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REVIEW ARTICLE

Alternatives to subcutaneous injection of amino-amide or
amino-ester anesthetics before arterial puncture for
blood gas analysis: a systematic review

Gorka Vallejo de la Hoz'?, Leire Reglero Garcia®, Irrintzi Fernandez Aedo?, Oscar Romeu Bordas®,
[txaro de la Fuente Sancho®, Sendoa Ballesteros Pefia®®

Background and objective. Arterial puncture for blood gas analysis is a painful procedure in the emergency depart-
ment (ED). Local subcutaneous injection of anesthetics containing amino amides or esters is the usual pain-
relief technique applied before arterial puncture, but it is little used in some care settings, such as the ED. We aimed
to analyze the literature on anesthetic approaches other than the traditional one of local injection of amino-amide or
amino-ester compounds for pain relief during arterial puncture and to assess the efficacy of the alternatives.

Methods. A systematic review of the literature was conducted in 6 bibliographic databases. We selected randomized
clinical trials (RCTs) published in English or Spanish between 2000 and 2018. The trials compared self-reported pain
immediately after arterial puncture for blood gas analysis. Some form of anesthesia other than local injection of an
amino-amide or -ester compound was compared to another anesthetic technique, placebo, or no anesthetic.

Results. We found 16 RCTs. Four compared the effect of topical anesthetic creams containing amino amides and/or
amino esters, two assessed ultrasound-guided puncture, four used small-caliber needles or special syringes, one used a
needle-free high-pressure anesthetic injection system, and five studied cryoanesthesia by application of ice or aerosols.

Conclusion. The only effective alternative approaches to pain relief during arterial puncture for blood gas analysis
were the use of very fine-caliber needles, the use of needle-free pressure injectors for subcutaneous delivery of amino
amides, and the application of ice for at least 3 minutes.
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Alternativas anestésicas a la inyeccion de amidas por via subcutanea en
punciones arteriales para gasometria: una revision sistemdtica

Introduccion y objetivo. La puncion arterial para gasometria es una técnica dolorosa. La estrategia anestésica de eleccion
consiste en la inyeccion local de amidas o esteres por via subcutanea, pero resulta poco frecuente en algunos émbitos asis-
tenciales, como los servicios de urgencias. El objetivo de este trabajo es en describir las estrategias anestésicas distintas a la
técnica clésica de inyeccion local de amidas o esteres y evaluar su eficacia en la puncién arterial para gasometria.

Método. Se realizo una revision sistematica de la literatura a través de 6 bases de datos bibliograficas. Fueron selec-
cionados ensayos clinicos publicados entre 2000 y 2018, en inglés o espafiol, que comparasen el dolor autopercibido
por el paciente inmediatamente después de una puncién arterial para gasometria en funcion de si se les aplicé alguna
medida anestésica diferente a la inyeccién subcutdnea de amidas o esteres frente a otro procedimiento anestésico lo-
cal, un placebo o ninguna intervencién anestésica.

Resultados. Se localizaron 16 ensayos clinicos aleatorizados: 4 evaluaron la aplicacion de anestésicos tépicos com-
puestos a base de esteres o amidas, 2 la puncién ecoguiada, 4 el empleo de agujas de pequefio calibre o jeringuillas
especiales, 1 el uso de inyectores a presion sin aguja y 5 la crioanestesia mediante hielo o aerosoles.

Conclusién. Tan sélo el uso de agujas de calibre muy fino, la sustitucion de jeringuillas clasicas por inyectores a pre-
sion sin aguja para la administracién de amidas o esteres subcutaneas o la aplicacion previa de hielo durante al me-
nos 3 minutos se mostraron eficaces en la reduccién del dolor derivado de la puncién arterial para gasometria.

Palabras clave: Puncion arterial. Gasometria. Dolor. Anestesia.
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Introduction

Arterial puncture for gasometry is a standard diagnos-
tic procedure in the emergency department (ED). It is an
invasive test which provides useful information on gas
exchange and acid-base balance but which, besides cau-
sing complications, is uncomfortable and painful for pa-

tients (in fact, it is considered one of the most common
forms of iatrogenic pain induction in hospital EDs)'. Ho-
wever, pain related to health interventions is often un-
dervalued and therefore insufficiently prevented and trea-
ted**. The administration of amides by subcutaneous
injection a few minutes before the execution of arterial
puncture is the anaesthetic strategy of choice. However,
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its application during gasometry in the emergency de-
partment, despite being considered the standard practi-
ce’, is infrequent during clinical practice®®. This situation
may be due to various causes, including lack of time re-
lated to the sustained pressure of care in the ED, lack of
knowledge or lack of perception by the healthcare pro-
fessional of the need to prevent pain, the belief that the
procedure will hinder the success of the extraction or
even that the pain derived from the injection of subcuta-
neous anaesthesia is equal to or greater than that of the
arterial puncture itself*’°, since the administration of sub-
cutaneous amides has also been found to produce consi-
derable pain'2.

However, amide administration by subcutaneous in-
jection may not be the only anaesthetic strategy that can
be used to prevent pain and anxiety from arterial blood
collection. Other measures have been considered as al-
ternatives when these drugs are not available, there is
evidence of a previous history of adverse effects to ami-
des or there is simply no time or no desire to apply
punctures other than those to perform blood collection.
For this reason, the aim of this work is to describe anaes-
thetic strategies other than the classic technique of sub-
cutaneous local injection of amides in arterial puncture
for blood gasometry in the adult patient and to evaluate
their efficacy in reducing pain.

Method

A systematic review was conducted according to
the PRISMA regulations. Original articles indexed in Me-
dline databases (through PubMed), Web of Science,
Science Direct, EMBASE, CINAHL and CUIDEN were se-
lected. We used the generic search strategy ("pain"
AND "arterial puncture") OR (anaesthesia AND "arterial
puncture") adapted to the characteristics of each data-
base (Table 1). Searches were limited to humans and
publications conducted between January 2000 and Ja-
nuary 2018.

Clinical trial articles were selected with at least an
abstract available that compared patient self-perceived
pain immediately after an arterial puncture for blood
gasometry, depending on whether any anaesthetic me-
asure other than the classical technique of subcutane-
ous injection of amides was applied to them versus
another anaesthetic procedure, a placebo or no inter-
vention. Studies referring to arterial catheterisation and
those performed on paediatric patients (age under 16)
were excluded. Neither were review articles, communi-
cations to congresses, clinical case reports or scientific
letters, nor works published in languages other than
Spanish or English. As a secondary strategy, new articles
were manually searched from the bibliographic referen-
ces cited in the selected studies (inverse search).

Two reviewers selected potentially relevant articles
obtained from the search strategy by reading the title
or abstract. The full texts of all references screened we-
re then read to check that they met the selection crite-
ria. Disagreements were resolved by consensus.

Table 1.Search strategies implemented

Database Search Strategy

Medline (("arterial puncture"[All Fields] AND ("pain"[MeSH
Terms] OR "pain"[All Fields])) OR "arterial
puncture"[All Fields]) AND ("anaesthesia"[All Fields]
OR "anesthesia"[MeSH Terms] OR "anesthesia"[All
Fields]) AND (("2000/01/01"[PDAT] :
"2018/12/31"[PDAT]) AND "humans"[MeSH Terms])

Web of Science  Tema: ("arterial puncture") AND Tema: (pain) OR
Tema: (anaesthesia) AND Tema: ("arterial puncture")
AND Tipos de documento: (Article)

Periodo de tiempo: 2000-2018.
Indices: SCI-EXPANDED.

Science Direct  docsubtype(FLA) and pub-date > 1999 and pain
AND "arterial puncture" OR anaesthesia AND "arterial
puncture" AND LIMIT-TO(topics,
"patient,needle,pain,arterial puncture") AND LIMIT-
TO(contenttype, "JL,BS","Journal").

EMBASE (((pain and "arterial puncture") or anaesthesia) and
"arterial puncture").mp. [mp=title, abstract, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word]
limit 1 to (human and yr="2000 -Current" and

article)

CINAHL AB arterial puncture AND AB pain OR AB arterial
puncture AND AB anaesthesia

CUIDEN ("puncion")AND(("arterial")AND(("dolor")OR

(("puncion")AND(("arterial")AND("anestesia")))))

Using the Jadad scale™ the quality of each study in-
itially included was assessed, and those that did not
achieve a score of at least 3 points were withdrawn.
The evaluation of the risk of bias of the texts finally se-
lected was done using the system adopted by the
Cochrane Collaboration™. For the extraction of data
from each article, a template designed according to the
PICO structure was used. Data were collected referring
to the type and number of patients included, the
anaesthetic interventions studied and compared and
the evaluation of pain referred by the patients (descri-
bed by means of numerical scales), for each one of
them. Both the quality and risk of bias assessment and
data extraction were carried out independently betwe-
en pairs and a third acted as an evaluator, comparing
the information collected between the two and agre-
eing on the contents of the final template.

Results

Four hundred and ninety-nine references were iden-
tified, leaving a total of 317 by eliminating duplicate en-
tries. By expanding the search using the literature re-
views of the publications, 2 new records were located
that met the inclusion criteria. Of the total number of
records selected, 295 were excluded after reading their
title or abstract (when available). During the full text re-
ading of them, 8 articles were excluded: three because
they were short scientific letters which format did not
allow a rigorous evaluation of the applied methodology
and another for developing a quasi-experimental design.
Finally, 4 articles were eliminated for not reaching the
minimum score required in the quality evaluation (Figu-
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Figure 1. Study selection process.

re 1). The references of the 8 excluded articles can be
consulted in Annex 1.

Finally, the study was conducted using 16 publica-
tions, all of which were randomised clinical trials aimed
at studying the efficacy of anaesthetic techniques other
than subcutaneous amide injection in arterial gasometry
performed on radial or humeral arteries. Except for one
study that was conducted on volunteers, all others were
conducted in circumstances that reflected actual clinical
practice. They were generally performed with discrete
sample sizes, but with procedures that suggested a low

risk of bias, most of them in relation to the masking
process (Figures 2 and 3).

The strategies evaluated by the trials included in this
review were the following: topical anaesthetics based on
esters or amides (in cream, gel or ointment form)'™,
eco-guided puncture?®, the use of small calibre?’* nee-
dles or different types of syringes*, the use of non-nee-
dled injectors to administer amides in the subcutaneous
tissue” and cryoaesthesia using local ice*** or vaporisa-
tion of coolant aerosols'?**. The main characteristics
and results of the included studies are shown in Table 2.

Topical anaesthetics based on esters or amides

Topical anesthetics (gels, pomades or ointments,
among others) composed of esters, amides or a combi-
nation of both are able to desensitize the skin and sha-
llow tissues in order to perform rapid procedures. They
should be applied exclusively topically for at least 30
minutes for optimal anesthetic effects.

Two clinical trials evaluated the effect of EMLA® (Eu-
tetic Mixture of Local Anesthetics) cream, an ointment
that mixes lidocaine and prilocaine: one when applied
30 minutes prior to puncture versus placebo™ and ano-
ther when applied 60 minutes prior to puncture, com-
pared with placebo and 2% subcutaneous mepivacai-
ne'. Tetracaine 4% gel applied 30 and 45 minutes
prior to arterial puncture was evaluated by two other
placebo-controlled trials'®”. None objected that the use
of topical anaesthetics based on esters or amides redu-
ced the level of pain compared to placebo or that the
anaesthetic effect was similar to or better than that pro-
duced by the subcutaneous injection of mepivacaine.

Ecoguided puncture

Ultrasound allows visualization of the blood vessels
and other surrounding anatomical structures and facili-
tates guiding the needle through tissue. Therefore it
may seem reasonable to think that it could bring some
advantages over the traditional palpation technique
and blind puncture of an artery.

Its use in arterial puncture has been evaluated in
EDs in two trials with contradictory results. While in

Generation of the randomization sequence (selection bias) | |

Hiding the randomization sequence (selection bias) | . |

Masking of participants and staff (realization bias) |

Masking of outcome evaluation (detection bias) | -

Selective description of results (reporting bias) |

|
Incomplete results data (wear bias) | |
|
)

|:| Low risk of bias

|:| Risk of bias unclear

0% 25% 50% 75%  100%

. High risk of bias

Figure 2. Risk of bias on each criterion presented in percentages of all included studies.
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Masking of outcome evaluation (detection bias)
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Baskin et al, 2014 | + | @ | @ D @
Bastami et al., 2015 Q@ ®|*|=
Bobbia et al, 2013 [+ [+ (@ +|*
Farahmand et al., 2017 | + |+ |+ + |+
France etal, 2008 [+ |+ @ |@ |+ |+
Giner et al., 2000 D@
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Tranetal, 2002 | + |+ [+ |+ |+ | +

Low risk of bias
. Risk of bias unclear
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Figure 3. Summary of the risk of bias of the included studies.

Vaquerizo et al., 2015 |+ QIO+ |+

Yee et al., 2014 | + + D&

one of them the ultrasound-guided arterial puncture re-
sulted in fewer punctures to obtain the arterial blood
sample and a significant reduction in pain compared to
usual practice”, the other did not detect variations in
pain self-perceived by patients between the two techni-
ques, with the ultrasound-guided puncture being asso-
ciated with a greater number of punctures necessary
until extraction and a greater investment of time in the
procedure®.

Needle punctures of small caliber or with specific
syringess

The substitution of standard needles (23G) for the
performance of gas measurements by others of smaller
calibre has been a strategy to reduce arterial puncture
pain evaluated by three clinical trials with different re-
sults: while two studies®*”* found no difference in self-re-
ferred pain by patients when 23G or 25G needles were
used; another work?, in which two consecutive punctu-
res were performed with 23G needles and insulin nee-
dles (29G) on both radial arteries to healthy volunteers, it
did show a significant reduction in pain with smaller dia-
meter needles. Although the presence of post-puncture
complications (such as haematomas or paresthesia) was
lower in extractions performed with the finest needles*,

the rate of haemolysis detected in blood analysis was sig-
nificantly higher when the puncture was performed with
insulin needles”'.

Finally, an investigation compared gasometry perfor-
med using a heparinized insulin syringe (26G) and a spe-
cific safety syringe (25G), without determining differen-
ces in pain level between the two puncture procedures®.

Needle-free injectors (pressure injectors)

This system is capable of reaching the subcutaneous
tissue between 0.2 and 0.4 ml of an anaesthetic solu-
tion by infusing the drug through small holes in the tip
of the injector, forming a fine jet with sufficient speed
and pressure to penetrate the epidermis and be deposi-
ted in an area less than 1 cm in diameter.

A single study® evaluated the administration of 0.2 ml
of 2% lidocaine using a pressure injector model two mi-
nutes before radial artery puncture for a blood extraction,
as opposed to the use of 2% topical gel lidocaine (ap-
plied for two minutes before puncture), finding that ap-
plication of lidocaine by needle-free injector reduced pain
more effectively than lidocaine gel.

Cryoaesthesia using local ice or coolant sprays

Cryoaesthesia is an anaesthetic technique in which
local cold is applied in order to numb the peripheral
nerves and facilitate minor surgical procedures. There
are mainly two ways of doing this: by direct application
of ice for a few minutes or by spraying aerosols based
on ethyl chloride or a combination of alkanes on the
surface of the skin, which produces an immediate tissue
cooling of several degrees Celsius below zero. In both
cases a local anaesthetic of short duration is achieved.

Two open trials investigated the effects of local ice
application 3 to 5 minutes before arterial puncture??,
and both found a statistically significant reduction in
self-assessed pain when ice was applied. On the other
hand, two placebo-controlled trials*®** and one open
trial'" evaluated the efficacy of the cryoaesthesia strategy
with cooling sprays, and neither detected a significant
reduction in pain associated with arterial puncture com-
pared to placebo or the usual technique without anaes-
thesia of any kind.

Discussion

Pain resulting from arterial puncture for blood gaso-
metry has been self-perceived by ED patients as mode-
ratel. Given that a score of 3 points on an analogue
pain scale of 0 to 10 has been agreed as the maximum
admissible before starting any analgesic treatment®, half
of the patients have been found to exceed this thres-
hold'. This fact testifies to the need not to obviate the
adoption of any therapeutic measure to minimise the
traumatic impact of extraction. The administration of to-
pical anesthetics composed of esters or amides, ultra-
sound-guided puncture, the use of fine gauge needles,
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Table 2. Summary of the evidence provided by the articles included in the review

Author.
Country, year

Participants

Intervention-comparison

Results

Conclusions

Topical anesthetics

Giner et al.
Spain, 2000

Tran et al.
Australia, 2002

Aaron et al.
Canada, 2003

Godoy et al.
Spain, 2010

Eco-Guided
Bobbia et al.
France, 2013

Vaquerizo et al.
Spain, 2015

Types of needle
Baskin et al.
Turkey, 2014

Yee et al.
Australia, 2014

Ibrahim et al.
Singapore, 2015

Patout et al.
France, 2015

Needle-free injection

153 patients who underwent an
arterial blood gas.

81 patients who underwent an
arterial blood gas.

50 patients who underwent an
arterial blood gas.

51 patients who underwent an
arterial blood gas.

72 patients who underwent an
arterial blood gas in the ED.

208 patients who received an
arterial blood gas in the ED.

550 patients who underwent an
arterial blood gas in the ED.

119 patients who underwent an
arterial blood gas in the ED.

50 healthy volunteers who are
were given two arterial punctures
for gasometry on both radial
arteries.

200 patients who underwent an
arterial blood gas.

Hajiseyedjavady et al. 42 patients who underwent an

Iran, 2012

arterial blood gas in the ED.

Placebo-controlled RCTs. Self-perceived pain after

arterial puncture was compared after

administration of EMLA® (60 minutes) vs placebo
(60 minutes) or 0.2 ml subcutaneous mepivacaine.

(30 seconds).

Placebo-controlled RCTs. Self-perceived pain was
compared after arterial puncture previous to topical
administration of tetracaine (amethocaine) 4% (30

minutes) vs. placebo.

Placebo-controlled RCTs. Self-perceived pain was
compared after arterial puncture previous to topical
administration of tetracaine (amethocaine) 4% (45

minutes) vs placebo.

Placebo-controlled RCTs. Self-perceived pain was
compared after arterial puncture previous to
administration of EMLA® (30 minutes) vs placebo.

Open RCT. Self-perceived pain was compared after
ultrasound arterial puncture vs. standard technique

(no eco-guided).

Open RCT. Self-perceived pain was compared after
ultrasound arterial puncture vs. standard technique

(no eco-guided).

RCT. Self-perceived pain after arterial puncture was
compared with heparinized insulin syringes (26G)

and safety device blood gas syringes (25G).

RCT. Self-perceived pain was compared after arterial

puncture with 23G needle and 25G needle.

RCT. Each volunteer was given two punctures, one with an
insulin needle (29G) over the radial artery and the other in
the contralateral artery with a standard needle (23G). Pain
was compared between the two. The order of puncture

and the anatomical side were randomized.

RCT. We compared self-perceived pain after arterial

puncture with 23G needle vs 25G needle.

RCT. Self-perceived pain after arterial puncture was
compared after administration of 0.2 ml of 2%
lidocaine with needle-free injector (5 minutes

gel (5 minutes).

Results on a scale of 0-100 points. No significant
differences (p = 0.4) between pain scores after
EMLA® (X: 2.6; SD: 1.8) and placebo (X: 2.9; SD:
1.8). Differences (p < 0.001) between EMLA® or

placebo and mepivacaine (X: 1.6; SD: 1.8).

Results on a scale of 0-100 points. No significant
differences (p = 0.32) between pain scores after
tetracaine 4% application (X: 16; SD: 23.3) or

placebo (X: 20.7; SD: 18.5).

Results on a scale of 0-100 points. No significant
differences (p = 0.78) between pain scores after
applying tetracaine (X: 26.2; SD: 32.6) or placebo

(X: 23.8; SD: 27.4).

Results on a scale of 0-10 points. No differences
significant (p = 0.78) between pain scores after
application of EMLA® (X: 2.4) and placebo (X: 3).

Results on a scale of 0-10 points. No differences (p
= 0.743) between pain scores in eco-guided
puncture (Me: 3; IQR: 2-5) and non-guided (Me: 3;

IQR: 2-5).

Results on a scale of 0-10 points. Differences (p <
0.001) between significant (p < 0.001) pain in

ultrasound puncture (X: 3.1; SD: 2.2) and
not eco-guided (X: 4.7; SD: 2.6).

Results on a scale of 0-100 points. No significant
difference (p = 0.145) between pain scores after
puncture with heparinized insulin syringes (X: 3.5;
SD:)2.2) and syringes with safety device (X: 3; SD:
2.4).

Results on a scale of 0-10 points. No significant
difference (p = 0.83) between pain scores with 23G
needle (X: 3.5; SD: 2.7) and 25G needle (X: 3.4;

SD: 2.7).

Results on a scale of 0-100 points. Significant
differences (p < 0.001) between pain with 29G
needle (X: 23; SD: 22) vs. 23G needle (X: 39; SD:
24). The rate of hemolysis was higher in extractions
with 29G needle (31.3% vs 11.6%; p = 0.035).

Results on a scale of 0-100 points. No significant
differences (p = 0,53) between needle pain scores

23G (Me:6,63; IQR: 0-19) and 25G needle
(Me:5.21; IQR: 0-18, 49).

Results on a scale of 0-10 points. Differences (p <
0.001) between significant (p < 0.001) pain with
lidocaine 2% by needleless injector (X: 1.29; SD:
before) vs administration of 2% lidocaine in topical 0.90) vs. lidocaine 2% topical (X: 4.19); SD: 1.43).

The use of EMLA® cream does not reduce
pain associated with arterial puncture for
gasometry.

Topical use of 4% tetracaine does not
reduce pain associated with arterial
puncture for gasometry.

Topical use of 4% tetracaine does not
reduce pain associated with arterial
puncture for gasometry.

The application of EMLA® cream during 30
minutes does not reduce associated pain
to the arterial puncture for blood gas.

Ultrasound-guided arterial puncture does
not reduce pain associated with arterial
puncture for gasometry.

Ultrasound-guided arterial puncture
reduces pain associated with arterial
puncture for gasometry.

Heparinized insulin syringes (26G) and
the syringes with the device safety (25G)
produce a level of similar pain during
arterial puncture for gasometry.

23G and 25G needles produce the same
level of pain during arterial puncture for
blood gases.

Insulin needles (29G) produce less pain
than standard needles (23G) in arterial
puncture for blood gases, but produce
greater haemolysis of the sample.

23G and 25G needles produce the same
level of pain during arterial puncture for
blood gases.

Lidocaine 2% administered by non-
needle injector is more effective than
topical lidocaine in reducing arterial
puncture pain for blood gases.

(Continues)
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blood extraction using this technique should be perfor-
med exclusively for the determination of pCO, or pO,
and never for hematimetry or biochemistry studies.

The use of high-pressure needleless injectors is a pro-
cedure that is not currently widespread in Spain, al-
though some promising experiences have been repor-
ted**. In this review a single study has been identified
that used this painless technique for the administration
of anesthetics based on usual amides, using a very dis-
crete sample size. In spite of the interesting results, the
experience is insufficient to make a strong recommenda-
tion, although its characteristics (painless, cheap and
fast) suggest a clear line of future research.

Cryoaesthesia using coolant aerosols is a technique
that has also proved effective in the treatment of peri-
pheral venous catheterisation pain’, but its effects do
not appear to be applicable to the arterial puncture
technique. In this case, the difference in the effect indu-
ced by cold depending on the agent applied is striking.
Thus, it has been possible to observe how cryotherapy
using ice is effective, but not when it is performed by
vaporization of ethyl chloride. This disparity of results
has been explained by the hypothesis that the action of
cold gas is more superficial, being therefore less effective
and lasting than the direct application of ice®.

Several factors seem to be involved in minimizing ar-
terial puncture pain. It has been pointed out that gastric
measurements qualified as technically simple to be per-
formed by nurses?® are not very painful, so the experien-
ce and expertise of the extractor seems to be a determi-
ning condition in the production of iatrogenic pain'.
Moreover, some authors have considered that arterial
gasometry would not require prior anaesthesia if extrac-
ted by experienced nurses®, where there are high gua-
rantees of success in a first attempt. On the other hand,
the role that sociocultural, racial or gender characteris-
tics play in arterial puncture pain has not been clearly
identified and should be the subject of future studies.

In summary, existing alternatives to subcutaneous
amides are currently scarce and, unfortunately, uninte-
resting, especially in the critical patient or in the context
of the ED. Subcutaneous injection of amides (lidocaine
or mepivacaine) at the puncture site should continue to
be considered a standard of action, as it has been
shown to be effective in reducing pain during the arte-
rial blood extraction technique'*, although some au-
thors have questioned its anaesthetic effects®.

The most representative limitations of this work are
those derived from the methodology of systematic re-
views (fundamentally the possibility of selection and pu-
blication biases) and the exclusion of publications in lan-
guages other than those selected. The measures
adopted to limit the possibility of not finding potentially
selectable studies focused on involving two researchers
in the process of searching and selecting articles
through various bibliographic databases and on emplo-
ying an unrestrictive search strategy. Finally, no meta-
analysis could be performed on any group of trials, gi-
ven the great heterogeneity of the methodologies used
and the scarcity of publications on the subject. Despite

the existing limitations, we can conclude that the use of
very fine calibre needles, the substitution of classic syrin-
ges by pressure injectors without needles for the admi-
nistration of subcutaneous amides or the application of
ice for at least 3 minutes prior to puncture could be ef-
fective strategies for the reduction of iatrogenic pain de-
rived from arterial puncture for blood gasometry in
adults.

Conflicting interest: The authors declare no conflict of interest in rela-
tion to this article.

Financing: Authors declare the non-existence of funding in relation to
this article.

Ethical Responsibilities: All authors have confirmed the maintenance of
confidentiality and respect for patients' rights in the author's responsibi-
lities document, publication agreement, and assignment of rights to
EMERGENCIAS.

Article not commissioned by the Editorial Board and peer-reviewed
externally

References

1 Ballesteros-Pefia S, Fernandez-Aedo |, Vallejo-De la Hoz G. Pain sco-
res for intravenous cannulation and arterial blood gas test among
emergency department patients. Enferm Clin. 2017.
doi:10.1016/j.enfcli.2017.11.002

2 Allione A, Pivetta E, Pizzolato E, Lorenzati B, Pomero F, Barutta L, et
al. Determinants of inappropriate acute pain management in old pe-
ople unable to communicate verbally in the emergency department.
Turk ] Emerg Med. 2017;17:160-4.

3 Bulls HW, Goodin BR, McNew M, Gossett EW, Bradley LA. Minority
aging and endogenous pain facilitatory processes. Pain Med.
2016;17:1037-48.

4 Guru V, Dubinsky I. The patient vs caregiver perception of acute
pain in the emergency department. ] Emerg Med. 2000; 18:7-12.

5 Grupo de trabajo de la SEPAR para la practica de la gasometria arte-
rial. Normativa sobre la gasometria arterial. Arch Bronconeumol.
1998;34:142-53.

6 Cinel D, Markwell K, Lee R, Szidon P. Variability of the respiratory
gas exchange ratio during arterial puncture. Am Rev Resp Dis.
1991;143:217-8.

7 Giner ], Casan P, Belda |, Gonzédlez M, Miralda RM, Sanchis J. Pain
during arterial puncture. Chest 1996;110:1443-5.

8 Lightowler V], Elliott MW. Local infiltration prior to arterial puncture for
blood gas analysis: a survey of current practise and a randomised dou-
ble blind placebo controlled trial. ] R Coll Phys London 1997;31:645-6.

9 Hudson TL, Dukes SF, Reilly K. Use of local anesthesia for arterial
punctures. Am ] Crit Care. 2006;15:595-9.

10 Valero AV, Castillo C, Soler L. Anestesia local en la puncion arterial:
actitudes y conocimientos de enfermeria. Arch Bronconeumol.
2008;44:360-3.

11 France JE, Beech FJ, Jakeman N, Beger |R. Anaesthesia for arterial
puncture in the emergency department: a randomized trial of sub-
cutaneous lidocaine, ethyl chloride or nothing. Eur ] Emerg Med.
2008;15:218-20.

12 Orthan ME, Yiiksel U, Bilgin F, Dogrul A. Comparision of the local
anesthetic effects of chlorpheniramine, midazolam, lidocaine, and nor-
mal saline after intradermal injection. Med Sci Monit. 2007;13:7-11.

13 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynols D], Gavaghan
D), et al. Assessing the quality of reports of randomized clinical trials:
is blinding necessary? Control Clin Trials 1996;17:1-12.

14 Higgins JPT, Altman DG. Chapter 8: Assessing risk of bias in included
studies. [actualizado 2/2008]. En: Higgins JPT, Green S, editores.
Cochrane handbook for systematic reviews of interventions ver-
sion5.0.0. The Cochrane Collaboration; 2008. Disponible en:
http://handbook.cochrane.org/

15 Giner ], Casan P, Belda |, Litvan H, Sanchis |. Utilizacién de la crema
anestésica EMLA en la puncion arterial. Rev Esp Anestesiol Reanim.
2000;46:63-66.

16 Tran NQ, Pretto ]|, Worsnop CJ. A randomized controlled trial of the
effectiveness of topical amethocaine in reducing pain during arterial
puncture. Chest. 2002;122:1357-60.

17 Aaron D, Vandenheem K, Naftel S, Lewis M), Rodger M. Topical te-
tracaine prior to arterial puncture: a randomized, placebo-controlled
clinical trial. Respir Med. 2003;97:1195-9.

121



Vallejo de la Hoz G, et al

. Emergencias 2019;31:115-122

18 Godoy R, Lépez P; Ruano N, Pérez A, Sanchis D, Vizcaya M. Accién
de la pomada anestésica EMLA en gasometrias arteriales. Rev Patol
Respir. 2010;2013:69-72.

19 Bobbia X, Grandpierre RG, Claret PG, Moreau A, Pommet S, Bonnec
JM, et al. Ultrasound guidance for radial arterial puncture: a rando-
mized controlled trial. Am ] Emerg Med. 2013;31:810-5.

20 Vaquerizo E, Fadrique LN, Torres R, Benito S. Estudio comparativo de
la puncién arterial ecoguiada frente a la técnica clasica. Metas En-
ferm. 2015;17:51-5.

21 Ibrahim I, Wei Yau Y, Ong L, Chan Y, Kuan W. Arterial puncture
using needle is less painful than with standard needle: A randomized
crossover study. Acad Emerg Med. 2015;22:315-20.

22 Patout M, Lamia B, Lhuillier E, Molano LC, Viacroze C, Benhamou D,
et al. A randomized controlled trial on the effect of needle gauge on
the pain and anxiety experienced during radial arterial puncture.
PLoS ONE. 2015;10:e0139432.

23 Yee K, Shetty AL, Lai K. ABG needle study: a randomised control
study comparing 23G versus 25G needle success and pain scores.
Emerg Med . 2015;32:343-7.

24 Baskin SB, Oray NC, Yanturali S, Bayram B. The comparison of hepa-
rinized insulin syringes and safety-engineered blood gas syringes
used in arterial blood gas sampling in the ED setting (randomized
controlled study). Am | Emerg Med. 2014;32:432-7.

25 Hajiseyedjavady H, Saeedi M, Eslami V, Shahsavarinia K, Farahmand S. Less
painful arterial blood gas sampling using jet injection of 2% lidocaine: a
randomized controlled clinical trial. Am ] Emerg Med. 2012;30:1100-4.

26 Bastami M, Azadi A, Mayel M. The use of ice pack for pain associa-
ted with arterial punctures. ] Clin Diagn Res. 2015;9:JC07-JC09.

27 Haynes JM. Randomized controlled trial of cryoanalgesia (ice bag) to re-
duce pain associated with arterial puncture. Respir Care. 2015;60:1-5.
28 Ballesteros-Pefia S, Fernandez-Aedo |, Vallejo-De la Hoz G. Eficacia
del cloruro de etilo en aerosol como anestésico local previo a la pun-
cién arterial: ensayo clinico aleatorizado controlado con placebo.
Emergencias 2017;29:161-6.

29 Farahmand S, Mirfazaelian H, Sedaghat M, Arashpour A, Saeedi M, Bag-

heri-Hariri. S. Vapocoolant spray effectiveness on arterial puncture pain:
a randomized controlled clinical trial. Acta Med Iran. 2017;55:87-91.

30 Grupo de trabajo de analgesia y sedacién de la SEMICYUC. Monito-
rizacion del dolor. Recomendaciones del grupo de trabajo de analge-
sia y sedacion de la SEMICYUC. Med Intensiva. 2006;30:379-85.

31 Ali S, McGrath T, Drendel AL. An Evidence-Based approach to mini-
mizing acute procedural pain in the Emergency Department and be-
yond. Pediatr Emerg Care. 2016;32:36-42.

32 Gu WJ, Tie HT, Liu JC, Zeng XT. Efficacy of ultrasound-guided radial
artery catheterization: a systematic review and meta-analysis of ran-
domized controlled trials. Crit Care. 2014;18:R93.

33 Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound gui-
dance versus anatomical landmarks for subclavian or femoral vein
catheterization. Cochrane Database Syst Rev. 2015;1:CD011447.

34 Saghi B, Momeni M, Saeedi M, Ghane M. Efficacy of the jet injector in lo-
cal anaesthesia for small wound sutures: a randomised clinical trial compa-
red with the needle infiltration technique. Emerg Med |. 2015;32:478-80.

35 Guo L, Xiao X, Sun X, Qi C. Comparison of jet injector and insulin
pen in controlling plasma glucose and insulin concentrations in type
2 diabetic patients. Medicine (Baltimore). 2017;96:e5482.

36 Griffith R, Jordan V, Herd D, Reed PW, Dalziel SR. Vapocoolants
(cold spray) for pain treatment during intravenous cannulation.
Cochrane Database Syst Rev. 2016;4:CD009484.

37 McSwain SD, Yeager BE. Is there an easy, effective, efficient, and in-
expensive technique to reduce pain of arterial punctures?. Respir Ca-
re. 2015;60:141-3.

38 Micu E, Guillot C, Badier M, Delpierre S, Régis JM, Roussel P. Pain in-
duced by radial artery puncture is not reduced by lidocaine-prilocai-
ne patch. Respiratory Medicine Extra. 2006;2:52-3.

39 Matheson L, Stephenson M, Huber B. Reducing pain associated with arte-
rial punctures for blood gas analysis. Pain Manag Nurs. 2014;15:619-24.

40 Wade RG, Crawfurd ], Wade D, Holland R. Radial artery blood gas
sampling: a randomized controlled trial of lidocaine local anesthesia.
J Evid Based Med. 2015;8:185-91.

Annex 1. List of publications finally excluded, grouped by cause of exclusion

As they are short scientific letters or communications to congresses

Micu E, Guillot C, Badier M, Delpierre S, Régis JM, Roussel P. Pain induced by radial artery puncture is not reduced by lidocaine-prilocaine patch.

Respiratory Medicine Extra. 2006;2:52-3.

Jofre-Valls M, Mota-Casals S, Gémez-Melis N, Pla-Surina A, Anglada-Miraben N, Pi-Gallostra M. Andlisis de la eficacia del cloruro de etilo en aerosol
frente a mepivacaina subcutanea como anestésico para la puncion arterial. Resultados preliminares. En: 45 Congreso Nacional de la Sociedad

Espafiola de Neumologia y Cirugia Toracica. Madrid, 2012.

Laursen CB, Pedersen RL, Lassen AT. Ultrasonographically Guided Puncture of the Radial Artery for Blood Gas Analysis: A Prospective, Randomized

Controlled Trial. Ann Emerg Med. 2015;65:618-9.
Quasi-experimental designs

Orta RM, Zabaleta C, Navallas A, Belzunce P. Valoracién del dolor tras la administracién de anestésico tépico y subcutaneo en la puncién arterial.

Investigacion & Cuidados. 2004; 2:43-4.

For insufficient methodological quality (Score < 3 on the Jadad scale)

Guevara JM, Conde A. Efectividad de crema anestésica en puncion arterial. Enfermeria Cientifica 2001; 228-229:70-6.
Garcfa M, Arellano C, Lujan MD, Sanchez MC, Alonso JM, Garcia M. Puncidn arterial y crema EMLA. jAlivio eficaz del dolor? Atencién Farmacéutica

2005;7:20-4.

Cortés-Tellez A, Bautista-Bernal A, Torres-Bouscoulet L. Efecto de la anestesia en ungiiento sobre la intensidad del dolor durante la realizacion de una

gasometria arterial: un ensayo abierto. Neumol Cir Torax. 2012;71:339-42.

Khalil NS. Effect of application of ice pack on reducing pain during the arterial puncture. Clin. Pract. 2017;14:217-8.

122



