Research
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Background and objective
Vaccine injections commonly cause
iatrogenic pain. Ice may reduce pain.
This is a study protocol for a prospective
randomised controlled trial aiming to
investigate the efficacy of ice packs to
decrease vaccine-related pain in adults.
Methods
The intervention group (n = 45) will
receive ice packs (0 °C) and the control
group (n = 45) receive placebo cold
packs (10 °C) on the injection site for
30 seconds prior to vaccination.
Results
The primary outcomes will test the
hypothesis that applying an ice pack will
significantly reduce pain of vaccination
when compared with a cold pack. The
primary dependent variable will be pain
score recorded on a visual analogue scale.
Secondary outcomes aim to assess
potential adverse reactions. The main
analysis of data will follow the intentionto-treat principle. The primary dependent
variable will be compared using an
independent t-test or a Mann-Whitney
U test. Multivariable logistic regression
analysis may be used.
Discussion
The trial may guide general practitioners
in the use of ice packs to reduce
injection-related pain in adults.
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are a common cause
of iatrogenic pain in childhood and a cause
of anxiety in adults.1,2 A 2003 survey
reported 21–90% of adults experienced
anxiety related to pain associated with
needle-based procedures.3 In severe cases,
this leads to injection phobia.4 Vaccinationsite pain is now a recognised adverse
effect, and adequate pain management
strategies should be incorporated into
every vaccination.5
Multiple theories are used to explain
the physiological mechanisms for the
analgesic effects of cold temperature. The
gate control theory of pain by Melzack and
Wall in 1965 theorised that noxious inputs
relayed by small, myelinated Aδ fibres
and unmyelinated C fibres are inhibited
by non-noxious stimuli concurrently
conducted by Aβ fibres to the dorsal
horn. Consequently, the intensity of the
ascending pain stimuli is decreased.6
Kunesch et al showed that effects of skin
cooling were more pronounced on C fibres
when compared with A fibres, leading to
reduced autonomic response and pain
sensation.7 Another theory is activation
of the analgesic descending pathway
stimulated by cold, which produces
opiate-like peptides.8 In general, ice packs
(<5 °C) are known to reduce the temperature
of skin and tissues up 2 cm deep and
rapidly induce localised skin analgesia.9,10
A previous study showed that a 30-second
application of ice reduces pain during
VACCINE INJECTIONS

adult tetanus vaccinations.11 A cold pack
of 10 °C requires a minimum 20-minute
application to achieve a similar decrease in
skin temperatures and is limited in its ability
to provide rapid skin analgesia.10
Literature on the use of cooling for
injection-related pain shows conflicting
results.12 Vapocoolant spray has
been shown to be effective in adult
and paediatric populations, while in
limited paediatric studies ice was not
effective.1,11,13 Only one randomised
controlled trial (RCT) has investigated the
use of ice to reduce vaccine-related pain in
adults, showing a reduction in pain when
compared with a no-intervention control
group.11 As summarised by Hall et al,12
there may be many reasons why previous
studies have shown mixed results,
including age of participants, outcome
measures used, comparator groups that
include other interventions, administration
of different types and/or number of
vaccines, and variable administration of
chosen cooling techniques. A lack of RCTs
that investigate ice as a means of mitigating
pain during vaccination, especially in
adults, leaves a gap in the evidence for or
against the use of this modality; hence,
further research is needed.

Hypothesis and objectives
The primary aim of this RCT is to
investigate the effectiveness of application
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of an ice pack at the site of injection for
30 seconds immediately prior to influenza
vaccination in reducing injection-related
pain. In addition, the aim is to observe any
potential adverse reactions to either the ice
pack or influenza vaccines.
It is hypothesised that ice will reduce
vaccination-related pain levels more than a
placebo cold pack.

Methods
Study design and trial registration

The study protocol for this multicentre,
double-blinded prospective RCT
was registered with the Australian
New Zealand Clinical Trials Registry
(ANZCTR) – ACTRN12621000064808.
The ‘Standard Protocol Items:
Recommendations for Interventional
Trials (SPIRIT)’ guideline was used to
report the protocol.14
Setting and sampling participants

The study will be conducted in two
medical student immunisation clinics
affiliated with James Cook University
Medical Student Association (JCUMSA)
in Mackay and Townsville, Queensland.
Medical students presenting to Mackay
City Medical Practice and JCU Health
for influenza vaccination clinics will be
eligible to participate.
Eligibility criteria

Patients over the age of 18 years
undergoing influenza vaccination at
participating vaccination clinics during
the study period who have the capacity
to provide informed consent, are able to
return for the assessment of the vaccination
reaction and have no history of reactions to
ice are eligible to participate. Patients will
be excluded if they have known histories
of cold anaphylaxis, serious immunisation
reactions or allergy to influenza vaccines.
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numbered, opaque envelopes.15 Doctors
and nurses involved in the assessment or
treatment of patients will have no role in
the assignment process. Further, ice packs
and cold packs will be stored in two coolers
labelled A and B, respectively, to blind the
doctor administering vaccines.

Participants will have a 4 × 6 cm ice pack
(0 °C; intervention group) or 4 × 6 cm cold
pack (10 °C; control group) applied to the
site of injection for 30 seconds prior to
their influenza vaccination.

analogue scale (VAS) is a widely used
pain scale because of its simplicity
and adaptability to a broad range of
clinical settings and populations.18 The
researchers opted for a VAS of 100 mm for
measuring post-immunisation pain, as has
been used in previous studies that have
investigated adult vaccination pain.13,11,19
The minimum clinically significant
difference in VAS scores ranges between
13 mm and 17 mm, thus a midpoint of
15 mm was chosen for the present study.20
VAS has a standard deviation of 26 mm.21
A sample size of 45 per group is required to
achieve 80% power with P = 0.05.

Vaccination protocol

Data collection

Interventions: Ice packs (0 °C)
versus cold packs (10 °C)

A vaccination protocol, modelled on
The Royal Australian College of General
Practitioners’ (RACGP’s) immunisation
and influenza prevention guidelines,
was developed in consultation with
participating doctors and nurses.16,17 One
doctor will apply the ice or cold packs
while a second doctor will administer
influenza vaccines immediately following
application. Pre-filled influenza vaccine
syringes from QML pathology with
standard identical needle size will be
used. Post-immunisation processes will be
identical across all sites, with all patients
receiving a standard set of verbal and
written post-immunisation instructions.
Visual analogue scale and sample
size calculation

While there is no gold standard of
assessing acute pain severity, the visual

Baseline demographic data will be
collected, including age, sex, ethnicity
and past medical history. The primary
outcome measure is the difference in
the level of pain on VAS between the two
study groups at the time of vaccination.
Participants will be asked to record their
immediate post-immunisation pain on a
pre-printed 100 mm VAS and return the
form to a collection box placed outside the
doctor’s room before leaving the premises
(Figure 1).
The secondary study outcome includes
adverse reactions to the vaccination
process, manifesting as any one of
anaphylaxis, skin irritation, redness or
contact dermatitis. Participants will
be advised to assess the injection site
24 hours post vaccination, complete a
self-assessment form and return it to
the clinic within 48 hours of vaccination

10 cm VAS for measuring immunisation pain
Please mark your current level of pain on the line using a cross (x)

Randomisation and blinding

The study will be double blinded.
Randomisation will be performed by the
primary investigator at the level of the
patient with an allocation ratio of 1:1.
A computer-generated random number
table will be used. Allocation concealment
will be attained by using sealed,
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No pain

The worst pain
imaginable

Figure 1. Self-report form for visual analogue scale (VAS) measurement
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(Figure 2). Additionally, the vaccination
sites will be assessed for evidence of side
effects if patients present opportunistically
or for review because of side effects.

cupboard for the duration of the trial,
then transferred to a locked safe at the
conclusion of the study.

Statistical analysis

Discussion

Statistical analysis will be performed
using SPSS Statistics version 26 (IBM
SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp).
Primarily, an intention-to-treat analysis
of all randomised participants will
be performed. Each individual will
be considered as the unit of analysis.
P values will be two-tailed with P <0.05
considered statistically significant. Pain
VAS pain scores between the ice and cold
pack groups will be compared using an
independent t-test or a Mann-Whitney
U test as appropriate. Multiple linear and/
or logistic regression analysis (dependent
on the baseline variable) will be conducted
if baseline differences exist between
participant groups and adjustment for
confounders is required. Secondary
outcomes will be analysed using two-tailed
Fisher’s exact probability testing.
Sensitivity testing will be conducted
for any participants lost to follow-up.
Per-protocol analysis will evaluate
potential effects of systematic biases due
to non-compliers.
Ethics

This research will be guided by the
National Health and Medical Research
Council (NHMRC) national Statement on
Ethical Conduct in Human Research,22
and the study protocol has been approved
by the James Cook University Human
Research Ethics Committee (approval
number H7871).
It is not anticipated that the ice packs
and cold packs will pose any significant
risk of harm to participants. All potential
participants will be provided with written
advice of the protocols, benefits and
risks of the study prior to obtaining
informed consent. To prevent medical
students being coerced to participate,
an independent research officer will be
assigned to oversee the recruitment and
consent process. Individual respondent
data will be de-identified, and all data
and consent forms stored in a secured
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Primary healthcare is a patient’s first
contact with health services and is likely
the most accessed aspect of the Australian
healthcare system. With current emphasis
on the importance of high-quality primary
healthcare in reducing the overall burden of
disease, there is a greater need for clinical
research focused on general practice.
However, few RCTs are conducted in
primary care settings.23 Researchers are
often challenged with methodological
difficulties as well as poor recruitment of
patients and clinicians.24 These are further
confounded by financial constraints.
Primary care research in Australia receives
limited funding, with only 1.9% of NHMRC
grants awarded to general practice research
between 2000 and 2008.25
The research question is practical,
clinically relevant and feasible to be
investigated within a budget of $1000.
Ice packs are readily available in primary
care settings and have a quick onset of
analgesic action.11 The intervention is
cost effective, $0.50 per dose, and has
little-to-no associated adverse effects.
Therefore, the researchers believe that this

will engage participating general practices
and doctors, facilitate patient recruitment
as well as increase the potential for
translation into clinical practice.
The researchers plan to recruit medical
students because of convenience in
organising the study around the JCUMSA
annual student influenza vaccination clinic
and achieving a relatively homogenous
study population. Medical students are
considered to have higher health literacy,
which may be associated with less pain
intensity and anxiety regarding needlebased procedures.26 Consequently,
medical students may report lower pain
scores when compared with the general
population. The researchers are aware that
this may affect results to some degree, but
hope to still be able to detect a measurable
difference in pain scale scores between the
intervention and control groups.
Potential benefits if the problem
could be solved

The trial will provide guidance to general
practitioners (GPs) regarding the use
of ice for vaccination-related pain and
will inform current clinical guidelines
and healthcare worker education. The
study will be conducted in a tropical rural
setting and thus will have a unique patient
demographic exposed to warmer and more
humid weather conditions. Since the study

Please report yes/no for the presence of any of the following
Yes

No

Redness at the injection site
Itching at the injection site
Pain at the injection site
Swelling at the injection site
Other skin changes – please specify
Anaphylaxis
Figure 2. Self-report form for potential adverse reactions (to be returned within 24 hours)
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protocol is pragmatically designed using
a simple intervention that is accessible
to GPs, the findings of this trial may
be immediately translated into current
clinical practice.

Clare Heal MBChB, DRANZCOG, DipGUMed,
FRACGP, MPHTM, PhD, Promotional Chair, Discipline
of General Practice and Rural Medicine, Mackay
Clinical School, College of Medicine and Dentistry,
James Cook University, Mackay, Qld
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In case of inadequate recruitment of
patients, the researchers plan to open the
invitation to medical students in non-clinical
years. Feedback following immunisation is
immediate, and thus high rates of follow-up
are expected. Any students not followed
up will be analysed using intention-totreat principles. The researchers have not
planned to perform an interim analysis as
the use of ice is a minor intervention, and
the outcome of a surgical site infection
is usually a minor medical issue that is
treated with a course of antibiotics. An
interim analysis is not feasible for this
study, as it would considerably increase
the required sample size.
Dissemination

The project is due for completion one year
after commencement of data collection.
The translation of important findings to
clinical practice will be facilitated through
conference presentations, medical
journals and digital media. A written
lay summary of the results will also be
displayed at participating general practices
and clinical schools for the information of
study participants.

Conclusion
Timely clinical research is pivotal to ensure
that GPs, the end-users of the research
process, have access to evidence-based
clinical guidelines and tools to optimise
patient care.27 Overall, this trial has the
potential to guide GPs regarding the use of
ice packs to reduce injection-related pain,
and to inform current clinical guidelines.
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