results:
Among the 276 respondents, the ratio of cumulative acceptance for the lower and upper
catheter tip limit was 62% and 66.3% within a 4-cm range below or above the carina,
respectively. Intensive care unit (ICU) physicians showed a greater tendency to choose
a catheter tip 4 cm below and 6 cm above the carina (p = 0.004 and 0.002, respectively)
as did experienced physicians (p = 0.007 and < 0.001, respectively). The commonest
reason for catheter tip withdrawal was arrhythmia (50% of cases). Physicians in the ICU
and experienced physicians were more concerned about the risk of cardiac perforation
than other respondents (p < 0.001 and < 0.001, respectively). The carina was the most
commonly used landmark in 71.7% of all physicians, although 50% of radiologists also
used other landmarks. Conclusions: The acceptable limit of the catheter tip is 4 cm
above and below the carina (-4 to +4), as determined on chest radiography, without a
need for tip adjustment.
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1. Introduction

The central venous catheter (CVC) is an essential component in
the care of severely ill patients with various diseases and across
diverse treatment environments. The CVC is routinely and
frequently used for the administration of intravenous fluids,
medications, and nutrition, as well as for advanced moni-
toring of hemodynamics. Confirmation of the catheter tip
position in the fields of critical care medicine and anesthesia
recommended by the American Society of Anesthesiologists
task force practice guidelines is crucial after CVC insertion to
prevent complications such as mechanical endocardial injury,
arrhythmias, and, most seriously, cardiac tamponade, which
is associated with a high mortality rate [1, 2]. The incidence
of inaccurate CVC positioning, with the catheter tip below the

junction of the superior vena cava (SVC) and the right atrium
(RA), has been reported to be as high as 3.3% [3].

Other practice guidelines have been issued with regard to the
placement and positioning of dialysis catheters, Port-A-Caths,
and peripherally inserted central venous catheters (PICCs) [4—
7]. The National Kidney Foundation has proposed practice
guidelines for the use of CVCs, and recommends that non-
tunneled dialysis or trialysis catheters be placed in the dis-
tal half of the SVC or at the junction of the SVC and RA,
whereas the tip for long-term tunneled catheters should be
placed at least at the SVC—RA junction, or even within the RA
itself, to achieve maximum flow in dialysis-dependent patients
[4]. Specific guidelines for the insertion and management
of central venous access devices in adults, established by
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TABLE 1. Acceptable lower CVC tip position based on the specialty and the level of experience
(individual CVC tip—carina distance).

LA-CVC ICUn (%) RAD n (%) IMn (%) Others n (%) p-value Residentn (%) AP n (%) p-value Total n (%)

0 6(7.7) 3(4.6)  24(22.2) 0
+2 12(154)  15(22.7) 33(30.6)  12(50)
+4 48 (61.5)  39(59.1) 42(38.9)  9(37.5)
+6 12(154)  9(13.6)  9(8.3) 3(12.5)
Total 78 66 108 24

<0.001*  27(14.8)  6(645) 004  33(12)
0.004* 51(27.9)  21(22.6) 0344  72(26)
0.004* 81(443)  57(61.3) 0.007* 130 (47.1)
0.5 24 (13.1) 9(9.7) 0405  33(12)
- 183 93 - 276

LA - CVC, lower acceptable central venous catheter tip limit; RAD, radiology; IM, internal medicine; AP, attending physicians;

ICU, intensive care unit. *p < 0.05 indicates significance.

TABLE 2. Acceptable lower CVC tip position based on the specialty and the level of experience
(cumulative CVC tip—carina distance).

CLA - CVC ICUn (%) RAD n (%) IM n (%) Others n (%) p-value Residentn (%) AP n (%) p- value

0 78 (100) 66 (100) 108 (100) 24 (100)
<+2 72(92.3)  63(95.4) 84(77.8)  24(100)
< +4 60 (76.9) 48(72.7) S51(472)  12(50.0)
< +6 12(154)  9(13.6)  9(8.3) 3(12.5)

Total
N/A 183 (100) 93 (100) N/A 276 (100)
<0.001* 156 (85.2) 87(93.5) 0.04* 243 (88)
<0.001* 105 (57.4) 66 (71)  0.028* 171 (62)
0.493 24 (13.1) 9(9.7) 0.405 33(12)

CLA - CVC, cumulative lower acceptable central venous catheter tip limit; RAD, radiology; IM, Internal medicine; AP,
attending physicians, ICU, intensive care unit. *p < 0.05 indicates significance.

FIGURE 1.
to facilitate selection of the optimal upper and lower
acceptable levels based on the distance from the carina.

Chest radiograph with multiple levels

a group of hematologists, indicate that the optimal position
for the catheter tip is in the distal SVC or upper RA, and
the carina is an approximate landmark for this position [5].
Other guidelines published for nutritionists and nurses further
support the specifications for optimal CVC tip positioning
[6, 7].

Some guidelines on catheter tip positioning recommend
a post-procedural chest radiography to confirm appropriate
catheter placement such as the practice guidelines for CVA

2020 by ASA Task Force [1, 5-7]. On the contrary, other
guidelines such as the National Kidney Foundation suggest
using CXR after the CVC insertion, but not mandatory [4].

This study was conducted with a primary objective to estab-
lish a feasible and objective approach for conventional CVC tip
positioning in intensive care unit (ICU) patients, based on the
CXR interpretation. This objective approach used a digital tape
measurement in centimeters from the imaging software system
to determine the acceptable lower and upper CVC tip position
from the carina. The secondary objective was to identify and
address the critical clinical aspects and controversial issues
associated with catheter tip positioning in ICU.

2. Materials and Methods

2.1 Study design

This cross-sectional study used a custom-designed question-
naire survey through a Web-based application to obtain data on
clinical practice patterns and knowledge of CVC positioning
among physicians from an academic teaching hospital on April
and May of 2020. Practice patterns referred to the acceptable
upper and lower limits for the CVC tip position, as measured
on chest radiography, among the physicians. In addition,
we compared practice patterns based on the level of training
and different medical subdisciplines for the positioning of the
CVC across diverse practice settings. Additionally, the data
for analysis included the most familiar landmarks or other
less important ones used to determine an acceptable position
of the CVC tip, the common and severe complications of
unacceptable tip positioning, and the importance of tip position
in the clinical setting.
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FIGURE 2. Pie chart depicting the choice of the lower limit of central venous catheter tip position among residents and
attending physicians. The attending physicians tended to choose a position 4 cm below the carina more often than did the

residents (p= 0.007).

2.2 Study setting and participants

After the initial design of the questionnaire, we conducted
an intranet-based survey among physicians in two academic
teaching hospitals that were affiliated to King Saud Univer-
sity, Riyadh, Saudi Arabia. Participants were prospectively
enrolled on the basis of their medical discipline and level of
experience to achieve a representative sample from different
practice fields (ICU, radiology, nephrology, anesthesia, and
internal medicine), and included attending physicians as well
as senior trainees with at least three years of residency training
who were competent and can insert conventional CVC with-
out supervision and had completed a minimum rotation of 3
months in the ICU.

This study was approved (approval no. E-20-4766) by the
institutional review board (IRB) of the health sciences college
research on human subjects at King Saud University, Riyadh,
Saudi Arabia.

2.3 Questionnaire design

A seven-level reference system, labeled on chest radiographs,
was used to enable physicians to mark their upper and lower
acceptable CVC tip positions. To facilitate accurate mea-
surements in a standardized chest radiograph, we chose the
carina as the reference landmark on the radiographs, with the

carina defined as the “0” level, with three levels above and
below the carina that were situated 2 cm apart (i.e., at 2, 4,
and 6 cm from the carina; Fig. 1). The distances above the
carina were defined as negative values, and those below the
carina as positive, as follows: -6, -4, -2, 0, +2, +4, and +6.
The following three variables were identified to determine the
patterns of clinical practice and knowledge with regard to CVC
tip positioning: 1) the lower limit of the CVC tip position at
which the physician would consider pulling up the catheter,
with additional questions on the justification for this action
and its clinical importance; 2) the upper limit of the CVC
tip position, with further questions on the course of action
if the catheter was above the acceptable upper limit; and 3)
landmarks, other than the carina, that were used to determine
the optimal and acceptable CVC tip position (Table 1).

2.4 Survey reliability and validity

To ascertain the face validity of the key assessment tool,
the questionnaire was sent to five experienced intensivists
and one ICU trainee, on three separate occasions, and the
survey questions were adjusted on the basis of their feedback.
However, responses from the face-validity surveys were not
included in the final analysis dataset. The overall test—retest
reliability coefficient for the survey questionnaire was accept-
able, at 0.79. The finalized questionnaire was uploaded to
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FIGURE 3. Pie chart presenting the preference of the upper limit of central venous catheter tip position among residents
and attending physicians. The attending physicians tended to choose a position 6 cm above the carina more often than did
the residents (p < 0.001).

TABLE 3. Anticipated reason for catheter withdrawal below the acceptable central venous catheter tip range.
ICU n (%) RAD n (%) IM n (%) Others n (%) p - value Resident n (%) AP n (%) p - value Total n (%)

RA location 21(269) 15(227) 27(250) 9(37.5) 0551  45(24.6) 27(293) 042  72(26.1)
Arrhythmias 24(30.8) 39(59.1) 69(63.9) 6(25.0) <0.001 108(59.0) 30(32.3) <0.001 138 (50.0)
Cardiac perforation 24 (30.8) 6(9.1) 9(83)  6(25.0) <0.001  15(82)  30(32.3) <0.001 45(16.3)
Thrombosis 9(11.5)  6(9.1) 3(28  3(125  0.097 15 (8.2) 6(65) 0.605 21(7.6)
Total 78 66 108 24 183 93 276

RA, right atrial; RAD, radiology,; IM, internal medicine, AP, attending physicians.

*p < 0.05 indicates significance.

an intranet-based survey tool for distribution. This software
allows the survey to be delivered and completed online, with
response data collated and exported in an electronic format
that is compatible with SPSS 24 (IBM, SPSS Inc., Chicago,
IL, USA). The survey link was sent to ICU physicians, radi-
ologists, nephrologists, anesthesiologists, and senior medical
residents. Study participation was optional, and responses
were anonymized. There were no exclusion or disqualification
criteria, and the data from all responders were included in
the final analysis. The email addresses of all participants
for questionnaire distribution were obtained from the depart-
ments for the five target medical disciplines: ICU, radiology,
nephrology, anesthesia, cardiology and internal medicine. The

survey link was simultaneously sent to all potential participants
once, with two reminders to complete the survey that were sent
out on alternate weeks. The data collection for this study was
undertaken in April and May 2020.

2.5 Outcomes of interest

The outcomes of interest included a description of acceptable
CVC tip positioning for all respondents and a description
of acceptable positioning as a function of practice discipline
and level of training. The between-group differences were
evaluated by using a chi-square test, and all analyses were
conducted in SPSS Statistics, with the level of significance
defined by p < 0.05.
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FIGURE 4. Pie chart of a comparison of the preference of optimum central venous catheter tip position among residents
and attending physicians. Attending physicians tended to have a wider range of acceptable central venous catheter tip
range with regard to the carina ( > 4 cm) than did the residents (p < 0.001).

3. Results

During April and May 2020, a total of 276 physicians com-
pleted the survey (response rate 94.5%). 78 ICU physicians,
66 radiologists, 108 internists, and 24 participants from “other”
disciplines, including anesthesiologists, nephrologists, cardi-
ologists, and emergency physicians were included. Among the
276 respondents, 183 were trainees with at least 3 months of
ICU training. All respondents completed the survey within an
average duration of 5 min.

3.1 Lower limit of CVC tip position

The highest proportion 50% (138/276) of physicians, regard-
less of their discipline and the training level, considered a
threshold of +4 cm (4 cm below the carina) as the lowest
acceptable position for the CVC tip. This was the preferred
position for 61.5% (48/78) of the ICU physicians, 59.1%
(39/66) of radiologists, and 38.9% (42/108) internists. How-
ever, 50% (12/24) of other specialties preferred the +2 cm level
(2 cm below the carina) as the lower acceptable position of
the CVC tip. The preference for the CVC lower tip levels
of 0 (internal medicine, p < 0.001), +2 (other specialties, p
= 0.004), and +4 (ICU and radiology, p = 0.004) differed
significantly between departments (Table 1). Based on the
level of training, a higher percentage of attending physicians

61.3% (57/93) clearly preferred the +4 level (4 cm below the
carina), compared with only 44.3% (81/183) of the residents (p
=0.007). At the level of the carina (0 level), senior residents
preferred the O level compared to attending physicians (p =
0.04; Table 1 and Fig. 2).

Besides the points referenced as the lower acceptable levels,
we identified the cumulative numbers of individuals based on
their preference of the lower CVC tip level — the zone between
the chosen tip level and the carina — based on assumption
that the individual choosing the lower acceptable level must
be tolerant of the upper limit-level choices with regard to the
carina. For example, if an individual accepts +4 then +2
and carina levels are acceptable. This range was referred as
cumulative CVC lower limit. We observed a clear preference
for < +4 among ICU and radiology participants (p < 0.001)
(Table 2). Based on the training level, the CVC cumulative
level shows that attending physicians preferred a limit of <
+4 compared with the < +2 among the residents (p =0.04 and
0.028, respectively; Table 2).

The main reasons for catheter withdrawal, when found be-
low the acceptable threshold, were the risk of arrhythmia (50%;
138/276), followed by right atrial location regardless of the
complications (26.1%; 73/276), risk of cardiac perforation
(16.3%; 45/276), and risk of thrombosis (7.6%; 21/276). Fur-
thermore, 30.8% of ICU physicians (24/78) considered risk of
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TABLE 4. Acceptable upper limit of CVC tip position based on the speciality and the level of experience (individual
CVC tip—carina distance).

UA -CVC ICUn (%) RAD n (%) IM n (%) Others n (%) p - value Resident n (%) AP n (%) p - value Total n (%)

-2 18(23.1) 18(27.3) 54(50.0)  3(12.5)  <0.001*  81(442)  12(12.9) <0.001* 93 (33.7)
—4 33(423)  30(45.5) 42(389) 15(65.5)  0.203 72(39.3)  48(51.6) 0.052 120 (43.5)
-6 27(34.6) 18(27.3) 12(11.1)  6(25.0)  0.002* 30(164)  33(35.5) <0.001* 63 (23.8)
Total 78 66 108 24 183 93 276

UA - CVC, upper acceptable central venous catheter tip limit; RAD, radiology; IM, Internal medicine; AP, attending physicians,
ICU, intensive care unit. *p < 0.05 indicates significance.

TABLE 5. Acceptable upper limit of CVC tip position based on the speciality and the level of experience (cumulative
CVC tip—carina distance).

SIIJQ’;]CVC’ ICU n (%) RAD n (%) IM n (%) Others n (%) p - value Residentn (%) AP n (%) p - value Total n (%)
<=2 78 (100) 66 (100) 108 (100) 24 (100) N/A 183 (100) 93 (100) N/A 276 (100)
<—4 60 (76.9) 48 (72.8) 54(50.0)0 21(80.5) <0.001* 102 (55.7) 81 (87.1) <0.001* 183 (66.3)
< -6 27(34.6) 18(27.3) 12(11.1) 6 (25.0) 0.002* 30 (16.4) 33(35.5) <0.001* 63(23.8)

CUA - CVC, cumulative upper acceptable central venous catheter tip limit; RAD, radiology; IM, Internal medicine; AP, attending
physicians, ICU, intensive care unit. *p < 0.05 indicates significance.

TABLE 6. Preferred action if the CVC tip is above the acceptable limit.
ICU n (%) RAD n (%) IM n (%) Others n (%) p-value Resident n (%) AP n (%) p-value Total n (%)

New CVC? 27(34.6) 3(46) 33(30.6) 9(37.5)
No action 9(11.5) 18(27.3)  6(5.6) 6 (25.0)
Replace CVC? 42 (53.9) 45(68.2) 69(63.9)  9(37.5)
Total 78 66 108 24

<0.001*  54(29.5)  18(19.4) 0.069 72(26.1)

<0.001*  21(11.5)  18(19.4) 0.076 39 (14.1)

0.032*  108(59.0) 57(61.2) 0.716 165 (59.8)
183 93 276

“New catheter insertion, *Replacement of the catheter over a guidewire within 24 hours.
RAD, radiology, IM, Internal medicine; AP, attending physicians; ICU, intensive care unit.

*n < 0.05 indicates significance.

cardiac perforation to be the main reason for catheter with-
drawal compared with the other specialties (p < 0.001). Par-
ticipants from internal medicine and radiologists considered
risk of arrhythmia to be the most important reason for catheter
withdrawal (63.9%, 69/108 and 59.1%, 39/66, respectively;
p < 0.001). From the perspective of the level of training,
the commonest reason for catheter withdrawal was the risk
of arrhythmia among residents (59%; 108/183; P < 0.001).
Attending physicians tend to be more concerned of the risk of
cardiac perforation compared to residents (32.3%; 30/93 and
8.2%; 15/183, respectively) (p < 0.001) (Table 3).

In case of catheter tip position below the acceptable level,
most of the physicians (46.7%; 129/276) considered it moder-
ately important to act when the CVC tip was below the optimal
level. Most of the internal medicine respondents (61.1%;
66/108) were more concerned about the CVC tip below their
optimal position than respondents from the ICU, radiology
and other specialties. Among residents, the majority (55.7%;
102/183) considered it moderately important to withdraw the
catheter (p < 0.001), whereas among attending physicians,
the majority 48.4% (45/93) considered it slightly important to
withdraw the catheter (p = 0.002) in case of non-optimal tip
position.

3.2 Upper limit of the CVC tip position

Most of the respondents (43.5%; 120/276) accepted -4 (4 cm
above the carina) to be the upper limit, followed by -2 (33.7%;
93/276). Furthermore, 50% (54/108) of the internal medicine
physicians chose -2 to be the upper acceptable limit for the
CVC tip compared with respondents from the ICU, radiology,
and other specialties (p < 0.001). In contrast, intensivists
tended to accept -6 as an upper acceptable CVC tip limit
compared with respondents from radiology, internal medicine,
and other specialties (p = 0.002; Table 4). Based on the level
of training, majority of the residents (44.2%; 81/183) selected
-2 as the upper limit (p < 0.001), whereas majority of the
attending physicians (35.5%; 33/93) chose -6 as the upper
limit compared with only 16.4% (30/183) of the residents (p
< 0.001; Table 4 and Fig. 3).

Similar to the cumulative CVC lower limit, the cumula-
tive CVC upper limit was also identified. The majority of
physicians accept the < -4 level. Most of the physicians
[76.9% (60/73) ICU, 72.8% (48/66) radiology, and 80.5% (21
of 24) others] tended to accept the < -4 level compared with
50% (54/108) of the internal medicine physicians (p < 0.001).
However, the attending physicians tended to accept < -4 (P
< 0.001) and < -6 (p < 0.001) levels more than those among
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TABLE 7. Optimal range of the CVC tip position around the landmark based on clinical subdiscipline and training
level.

Optimal tip range ICU n (%) RAD n (%) IM n (%) Others n (%) p- value Resident n (%) AP n (%) p-value Total n (%)

<4 6(7.7) 3(4.6)  39(36.1) 0 <0.001*  42(23.0) 6(6.5 0.001* 198 (71.7)
>4 72(92.3)  63(95.5) 69 (63.9) 24(100) <0.001* 141(77.0)  87(93.5) 0.001* 78 (28.3)
Total 78 66 108 24 183 93 276

RAD, radiology; IM, internal medicine; AP, attending physicians,; ICU, intensive care unit.

*n < 0.05 indicates significance.

the residents (Table 5).

Most of the physicians (59.8%; 165 of 276) chose to replace
the catheter of a new CVC, with 26.1% (72/276) choosing
to insert a new catheter; however, 14.1% (39/276) preferred
no action as long as all ports are working. Nonetheless,
the respondents from all clinical specialties (ICU, internal
medicine, and others) considered new catheter insertion, com-
pared with radiologists who recommend no action (p < 0.001).
Among the training levels, the difference among residents and
attending physicians with regard to a preference for catheter
replacement was not significant for inserting new catheter (p
=0.069), replacing new catheter (p = 0.716), or no action (p =
0.076) (Table 6).

3.3 Reference landmarks used and range for
optimal CVC tip position

The width of optimal range around was identified from the
individual responses to assess their flexibility in accepting the
range of the CVC tip position. The majority (82.6%; 228/276)
of specialties have their optimal CVC tip range of > 4 cm;
the percentage of respondents with this preference among all
specialties was more than 90%, except in internal medicine
with 63.6% (p < 0.001). However, the optimal CVC tip
position range was narrow (< 4 cm) in 36.1% (39/108) of
internists than in the other specialties (p < 0.001; Table 7).
Based on the level of training, residents tend to prefer the
CVC tip position in a narrow range as opposed to attending
physicians, who preferred a wider range (p < 0.001; Fig. 4).

The carina was the most commonly used landmark to de-
termine the optimal CVC tip position in 71.7% (198/276)
of respondents. However, 50% of radiologists (33/66) used
“other” landmarks, including the SVC and RA (40%; 30/66)
and the right mainstem bronchus (10%; 6/66).

4. Discussion

To the best of our knowledge, this is the first study to de-
scribe the knowledge, attitudes, and practice around optimal
positioning of the CVC tip by using an objective assessment
on a sample chest radiograph. In addition, this study showed
a tendency of physicians from all specialties and levels of
experience for making decisions based on their prior knowl-
edge or previous experience, especially with regard to the
complications of the CVC tip location based on a reading of
the chest radiograph. In their review of 25 cases of CVC-
related pericardial tamponade, Collier et al. [8] identified that
a position of the CVC tip within the cardiac silhouette was

the commonest cause of tamponade. However, these previous
studies did not report upon the position of the CVC tip relative
to the carina or any other known and frequently used landmarks
in the post-procedural chest radiographs. Moreover, 92% of
CVCs used in those cases were stiff, with a catheter length
approaching 30 cm, compared with a shorter (typically 16 cm)
and softer catheter that is presently used. Most of the previ-
ously published studies [9—12] focused on simple calculations
and various methods that used anthropometric measures to
ensure optimal CVC tip placement. In a prospective study,
Peres et al. [9] used anthropometric measurements and sought
to determine the relationship between body height (cm) and the
ideal catheter length (cm) for an appropriate CVC tip position.
These catheter length formulas were subsequently validated by
Czepizak et al. [10]. Those authors reported an efficiency
of the equations to define the optimal and acceptable catheter
length of 95%, with the highest accuracy for estimating the
catheter length observed with regard to the cannulation of the
subclavian vein. These equations, however, and especially
after introducing the new catheter length, have been debated in
a recent study, with the sensitivity of Peres’ original formulas,
and derivatives of these as being 44% and 61%, respectively

[11].

Several methods have been proposed to improve the pre-
dictive accuracy of the length of the required catheter for
optimal tip placement above the origin of the RA. A study
compared outcomes for the placement of a predetermined 15-
cm catheter with that of a catheter with a customized length that
was estimated on the basis of the distance between the thyroid
notch to the sternal manubrium [12]. CVC repositioning was
required in 2% of cases wherein a customized catheter length
was used, compared with 78% in the predetermined (15 cm)
catheter length group.

Gebhard et al. [13] reported a 96% success rate of the
correctly positioned CVC under electrocardiographic (ECG)
guidance, compared with 75% in the non-ECG group, with cor-
rect positioning defined as the placement of the CVC tip in the
middle of the SVC. Moreover, catheter repositioning was re-
quired in three patients in the ECG guidance group, compared
with 20 patients in the non-ECG group. Similarly, McGee
et al [14] reported a higher rate of successful placement of a
20-cm CVC by using a right atrial ECG technique compared
with non-ECG guidance (conventional method). Notably, the
accuracy rate with ECG guidance was comparable to that for
the landmark method used for calculating the catheter length,
based on the distance from the puncture site to the sternal notch
and the level of the carina [15].
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Clinical judgment alone is a poor predictor of tip position,
with a sensitivity and specificity of 71% and 44%, respectively.
Furthermore, current practice guidelines do not recommend
CVC use based on clinical judgment even if predetermined
anthropometric calculations are used, because of the variability
of the individual anatomical measurements as well as the
change of patient postures, especially with frequent nursing
care [16]. However, the timing of post-insertion chest radio-
graphy and the frequency of follow-up radiographs to detect
possible migration have not been evaluated in clinical trials.
The current standard of care is to perform chest radiography
quickly after catheter placement and to look for possible mi-
gration if it is clinically indicated. A study evaluating the role
of contrast-enhanced ultrasonography to determine the catheter
tip position in the ICU reported the non-inferiority of this
technique relative to chest radiography, with a sensitivity and
specificity of 96% and 93%, respectively [17]. However, more
studies are needed to thoroughly assess the effectiveness of
venous ultrasonography to determine the catheter tip location.

Most guidelines strongly advise against the placement of the
CVC tip in the distal half of the SVC or SVC-RA, and the
confirmation of tip placement through bedside chest radiog-
raphy has been associated with high interobserver variability
[18]. Historically, several skeletal radiologic and surface
landmarks, SVC, SVC-RA, and RA have been proposed to
identify the appropriate CVC tip position, although all were
found to be misleading because of the “parallax” effect which
is the variable effect of x-ray beams on the position and size
of the skeletal structures [19-21]. Aslamy et al. and Schuster
et al. proved the usefulness of the carina as the most reliable
landmark by using magnetic resonance imaging and cadaver
examination, respectively [22, 23]. This study revealed that
nearly 71% of the respondents used the carina as the only
landmark while the rest of them used it in conjunction with
other landmarks.

This study demonstrated that the decision to withdraw the
CVC tip if it was below the acceptable level, as opposed to
leaving it in place, was less necessary among more than half
of ICU attending physicians, with physicians from other disci-
plines indicating that catheter withdrawal would be important
if the tip was in this low position. Most ICU physicians re-
ported that catheter withdrawal was unimportant if the patient
was asymptomatic, as the catheters that are presently in use are
soft, which significantly lowers the risk of complications.

Several complications have been reported to result from
malpositioning of the CVC tip or migration of the tip from the
initial placement position. Despite its infrequent occurrence,
cardiac tamponade remains the most serious of the complica-
tions associated with the malpositioning of the CVC tip [24].
In this study, we found that most intensivists realized the risk
of cardiac perforation and tamponade with the malpositioning
ofthe CVCtip. Factors that may play a role in the development
of cardiac tamponade include penetration of the pericardial
sac by the dilator and guidewire, catheter stiffness, angle of
the catheter tip to the vessel wall, especially for left-sided
catheters, and infusion of hyperosmolar solutions [24, 25].
Over the last two decades, with the use of newer catheters, only
nine cases of localized cardiac tamponade have been reported,
and all of these were associated with the insertion of Swan—
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Ganz catheters, dialysis lines, and Port-A-Caths [26-32]. Of
note, the tip position was not reported in these case reports.

Thrombosis either around the catheter tip or in the proximal
part of the catheter is an ICU complication that may result from
catheter malposition, and can normally be detected as early as
the third day after CVC placement [33].Multiple studies have
reported a catheter-related thrombosis if the catheter tip was
located in the proximal SVC or distally situated in the RA,
compared with that with a CVC tip within the distal SVC and
the SVC—RA junction [34-36].

In this study, the decision of approximately half of the
physicians to withdraw the catheter if the tip was placed below
the lower acceptable level was based on the risk of arrhythmias.
Transient arrhythmias are likely to occur from the insertion of
the guidewire. Most of the reported arrhythmias were atrial
and ventricular premature beats and bigeminy [37]. However,
supraventricular and ventricular tachycardia is more likely to
occur in patients with reduced cardiac function [38, 39].

The futility of the post-procedural chest radiograph for dial-
ysis catheter tip confirmation has been addressed in one review
due to the risk of unnecessary radiation exposure compared
to the lower risk of complications from the CVC cannulation
and the malposition of CVC tip after the procedure. However,
the necessity of chest radiographs in the critical care areas
outweighs the harm from the radiation exposure because of
other indications such as the frequent use of invasive and
non-invasive mechanical ventilation [40]. The positive in-
trathoracic pressure with the variability of pressure and volume
settings theoretically may increase the chances on malposition
and may also lead to more complications associated with CVC
insertion; hence the importance of follow up chest radiograph.
Nevertheless, there is also a medicolegal implication by which
the CVC tip confirmation is important if the chest radiographs
were to be done due to other indications.

4.1 Limitations

The limitations of our study need to be acknowledged in the
interpretation of the findings. The majority of the participants
were senior medical residents, most of whom had a practical
approach toward managing the catheter tip position. Nonethe-
less, it was necessary to include trainees in this survey to
ascertain their clinical judgment. With regard to the senior
physicians, only a few nephrologists participated in this study,
and the inclusion of a higher number of nephrologists would
have facilitated an understanding of their clinical attitude to-
ward the malposition of the short-term non-tunneled dialysis
catheter, and to comparatively evaluate possible differences in
their practice patterns with those of the intensivists. Moreover,
we did not ascertain the factors associated with physician
awareness of tip malposition, such as the selection of the
insertion site, catheter length, and the route of insertion.
Future research is needed to identify the acceptable range
of the catheter tip position based on real-time or fixed-length
measurements from familiar landmarks on the chest radiograph
instead of subjective assessment as well as to readdress the
number and types of complications encountered during the care
of the CVC tip, especially with regard to the improvement
of CVC composition and quality and advances in the man-
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ufacturing technology and design of CVC kits over the last
decade. Large-sample, high-quality studies will facilitate im-
provements to develop a more practical and efficient approach
for application in clinical practice.

5. Conclusion

The optimal position and adjustment of the CVC tip position
remain an overlooked topic in the ICU and in all critical care
areas. Nonetheless, this study concludes that the majority of
physicians in this study accepted the lower and upper limits
for the CVC tip to be 4 cm below and above the carina,
respectively. A wider CVC tip range, however, tends to
be more acceptable approach by the intensivists and more
experienced physicians than physicians from other medical
disciplines or less experienced physicians especially with the
introduction of the new catheters. Additionally, the intensivists
and more experienced physicians gave greater credence to the
risk of cardiac perforation and tamponade.

6. Highlights

Central venous catheter tip positioning is influenced by physi-
cian preferences and landmarks.

Post-procedural chest radiography using digital tape mea-
surement in the imaging software may facilitates early and late
intervention of tip malpositioning.

Specific guidelines on the insertion and troubleshooting of
central venous catheters especially for ICU patients are needed.
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