
https://doi.org/10.1177/11297298221126818

The Journal of Vascular Access 
 1 –6
© The Author(s) 2022
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11297298221126818
journals.sagepub.com/home/jva

JVA The Journal of  
Vascular Access 

Introduction

Correct tip location of central vascular access devices 
(CVADs) is of paramount importance to avoid position-
related complications.1–3 Trans-esophageal-echocardiography 
(TEE) is the most accurate method for verifying that the tip of 
the CVAD is at the cava-atrial junction (CAJ), but it is expen-
sive, invasive, and logistically inappropriate for everyday 
clinical practice. Alternative options to TEE are intraproce-
dural methods such as Intra-Cavitary ECG (IC-ECG),4 trans-
thoracic echocardiography (TTE)5,6 and fluoroscopy. 
Fluoroscopy is not considered a first option for tip location, 
since it is more expensive, less accurate and more invasive if 
compared to IC-ECG and TTE.7,8

Chest-X-ray (CXR) is currently not recommended for 
tip location by international guidelines7 since it has the 
same disadvantages of fluoroscopy (low accuracy, inva-
siveness, high cost) and the additional disadvantage of 
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being performed after the procedure. Furthermore, the CXR-
based verification of tip location is based on the interpreta-
tion of radiological landmarks, which may be uncertain or 
imprecise. Also, the criteria for using such landmarks are 
often poorly defined, subjective and/or non-repeatable.

One of the most used criteria, the so-called Carina 
Criterion (CC), is based on identification of the carina, 
which roughly corresponds to the mid-portion of the supe-
rior vena cava (SVC); considering that the whole length of 
the SVC in the adult patient is approximately 6–7 cm, the 
lower third of the SVC starts 1 cm below the level of the 
carina, with the CAJ approximately located 3 cm below the 
carina. This criterion is quite easy, widely used, and repeat-
able,9–11 though it cannot be extended to the pediatric or 
neonatal population.

In 2012, a new radiological criterion has been developed 
by Ken Symington, with the purpose of minimizing the sub-
jective interpretation of the location of the carina and of the 
distance between carina and tip of the catheter, the so-called 
Sweet Spot™ criteria (SSC).12 This method consists in 
drawing a rectangle superimposed on a frontal CXR; if the 
tip of the catheter is visualized inside this rectangle, it is cor-
rectly positioned. This rectangle is drawn after identifying 
the CAJ and the cardio-phrenic angle (CPA). The initial out-
ward bulge of the lower right cardiomediastinal margin is 
due to the transition from the smaller, more tubular superior 
vena cava to the more capacious and rotund right atrium. 
Then, a vertical line is drawn, along the right edge of the 
cardiac silhouette: the line drawn must be twice as long as 
the distance from CPA to CAJ. Subsequently, from the CPA, 
a horizontal line is drawn to the right, equal to half the length 
of the vertical line. Last, the drawing is completed by 

tracing the other two lines that will form a rectangle, where 
the height will be double the width (Figure 1). The SSC 
therefore has no fixed length or width, but it is tailored to the 
individual patient’s CXR. Depending on anatomy, it can be 
quite wide and exceed 8 × 4 cm.

In this study, we compared these two radiological crite-
ria (CC vs. SSC) in terms of feasibility, accuracy, and sim-
plicity/rapidity of use. As reference standard for accuracy, 
we have been using IC-ECG, since several clinical studies 
comparing TEE versus IC-ECG versus CXR have shown 
that IC-ECG—when applicable and feasible—is as accu-
rate as TEE, while CXR is far less accurate.13–15

Methods

We retrospectively reviewed the radiology databases of 
three hospitals, examining all CXRs performed on adult 
patients (>18 years old) after PICC insertion, (a) if the tip 
location had been successfully verified by IC-ECG during 
the procedure and (b) if CXR had been performed less than 
48 h after insertion. Tip location was evaluated using SSC 
and CC on all CXRs. All radiographs were examined by cli-
nicians appropriately trained in the use of both SSC and CC.

The study was approved by the institutional review 
board. The need for informed consent was waived due to 
the study’s retrospective design and the use of anonymous 
clinical data.

The goal of this study was the comparison between the 
CC and the SSC in terms of feasibility, accuracy, and sim-
plicity. Feasibility was defined as the identification of the 
radiological landmarks belonging to each criterion. 
Accuracy was defined as the appropriate position of the 
tip, taking the position defined by IC- ECG as reference. 
Simplicity/rapidity of the method was defined as ease and 
speed in the application of each radiological criteria, as 
perceived by the operator.

As regards IC-ECG, it was assumed that in all cases the 
tip of the PICC had been left in a position corresponding to 
the maximum peak of the P wave. IC-ECG method was 
performed either by standard ECG monitors or by dedi-
cated ECG monitors, with different types of connection 
between the catheter and the monitor, but always using the 
“saline” method and not the “guidewire” method.16

As regards CC, the position of the catheter tip was 
assessed on the post-procedural CXR assuming that in the 
adult patient the CAJ should be approximately 3 cm below 
the carina; positions between 1 and 5 cm below the carina 
were accepted as correct, and the method scored as accurate. 
Feasibility of the CC was evaluated as % of CXRs where the 
carina was possible to identify. The simplicity of the 
method—in terms of time required for the identification of 
the radiological landmarks and definition of tip location—
was expressed as a subjective, qualitative judgment of the 
clinician (yes = definition of tip location within 2 min; 
no = definition of tip location requiring more than 2 min). 

Figure 1. How to draw the Sweet Spot™.
(1) On a frontal CXR, identify the CAJ and the right CPA. (2) Start at a 
point as close as possible to the CPA that permits a vertical line to be 
drawn along the right edge of the cardiac silhouette. (3) Go twice the 
distance of the CPA to the CAJ. (4) Next, continue a horizontal line to 
your right equaling one-half the length of the previous vertical line. (5) 
Lastly, turn inferiorly and complete the rectangle.
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The clinician was also asked to note if the identification of 
the radiological landmarks had been easy or difficult.

As regards the SSC, a rectangle was drawn on each 
CXR, following the instructions described in the Sweet 
Spot™ website. Positions of the tip of the catheter inside 
the “spot” were considered accurate; positions of the tip of 
the catheter on the edge of the “spot” (within 1 cm from the 
edge) were considered acceptable; tips of the catheter 
located outside of the “spot” were not considered accept-
able in terms of accuracy. Feasibility of SSC was evaluated 
as % of CXRs where the SSC landmarks were possible to 
identify. The simplicity of the method—in terms of time 
required for the identification of the radiological land-
marks and definition of tip location—was expressed as a 
subjective, qualitative judgment of the clinician (yes = def-
inition of tip location within 2 min; no = definition of tip 
location requiring more than 2 min). The clinician was also 
asked to note if the identification of the radiological land-
marks had been easy or difficult.

Data collection

We recorded all relevant clinical information, including 
age and gender of the patient, type of patient (outpatient or 
inpatient), type of catheter used, site and side of catheter 
insertion, and whether the CXR had been taken performed 
in supine or standing position.

All data were included in an Excel (Microsoft Inc., 
Redmond, WA) spreadsheet for record and analysis. 
Continuous data were expressed as mean (SD). Categorical 
data were reported as absolute numbers and percentages (%).

Results

We reviewed 1116 PICCs successfully placed with intra-
procedural tip location by IC-ECG (maximal height of P 

wave = tip at the cavo-atrial junction), both in hospitalized 
patients (49%) and in outpatients (51%). Both silicone 
PICCs (33%) and power injectable PICCs in polyurethane 
(67%) were used. In most patients (76%), CXR had been 
performed in supine position (Table 1).

All 1116 CXRs were examined. According to CC, tip 
position was appropriate (1–5 cm below the carina) in 
97.7% of cases: 956 tips (85.7%) were placed at 1–3 cm 
below the carina and 134 tips (12%) at 4–5 cm. In 1.8% of 
cases, there was a discrepancy between IC-ECG and CC, 
since at CC the tip was estimated to be “too high” (<1 cm) 
or “too low” (6–9 cm). CC was not feasible in 0.5% 
(impossible identification of the carina) and difficult in 
1.5% (difficult visualization of the carina). When feasible, 
tip location by CC was performed rapidly in 98.05% of 
cases (Table 2). Because of unclear visualization of radio-
logical landmarks, SSC was not feasible in 0.9% (10 cases) 
and difficult in 10.5% (81 cases); in 99.1%, the tip was 
within the spot (94.2% in the middle, 2.5% close to the 
superior border, 2.3% close to the inferior border); no tip 
was visualized outside of the spot (Table 2). We found that 
all tips placed at 6 cm below the carina (and thus inaccept-
able according to the CC method) were located at the infe-
rior edge of the sweet spot (according to the SSC method).

Interestingly, all the CXRs with impossible or difficult 
identification of the radiological landmark (for both crite-
ria) occurred in hospitalized and bedridden patients who 
had the radiographs taken in the supine position.

CC and SSC were similar in terms of feasibility (99.5% 
vs 99.1%). Considering only cases where each method was 
feasible, accuracy was not significantly different between 
CC (98.1%) and SSC (100%). However, in the clinician’s 
perception, CC was faster to perform (98%) if compared to 
SSC (89.5%); also, CC was apparently easier than SSC, 
with less difficulty in visualizing the radiological land-
marks (1.5% vs 10.5%).

Discussion

It has long been known that the correct position of the tip 
at the CAJ or the lower third of the SVC is crucial to reduce 
some complications, such as device malfunction,1 cathe-
ter-related thrombosis,2 arrhythmias and even tricuspid 
valve damage.3,17 Proximal positions of the tip (i.e. cathe-
ter too short) are associated with malfunction and throm-
bosis, mostly secondary to the vascular damage caused by 
the tip against the wall of the SVC.11,18

More than 20 years ago, describing three possible zones 
of tip location, Fletcher and Bodenham suggested that the 
safest zone (called “zone A”) is the area including the 
lower third of SVC and the upper part of right atrium, that 
is, the area soon above and soon below the CAJ19 . 
Considering CXR, which has been the most common used 
method for tip location of CVADs for decades, this zone A 
corresponds to the projection of the tip in an area located 

Table 1. Clinical data.

Number of patients included in the study 1116
Age (years) mean ±SD 63.2 ± 16.6
Males/Females 480/636
Type of patients
 Hospitalized patients 547 (49%)
 Outpatients 569 (51%)
Catheter type
 Silicone PICC 368 (33%)
 Polyurethane PICC 748 (67%)
Insertion vein
 Basilic vein 795
 Brachial vein 296
 Cephalic vein 25
CXR
 Supine position 848 (76%)
 Standing position 268 (24%)
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from 1 to 5 cm below the carina. Though, this is a criterion 
based on the statistical correlation between the location of 
the CAJ and the location of the carina, the distance between 
the two structures being approximately 3 cm in adult 
patients. On the contrary, TEE and IC-ECG localize very 
precisely the CAJ, not based on a statistical correlation, 
but identifying CAJ—patient by patient—either by the 
visualization of the crista terminalis (TEE) or of the peak 
of the P wave (IC-ECG).

In the XX century, many studies have demonstrated the 
accuracy of IC-ECG for tip location of CVADs, using 
post-procedural CXR as comparison.20,21 All these studies 
demonstrated that the IC-ECG method was safe, easy to 
perform, inexpensive, and also relatively accurate if using 
CXR-based tip location as standard reference.

At the beginning of the XXI century, the IC-ECG was 
most appropriately validated as accurate by using TEE as 
standard reference. At least three clinical studies13–15 have 
shown that IC-ECG is more accurate than CXR for CAJ 
identification. In these three studies, IC-ECG was found to 
be as accurate as TEE, but preferable because less inva-
sive, less expensive, and more routinely applicable for 
CVADs insertion. Further studies showed the accuracy and 
feasibility of IC-ECG as a tip location method not only for 
PICCs22,23 but also for different types of CVADs (ports, 
PICCs, tunneled-cuffed catheters, etc.).24–26 Recently, a 
modified IC-ECG has been developed for tip location in 
patients with atrial fibrillation,27 thus expanding the appli-
cability of the method. Recently, TTE has also been proven 
to be as accurate as CXR for tip location (though 

less accurate than TEE and IC-ECG), especially using 
techniques of enhanced visualization such as the “bubble 
test.”5,6,8

Therefore, current guidelines7,8,28 recommend intrapro-
cedural tip location by IC-ECG and/or TTE, rather than 
post-procedural tip location by CXR. The role of radiology 
for tip location of CVAD is inevitably becoming more 
marginal, especially for PICCs. Nonetheless, in some clin-
ical situations it may be useful to check tip location by 
CXR, for example when more accurate and less invasive 
methods (such as IC-ECG or TTE) are not applicable or 
feasible.

In this regard, CC is widely used because of its simplic-
ity. Though, if compared to IC-ECG or TEE, CC is not 
accurate in 100% of cases, since it is based on the assump-
tion that the distance between two anatomical structures 
(CAJ and carina) is the same in all patients; furthermore, 
the CC method is less accurate in children and largely 
inaccurate in neonates; also, sometimes the radiological 
landmark represented by the carina may not be easy to 
identify.

Therefore, Symington has proposed a different radio-
logical criterion (SSC) with the purpose of removing the 
subjective and sometimes erroneous interpretations of the 
carina profile. While less popular than CC, SSC is very 
interesting because it takes into consideration a wide area 
(the “sweet spot”) rather than a specific point, thus taking 
into account the inevitable movement of the tip during 
breathing or during changes of body position. In addition, 
this method is relatively independent from patient factors 

Table 2. Comparison between the two criteria of tip location at chest-X-ray.

Carina Criteria
n = 1116

Sweet Spot™ 
Criteria n = 1116

Difficult identification of landmarks 15 (1.5%) 81 (10.5%)
Impossible identification of landmarks 5 (0.5%) 10 (0.9%)
Feasibility 99.5% 99.1%
Appropriate tip position according to each method 1–5 cm below the carina inside the spot
Tip in appropriate position 1090 (97.7%) 1106 (99.1%)
Tip in inappropriate position 21 (1.8%) 0
Carina Criteria
 Tip <1 cm below the carina (too short) 7 (0.6%)  
 Tip at 1–3 cm below the carina 956 (85.7%) -
 Tip at 4–5 cm below the carina 134 (12%)  
 Tip at 6–9 cm below the carina (too long) 14 (1.2%)  
Sweet Spot™ Criteria
 Tip in the middle of the sweet spot 1052 (94.2%)
 Tip close to the superior edge - 28 (2.5%)
 Tip close to the inferior edge 26 (2.3%)
 Tip outside the spot 0
Accuracy vs IC-ECG method (excluding cases with impossible 
identification of landmarks)

98.1% 100%

Rapidity (less than 2 minutes) (excluding cases with impossible 
identification of landmarks)

98% 89.5%



Pittiruti et al. 5

such as age and size. However, the SSC method might be 
difficult or impossible to perform in case of significant 
CXR distortion/rotation (severe scoliosis, lordosis, pectus 
excavatum) or in restrictive pulmonary diseases with low 
lung volumes.

To our knowledge, this is the first study that compare 
these two radiological criteria to identify tip location of 
CVADs.

A recent randomized clinical trial investigated the accu-
racy of tip location using two different methods, one based 
on CXR and the other based on surface landmarks, com-
paring them to TEE. In this trial, CXR, using the CC, was 
less accurate than surface landmarks (85.7% vs 96.4%, 
p = 0.047).29 In fact, the CC was associated with a higher 
incidence of tip located 2 cm above the CAJ; the tip was 
more accurately positioned in the distal SVC, close to the 
CAJ, using surface landmarks (14.3% vs 3.6%, p = 0.047). 
This is clinically relevant, since a position of the tip above 
the carina is not acceptable, because of the risk of damage 
to the wall of the SVC.11

In our study, both methods (CC and SSC) had a high 
feasibility (>99%), and their accuracy was not signifi-
cantly different. The 100% accuracy of SSC is related to the 
advantage of accepting as correct any location of the tip in 
a wide area, while CC considers appropriate a short range 
of positions (between 1 and 5 cm below the CAJ, the so-
called “zone A”). Though, from the subjective point of 
view of the operator, the SSC was associated with a more 
frequent “difficulty” in identifying the radiological land-
marks (10.5%) if compared to CC (1.5%). In addition, CC 
had the advantage of being very fast to perform (in 98%).

Limitations

This study has some limitations. First, this is a retrospective 
observational study, so that giving the nature of the study 
design, it was assumed that in all cases using the IC-ECG 
method, the tip was correctly placed at the CAJ (peak of P 
wave) and left in that position. Second, the three clinicians 
who examined the CXRs were specifically and appropri-
ately trained in the interpretation of both CC and SSC; as 
the SSC is somehow complex to use, its feasibility may be 
reduced in the hands of untrained operators.

Conclusion

We found that the two criteria for CXR-based tip location 
do not differ in terms of feasibility and accuracy, but our 
data suggest that the SSC method was more likely to be 
associated with difficult identification of the radiological 
landmarks and prolonged time before defining the location 
of the tip. Though post-procedural tip location by CXR is 
infrequently indicated in clinical practice, if required, both 
criteria (CC and SSC) can be used.
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