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Ultrasound-guided peripheral venous cannulation:
technique and complications in comparison with
conventional techniques

Rafael Rubiera-Gonzélez', Javier Gonzalez-Garcia?, Luisa Maria Rodriguez-Suarez®

OBJECTIVES. To describe the use of ultrasound-guided peripheral venous cannulation in an emergency department (ED). To
compare the incidence of complications with this technique to those in conventional placement of an intravenous line.

METHODS. Observational, descriptive, retrospective study in the ED of Hospital Universitario de Cabuefies in Spain. We collected
data on 108 cannulation attempts in adults with difficult venous access, recording success or failure of placement, characteristics of
the punctured vein, time the catheter remained in place, and the reason for removal. The incidence of complications was calculated
and compared to the findings of our earlier study on traditional venous line placement.

RESULTS. Venous access was successful in 86.1% of the cases. Out-of-plane imaging was used in the majority of attempts (80.6%).
Placement was in the basilica vein in 52.7%, and at a mean (SD) depth of 6.2 (2.2) mm. The mean venous diameter was 4.5 (0.9) mm,
and 35 catheters remained in place 24 hours on average. Complications occurred in 12 of the 35 (34.2%). Extravasation (in 14.2%)
was the most frequent complication; phlebitis developed in 5.7%. Fewer cases of obstruction occurred with ultrasound guidance
than with the traditional technique. There were no differences with respect to the incidences of phlebitis, extravasation, or accidental
removal. No associations were found between any variables (catheter, vein accessed, depth, or diameter) and time the catheter was
in place or the reason for removal.

CONCLUSIONS. Ultrasound-guided peripheral venous cannulation is a useful technique in patients with difficult venous access.
Complications are no more frequent than with the conventional technique for placement of a venous line.

[Ceywords: Ultrasound guidance. Peripheral venous access. Difficult venous access. Nursing care. Emergency services.

Canalizacién venosa periférica ecoguiada: caracteristicas y complicaciones
comparadas con técnica tradicional

OBJETIVOS. Describir la experiencia en la canalizacion de catéteres periféricos ecoguiados en un servicio de urgencias (SU), y co-
nocer la incidencia de complicaciones en estos catéteres comparando con la técnica tradicional.

MATERIAL Y METODO. Estudio observacional, descriptivo y retrospectivo en un SU hospitalarias. Se recogieron datos de 108 in-
tentos de canalizacién en pacientes adultos con via venosa dificil. Se valord el éxito o fracaso en la canalizacidn, caracteristicas de la
vena puncionada, duracion del catéter y motivo de retirada. Se calculé la incidencia de complicaciones y se comparé con el estudio
en catéteres tradicionales ENSINFLEBIT.

RESULTADOS. El éxito en la canalizacion fue del 86,1%. La mayoria de las punciones se hicieron con técnica fuera de plano
(80,6%), en vena basilica (52,7%), a una profundidad media de 6,2 mm (+ 2,2) y con un diametro medio de vena de 4,5 mm (= 0,9),
35 catéteres permanecieron mas de 24 horas, de los cuales 12 (34,2%) sufrieron complicaciones. La complicacién mas frecuente fue
la extravasacion (14,2%) y la proporcién de flebitis fue de 5,7%. Con la técnica ecoguiada hubo menos casos de obstruccién que
con técnica tradicional. No hubo diferencias en cuanto a flebitis, extravasacion y retirada accidental. No se encontré relacion entre
las variables catéter, vena, profundidad y didmetro, y la permanencia y motivo de retirada.

CONCLUSIONES. La canalizacion venosa periférica ecoguiada es una técnica util en pacientes con via venosa dificil. La incidencia
de complicaciones no es mayor que con la técnica tradicional.

Palabras clave: Ultrasonido. Catéter venoso periférico. Acceso venoso dificil. Cuidados de enfermerfa. Atencién de urgencias.
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The placement of a peripheral venous line is one of
the basic and essential procedures in a emergency depart-
ment (ED). At times, patients present with personal charac-
teristics that make cannulation difficult, leading to multiple
punctures, difficulty obtaining samples, delays in diagnosis,
delays or limitations in treatments, and, in some cases, the
need to place a central line. All of this results in increased
patient risks and harm," higher economic costs, and fee-
lings of frustration among nursing professionals.?

These patients are defined as DIVA (difficult intrave-
nous access) patients, and it is estimated that they may re-
present up to 8.3% of patients who come to an ED,* giving
us an idea of the magnitude of the problem.

In recent years, the use of ultrasound to assist venous
access placement has proven to be an effective resource,
and its use is becoming increasingly widespread.*® This
expansion has been supported by technological advances
that have made higher-quality, smaller, and more afforda-
ble ultrasound devices available, leading to the now wi-
dely used terms “bedside ultrasound” or “point-of-care
ultrasound”.® Although the use of ultrasound to assist the
placement of peripheral venous catheters is a more re-
cent technique vs central venous catheterization it is
growing in Spain and across the world, as demonstrated
by the number of publications in recent years in our
country, its inclusion in clinical guidelines’® and in hospi-
tal?, intensive care unit,” and emergency department pro-
tocols,® as well as by the interest it generates in scientific
conferences.

The use of this technique has been shown to reduce
the number of punctures,*'" complications, the need for
central venous access, and costs,'" in addition to produ-
cing greater satisfaction among both patients and profes-
sionals'' compared with traditional methods. Furthermo-
re, it expands the number of venous options available for
puncture, granting access to veins that would never have
been attempted using the traditional blind technique, the-
reby preventing and delaying depletion of the patient’s ve-
nous capital.’

In Spain, more than one-third of peripheral venous ca-
theters are removed due to complications, primarily extra-
vasation, followed by phlebitis."” Studies on complications
of ultrasound-guided peripheral catheters conducted to
date have not reached unanimous conclusions. Some have
found no significant differences,*'® while others show a sli-
ght advantage for the ultrasound-guided technique.’®
These discrepancies have prevented the assertion that ul-
trasound-guided cannulation results in fewer complications.

Research to date has accumulated robust evidence on
the superiority of the ultrasound-guided technique over
the traditional technique in terms of cannulation success
rates. Studies published in recent years seem to indicate
that new lines of research are directed toward the expan-
sion of the technique to pediatric patients,’?' toward trai-
ning professionals in the ultrasound-guided technique,??
and toward the use of longer catheters that promote ca-
theter dwell time within the vein.24%
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The primary endpoint of this study is to describe the
characteristics of the ultrasound-guided peripheral cathete-
rization technique in an ED when performed by an opera-
tor experienced in the traditional technique but without
previous knowledge of the ultrasound-guided technique
and after receiving brief prior training. A secondary objec-
tive is to determine the incidence of complications in these
catheters and compare them with those of the traditional
technique.

We conducted an observational, retrospective, des-
criptive study in the ED of a hospital that manages
approximately 100,000 emergency visits per year.

Data were collected from ultrasound-guided cannula-
tions performed from November 2018 through May 2021.
The technique was always performed by the same opera-
tor, who had no prior experience in ultrasound-guided
cannulation and received one hour of prior training on the
use of the ultrasound device and the ultrasound-guided
technique.

Sampling was carried out using non-probabilistic con-
venience sampling, including patients who met the inclu-
sion criteria and for whom the operator was available at
that time. Patients older than 18 years were included if
they had clinical characteristics making venous access diffi-
cult (obesity, diabetes, IV drug use, edema, chemotherapy,
prior history of difficulty), after two failed attempts using
the traditional technique, or in cases where no visible or
palpable vein was detected after applying a tourniquet.
Patients in a life-threatening emergency and those who
declined the technique were excluded.

After an ultrasound examination of both upper limbs,
the vein considered most suitable was selected. Cannula-
tion was performed using an aseptic peripheral catheteriza-
tion technique according to department protocol, with al-
cohol or chlorhexidine as disinfectant, non-sterile
conductive gel, and the ultrasound probe covered with a
sterile transparent dressing. Successful cannulation was de-
fined as the ability to extract 5 mL of blood and to infuse
normal saline through the catheter without resistance.

Clinical characteristics of the patients (age, sex, pre-
vious conditions), characteristics of the cannulated vein
(depth, diameter), technical characteristics (puncture plane,
catheter used, success in cannulation, number of attempts
required), catheter dwell time, and reason for removal were
recorded. Relations between the independent variables—
selected vein, catheter gauge, depth, and diameter—and
the dependent variables—reason for removal and dwell
time—were analyzed. Reasons for removal included: extra-
vasation, obstruction, phlebitis, and accidental withdrawal.

A descriptive analysis was performed using the R sof-
tware (R Development Core Team). Relative and absolute
frequency distributions were calculated for qualitative va-
riables, and measures of central tendency and dispersion
were calculated for quantitative variables. Relationships
between qualitative variables were evaluated using Fisher’s
exact test, with a significance level of 0.05.
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To analyze complications of ultrasound-guided cathe-
ters, only those catheters that remained in place for more
than 24 hours were considered. Results were compared
with those of the ENSINFLEBIT study on catheters inserted
using the traditional technique,” both at the national level
and at the level of our hospital and our own department.
The comparison between the ENSINFLEBIT study and ours
was again carried out using Fisher's test with a significance
level of 0.05, comparing the frequencies of complica-
tions—extravasation, obstruction, accidental removal, and
phlebitis—in both studies.

To ensure patient anonymity, each patient was assig-
ned a code, and no personal data were collected. This
study was approved by the Ethics and Research Commit-
tee of the Principality of Asturias and the Research Com-
mission of the Management of Area V.

Results

A total of 108 ultrasound-guided cannulations were per-
formed; 81.4% (n = 88) were women, with a mean age of 75
years (= 16 years). The success rate was 86.1% (n = 93), and
in 75.3% (n = 70) success was achieved on the first attempt.
A total of 80.6% (n = 75) of punctures were performed using
the "out-of-plane” technique. The basilic vein was selected
in 52.7% (n = 49) of punctures. The mean depth of the vein
at the puncture site was 6.2 (x 2.2 mm), and the mean dia-
meter of the veins was 4.5 (= 0.9 mm).

The mean dwell time of successfully cannulated cathe-
ters was 2.4 (+ 2.5 days). Of the total number of successfu-
lly cannulated catheters, 66.7% (n = 62) were removed be-
cause treatment had ended, and 23.6% (n = 22) had to be
removed due to complications. Table 1 shows all results
related to ultrasound-guided technique characteristics, vein
characteristics, catheter dwell time, and complications.

Of the 35 catheters (37.6%) that remained in place for
more than 24 hours, 12 (34.2%) experienced complica-
tions. The most frequent complication was extravasation at
14.2% (n = 5), followed by accidental removal at 8.5%
(n = 3). The phlebitis and obstruction rates in these cathe-
ters were identical, 5.7% (n = 2) in both cases.

When comparing the complication rates found in our
study with those reported in the ENSINFLEBIT study, signi-
ficant differences were found in the percentage of obstruc-
tion (5.7% in ultrasound-guided vs 8.0% in the hospital,
13.3% in the ED with the traditional technique, and 5.6%
in ENSINFLEBIT; P < .001). No significant differences were
found regarding extravasation, phlebitis, or accidental re-
moval between the different studies compared. The phle-
bitis rate with the ultrasound-guided technique was similar
to that obtained with the traditional technique in the ED
(5.7% vs 5.9%) and lower than that of Hospital de Cabue-
fies (Asturias, Spain) and the national level (8.6% and 8.5%,
respectively). The extravasation rate was lower with ultra-
sound guidance than with the traditional technique in the
ED (14.2% vs. 18.5%) and similar to that of our hospital
and at the national level (14.7% and 14.4%, respectively).
The results for each type of complication can be found in
Table 2.
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Table 1. Characteristics of ultrasound-guided peripheral venous
cannulation

Cannulation attempts N =108 %
Success 93 86.1
Failure 15 13.9

Number of attempts for successful cannulation N =93 %
1 70 75.3
2 18 19.3
3 or more 5 54

Technique used N=93 %
Out-of-plane 75 80.6
In-plane 18 19.4

Catheter N =93 %
20G (32 mm length) 47 50.5
18G (45 mm length) 44 47.3
16G (50 mm length) 2 2.2

Cannulated vein N =93 %
Basilic 49 52.7
Cubital fossa 25 26.9
Antebrachial 10 10.8
Cephalic 9 9.6

Depth N=93 %
<5mm 31 333
5-10 mm 55 59.1
> 10 mm 7 7.5

Diameter N =93 %
<4 mm 25 26.9
4-6 mm 66 71.0
>6mm 2 2.2

Dwell time N =93 %
< 24 hours 49 58.3
24-48 hours 12 14.3
48 hours-7 days 16 19.0
> 7 days 7 8.3
Not recorded 9 -

Reason for removal N =93 %
End of treatment 62 66.7
Accidental 7 75
Obstruction 3 32
Extravasation 9 9.7
Phlebitis 3 32
Not recorded 9 9.7

Complications in catheters > 24 hours N =35 %
Accidental removal 3 8.57
Obstruction 2 5.71
Extravasation 5 14.28
Phlebitis 2 5.71
Removal without complications 23 65.71

G: gauges; mm: millimeters.

Regarding the relationship between qualitative va-
riables, no association was identified between the rea-
son for removal—phlebitis, extravasation, obstruction, or
accidental removal—and catheter type, selected vein,
depth, or diameter. No association was identified be-
tween catheter dwell time and catheter type, selected
vein, depth, or diameter. These results are shown in Ta-
ble 3.

Discussion

The use of ultrasound for the cannulation of peripheral
venous lines in patients with difficult venous access may
represent a qualitative improvement in healthcare. Our aim
was to implement this technique in our department and to
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Table 2. Incidence proportion of complications in peripheral venous
catheters. Data from Hospital de Cabuefies from the ENSINFLEBIT
2021 Study

ED- ED-

Hospital  traditional ultrasound-
P value

Catheter ENSINFLEBIT

complications (n=649) technique guided

P IS EE) n=13) (=93
Extravasation 14.4% 14.7% 18.5% 14.2% 610
Phlebitis 8.5% 8.6% 5.9% 5.7% 726
Obstruction 5.6% 8.0% 13.3% 57%  <.001
Accidental removal 12.7% 11.7% 5.9% 8.5% 079

understand the characteristics and factors involved in ultra-
sound-guided cannulation.

The results we obtained are consistent with most of
the research accumulated to this date. The effectiveness of
ultrasound-guided peripheral cannulation and its superiori-
ty over the traditional method has already been demons-
trated by Van Loon et al.,* who, after analyzing data from
eight studies totaling 1,660 patients, concluded that the
ultrasound-guided technique achieves a higher success
rate in cannulation than the traditional technique, reduces
the number of attempts required, and increases patient sa-

tisfaction. Salleras-Duran and Fuentes-Pumarola? conduc-
ted a meta-analysis of 21 studies and found a success rate
above 80% for ultrasound-guided puncture. In our study,
the success rate was similar to that reported by these au-
thors.

The ultrasound-guided cannulation technique has a
learning curve, as do all new techniques. Our experience
reflects that with basic knowledge of ultrasound operation,
venous anatomy, and puncture technique, reasonable suc-
cess rates can be achieved in a short period of time. Bres-
lin et al.??2 used a sample of newly graduated physicians
without prior ultrasound training and found that with only
two hours of training in ultrasound-guided cannulation, the
success rate in the following 3 months was 73%.

Most of the veins cannulated had a diameter > 4 mm,
were located between 5 and 10 mm in depth, and were
cannulated using the out-of-plane technique (recommen-
ded for operators without experience??). Witting et al.?
showed that success rates were higher when the selected
vein had a diameter of at least 4 mm and that difficulty in-
creased significantly when the vein was located at <3 mm
or > 15 mm in depth.

Table 3. Relationships between catheter removal reason and catheter/vein characteristics and dwell time

Removal reason Extravasation Phlebitis Not recorded Obstruction End of treatment Accidental Pvalue
n (%) n (%) n (%) n (%) n (%) n (%)
Catheter 069
16G 0 0 1(11.1) 0 1(1.6) 0
18G 4 (44.4) 0 5 (55.5) 3(100) 26 (41.9) 6(85.7)
20G 5(55.5) 3(100) 3(33.3) 0 35 (56.4) 1(14.2)
Vein 336
Antebrachial 2(22.2) 1(33.3) 0 0 7(11.2) 0
Basilic 6 (66.6) 0 6 (66.6) 3(100) 28 (45.1) 6(85.7
Cubital fossa 1(11.1) 1(33.3) 2(22.2) 0 0(32.2) 1(14.2)
Cephalic 0 1(33.3) 1(11.1) 0 7(11.2) 0
Depth .67
<5mm 1(11.1) 1(33.3) 3(33.3) 1(33.3) 23(37.1) 2 (28.5
5-10 mm 7(77.7) 2 (66.6) 5 (55.5) 1(33.3) 35 (56.4) 5(71.4)
> 10 mm 1(11.1) 0 1(11.1) 1(33.3) 4(6.4) 0
Diameter 394
<4mm 3(33.3) 1(33.3) 0 1(33.3) 17 (27.4) 3(42.8)
4-6 mm 6 (66.6) 2 (66.6) 8 (88.9 2 (66.6) 44.(70.9) 4(57.1)
>6mm 0 0 1(11.1) 0 1(1.6) 0
Permanence <24h 24-48 h 48 h-7d >7d P value
Catheter
16G 0 0 1(6.2) 0
18G 19 (38.7) 7 (58.3) 9(56.2) 4(57.1) .258
20G 30(61.2) 5(41.6) 6(37.5) 3(42.8)
Vein
Antebrachial 4(8.1) 2(16.6) 1(6.2) 3(42.8)
Basilic 28 (57.1) 5 (41.6) 7(43.7) 3(42.8)
Cubital fossa 11(22.4) 4(33.3) 7(43.7) 1(14.2) .355
Cephalic 6(12.2) 1(8.3) 1(6.2) 0
Depth
<5mm 17 (34.6) 2(16.6) 6(37.5) 3(42.8)
5-10 mm 31(63.2) 9(75.0) 7(43.7) 3(42.8) 132
> 10 mm 1(2.0) 1(8.3) 3(18.7) 1(14.2)
Diameter
<4 mm 14 (28.5) 3(25) 4(25) 4(57.1)
4-6 mm 35(71.4) 9(75) 11(68.7) 3(42.8) .351
>6mm 0 0 1(6.2) 0
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The basilic vein was the most frequently cannulated
vein in this study. Various authors?®% agree that it is the
optimal vein for puncture and is associated with a higher
success rate because it is of good caliber, superficial, and
not accompanied by other structures such as arteries and
nerves, thus reducing the risk of injury.

Regarding catheter dwell time, most were removed
before 24 hours, which corresponds to the typical ED pa-
tient profile, as most remain in the department only a few
hours before discharge. Although some authors demons-
trate an influence of depth and location on catheter dwell
time,? no relationship was found between these variables
in our study. Nevertheless, extravasation was the most fre-
quent complication, and although one-third of the cathe-
ters (33.3%) were placed in veins less than 5 mm deep,
only one extravasation incident (11.1%) occurred within this
range.

For the comparison of complications, the ENSINFLE-
BIT study was used as a reference. This study has been
conducted annually for several years in our country as part
of the multicenter Phlebitis Zero project and the National
Antibiotic Resistance Plan,® and includes, among other
data, complications of peripheral venous catheters. In
2021, the study collected data from 8,435 catheters from
65 Spanish hospitals. The comparison between ultra-
sound-guided cannulation in the ED, the ENSINFLEBIT
study, the Hospital de Cabuefes, and our ED using the

traditional technique showed similar complication rates
across all groups, with no significant differences except in
obstruction, which had a lower incidence in the first two.
The phlebitis rate was lower with the ultrasound-guided
technique and very close to the internationally accepted
standard of 5%.% Rates of extravasation and accidental re-
moval were also always lower with the ultrasound-guided
technique, and only in the case of obstruction was the na-
tional rate lower than the others. These data suggest that
the ultrasound-guided technique is at least as safe as the
traditional technique.

Our study has some limitations. The main limitation is
that all punctures were performed by the same operator,
which may have influenced the success rate due to indivi-
dual skill. Second, catheter use, maintenance, and the
types of drugs administered were not considered. Additio-
nally, the small sample size may affect the validity of the
results, and larger sample sizes would be necessary in futu-
re research to obtain more conclusive findings.

In conclusion, most cannulations were performed
using the out-of-plane technique, in the basilic vein, with a
vein diameter > 4 mm and a depth between 5 and 10 mm.
Furthermore, compared with studies using the traditional
technique, ultrasound-guided cannulation did not result in
a higher number of complications. Larger studies are nee-
ded to further demonstrate the efficacy and safety of the
ultrasound-guided technique.
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