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Abstract
Introduction Inserting, monitoring and maintaining

intravenous access are essential components of nursing.
We evaluated simulation training on a manikin to improve
cannulation skills.
Methods Nursing staff managing paediatric patients
were asked to cannulate NITA Newborn-1800 manikin
before and after appropriate training. Skills were assessed
by a single assessor using an objective structured clinical
examination (OSCE) checklist. Four steps were identified as
►► Additional material is
critical. A score of 8/10 (80%) was considered satisfactory.
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module consisting of theoretical aspects, PowerPoint
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presentations, videos and hands on training over a manikin
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was conducted. Post-training assessment was done
1 week later.
Results Seventy-five (80.6%) nurses who completed
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preassessments and postassessments were assessed for
paired comparisons of knowledge and skill. The majority
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wards. The mean (SD) post-training knowledge score
was greater vis-a-vis pretraining score (7.52 (1.58) vs
5.32 (1.57), P<0.001). A similar result was observed for
total OSCE scores (9.22 (0.66) vs 7.91 (1.11), P<0.001).
Significantly higher proportion of participants exhibited
intravenous cannulation satisfactorily after the training
vis-a-vis pretraining assessment (69 (92%) vs 36 (48%),
P<0.001).
Conclusion Training using manikin showed improvement
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Introduction
Paediatric nurses are often required to place
intravenous lines in neonates and children
as part of the routine care. Cannulation of
a vein is one of the most important procedures that paediatric nurses need to perform
with precision and minimal discomfort to
the children. Cannulation not only involves

What is already known on this topic?
Simulation improves task training in healthcare
personnel. Simulation based training is recommended
by most agencies related to health.

What this study hopes to add?
Training using low-fidelity simulation may improve
intravenous cannulation skills of paediatric nurses.

placing the intravenous cannulas at an appropriate location but also requires the nurses to
monitor and maintain access to the circulatory system.1
Nurses need to undergo training (cognitive
and psychomotor) and supervised practice
to be proficient in the skill of intravenous
cannulation. The skill of intravenous cannulation must be practised regularly to maintain
a high level of competency.2 This is important
to gain quick and efficient intravenous access
in paediatric populations when required. Children may have small sized and fragile veins
and may not cooperate during cannulation
due to fear—making it more difficult than in
adults. There have been studies about cannulation skills of nurses in adults, but very little
data is available in paediatric and neonatal
patients. The high success rates of nurses who
were evaluated have been attributed to the
frequent performance of intravenous cannulation in the adult population.3 Assessment
of paediatric intravenous cannulation skills
would help highlight the areas for improvement and plan further training for the nurses
that is targeted and focused.
There are different ways in which intravenous cannulation skills could be taught and
evaluated. In the Indian setup, the traditional
way of training has been by practice on actual
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Materials and methods
Study settings
Shree Krishna Hospital, Karamsad, is a tertiary care
teaching hospital in rural Gujarat with recruitment of
nurses occurring throughout the year due to a high
attrition rate. Most nurses are trained as general nurse
midwifery (GNM) or equivalent diploma, with very few
possessing a graduate degree in nursing. Nurses from
neonatal intensive care unit (NICU), paediatric intensive
care unit (PICU), paediatric ward, postnatal gynaecology
ward, special bed unit (SBU) (private sharing rooms) and
privilege gold ward (private single rooms) were included
in the training sessions.
Study design
We conducted an interventional study to assess knowledge and skills of nurses regarding intravenous cannulation before and after training.
2

Sample size
In the absence of any background data, moderate effect
size of 0.40 was considered for sample size calculation.
A sample of size 68 was required to detect effect size of
0.4 (related to skills score) at 5% level of significance
with 90% power. However, the authors believed that it
was unethical to select some nurses for the training and
exclude the others. The authors also felt that it was a
good opportunity to train all nurses uniformly while
conducting the study. Hence, all the 93 nurses eligible
for the training were included in the hope that we would
have about 70–75 nurses completing both preintervention and postintervention assessments.
Training module
The nurses were trained on a newborn manikin to
improve psychomotor skills while knowledge was shared
by interactive lectures.
Nurses were trained in batches of 20–25 with each
training session lasting 4 hours.
Each session consisted of a pretraining assessment of
knowledge and skills and an interactive lecture for knowledge followed by hands-on training on manikins for
skills in a closed group (5–6 per group). NITA Newborn1800 manikin was used for training and assessment. The
sequence of training session was as follows.
1. Assessment of knowledge using multiple choice
questions (MCQs) (see online Supplementary file 1),
2. Assessment of intravenous cannulation skills using objective structured clinical examination (OSCE) checklist, on a manikin.
3. Actual training by investigators using a training module consisting of PowerPoint presentations, videos
and hands-on training on a manikin and finally a discussion with a group of 20–25 nurses on the theoretical aspects of intravenous cannulation. The discussion
contained theoretical as well as practical aspects and
was active in nature.
4. Post-training assessment was done 1 week later using
OSCE and a manikin for assessment of skills and
MCQs for assessment of knowledge.
The knowledge questionnaire (MCQ) was prepared
based on the information provided in interactive lectures
in order to assess the effect of training by comparing the
knowledge before and after the training.
Intravenous cannulation skills in all nurses were
assessed by single assessor using OSCE checklist both
before and after training. Participants were graded
on a scale of 0–10 depending on the accuracy of steps
performed.
Using the guidelines of Integrated Procedural Performance Instrument (IPPI)10 and some other available
checklists for intravenous cannulation in adults,11 12 a
checklist was prepared and consensually validated by
a senior anaesthesiologist for its use in our skill lab for
undergraduate students. The checklist was contextually
modified and consensually validated among four neonatologists and two senior nursing incharge.
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patients under supervision of a senior nurse/doctor, after
an initial period of observation and evaluation of knowledge
regarding cannulation. This method, though effective, is
more of an opportunistic learning, and uniform attainment
of skills cannot be guaranteed. While training methodologies have remained same over time, there has been rapid
advancement in intravenous cannulation over the previous
decades with the equipment improving from hypodermic
needles to scalp veins to intravenous cannulas that are
currently being used across India. Widespread dissatisfaction with the provided education has been reported in the
pre-internet era.4 The current era has many websites which
do provide guidelines, reports and videos which can facilitate self-learning. However, supervised learning may be
more appropriate as one of the main responsibilities of a
nurse is safety of the patient to whom she is providing care.5
This can be achieved by detailed planning of training
by experts who have profound understanding of the
techniques and associated risks involved, while the
therapy itself is empowering to the nurse.6 Education in
evidence-based care followed by routine practice in wards
provides nurses the opportunity to improve their ability
to use cognitive knowledge in the clinical settings.7 In the
end, the care of the patient before and after the procedure and satisfactory maintenance of the intravenous
line rests with a nurse.8 A nurse has to be aware of the
various complications such as thrombophlebitis, catheter
embolism, bleeding, nerve, tendon or ligament damage,
needle stick injuries and sepsis.9
At the study site, the nursing profession has a high turnover rate with new nurses joining every year. The composition of the nursing staff is of variable experience across
different departments. A module was developed and tested
to train nurses in the paediatric intravenous cannulation
skill.
We developed and tested a module to train the nurses
in paediatric cannulation using an infant manikin and
subsequently assessed the impact of the training.
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Statistical analysis
Descriptive statistics were used to describe baseline characteristics of the study population. The impact of the
training was assessed using paired sample t-test and test
of difference between proportions depending on the
nature of variables involved. The analysis was done using
STATA V.14.2.

Results
A total of 93 nurses providing care mainly to infants were
invited to participate in the training. Seventy-nine (85%)
nurses appeared for the pretraining assessment followed
by training. Four nurses could not attend post-training
assessment (one nurse went on a maternity leave, one
nurse was admitted to the hospital for typhoid and two
nurses were posted in the peripheral centres for a month
during the post-training assessment). Thus, 75 (81%)
nurses completed both the preassessment and postassessment and only these records were used for paired
comparisons of knowledge and skill.
The majority of the participating nurses were females,
contractual workers, in their early career and from paediatric wards. The mean (SD) income of the nurses was
17 062 rupees (9105) (IQR 10 000, 24 000). Only one
nurse had a graduate degree (BSc) in nursing (table 1).
At baseline, significantly higher proportion of NICU
nurses (73%) performed intravenous cannulation satisfactorily as compared with other departments (P=0.02,
Fisher’s exact test). The mean (SD) knowledge score was
5.29 (1.65). Although low, it was similar across departments except SBU nurses with mean (SD) score of 3.44
(1.51). Education, experience and appointment type
were not significantly associated with knowledge score or
intravenous cannulation skills (table 2).
The mean (SD) post-training knowledge score was
significantly greater compared with the pretraining score
(7.52 (1.58) vs 5.32 (1.57), P<0.001) (figure 1, table 3).
The mean (SD) post-training OSCE score was significantly greater compared with the pretraining score (9.22
(0.66) vs 7.91 (1.11), P<0.001). A significant proportion
of participants exhibited intravenous cannulation satisfactorily after the training compared with pretraining
assessment (69 (92%) vs 36 (48%), P<0.001) (table 4).
Out of the six participants who could not exhibit the skill
satisfactorily after the training, three failed in both the
criteria (attaining 80% total score and performing all
critical steps), while three failed in performing all critical
steps despite attaining a passing score. In the pretraining
assessment, about one-fifth (7 out of 36) participants
failed in performing all critical steps despite attaining a
passing score. Surprisingly, one participant who exhibited

Table 1

Sociodemographic profile of the participants

Characteristics
Gender
 Male
 Female

Frequency
(%), n=79
5 (6)
74 (94)

Education
 General nursing and midwifery

61 (77)

 Diploma—general nursing and
midwifery

7 (9)

 Registered nurse registered midwife

6 (8)

 Auxiliary nurse midwifery

4 (5)

 BSc (Nursing)

1 (1)

Appointment type
 Contractual

64 (81)

 Permanent

15 (19)

Posting
 Paediatric wards
  Neonatal intensive care unit

22 (28)

  Paediatric intensive care unit

9 (11)

  Paediatric ward

8 (10)

 Cardiac intensive care unit
 Gynaecology ward

6 (8)
17 (22)

 Privilege gold

8 (10)

 Special bed unit

9 (11)

Experience
 0–5 years

43 (55)

 6–10 years

15 (19)

 11–15 years

9 (11)

 16 years or more
 Mean (SD) (IQR)

12 (15)
7.52 (6.86) (2, 13)

Income (per month in Indian Rupees)
 Up to 10 000

23 (30)

 11 000–15 000

28 (35)

 16 000–25 000

12 (15)

 >25 000
 Mean (SD) (IQR)

16 (20)
17 238 (9181)
(10 000, 24 000)

the skill satisfactorily in the pretraining assessment failed
to exhibit the same in the post-training assessment again
due to failure in performing all the critical steps.

Discussion
Training showed improvement in post-training score
of intravenous cannulation skill of paediatric nurses;
however, this needs further confirmation by a randomised
control trial, as our study does not have a control group.
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Four out of 12 steps were identified as ‘critical’ by
all investigators after reviewing similar checklists used
in adults. Participants scoring greater than 80% and
performing all critical steps correctly were considered to
possess satisfactory skill.
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Pretraining performance of nurses

Nurses’ characteristics

Knowledge
Skills, n (%)
score, mean (SD) correct

Ward posted
 Paediatric wards

Figure 1
score.

Box plot depicting improvement in knowledge

Further, NICU nurses fared better in almost all aspects of
intravenous cannulation.
Evidence from the same training centre revealed that
low-fidelity simulation was as effective as high-fidelity
simulation in training neonatal resuscitation to undergraduate medical students.13
It is well known that more experience and high selfrated competence is associated with better skills in
intravenous cannulation.14 NICU nurses had better
performance levels in this study, which was on a neonatal
manikin, confirming these previous findings. This could
be explained by factors such as more patient exposure and regular training of nurses by fellows and residents, blame-free culture and policy of not transferring
to other wards leading to low attrition rate.
Currently, the NICU is well equipped and a blame-free
culture is instilled among the NICU staff. Further, as a
policy decision, NICU nurses are not transferred to the
other wards for past 8–9 years and get satisfactory rewards
resulting in low attrition rate. The unit also conducts a
fellowship programme for neonatology and one of the
components for residents is regular training of nurses.
They also have more patient exposure and repeated need
to insert intravenous cannulas in neonates. The nurses
have opportunity to participate in more academic training
programmes as compared with others in the institute as
the physician leaders of the NICU are involved in many
regional and national learning programmes.
The mean (SD) scores do provide useful information
on measuring change but it does not provide enough
information on attainment of acceptable level. Identifying and incorporating critical steps are crucial for
comprehensive analysis of impact of any educational
intervention involving assessment of skills. These steps
can be given greater attention during training.
Nursing education in India has a generalised approach
with lack of specialisation even at major centres; learning
on the job in respective department/hospital being
4

  Neonatal intensive
care unit

5.82 (1.40)

16 (73)

  Paediatric intensive
care unit

5.11 (1.05)

4 (44)

  Paediatric ward

5.87 (0.99)

4 (50)

 Cardiac intensive care
unit

4.67 (1.21)

0 (0)

 Gynaecology ward

5.29 (2.29)

5 (29)

 Privilege gold

6.00 (0.76)

4 (50)

 Special bed unit

3.44 (1.51)

3 (33)

 General nursing and
midwifery

5.20 (1.79)

27 (44)

 Diploma-general
nursing and midwifery

5.71 (1.11)

3 (43)

 Registered nurse
registered midwife

5.83 (1.17)

5 (83)

 Auxiliary nurse
midwifery

5.50 (0.58)

1 (25)

 BSc (Nursing)

Not applicable

0 (0.0)

Education

Appointment type
 Contractual

5.28 (1.66)

27 (42)

 Permanent

5.33 (1.68)

9 (60)

 0–5 years

5.16 (1.80)

16 (37)

 6–10 years

5.13 (1.30)

9 (60)

 11–15 years
 16 years or more

5.33 (1.41)
5.92 (1.68)

5 (56)
6 (50)

Experience

common. Learning on the job may have variable exposure to procedure and cannot guarantee satisfactory skills
for intravenous cannulation in children. Simulation technique on high/low-fidelity manikins is proven beneficial
in the case of adult simulation. Our study addresses the
lack of studies in the newborn/paediatric populations.
Being skilled in various parameters such as proper
technique of insertion and fixation, appropriate cannula
selection, adequate monitoring and maintenance
has significant impact beyond the immediate clinical
scenario.15 A study, which evaluated the effects of various
equipment used for venepuncture on the antecubital vein
of an adult manikin, found that simulation education was
beneficial in improving intravenous cannulation skills
of experienced nurses.16 Similarly, in medical students,
a randomised controlled trial involving undergraduate
students revealed that intravenous cannulation-related
skills acquired in a skills laboratory is superior to bedside
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Table 2
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Post-training (n=75),
Pretraining (n=79), n (%) n (%) of correct
of correct answers
answers

Questions
When we use intravenous therapy in children?
When we should not give intravenous therapy?

70 (87)
19 (24)

74 (99)
51 (68)

Check list before administration contains____

56 (71)

66 (88)

Mention toddler age group

50 (63)

68 (91)

Ideal solution for flushing

61 (77)

61 (81)

Intravenous cannula for neonates should be without injection port
(True/False)

30 (38)

55 (73)

Total parenteral nutrition (TPN) will be administered via a dedicated
lumen of a central venous catheter. TPN may not be administered
peripherally (True/False)

27 (34)

36 (48)

Tick intravenous therapy related complications

29 (37)

43 (57)

To prevent infiltration ____

61 (77)

65 (87)

Inspection of intravenous line after every _______ hour
Mean (SD) total score out of 10*

15 (19)
  5.32 (1.57)

45 (60)
  7.52 (1.58)

*Mean (SD) was calculated for 75 participants who completed both the assessments.

teaching, which enabled students to perform intravenous cannulation more professionally.17 In a prospective
evaluation of success rates in intravenous cannulation in
children, it was found that 53% successfully cannulated
on the first attempt, 67% within two attempts and 91%
within four attempts.18 In a randomised controlled trial
comparing manikins with actual practice on one another

in nursing students, there was evidence of equivalence
between the methods with the risk of harm being lesser
with the use of manikins.19
This study showed improvement in knowledge as well
as skills among nurses from all departments irrespective
of patient exposure/years of experience. The current
study does not show actual improvement of skill on real

Table 4 Comparison of intravenous cannulation skill before and after the training programme

Steps

Post-training (n=75),
Pretraining (n=79), n (%) n (%) of correct
of correct performance performance

Ensures the equipment availability required for the procedure
Checks identity of patient wrist band (hospital no.)

53 (67)
13 (17)

70 (93)
29 (39)

Assistant applies proximal pressure*

79 (100)

75 (100)

Does hand hygiene*

64 (81)

71 (95)

Cleans area with antiseptic

43 (54)

68 (91)

Appropriate intravenous cannula 30° to skin

27 (34)

73 (97)

Proper insertion of catheter in vein (flash back of blood in cannula
seen)*

71 (90)

75 (100)

Completes successful insertion of cannula in 1–2 attempts (ie, gets
blood on aspiration in syringe)*

58 (73)

73 (97)

Cleans blood spillage

17 (22)

37 (49)

Assistant removes proximal pressure

77 (98)

72 (96)

Attaches blocker

76 (96)

75 (100)

Removes gloves

68 (86)

69 (92)

Fixes dressing properly

77 (98)

75 (100)

Participants exhibiting satisfactory skill
Mean (SD) total score out of 10†

36 (48.0)
  7.91 (1.11)

69 (92.0)
  9.22 (0.66)

*Mean (SD) was calculated for 75 participants who completed both the assessments.
†Identified as critical steps.
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Table 3 Comparison of knowledge scores before and after the training programme
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patients in terms of number of attempts required for
successful cannulation. This can, however, be addressed
in the future through technics such as video audits.
The main strength of the study lies in an organised
effort to develop and test a contextual training module
for intravenous cannulation in paediatric nurses with a
reasonable scientific rigour. However, there were some
practical issues that should be considered before a general
standardised module could be developed in future. The
limitation being retention of skills over longer periods
of time was not evaluated—but it is likely that skills are
being retained as intravenous cannulation is a frequent
practice in most of the areas of hospital. Another limitation is the post-training evaluation on real patients, which
probably would have assessed the respective skills in reallife situations.
However, improvement in skills as documented on
training on manikin in controlled environment may
not result in improvement in real-life situations like
stressful/intensive care unit environments. This could be
due to variable factors including more patient load and
availability of staff per patient, patient’s clinical severity,
patient temperament, personnel available to immobilise
the child, etc.
Training using manikin showed improvement in
post-training score of intravenous cannulation skill of
paediatric nurses; however, this finding needs further
confirmation by a randomised control trial, as our
study does not have a control group. The module can
be refined and tested further to evolve it as a standard
module to train and evaluate intravenous cannulation
skills of paediatric nurses at various levels (education,
pre-employment, reinforcement, etc).

