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Abstract

Background: The purpose of this study was to compare the performance of a closed IV catheter system (CICS)
with conventional IV catheters for IV contrast infusion in terms of contrast enhancement and associated
complications during coronary CT angiography.
It is a retrospective study of 54 patients for whom a follow-up CCTA was requested were included for this study.
Those patients had previous experience with the insertion of a 18 g conventional IV catheter which allows a flow
rate of ≥ 6 ml/s and the complications during injection were registered. Patients were informed that a new IV
catheter (The BD Nexiva™ Diffusics™ Closed IV Catheter System 22 g while still meeting a high flow rate > 6 m/s)
will be used for their examination. We analyzed mean vascular attenuations in the ascending aorta, left main
coronary artery, left ventricular (LV) cavity, and descending aorta (DA). Their feedback was collected regarding pain
and the number of trials for catheter insertion. In addition, the access site was evaluated for any complication e.g.
perforation, contrast extravasation or contamination.

Result: All patients were very satisfied with the new cannula. The catheter was inserted from the first trials. No one
has perforation or extravasation. Mean vascular attenuations of the left main coronary artery, LV cavity, and DA were
significantly higher during the use 0f the BD Nexiva™ Diffusics™ Closed IV Catheter System (all P ≤ 0.001).

Conclusion: Although the CICS has a small lumen, it allows a high flow rate; therefore, IV access required for CCTA
can be secured with higher vascular attenuation and fewer complications. It is encouraged to use the CIVC system
for CT angiographic studies, in particular CCTA.
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Background
The acquisition speed of current MDCT has precipitated
new IV contrast infusion protocols with infusion rates
higher than traditionally used, particularly for vascular
imaging. IV contrast material is now routinely infused at
rates between 5 and 8 mL/s for MDCT angiography [1].
A high injection rate combined with a high iodine

concentration CM is typically used in coronary CTA. An
injection rate of at least 5 mL/s is preferable, with in-
creased rates at higher cardiac outputs [2].
Published evidence confirms that high infusion rates

do not necessarily increase the rate of extravasation if
the correct catheter gauge is selected. On the other

hand, infusion of contrast material at a rate higher than
has been specified for each catheter gauge increases the
extravasation risk [3].
Infusing IV contrast material at a rate of 5 mL/s neces-

sitates use of at least a 20-gauge traditional catheter to
avoid exceeding the injection pressure limit and to re-
duce the risk of extravasation, when the infusion rate ex-
ceeds 5 mL/s, IV contrast material is ideally delivered
through an 18-gauge traditional peripheral venous cath-
eter. However, not all patients have venous access that
can accommodate an 18-gauge traditional catheter [4].
Sufficient vascular enhancement is very important for
CCTA to facilitate accurate detection for the coronary
artery stenosis [5].
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Achieving optimal coronary enhancement is particularly
important for CCTA because coronary arteries have small
caliber and tortuous course and diminution of blood flow
in the presence of stenosis or obstruction. Degree of con-
trast enhancement relates to scan technique, patient-
related factors, and all major parameters of the injection
protocol applied such as contrast media concentration,
flow rate, and volume of contrast media [6].
The introduction of new technology (BD Nexiva™ Dif-

fusics™ Closed IV Catheter System) allows the use of a
smaller gauge size catheter (22 g) while still meeting a
high flow rate > 6 m/s. This small size made puncture
less painful and reduced the trials of insertion (usually
single, rarely twice trials) and these were greatly appreci-
ated by the patients with optimal vascular enhancement
at the same time.

Methods
It is a retrospective study of 54 patients (30 males and
24 females ). This study was between January and De-
cember 2019. Inclusion criteria were 30 to 70-year-old
patients, for whom a follow-up CCTA was requested,
who had previous experience with the insertion of a 18-
g conventional IV catheter and had registered complica-
tions during the examination. This catheter has a diam-
eter = 1.71 mm and length = 32–45 mm and allows a
flow rate of 6 mL/s. Exclusion criteria were patients with
the first-time examination, follow up patients with no
previous registered complications or not registered what
type of catheter were used, follow up patients with suc-
ceed insertion of conventional IV catheter from the first
time in past examination, allergy to iodinated IV con-
trast material, pregnant, and breastfeeding women .
Patients were informed about a new IV catheter (The BD

Nexiva™ Diffusics™ Closed IV Catheter System 22 g while still
meeting a high flow rate > 6 m/s) that will be used for the
study. As a regular prerequisite, consent was obtained for
contrast administration. Other parameters e.g. the access
vein (right antecubital), CM concentration (omnipaque 350
mg/mL), volume (70–80 mls), and flow rate (6 mL/s) and
the automatic injector (Medrad Stellent CT Injection Sys-
tem) were the same.
The new fenestrated IV catheter system used the 22-

gauge BD Nexiva Diffusics (Fig. 1) was recently available
(Becton Dickinson Infusion Systems Inc, UT, USA). In
contrast to a non-fenestrated catheter, the diffusics has
multiple diffuser holes in the wall of the catheter, just
proximal to the tip. It has 0.9 mm diameter and 25 mm
length and allows a high flow rate up to 6 mL/s with
automatic injectors.

CT technique
All patients underwent CCTA with a 128 section CT
scanner (Siemens Somatom Definition AS) MDCT

scanner. Before CCTA, all patients with a baseline heart
rate greater than 70 beats/min received IV esmolol 10 to
30 mg. For the patients without contraindications to
nitroglycerin, nitroglycerin 0.6 mg was immediately ad-
ministered sublingually before contrast injection. CCTA
was applied with 270-ms rotation time, 100-kV-tube
voltage, and an automatic tube current modulation. Dur-
ing CCTA acquisition, a bolus of omnipaque 350 mg/
mL, volume (70–80 mls) was injected intravenously (6
mL/s) followed by a 50-mL saline chaser. A region of
interest was placed in the ascending thoracic aorta, and
image acquisition was automatically initiated once a se-
lected threshold had been reached with bolus tracking.
All scans were performed with prospective electrocar-
diogram gating. Vessel attenuations (in HUs) were mea-
sured by one reader, who was blinded to the types of
catheter, using circular regions of interest manually
placed in the following regions: ascending aorta, left
main coronary artery, left ventricular (LV) cavity, and
descending aorta at the level of the left bronchus.

Statistical analysis
At the end of the CCTA, the patient’s feedback was collected
regarding pain and the number of trials during catheter in-
sertion. In addition, the access site was evaluated for any
complication, e.g., perforation or contamination during

Fig. 1 The BD Nexiva Diffusics catheter
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insertion or contrast extravasation during the injection. We
analyzed mean vascular attenuations in the ascending aorta,
left main coronary artery, left ventricular (LV) cavity, and de-
scending aorta (DA).The Kruskal-Wallis test and Student’s t
test for continuous variables were used to compare charac-
teristics and contrast enchantment in each examination. All
statistical tests were performed using the SPSS statistical soft-
ware package.

Results
All patients were happy and very satisfied with the new
cannula (Table 1). The catheter was inserted from the
first or maximum of two trials. No one has perforation
or extravasation. No blood leakage during insertion,
therefore, reducing exposure to blood and infection.
Three patients were physicians, they appreciated the
cannula and advocated for regular use. Our experience
with the new BD Nexiva™ integrated IV catheter system
is limited to diagnostic radiological investigation which
requires high injection rate, in particular CCTA. The BD
Nexiva™ Diffusics™ Closed IV Catheter System allows the
use of a smaller gauge size catheter (22 g) while still
meeting a high flow rate > 6 m/s. It allowed for contrast
administration at the required protocol rates with a
smaller gauge size and it was effective in all patients.
The CIVC reduced the calls for catheter insertion assist-
ance. It also reduced the patients’ waiting time for cath-
eter placement. In the evaluation of the ability of a 22-
gauge BD Nexiva™ Diffusics™ Closed IV Catheter System,
mean vascular attenuations of the left main coronary
artery, LV cavity, and descending aorta were significantly
higher in the 22-gauge BD Nexiva™ Diffusics™ Closed IV
Catheter System than in the 18-gauge conventional IV
catheter (P = 0.015, 0.028, 0.001, respectively); however,
mean vascular attenuations of the ascending aorta were
not different (P = 0.665) (Fig. 2).

Discussion
CT angiography quality is affected by many factors related
to temporal, spatial, and contrast resolution. Contrast
resolution is affected by the quality of contrast enhance-
ment, which relates to the iodine delivery rate and scan
timing. Iodine delivery rate can be increased by using
higher concentration contrast agents or higher infusion
rates. Multiple studies have shown that the contrast infu-
sion rate directly affects the arterial enhancement level
and image quality [7, 8]. Not all patients can tolerate high-
contrast infusion rates, however, owing to the quality of
their venous access. Accordingly, IV catheter selection
and the IV contrast infusion rate are tailored to the indi-
vidual patient’s vein quality [9, 10].
In our study, we are focus on proper IV catheter selec-

tion during CCTA as in our experience it is important
for patients and image quality with few types of research
in this subject. One of the basic components of good
venous access is the IV catheter. CCTA requires good
peripheral venous access which in turn depends on a
good-sized vein and large bore IV catheter to allow a
high flow of contrast and the saline chaser. Regularly, a
18 g IV catheter is used to allow infusion of contrast at
≥ 5 mL/s. A right antecubital vein is preferred access to
avoid streak artifacts that may affect image quality if a
left vein is used [3, 11, 12].
A new peripheral IV catheter ( BD-Nexiva closed IV

catheter) is intended for use with a power injection sys-
tem. One important goal of the design was to create a
small (22 G and 24 G) peripheral IV catheter device cap-
able of safely delivering power injection flow rates. The
catheter system has increased pressure capability in
addition to diffuser holes in the catheter tip which im-
proves catheter stability and decreases tip jet velocity
compared to a standard IV catheter. Furthermore, the
diffuser holes reduce system pressure at the tip of the
catheter during open-flow conditions [13, 14].
In our study we found that successful catheter

placement on the first attempt was 51/54 patients at
the first trial and 3/54 after 2nd trial for 22-gauge
fenestrated catheter however no cases from the first
trial, 25/54 after 2nd trial and 29/54 after 3rd trial
for 18-gauge non-fenestrated catheter. Also, no cases
of contrast extravasation with 22-gauge fenestrated
catheter however 23 cases with an 18-gauge non-
fenestrated catheter and these agree with Johnson
et al. [9] that also provides evidence that the presence
of fenestrations reduces the risk of venous rupture
and extravasation by directing flow from a single end
hole to across multiple side holes and the end hole,
thus enabling a higher contrast infusion rate.
In our study, mean vascular attenuations of the left

main coronary artery, LV cavity, and descending aorta
were higher in the 22-gauge fenestrated than in the 18-

Table 1 Comparison of complications between 18-gauge non-
fenestrated IV catheter and 22-gauge fenestrated IV catheter

Finding 18-gauge traditional
peripheral venous
catheter

22-gauge (BD Nexiva™
Diffusics™ Closed IV
Catheter System)

Pain during
catheter insertion.

54 3

Number of trials
for catheter
insertion

29 after 3rd trial 51 at first trial

25 after 2nd trial 3 after 2nd trial

Access site
perforation

23 0

Access site
contrast
extravasation

23 0

Access site
contamination

10 0
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gauge non-fenestrated catheter (Fig. 3). In our study,
mean vascular attenuations of the ascending aorta were
not different. This finding can be explained by the use of
bolus tracking for cardiac MDCT and fenestrated cath-
eter. We used ascending aorta for bolus tracking
method and short scan delay. Therefore, mean vascu-
lar attenuation of the ascending aorta was not statisti-
cally different despite the shorter time to peak
enhancement in the fenestrated catheter and all this
agrees with Kim et al. [15].
A number of studies have shown that the contrast in-

fusion rate directly affects the arterial enhancement level
and image quality for vascular imaging [16–18]. There-
fore, we speculate that a fenestrated catheter will be a
useful method for cardiac MDCT especially in patients
with poor quality of venous access.

Our study has a limitation that it was a retrospective
study with a small sample size; however, our patient
group size is still considerable because there are few in-
vestigations comparing fenestrated and non-fenestrated
peripheral venous catheters for CCTA.
In this study, we report our experience of the closed IV

catheter during CCTA regarding, mean vascular attenu-
ation as well as patient’s feedback. The small diameter 22-
gauge fenestrated catheter which allows an injection rate
of > 6 m/s is the most cheerful advantage perceived by the
patients. Mean vascular attenuations were higher and in
this small size made puncture less painful, reduced the tri-
als of insertion (usually single, rarely twice trials), easier,
faster insertion, and almost complication-free, e.g., perfor-
ation, contrast extravasation or contamination and this
agree with Tamura et al. [19].

Fig. 2 Comparison of mean vascular attenuation between 18-gauge non-fenestrated IV catheter and 22-gauge fenestrated IV catheter

Fig. 3 a CCTA scan of a 44-year-old male, with atypical chest pain using conventional IV catheter 18 G. Axial image showing vessel attenuation at
the region of interest (ROI) in the lumen of the left main coronary artery about 420 HU. b Comparative image of the same patient with follows
up CCTA scan using the new closed IV Catheter 22 G with the same protocol. Axial image showing vessel attenuation at the ROI in the lumen of
the same left main coronary artery was higher about 450 HU
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Conclusion
The new catheter technology demonstrated the ability to
utilize a smaller gauge catheter that successfully meets
flow rate and image quality requirements. Additionally,
improvements were noted in number of insertion at-
tempts, patient’s wait time with virtually complication-
free access during coronary CTA.
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