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� Abstract—Background: Peripheral venous cannulation is
one of the most common procedures in medicine. A larger
cannula allows higher rates of fluid to be provided if needed
in a deteriorating patient; however, it is also perceived
that larger-gauge cannula placement is associated with in-
creased pain and procedural difficulty. Objective: This study
aimed to compare the pain and procedural difficulty ex-
perienced during insertion between 18-gauge (18G) and
20-gauge (20G) cannulas. Methods: We conducted a single-
blinded, randomized controlled trial on adult patients who
required peripheral IV cannulation within a tertiary hospi-
tal emergency department between April and October 2018.
Patients were randomized to either the 18G or 20G cannula
group. The primary outcomes of the study—pain experi-
enced by patients and procedural difficulties experienced by
clinical staff—were recorded on two separate 10-cm visual
analog scales. Other outcomes include first-attempt success
rate, operator designation, complications, and the intent and
actual use of the IV cannula were documented on prefor-
matted questionnaires. Results: Data from 178 patients were
included in the analysis. Eighty-nine patients were allocated
to each cannula group. There were no statistically or clini-
cally significant differences between mean pain score (0.23;
95% CI 0.56–1.02; p = 0.5662) and mean procedural diffi-
culty score (0.12; 95% CI 0.66–0.93; p = 0.7396). between
the two groups. There was no difference in first-attempt suc-
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cess rate (73 of 89 vs. 75 of 89; p = 0.1288), complications (2
of 89 vs. 1 of 89) between the 20G group and 18G group, re-
spectively. Conclusions: There was no significant difference
between the 18G or 20G cannula for either pain experienced
by patients or procedural difficulty experienced by clini-
cians. Crown Copyright © 2023 Published by Elsevier Inc.
This is an open access article under the CC BY license
( http://creativecommons.org/licenses/by/4.0/ ) 

� Keywords—cannulation; randomized controlled trial;
cannula size; pain; procedural skills difficulty 

Introduction 

Cannula insertion to establish peripheral venous access
is a common procedure for obtaining blood samples and
providing treatments in the emergency department (ED),
where patients may deteriorate rapidly ( 1 , 2 ). Swift IV
fluid resuscitation is fundamental for unstable patients
( 1–3 ). According to Poiseuille’s law, a much faster rate
of fluid delivery can be delivered through a larger-gauge
cannula. The 18-gauge (18G) cannula may be preferred
in patients who may require rapid fluid infusion or ade-
quate rate of IV contrast delivery. Despite this, the larger
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cannula is used less frequently than the smaller-gauge
cannula, mainly due to perceptions of increased pain or
procedural difficulty associated with the larger-sized can-
nula ( 4 ). However, many patients presenting to the ED
have already been experiencing considerable pain and
anxiety. Previous studies have found no difference in pain
score between the smaller- and larger-gauge needles ( 5 , 6 ).
Similarly, IV cannula success rate has mostly not been
found to differ among gauge sizes ( 7 ). Another common
perception is that IV cannulas placed in the ED are not
used and, therefore, not required in ED patients ( 8 ). We
would argue, however, due to the unpredictable nature
of ED presentations, insertion of a larger IV cannula can
potentially benefit patients who deteriorate unexpectedly,
especially if a larger IV cannula is not more painful or
more difficult to insert compared with a smaller cannula. 

We postulate that insertion of a slightly larger cannula
of 18G would not be associated with significantly more
pain experienced by the patients or procedural difficulty
experienced by the clinicians than insertion of a smaller
cannula of 20G. 

Materials and Methods 

Study Design and Setting 

We conducted a single-blinded, comparative, random-
ized controlled trial at an urban, university-affiliated ter-
tiary center with a prepandemic census of more than
79,000 ED presentations annually. This study was ap-
proved by the local health district human research ethics
committee. Data were collected using questionnaires self-
reported by patients and clinicians. The primary met-
rics, encompassing pain experienced by the patient and
procedural difficulty experienced by the clinician, were
assessed using two separate 10-cm visual analog scales
(VAS). 

Participants 

Between April 16, 2018 and October 9, 2018, we en-
rolled a convenience sample of patients 16 years and
older who, according to clinical judgment, required a can-
nula. Written informed consent was obtained. Patients
who were unable to communicate pain severity effec-
tively due to cognitive impairment, altered mental state,
or visual or language difficulties, or those who required
a specific cannula size for a compelling reason, were
excluded. Compelling reasons for specific cannula size in-
cluded patients who needed a 18G cannula for computed
tomography or a procedure, unstable patients, or clinical
judgment of the ED clinicians. 
Intervention 

We used computerized block randomization in blocks
of four to allocate the assigned cannula size. After en-
rollment and obtaining informed consent, the clinicians
received an opaque envelope containing the assigned can-
nula (18G or 20G). The clinicians were required to use
the assigned cannula and to persist with the same can-
nula at least twice if there was a failure of the initial
attempt. The clinicians were allowed to choose a can-
nula of their preference only after two failed attempts
with the assigned cannula. The patients were blinded to
the cannula used by wearing blackout glasses; however,
the clinicians could not be blinded due to visualizing
needs of the procedure. The pool of clinicians performing
cannulation encompassed senior medical students, in-
terns, resident medical officers (RMOs), trainee registrars,
consultants, and trained nurses. The clinicians followed
standard procedures in terms of aseptic technique, flush-
ing, and securing the cannula. Collecting blood from or
delivering fluids and medications into the cannula was
determined by the treating clinicians as required. Local
anesthetic agents were not used for cannula insertion. 

A preformatted questionnaire was used to collect rele-
vant information. The severity of pain experienced by the
patient and the procedural difficulty experienced by the
clinician were documented on two separate 10-cm VASs.
The patients and clinicians were asked to place a verti-
cal line across the 10-cm horizontal VAS to indicate the
pain severity or procedural difficulty experienced. Pain
severity and procedural difficulty were recorded for each
attempt if there was more than one attempt. Demographic
data for patients and clinicians, use of the cannula, and
complications of the cannula insertion were recorded on
the same questionnaire. 

The cannula was defined as being “used” if it had been
used to draw blood samples more than twice, or the pa-
tients were given IV fluids or medications during their stay
in the ED. 

Equipment 

For this study, we used the Smiths Medical’s Jelco®
cannulas, which were available hospital-wide. The two
cannula sizes used were the larger 18G (green-colored
flushback chamber, width = 1.3 mm; length = 32 mm;
flow rate = 6.6L/h) and the smaller 20G (pink-colored
flushback chamber, width = 1.1 mm; length = 25 mm;
flow rate = 3.9 L/h). In general, patients are not able to
see the flushback chamber once it has been covered by
securing tape and, therefore, not be able to identify the
size of cannula inserted. 
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Data Analysis 

We used basic descriptive statistics methods, including
calculation of proportions, means, and SDs. Demographic
data between the two different cannula gauge groups were
compared using unpaired t -tests. Unpaired t -tests were
also used to determine differences between the two groups
for successful attempts, pain, and difficulty. Spearman’s ρ
values were calculated for correlations between difficulty
and pain by designation. All analysis of the data was com-
pleted using Stata 14 software ( 9 ). The biostatisticians
were blinded to the groups to ensure that no perceptional
bias was present. 

We precalculated that a sample size of 200 was re-
quired to achieve 80% power, data collection was con-
strained to 181 patients due to time limitations. An SD of
2.7 for the VAS score within the two cannula sizes yielded
a 73% power to detect a difference of 1.3 or more, which
has been clinically established as significant in literature.
Furthermore, 97% power was attained to detect a differ-
ence of two or more, based on previous studies by Yee
et al. and Kelly ( 6 , 10 ). 

Results 

We recruited 181 patients into the study between April
and October 2018. Of the 181, three were withdrawn due
to incomplete data (2 had no difficulty scores and 1 had
no pain scores). Of the 178 patients with all available data,
there were 89 participants in each group. The median age
of participants was 49.8 years. There was no significant
difference in gender or age between the groups; 100 pa-
tients (56.2%) were female ( Table 1 ). 

Most of the cannula insertions were successful on the
first attempt (n = 148 [90.8%]; 95% CI 1.42–1.57). The
overall success rate for cannula insertion within three at-
tempts was not significantly different between the 18G
and 20G cannulas (89.9% for 18G and 93.3% for 20G;
p = 0.10). The success rate for the 20G cannula was
93.3% and success rate for the 18G cannula was 89.9%.
The rate of successful insertion did not differ significantly
between the two cannula sizes ( p = 0.60). The preferred
site for insertion was the cubital fossa (70.8%), and this
preference was similar in both cannula groups ( p = 0.09).
Complication rates were low (n = 18); cannulation failure
was the most common complication (n = 15) ( Table 1 ). 

Mean (SD) pain scores were 3.61 (2.68) for the 20G
cannula and 3.84 (2.64) for the 18G cannula ( Table 2 ).
Mean difference between pain scores was 0.23 (95% CI
0.56–1.02; p = 0.57). The difference in pain experienced
by the patient was neither clinically nor statistically sig-
nificant. Similarly, for procedural difficulty, mean (SD)
scores were 2.58 (2.73) for the 20G cannula group and
2.72 (2.63) for the 18G cannula group; mean difference
was 0.13 (95% CI 0.66–0.93; p = 0.74). There was no
significant difference between the experience of the clin-
ician and pain score for either the 18G cannula group or
the 20G cannula group ( p = 0.72). Blood samples were
taken one time for 109 patients, 2 times for 29 patients,
and more than 3 times for 23 patients. In total, 62 patients
(38.8%) received an unused cannula, there was no differ-
ence between the 2 groups (n = 62 [38.8%]; p = 0.80). 

Spearman’s ρ analysis showed a significant corre-
lation between clinician-perceived procedural difficulty
and patient-reported pain for the 18G cannula (n = 89,
ρ = 0.25, p = 0.02), but not for the 20G cannula (n = 89,
ρ = 0.001, p = 0.99). Notably, for medical students and
interns, a Spearman’s ρ correlation of –0.41 ( p < 0.001,
not independent) was observed between first pain and first
difficulty in the 18G group, as opposed to a correlation
of 0.99 ( p = 0.0156, independent) in the 20G group. This
correlation was exclusive to the medical student and intern
group, who used 18G cannulas only ( Table 3 ). In addition,
the medical student and intern group had the highest rate
of complications. Among 18 post-cannulation complica-
tions, 8 were attributed to the medical student and intern
group, 5 to the senior resident medical officer (SRMO)
and senior medical officer group, 4 to the senior consul-
tant and registrar group, and 1 to the nursing group. 

Discussion 

Peripheral IV cannula insertion, although painful, is a
crucial procedure in the ED ( 11 , 12 ). The presumption
of more pain and technical difficulty associated with the
insertion of a larger cannula has led to the avoidance of us-
ing large cannulas, which may be more appropriate for the
unpredictable resuscitation requirement in ED patients.
Our study found no significant difference in pain or pro-
cedural difficulty between the insertion of 18G and 20G
cannulas, aligning with some previous research findings
( 5 , 13 ). This suggests that the choice between 18G and
20G cannulas can be made based on clinical requirement
rather than on concerns about pain or procedural diffi-
culty. 

Prior research found that circumference, size, and sta-
tus of veins may be important factors in the choice of
cannula used and the success rate of the cannulation
( 14 , 15 ). The choice of cannulation sites, particularly the
cubital fossa and dorsum of the hand, matched our find-
ings; the cubital fossa was the preferred site ( 16–19 ). Prior
literature has commented on cannulation of the dorsum of
the hand resulting in more pain ( 19 ). Another important
consideration for pain is the fact that multiple cannula-
tions may result in more pain ( 20 ). Most clinicians needed
only one attempt to cannulate the patient, so it was diffi-
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Table 1. Demographic Characteristics of Participants, Site of Cannulation, and Level of Operator Experi- 
ence According to Cannula Size Groups 

Characteristics Cannula Size Total 

18 Gauge 20 Gauge 

No. of participants 89 89 178 

Median age, y 45.8 53.7 49.7 

Gender, n (%) 
Male 36 (40.5) 42 (47.2) 78 (43.8) 
Female 53 (59.5) 47 (52.8) 100 (56.2) 

Site, n (%) 
Dorsum of hand 11 (12.4) 15 (17.0) 26 (14.6) 
Forearm 5 (5.6) 17 (19.1) 22 (12.4) 
Cubital fossa 72 (80.9) 54 (60.7) 126 (70.8) 
Other 1 (1.1) 3 (3.4) 4 (2.2) 

Operator experience, n (%) 
Medical student/intern 24 (26.9) 21 (23.6) 45 (25.3) 
Resident medical officer/senior resident 

medical officer 
24 (26.9) 27 (30.3) 51 (28.7) 

Registrar or consultant 26 (29.2) 24 (27.0) 50 (28.0) 
Nurse 15 (16.8) 17 (19.1) 32 (18.0) 

Table 2. 10-cm Visual Analog Scale (VAS) Scores of Pain and Procedural Difficulty, Attempts, Success of 
Cannulation, and Complications Between the Cannula Size Groups 

Variable Cannula Size p Value 

18 Gauge 

(n = 89) 
20 Gauge 

(n = 89) 

Pain VAS, first attempt, mean score 3.84 3.61 0.57 

Difficulty VAS, first attempt, mean score 2.72 2.58 0.74 

No. of attempts, n (%) 
1 75 (84.3) 73 (82.0) 0.13 

2 5 (5.6) 8 (9.0) ∗

> 3 9 (10.1) 8 (9.0) ∗

Success, n (%) 80 (89.9) 83 (93.3) 0.10 

Complications 

Hematoma 1 (1.1) 1 (1.1) ∗

Thrombophlebitis 0 (0) 1 (1.1) ∗

Failure of cannulation 10 (10.1) 5 (6.7) ∗

∗ Could not be calculated due to small group numbers. 

 

 

 

 

 

 

 

 

 

cult to assess whether there was more pain experienced on
multiple attempts, as past qualitative studies have found
( 20 ). The multiple attempts for cannulation can be due
to an array of factors, including but not limited to, dif-
ficult anatomy, poor lighting, patient hydration station,
and human error; however, there was no indication that
gauge size increases failure to cannulate based on our two
groups. 

There was no significant difference overall in proce-
dural difficulty experienced by the clinician between 18G
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Table 3. Designation and Procedural Difficulty Experienced According to Cannula Size 

Variable Difficulty 

18-Gauge 20-Gauge 

Mean 95% CI Mean 95% CI 

Medical student or intern 4.37 3.22–5.52 3.6 2.13–5.06 

Resident medical 
officer/senior resident 
medical officer 

2.93 1.84–4.02 2.63 1.79–3.46 

Registrar or consultant 1.31 0.62–2.02 1.68 0.61–2.76 

Nurse 2.2 0.87–3.57 2.52 0.98–4.06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and 20G. However, junior doctors, including medical stu-
dents and interns, experienced more difficulty with the
18G cannulas compared with the 20G cannulas than the
more senior clinicians. This is likely a reflection of lack
of experience in the junior clinicians compared with their
senior colleagues. 

Complication rates in our study were low, contrary to
literature suggesting higher failure rates among larger-
gauge cannulas ( 21 ). Regardless of gauge of cannula,
the medical student and intern group and the RMO and
SRMO group were more likely to experience complica-
tions compared with registrars and consultants and nurses.

Contrary to Limm et al.’s study, of the 182 patients re-
cruited, only 9 patients had cannulas that were inserted but
not used for patient care; 62 patients (38.8%) in our study
received an unused cannula ( 22 ). The most common rea-
son for cannulating in our study was for collecting blood
samples, whereas prior literature found antibiotic admin-
istration was the most common use of a cannula ( 23 ). The
rationale for insertion of IV cannula rather than perform
venepuncture alone in ED patients is often that the pa-
tients may need to have IV therapy as well as blood tests.
Future study comparing pain experienced and complica-
tion rates between IV cannulation and venepuncture may
help to inform decisions to perform IV cannulation or to
perform venepuncture alone. 

Factors such as age, sex, ethnic differences, and body
habitus can play a large role in the procedural difficulty
of cannulation ( 21 ). We did not record body habitus or
ethnicity of the patients in our study. Hopefully, the ran-
domized study design helped to control for confounding
factors between groups. 

Limitations 

This study was conducted at a single hospital ED and
a single cannula brand was used. 
The range of clinical seniority and procedural exper-
tise in IV cannulation was typical of a tertiary center
with a university affiliation. The procedural difficulties
experienced might be different in a setting where IV can-
nulation is performed by experienced clinicians only. In
addition, potential limits may arise when extrapolating
these findings to different brands of cannula. We could
not blind the clinicians to cannula size inserted, as needles
are color-coded. Although patients were blinded, this was
not audited. In addition, due to limited second and third
attempts, the data analyzed were predominantly first at-
tempts. Further research is needed to determine whether
the outcomes correlate to number of cannulation attempts.

Site of insertion has an impact of procedural difficulties
in IV cannulation. We made a pragmatic decision not to
control the insertion site of the IV cannula because we did
not want to apply too many constraints to the clinicians
working in an already busy ED. We felt that limiting clin-
ician to a specified site of insertion was likely to lead to
noncompliance and nonparticipation. However, it would
have been helpful if we had investigated the correlation
between success rate and insertion site. 

Rates of complication were only followed up during
the patient’s stay in the ED. This may be an important
factor in deciding which cannulas should be inserted rou-
tinely, as past studies have found that the complication
rate was affected by cannula size, insertion site, and clin-
ician experience ( 21 ). 

Conclusions 

Our study found no difference in pain experienced by
patients or procedural difficulty experienced by clinician
when performing peripheral IV insertion between 18G
and 20G cannulas in the ED setting. We suggest that, in
the unpredictable setting of ED, insertion of an 18G can-
nula may be preferable to the smaller 20G cannula without
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causing more pain to the patient or more procedural diffi-
culty for the clinician. 
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