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Background: Peripherally Inserted Central Catheters (PICC’s) are increasingly inserted by
trained Registered Nurses (PICC nurses), necessitating the development of specialised skills
such as the use of ultrasound. The selection of an adequate sized vein is an important factor in
reducing adverse events such as deep vein thrombosis. However, PICC nurses may receive
minimal training in the use of ultrasound for vein measurement.

Objective: To demonstrate the reliability of a vein measurement protocol using ultrasound by
a PICC nurse trained in sonography.

Method: The diameter of the basilic, brachial and cephalic veins in the left arms of healthy
participants (n=12) were measured using ultrasound by a PICC nurse and a sonographer. The
PICC nurse performed the measurement twice and the sonographer once; the PICC nurse’s
results were compared for intra-rater reliability and compared to the sonographer for inter-
rater reliability. The results were analysed using intraclass correlation coefficients (ICC).
Results: Inter-rater reliability between the PICC nurse and the sonographer was adequate, the
ICC for the brachial vein was 0.60 (95% CI 0.06-0.87), basilic vein ICC 0.87 (95% CI 0.58-
0.96) and cephalic vein ICC 0.77 (95% CI 0.39-0.93). Intra—rater reliability of the PICC
nurse was higher; the ICC for the brachial vein was 0.80 (95% CI 0.44-0.94), basilic vein

ICC 0.92 (95% CI 0.67-0.98) and cephalic vein ICC 0.78 (95% CI 0.40-0.93).

Conclusion: Using a suitable protocol, the PICC nurse was able to measure vein diameter
reliably when compared to the sonographer and consistently replicate these results.


http://www.sciencedirect.com/science/article/pii/S1552885513001347

Introduction

Peripherally inserted central catheters (PICCs) are used in a range of patient groups for
medium to long-term intravenous therapy. These vascular access devices are inserted above
the ante- cubital fossa region into the basilic, brachial or cephalic vein and threaded through
until the tip lies in the superior vena cava thereby giving access to the central circulation. It is
considered best-practice to insert PICCs using two-dimensional (2-D) ultrasound imaging
guidance. *? The use of ultrasound increases PICC insertion success rates and reduces

adverse events when compared to insertion using palpation and anatomical landmarks. >~

Deep vein thrombosis (DVT) is a painful adverse event associated with PICC placement
which often results in catheter removal and can lead to acute, life-threatening events such as
pulmonary embolism and ongoing complications including post-thrombotic syndrome. ®
®Incident rates of symptomatic DVT (where there is pain and swelling) account for between
2-20% of PICC insertions. “ ' The pathogenesis of DVT can be explained by Virchow’s triad,
an interplay of three elements which increase the risk of thrombus; endothelial damage to the
vein intimae, interruption in blood flow (stasis) and the hypercoagulable state of the
patient.”? Stasis is an important modifiable risk factor for DV'T which has led to the
recommendation that the smallest diameter PICC that meets the infusion requirements of the
patientbe inserted into the largest vein. *** The measurement of patient veins using
ultrasound is an important element in pre-insertion assessment. As PICC insertion is
predominantly performed by PICC nurses, it is important that these health professionals are

competent in the use of ultrasound for this purpose. ***°

Ultrasound is a valid tool for vein measurement, used in other clinical areas to determine vein

diameter such as prior to arteriovenous fistula creation for dialysis. *°Like other clinical



procedures involving measurement, it is important to ensure that the measurements taken are
reliable. However, to date, no reliability studies have been published that establish that vein
measurements taken by PICC nurses using ultrasound can be undertaken consistently. This
study aims to demonstrate the reliability of a vein measurement protocol by a PICC nurse

compared to a qualified and experienced sonographer.

Design

Participants

A convenience sample was recruited consisting of staff and higher degree students in a
faculty of health science located in a large Australian university. There were no formal

inclusion/exclusion criteria.

Ethics

Ethics approval was granted by the university’s Human Research Ethics Committee prior to

the study’s commencement and written consent was obtained from all participants.

Raters

The first rater was an accredited medical sonographer with extensive clinical and teaching
experience. The second rater was a PICC nurse with 10 years experience at a major

metropolitan teaching hospital.

Procedure

The PICC nurse and sonographer both measured veins in the participant’s left arm which was
chosen for convenience. Participants were rested in a supine position on a bed with their arm

extended and supported at a 90 degree angle by a platform. The arm was in a natural state



without tourniquet. The participants were asked to bend their arm and a mark was placed in
the crease of the bend at the elbow. Using a measuring tape, a further mark was placed on the
skin 10cm proximal to the mark at the elbow crease to give both raters a mark to align the
transducer to. A portable SonoSite™ S-Series ultrasound (SonoSite, Bothell, WA) with a 13-
6 MHz linear probe was used and set to the inbuilt vein setting. The transducer was
manoeuvred along the mark and angled from left to right to obtain the clearest image of the
vein and reduce artefact in the image. Light transducer pressure was used to reduce vein
compression and gain/depth was optimised for each image. The basilic, brachial and cephalic
veins were scanned in transverse section. Where two brachial veins were present, the larger

diameter vein was measured.

Each vein was measured in an anterior to posterior dimension using the machine’s inbuilt
callipers. The calliper was positioned with the top of the cross bar of the anterior calliper
aligned with the inside of the top echogenic vein edge and the bottom of the cross bar of the

posterior calliper aligned with the inside of the bottom echogenic vein edge (figures 1).

Figure 1: Ultrasound image of basilic
vein measurement with callipers. Image by authors.

The vein was measured in an axial plane due to the greater accuracy of the resolution in this
dimension.!” The echogenic periphery of the vein was removed to avoid ambiguity in regards

to adjacent soft tissue.



This technique was repeated for the basilic, brachial and cephalic veins. Once the first rater
(PICC nurse) had concluded vein measurement, the sonographer (who was blinded to the
results of the PICC nurse) performed the same measurements. Finally, the PICC nurse
repeated measurements on the three veins of participants. The PICC nurse performed the
measurement twice and the sonographer once. The first measurements obtained by the PICC
nurse were compared to the sonographer’s to determine inter-rater reliability and the two sets

of measurements performed by the PICC nurse were compared for intra-rater reliability.
Statistical analysis

A power analysis to determine sample size needed was conducted using PASS 11 (NCSS,
Utah, USA). A sample size of 12 participants with 2 observations per subject was required to
achieve 80% power to detect an intra or inter-class correlation of 0.70 with a 0.05 two-sided

significance level.

Mean diameter and 95% confidence intervals were calculated for each vein. Inter and intra-
rater reliability was measured by intraclass correlation coefficient (ICC) using a two-way
mixed effects model of absolute agreement assessing the reliability of single ratings. The ICC
value lies between 0 and 1, with a low ICC (closer to 0) suggesting poor agreement and a
value of 1 considered perfect agreement. In this study, ICC results higher than 0.60 indicated
adequate agreement.'® The ICC and 95 % CI were calculated for each of the three veins using
the statistical package MedCalc for Windows, version 12 (MedCalc Software, Ostend,

Belgium).
Results

There were 12 participants (7 males, 5 females) aged between 23-64 years old in the study.



Inter-rater reliability

The first vein diameter measurements obtained by the PICC nurse ranged from 1.60-3.90 mm
for the brachial vein (mean 2.57 mm; 95% CI 2.20-2.93 mm), 2.30-6.90 mm for the basilic
vein (mean 4.63 mm; 95% CI 3.75-5.51 mm) and 1.90-4.80 mm for the cephalic vein (mean
3.26 mm; 95% CI 2.66-3.86 mm). The measurements obtained by the sonographer for the
same participants ranged from 1.00-4.10mm for the brachial vein (mean 2.64 mm; 95% CI
2.16-3.13 mm), 2.10-7.20 mm for the basilic vein (mean 5.00mm; 95% CI 4.12-5.90mm) and

1.60-4.80 mm for the cephalic vein (mean 3.51 mm; 95% CI 2.95-4.06 mm).

The inter-rater reliability between the measurements obtained by the PICC nurse and the
sonographer was moderate or higher, with ICC values for all three veins equal to or greater
than 0.60 (Table 1). The highest ICC was demonstrated with the basilic vein, followed by the
cephalic and brachial (Table 1). The confidence interval range for the brachial vein was large
(95% Cl1 0.06-0.87), perhaps due to the small sample size and the difficulty locating and

visualising this deep vein.

Table 1: Inter-rater reliability of vein measurement

Vein ICC 95% Confidence Interval
Brachial 0.60 0.06-0.87
Basilic 0.87 0.58-0.96
Cephalic 0.77 0.39-0.93

ICC= Intraclass Correlation Coefficient (two-way mixed effects model of absolute agreement)



Intra-rater reliability

The PICC nurse’s measurements for brachial vein diameter ranged from 1.60-3.90 mm first
measure (mean 2.57mm; 95% CI 2.20-2.93 mm) and 1.00-3.40mm for the second measure
(mean 2.58mm; 95% CI 2.18-2.99). The basilic vein diameter ranged 2.30-6.90 mm first
measure (mean 4.63mm; 95% CI 3.75-5.51 mm) and 2.70-6.90 mm for the second measure
(mean 4.94 mm; 95% CI 4.18-5.71 mm).The cephalic vein varied between 1.90-4.80 mm
(mean 3.26 mm; 95% CI 2.66-3.86 mm) first measure and 1.70-4.70 mm (mean 3.37; 95% CI

2.89-3.84 mm) for the second measure.

The PICC nurse was able to reliably perform the same measurements with high ICC for all
veins (Table 2).The basilic vein had an ICC of 0.92 which demonstrates almost perfect
agreement. The brachial and cephalic veins were lower, but still showed substantial

agreement (Table 2).

Table 2: Intra-rater reliability of vein measurement

Vein ICC 95% Confidence Interval
Brachial 0.80 0.44-0.94
Basilic 0.92 0.67-0.98
Cephalic 0.78 0.40-0.93

ICC= Intraclass Correlation Coefficient (two-way mixed effects model of absolute agreement)



Discussion

This is the first study to investigate the reliability of vein measurement by a PICC nurse using
ultrasound. Acceptable inter-rater and high intra-rater reliability was achieved indicating that
the PICC nurse was able to perform measurements consistently when compared to a

sonographer and when repeating measurements.

The highest reliability (both inter and intra-rater) in this study was found with the basilic
vein. This may be explained by the superficial location and often large diameter of this vein,
making it easy to visualise and measure. "*° The ICCs for the brachial and cephalic veins
were inconsistent when comparing inter and intra-rater reliability. The inter-rater reliability of
the cephalic vein was higher than that of the brachial vein, perhaps due to the often

superficial position of the cephalic vein, making identification and measurement easier. *°
The reverse was found with intra-rater results. The brachial vein had a higher ICC when
compared to the cephalic. This may be explained by the PICC nurse’s experience visualising

this vein which is often used when the basilic is contra-indicated for PICC insertion.”?

These findings may suggest that PICC nurses who have sufficient and appropriate training
are competent in the use of ultrasound to visualise and measure vein diameter. However,
these results can’t be generalized to other PICC nurses due to the small number of

participants in the study and because training for PICC nurses differs widely.

A taskforce established at the World Congress of Vascular Access (WoCoVa) found that
there is a lack of standardised training required to be completed by Registered Nurses to
undertake PICC insertion®* Although organisations such as the Infusion Nurses Society state
that there is a need for PICC nurses to ensure they are competent in their scope of practice,

which would include the use of ultrasound, the training required to achieve this is not clearly



mandated by a professional organisation.>**#'The training undertaken by PICC nurses varies;
some inserters are trained by employers whilst other practitioners attend one-day workshops
offered by private companies or direct instruction from representatives of ultrasound

manufacturers.

Differences in the training offered to PICC nurses suggest that skill level may vary.
Conversely, sonographers undertake standardised training in the use of ultrasound which
incorporates theoretical and clinical elements. In Australia this comprises an accredited
postgraduate diploma or masters degree after an undergraduate degree in Health Sciences.
The clinical element of these courses requires sonography students to complete over 900

clinical hours with multiple practical assessments to achieve competence.?

The PICC nurse in the present study self-initiated the development of a clinical based PICC
insertion credentialing program after completion of a 5 day theory-based PICC course.
Firstly, ultrasound training was undertaken for several weeks in the Radiology department.
This incorporated ultrasound physics, the identification of relevant anatomical structures on
healthy volunteers (other staff members) and the identification of abnormal anatomy and
thrombosis. Finally, the PICC nurse undertook several months of directly supervised PICC
insertion using ultrasound with an Interventional Radiologist. This combination of didactic
and clinical training with supervision was recommended by the WoCoVa task force as

important elements of training programs for PICC insertion. %

The present study highlights the importance of appropriate training for PICC nurses so they
are able to perform ultrasound to consistently measure vein diameter. This is an important
component of pre-insertion vein assessment allowing the identification of the largest and
15,23

most appropriate vein to catheterise to reduce the risk of adverse events for the patient.

PICC insertion training needs to incorporate the use of ultrasound as a tool for vein



assessment purposes. Further this is an important element to consider in the development of

future competency standards for PICC nurses.

Limitations

Although powered to detect a relatively high level of reliability compared to zero, the present
study did utilise a small sample size. This coupled with the difficulties visualising small and
deep veins may explain the wide confidence intervals for some of the reliability coefficients.
Nonetheless the primary interest in this study was the size of the co-efficient not its accuracy.
Further the PICC nurse is highly trained with more than 10 years experience which makes
generalising to other PICC nurses with different training and skill levels difficult. Finally, the
present study included only healthy volunteers and thus findings may not necessarily be
generalisable to a hospital population. Future studies need to be conducted in a hospital

population to ascertain the diameters of veins commonly used for PICC insertion.

Conclusion

This study has indicated that a suitably trained PICC nurse can reliably measure vein
diameter using ultrasound. It is important that PICC nurses undergo appropriate training with
ongoing support to ensure they are competent in the technology used for PICC insertion to

foster improved patient outcomes.
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