
Is There an Easy, Effective, Efficient, and Inexpensive Technique to
Reduce Pain of Arterial Punctures?

This issue of RESPIRATORY CARE features a well-written
paper by Haynes1 on the use of cryoanalgesia, specifically
by application of an ice bag, to reduce pain associated with
arterial puncture. Arterial puncture for blood gas (ABG)
analysis is a common procedure in a variety of clinical
settings, and although it is often performed in sedated
patients on mechanical ventilation, it is also frequently
performed on patients who are awake, and it can cause
significant pain and discomfort.2 Perhaps due to the often
time-sensitive nature of ABG analysis, the use of effective
analgesic techniques for this procedure are not routinely
employed in many settings.3 However, the lack of ade-
quate analgesia can lead to unnecessary anxiety and mor-
bidity and may also complicate successful completion of
the procedure. Therefore, further study of effective and
efficient means of providing adequate pain reduction for
arterial puncture is clearly warranted.

This was a randomized controlled trial of adult out-
patients presenting to a pulmonary function laboratory for
ABG collection. All blood draws were from the radial
artery. The treatment group had ice bags applied to their
wrists for 3 min before the puncture, whereas the control
group had no ice bags. Pain was measured by a 100-mm
visual analog scale. Haynes found a reduction in reported
pain in the treatment group (mean visual analog scale score
of 13.8 � 16.9 vs 25 � 23 mm). Subjects were also
stratified as either naive (unable to recall a previous arte-
rial puncture procedure) or experienced, and the analysis
showed a significant reduction in reported pain in the na-
ive group (mean visual analog scale score of 11 � 14.3 vs
26.5 � 25 mm) and a trend toward reduction in reported
pain in the experienced group (mean visual analog scale
score of 15.9 � 18.9 vs 25.1 � 22 mm). As noted by the
author, the lack of statistical significance in the experi-
enced group likely represents inadequate power of the study
to detect a clinically important difference in the sub-

groups. A power analysis was conducted before the study,
but only for the total group analysis. However, appre-
hension regarding the procedure or memory of previous
pain associated with an arterial puncture may have also
affected the scores of the experienced group. Haynes
also found no difference in procedure success rate be-
tween groups: 85% of the treatment group successfully
completed the procedure on the first attempt versus
82.5% of the control group. In addition, only 3 of 42
subjects in the treatment group could not tolerate the
3-min ice application.

Although this topic has not been extensively studied,
published studies provide useful comparisons. France et al4

conducted a randomized controlled trial of local anesthesia
for arterial puncture with subcutaneous lidocaine, with ethyl
chloride cooling spray (which has demonstrated efficacy
for reduction of pain in venipuncture and peripheral ve-
nous cannulation5,6), or without anesthesia on 54 adult

SEE THE ORIGINAL STUDY ON PAGE 1

subjects in 2 urban emergency departments. A 100-mm
visual analog scale was used to compare pain experienced
in the 3 study groups. The authors found that subcutaneous
lidocaine, injected 2 min before arterial puncture, was ef-
fective in reducing pain (mean visual analog scale score of
10.2 mm, 95% CI 4.8–16.3) compared with no anesthesia
(mean visual analog scale score of 23.4 mm, 95% CI 11.7–
35.0), but that ethyl chloride cooling spray did not impact
pain experienced (mean visual analog scale score of
23.9 mm, 95% CI 12.4–35.5). However, they also found
that pain associated with lidocaine administration was sim-
ilar to that of the arterial puncture itself (mean visual an-
alog scale score of 22.0 mm, 95% CI 10.9–33.7). The
authors concluded that the benefit of local lidocaine injec-
tion was limited due to injection pain.

Other studies have evaluated the use of topical anes-
thetics to reduce the pain of arterial punctures and have
shown effectiveness. Aaron et al7 conducted a randomized
double-blind placebo-controlled trial of topical tetracaine
before arterial puncture. The gel was applied to the injec-
tion site 45 min before puncture in subjects referred for
elective ABG draws. The primary outcome was the sub-
jects’ pain perception as measured by the 100-mm visual

The authors have disclosed no conflicts of interest.

Correspondence: S David McSwain MD MPH, Department of Pediatrics,
Division of Pediatric Critical Care Medicine, Medical University of South
Carolina, 135 Rutledge Avenue, MSC 566, Charleston, SC 29425. E-
mail: mcswains@musc.edu.

DOI: 10.4187/respcare.03865

RESPIRATORY CARE • JANUARY 2015 VOL 60 NO 1 141



analog scale. Of the 50 subjects randomized in the trial,
researchers found that the group receiving tetracaine re-
ported a mean pain score of 26.2 � 32.6 mm, whereas the
placebo group reported a mean score of 23.8 � 27.4 mm.
The results of this study suggested that the use of tetra-
caine gel before ABG was ineffective in decreasing per-
ceived procedure-associated pain. In addition, the study
concluded that the use of tetracaine did not significantly
improve procedural success by way of vasodilatory re-
sponse, as was hypothesized by the authors. Twenty-five
percent of the tetracaine-treated group required more than
one puncture to obtain the arterial blood sample versus
15% of the placebo cohort. In addition, the 45-min appli-
cation time for adequate effect of topical tetracaine may
not only be prohibitively long in the majority of settings in
which ABG sampling is needed, but may have contributed
to increased pre-procedure anxiety in this study. The au-
thors concluded that tetracaine gel neither improved anal-
gesia nor facilitated ease of arterial puncture.

More recently, the concept of jet injection for anal-
gesic delivery has gained popularity. Jet injectors are a
relatively new needle-free technology. The design uses
jet injectors driven by carbon dioxide or springs that
force, under pressure, the delivery of medication through
the skin in a fraction of a second with almost no per-
ception of pain. Moreover, these delivery devices are
also capable of dispersing medications more broadly
than the traditional needle/syringe injections, thus mak-
ing drug absorption more rapid.8 A randomized con-
trolled trial conducted by Hajiseyedjavady et al9 exam-
ined the use of jet injection of 2% lidocaine as a means
of pain reduction before ABG. Forty-two subjects were
randomized into 2 groups, with group A receiving the
2% lidocaine by jet injection and group B receiving
1 mL of 2% lidocaine gel by topical application 2 min
before ABG sampling. Pain was assessed using a 10-cm
visual analog scale, with a rating of 0 mm being the
absence of pain. Results yielded a mean visual analog
scale score of 1.29 � 0.90 mm for the group receiving
lidocaine by jet injector versus a mean visual analog
scale score of 4.19 � 1.43 mm for the control group
(P � .001). Additionally, the number of attempts in
group A was significantly lower than that in group B
(1.29 � 0.46 vs 2.1 � 0.12, P � .009), and all who
performed the procedure reported ease of use with the
jet injector. The authors concluded that use of the lido-
caine jet injector significantly reduced the perceived
pain of those undergoing arterial puncture. However,
although the jet injection technique is promising for
reducing pain from injections, it is not widely available
at this time and would require the purchase and main-
tenance of specialized devices.

Ice application offers a safe, easy, noninvasive, and in-
expensive means of reducing pain associated with arterial

puncture, particularly in situations in which intradermal
anesthetics are unavailable or the proceduralist is uncom-
fortable with or unable to administer intradermal injec-
tions. It is important to note the exclusion criteria of
Haynes’ study, particularly the exclusion of patients with
Raynaud’s disease or scleroderma/CREST (calcinosis,
Raynaud’s phenomenon, esophageal dysmotility, sclero-
dactyly, and telangiectasia) syndrome, because ice appli-
cation in those settings could have significant adverse ef-
fects. In addition, ice application in this study was carefully
timed with a stopwatch, and subjects were allowed to re-
move the ice early for significant discomfort, which is
important to avoid prolonged or excessive ice exposure
leading to tissue injury.

All punctures in this study were performed by the in-
vestigator to eliminate technologist technique and skill as
a variable. For comparison, the study by France et al4

included arterial punctures performed by 29 different phy-
sicians and documented the mean number of attempts for
each study group (1.3, 1.2, and 1.1 for the no-anesthetic,
lidocaine, and ethyl chloride groups, respectively). Given
the similar visual analog scale scores documented with no
local anesthesia in the 2 studies, it appears that the proce-
duralists’ skill was not a significant confounder in the
France study.

Although France et al4 scored pain associated with the
injection of subcutaneous lidocaine and application of ethyl
chloride cooling spray, they did not score pain or discom-
fort associated with application of the ice itself. The visual
analog scale score was low for ethyl chloride application
(mean visual analog scale score of 12.9 mm, 95% CI 5.5–
20.3 mm), but the cooling spray did not result in a reduc-
tion in pain from the procedure. However, the cooling
spray was applied only briefly, until the skin became frosted
in appearance, which likely resulted in more superficial
cooling than the ice applied in the study by Haynes.1

Haynes states that the ice application was tolerated by all
but 3 subjects, but a score for their discomfort would help
better quantify the benefit of ice application.

This study provides evidence that cryoanalgesia is a
safe, inexpensive, easy-to-apply, and readily available
method of pre-procedure analgesia with a reasonably rapid
onset of action. As long as appropriate procedural guide-
lines are put in place with regard to exclusion for certain
comorbid conditions, patient tolerance of ice application,
and avoidance of prolonged ice exposure, the potential
benefits to patient comfort appear to outweigh the minimal
risks of cryoanalgesia. Given the short duration required
for adequate effect, the additional time required for appli-
cation of this technique should not be prohibitive except in
the most severely time-critical situations. As such, this
study provides evidence that ice pack cryoanalgesia would
be an appropriate addition to routine arterial puncture pro-
cedures in a variety of clinical settings.
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