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Abstract 

Introduction: The use of local anesthesia (LA) prior to arterial blood gas sampling is recommended but is not widely used. We tested the hypothesis that intradermal 
administration of local anesthesia would be as effective as subcutaneous administration in reducing pain from arterial blood gas sampling.

Aims: The primary aim of this study was to evaluate the effect of intradermal and subcutaneous lignocaine on patient-perceived pain during arterial blood gas sampling. 
The secondary aims were to evaluate if different routes of LA administration had an impact on the difϐiculty and complications of ABG sampling.

Methods: We undertook a randomized, single-blind, placebo-controlled trial in New Zealand. We enrolled patients attending a nurse-led outpatient oxygen clinic who 
were 18 to 90 years of age and who had an oxygen saturation of 93% or less at rest. Patients were randomly assigned to receive intradermal 1% lignocaine, subcutaneous 1% 
lignocaine, or subcutaneous normal saline. Patients and nurse assessors were blinded to the treatment allocation. The primary endpoint was a patient-assessed pain score 
using a graphic rating scale (0-10).

Results: 135 patients were randomized (54 patients in the intradermal lignocaine group, 54 patients in the subcutaneous lignocaine group, and 27 in the subcutaneous 
saline group). The mean patient-assessed pain score for the intradermal lignocaine group was 1.8 (+/- 1.1), which was a relative reduction of 47% (95% C.I. 31%-59%, p < 
0.0001) from the mean patient-assessed pain score of 3.4 (+/- 1.1) for the subcutaneous saline group. The mean patient-assessed pain score for the subcutaneous lignocaine 
group was 2.1 (+/- 1.1), which was also a signiϐicant relative reduction of 36% (95% C.I. 17%-51%, p = 0.0001) compared to the subcutaneous saline group. Intradermal 
lignocaine reduced pain more than subcutaneous lignocaine, with a relative pain reduction difference of 20% (95% CI -4%-49%, p = 0.05). Bruising was more frequent in the 
subcutaneous lignocaine group (9.3%) than in the intradermal (0%) and saline groups (0%). 

Conclusion: Intradermal lignocaine is at least as effective as subcutaneous lignocaine for reducing patient-perceived pain from arterial blood gas sampling and results 
in less bruising.
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in addition to venepuncture for routine investigations. The 
associated pain can be severe and unpleasant, presenting a 
barrier for patients and clinicians to perform this procedure 
[2,3]. 

Several studies have demonstrated that local anesthesia 
(LA) prior to ABG sampling reduces the pain associated with 
the procedure and the use of LA is recommended by multiple 
international groups, including the American Association of 

Introduction
Arterial blood gas (ABG) sampling is a common investigative 

procedure that provides essential information on oxygenation, 
ventilation, and acid-base balance. This information has wide-
ranging applications such as the care of critically ill patients 
on ventilatory support as well as assessing outpatients with 
respiratory comorbidities for the provision of domiciliary 
oxygen therapy [1,2]. ABG sampling requires arterial puncture 
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in our study due to the multilinguistic nature of our study 
population. Secondary outcome measures included nurse-
assessed pain scores, level of difϐiculty obtaining ABG rated 
by the primary investigator (both using the GRS), and adverse 
events resulting from the combined LA inϐiltration and ABG 
sampling.

Randomization and blinding

Patients were randomized via computer-generated 
program into 3 study groups to receive intradermal 1% 
lignocaine, subcutaneous 1% lignocaine, or subcutaneous 
normal saline prior to ABG sampling. The randomization of 
the respective three groups occurred in a 2:2:1 ratio with a 
permuted block size of 4. This was designed with the intention 
of giving more statistical power to detect differences between 
the intradermal and subcutaneous lignocaine groups. Patients 
and nurse assessors were blinded to the assigned inϐiltration 
by having an opaque box covering the patient’s ABG sampling 
site. However, the primary investigator who performed all the 
inϐiltrations and ABG sampling as well as the statistician were 
not blinded.

ABG sampling protocol

LA inϐiltrations were administered with 0.25 ml 1% 
lignocaine or normal saline using 25-gauge needles. For 
intradermal inϐiltrations, the needles with the bevel up were 
inserted into the dermis at an angle of 5-15 degrees. For 
subcutaneous inϐiltrations, the needles with the bevel up were 
directed into the subcutaneous tissue at an angle of about 
45 degrees (Figure 2) [16]. ABG sampling was performed 2 
minutes after LA inϐiltration, using a 23-gauge needle inserted 
into the radial artery in accordance with best standard practice 
[17]. After the procedure, the pain experienced was assessed 
by the patients in the absence of the primary investigator 
who performed the procedure. The nurse assessor also 
visually assessed the pain experienced by the patients. All LA 
inϐiltration and ABG sampling were performed by the primary 
investigator to minimize any variation in technique that could 
inϐluence pain perception. The same nurse assessor was used 
to assess all the pain scores.

Statistical analysis

Unadjusted geometric means of the patient-assessed pain 
score were reported with standard deviation (SD), median, 
and interquartile range (IQR). Analysis of covariance was 
used to assess for any signiϐicant differences between patient-
assessed pain scores across the three groups, adjusted for 

Critical Care Nurses and the British Thoracic Society [4-7].
Despite the recommendations for using LA before ABG 
sampling, surveys have shown limited uptake of this in actual 
practice settings [1,6,8]. Several reasons have been given 
for not using LA including concerns that LA can obscure the 
anatomy of the ABG puncture site making sampling more 
difϐicult, potential inadvertent arterial injection of LA, and 
resource or access problems obtaining LA [1,6]. However, by 
far the most common reason is the prevailing perception that 
ABG sampling does not require LA for pain reduction [2,8]. 

Many different routes of LA administration before ABG 
sampling are available, but the optimal method is not well 
deϐined as recommendations for the route, volume, and 
type of LA vary across the medical literature. Most studies 
demonstrating the efϐicacy of LA for ABG sampling pain 
reduction have used subcutaneous mepivacaine or lignocaine 
inϐiltration, which is reϐlected in most guidelines [3,4,9,10]. 
Multiple studies have demonstrated the ineffectiveness of 
topical anesthetic creams for this purpose, yet there remain 
other effective LA types and administration routes including 
ethyl chloride spray, 10% lignocaine spray, and cryo-analgesia 
techniques [9-14]. However, no study to date has evaluated 
the differences between intradermal and subcutaneous routes 
of lignocaine inϐiltration, which is the primary objective of this 
trial.

Methods
Study design

We undertook a randomized controlled trial at Middlemore 
Hospital in Auckland, New Zealand in 2011. Patients attending 
a nurse-led outpatient oxygen clinic who were 18 to 90 years 
of age, had an oxygen saturation of 93% or less at rest, and 
required an ABG for domiciliary oxygen assessment were 
eligible for inclusion. All included patients had provided 
written informed consent. Exclusion criteria were allergy 
to lignocaine, anatomical distortion of the wrist, infection 
at the site of ABG sampling, and inability to complete a 
questionnaire. The trial was approved by the National Ethics 
Advisory Committee (NTY/10/03/028). The primary aim of 
this study was to evaluate the differences in perceived pain 
between intradermal lignocaine, subcutaneous lignocaine, and 
a subcutaneous saline placebo-control group. The secondary 
aims were to evaluate if different routes of LA administration 
had an impact on the difϐiculty and complications of ABG 
sampling.

Demographic variables collected were age, gender, 
ethnicity, weight, and wrist circumference. Other baseline 
variables that may be potential confounders were recorded 
and include analgesia use, previous ABG sampling experience, 
and patients’ recollected pain scores from their experience. 
The primary outcome measure was patient-assessed pain 
scores using a graphic rating scale (GRS) of zero (no pain) 
to ten (worst pain ever) (Figure 1) [15]. The GRS was used 

Figure 1: Graphic rating scale - zero (no pain) to ten (worst pain ever).
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age, waist circumference, gender, ethnicity, analgesia use, 
and patient pain scores from past experiences. The patient-
assessed pain scale was log-transformed in the analysis. 

Nurse-assessed pain scores and level of difϐiculty obtaining 
ABG were analyzed as ordinal responses. A simple proportional 
odds model (POM) for ordinal responses was used to derive 
the odds ratios. Multiple POM models were applied to adjust 
for age, waist circumference, gender, ethnicity, analgesia use, 
and patient pain scores from past experiences i n the ϐinal 
analysis. Nurse-assessed pain scores and level of difϐiculty 
obtaining ABG were grouped when the scores were three or 
greater. This grouping process ensured the proportional odds 
assumption was valid in the ϐinal POM model. Chi-square 
tests were used to assess if there was any difference in the 
distribution of adverse events across the three inϐiltration 
groups. All analyses were based on intention to treat approach. 

SAS 9.3 software (released by SAS Institute Inc., Cary, NC, 
USA.) and R version 2.15.0 (Released by (https://www.r-
project.org/) were used in the randomization and analysis. 

Adverse events monitoring

The data safety monitoring board reviewed adverse events 
and efϐicacy. A safety stopping rule was set at the interim 
analysis, such that if a severe adverse event in any of the active 
intervention groups was signiϐicantly higher than the normal 
practice (p < 0.05), the active treatment was considered for 
termination.

Results
Demographic and baseline variables

A total of 135 patients were included in the trial. 
Demographic characteristics of the patients, including age, 
gender, ethnicity, waist circumference, and weight were 
similar across the three study groups without any statistically 

signiϐicant differences. Patients’ experiences of previous ABG 
sampling and the associated pain scores were also similar 
across the study groups. Two patients in the intradermal 
lignocaine group and 2 in the placebo group took analgesic 
medication (aspirin) before ABG sampling (Table 1).

Patient-assessed pain scores

Both intradermal and subcutaneous lignocaine inϐiltration 
reduced patient-assessed pain scores signiϐicantly compared 
to subcutaneous saline (Tables 2,3). The mean patient-
assessed pain score for the intradermal lignocaine group was 
1.8 (+/- 1.1), which was a relative reduction of 47% (95% C.I. 
31%-59%, p < 0.0001) from the mean patient-assessed pain 
score of 3.4 (+/- 1.1) for the subcutaneous saline group after 
adjusting for confounding variables (age, wrist circumference, 
gender, ethnicity, analgesia use, and patient pain scores from 
past experiences). The mean patient-assessed pain score for 
the subcutaneous lignocaine group was 2.1 (+/- 1.1), which 
was also a signiϐicant relative reduction of 36% (95% C.I. 17% 
- 51%, p = 0.0001) compared to the subcutaneous saline group 
after adjusting for confounders.

When comparing the two administration routes for LA, 
intradermal lignocaine reduced pain more than subcutaneous 
lignocaine, with a relative pain reduction difference of 20% 
(95% CI -4%-49%, p = 0.05) (Table 3). The comparative 
distribution of patient-assessed pain scores between the 
three inϐiltration groups is shown as a box and whisker plot 
in Figure 3. 

Nurse-assessed pain scores

Similar ϐindings were observed for nurse-assessed pain 
scores where intradermal and subcutaneous lignocaine groups 
had signiϐicantly lower scores compared to the subcutaneous 

Figure 2: Lignocaine anesthesia showing intradermal and subcutaneous techniques.
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Figure 3: Comparative patient-assessed pain scores relative to inϐiltration groups.
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Table 1: Patient Demographic and Baseline Variables.
Intradermal Lignocaine Subcutaneous Lignocaine Subcutaneous Saline

n = 54 n = 54 n = 27
Age 66 (14) 67 (13) 68 (13)
Wrist circumference (cm) 18.3 (2.0) 18.5 (2.3) 18.6 (2.0)
Weight (kg) 91.1 (40.2) 94.5 (38.7) 98.0 (39.5)
Gender (Female) 26 (48.2%) 31 (57.4%) 15 (55.6%)
Ethnicities

Maori 20 (37.0%) 8 (14.8%) 5 (18.5%)
Paciϐic Islander 9 (16.7%) 18 (33.3%) 7 (25.9%)
Caucasian 21(38.9%) 23 (42.6%) 14 (51.9%)
Others 4 (7.4%) 5 (9.3%) 1 (3.7%)

Analgesia Use 2 (4%) 0 (0%) 2 (7%)
Previous ABG experience 47 (87.0%) 52 (96.3%) 23 (85.2%)
Pain score for previous ABG 5.5 (3.1) 6.2 (3.2) 5.8 (2.7)
Pain score for previous ABG (median (IQR)) 5.5 (3.0, 8.0) 7.0(4.0, 9.0) 5.0 (4.0, 8.0)
*Continuous variables are presented as mean (STD) or median (IQR) and categorical variables are presented as count (%). 

Table 2: Summary of Primary and Secondary Outcome Variables.
Intradermal Lignocaine Subcutaneous Lignocaine Subcutaneous Saline p -value

Patient assessed pain score** (range 0-10) (mean (SD)) 1.8 (1.1) 2.1 (1.1) 3.4 (1.1) < 0.0001*
Patient assessed pain score (range 0-10) (median (IQR)) 2.0 (1.0, 2.0) 2.0 (2.0, 2.0) 3.0 (2.0, 5.0)

The nurse assessed the pain score
1 39(72%) 32(59%) 5(19%)
2 13(24%) 16(30%) 10(37%)

≥ 3 2(4%) 6(11%) 12(44%) < 0.0001‡
Level of difϐiculty obtaining ABG

1 40(74%) 36(67%) 20(74%)
2 10(19%) 9(17%) 6(22%)

≥ 3 4(7%) 9(17%) 1(4%) 0.45‡
Adverse events

Bruising 0(0%) 5(9.3%) 0(0%)
Tenderness 1(2%) 1(2%) 0(0%) 0.05†

*F test in one way Analysis of variance; **Unadjusted Geometric means of the current pain score; ‡Wald chi square test using proportional odds model for ordinal responses; 
†Fisher’s Exact Test

Table 3: Pair-wise comparison in outcomes between different study groups.
Intradermal Lignocaine vs. Subcutaneous 

Saline
Subcutaneous Lignocaine vs. 

Subcutaneous Saline
Subcutaneous Lignocaine vs. 

Intradermal Lignocaine
Relative patient assessed pain reduction 

(95% C.I) and p - value**
47% (95% C.I. 31%, 59%) 

p < 0.0001
36% (95% CI, 17%, 51%), 

p = 0.0001
-20% (-49%, 4%)

P = 0.05
The odds ratio of having higher nurse-assessed 

pain scores (95% C.I.) and p - value‡
0.08 (95% C.I. 0.03, 0.21) 

P < 0.0001
0.15 (95% C.I. 0.06, 0.37), 

p < 0.0001
1.88 (95% C.I. 0.85, 4.2) 

p = 0.12
The odds ratio of a higher level of difϐiculty 

obtaining ABG (95% C.I.) and p - values‡
1.05(0.36, 3.02)

P = 0.93
1.63(0.58, 4.55)

P = 0.35
1.55(0.69, 3.52)

P = 0.29
Difference in proportion of adverse events

(95% C.I.) and p - value*
1.9% (-1.7%, 5.4%)

P > 0.9
11.1% (2.7%, 19.5%) 

p = 0.35
9.3% (0.1%, 18.4%)

P = 0.11
** F test in one-way Analysis of variance, ‡Wald chi-square test using proportional odds model for ordinal responses, * Fisher’s Exact Test

Level of Diffi  culty Obtaining ABG

Using lignocaine in either administration route did not 
signiϐicantly affect the difϐiculty of obtaining ABG compared 
to subcutaneous saline. However, it is worth noting that 
the subcutaneous lignocaine group had a higher portion of 
patients rated with the level of difϐiculty at three or above 
(17%) compared to the other two groups although this did not 
reach statistical signiϐicance overall (Table 2). 

Adverse events

Adverse events reported in this trial were either bruising 
or tenderness. The subcutaneous lignocaine group reported 

saline group. The proportions of patients with nurse-assessed 
pain scores greater than or equal to 3 were 4%, 11%, and 
44% for intradermal lignocaine, subcutaneous lignocaine, 
and subcutaneous saline respectively (Table 2). The nurse-
assessed pain scores had a signiϐicant positive correlation 
with the patient-assessed pain scores (Spearman correlation 
coefϐicient of 0.70, p < 0.0001). Patients with intradermal 
lignocaine before the ABG sampling were less likely to have 
higher pain scores than patients with subcutaneous saline 
(odds ratio 0.08, 95% C.I. 0.03-0.21, p < 0.0001); patients with 
subcutaneous lignocaine were also less likely to receive higher 
pain scores than patients with subcutaneous saline (odds ratio 
0.15, 95% C.I. 0.06-0.37, p < 0.0001) (Table 3).
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more adverse events than the intradermal lignocaine and 
subcutaneous saline groups (p = 0.05). This was due solely to 
all bruising reports arising from the subcutaneous lignocaine 
group (9.3%) and none from the other two groups. 

Discussion
The results of this study demonstrate that LA with 

lignocaine injected by both intradermal and subcutaneous 
routes prior to ABG sampling reduced both patient and nurse-
assessed pain scores compared to placebo. This is consistent 
with most trials related to this subject and reϐlects best 
practice recommendations in clinical guidelines [3,4,9,10]. In 
addition, our trial found that intradermal lignocaine reduced 
pain associated with ABG sampling more than subcutaneous 
lignocaine, the signiϐicant statistical threshold was almost 
reached (p = 0.05).

The medical literature on local anesthesia favors 
subcutaneous inϐiltration to be less painful than the 
intradermal route and this is li kely founded on the basis that 
most nociceptive nerve endings are in the dermal layer [18]. 
However, there are no trials to substantiate this theory other 
than anecdotal evidence [19,20]. Our study results contradict 
this notion and argue that direct inϐiltration to the dermal layer 
leads to an improved local anesthetic effect. This may have 
been due to rapid and more complete anesthesia of nociceptive 
nerve endings in the dermal layer and less injury to tissue with 
a deeper subcutaneous injection. Other factors that have been 
reported to reduce pain perception in LA inϐiltration include 
the bevel direction, gauge of the needle, pH, and concentration 
of lignocaine but these factors were controlled in all our study 
groups [16,20-22]. In addition, we used a small volume (0.25 
ml) of lignocaine and this may have reduced the amount of 
mechanical or stretch-related nociception.

Previous studies have demonstrated LA inϐiltration does 
not increase ABG sampling difϐiculty [8]. Our study supports 
this ϐinding, and most samples were taken with a low level 
of difϐiculty. The only adverse event signiϐicantly different 
between the study groups was bruising, which occurred 
exclusively in the subcutaneous group and is li kely explained 
by the vascularity of the subcutaneous layer as well as the 
vasodilatory effects of lignocaine [23]. This again supports the 
intradermal route as being a superior method of lignocaine 
inϐiltration.

In this study, the primary investigator carried out all the 
LA, and placebo inϐiltrations as well as the ABG sampling 
for the 135 participants. This eliminated variable operator 
experience between the groups and is a strength of this study. 
The primary investigator was an experienced oxygen clinic 
nurse specialist and the signiϐicant pain reduction provided by 
LA use in this study should dispel the myth that ABG sampling 
performed by experienced personnel does not require LA 

[24]. It is worthwhile pointing out that given this study was 
conducted in an outpatient oxygen clinic setting, the results are 

less applicable to emergency settings where variable operator 
experience and the pressure of time are signiϐicant factors 
to consider. Nevertheless, multiple other studies conducted 
in emergency settings have validated the effectiveness of LA 
before ABG sampling [10,13,14].

Other potential confounders that may inϐluence pain 
perception in this study include gender and pain scores for 
previous ABG experience but neither of these factors were 
signiϐicantly different between the study groups [25]. Our 
study population had a substantial proportion of Māori and 
Paciϐic patients given the New Zealand context and more 
Māori participants were in the intradermal group relative to 
the other groups. Although we cannot exclude a difference 
in pain perception between Māori and other ethnic groups, 
this is not supported by the ϐinding of reduced pain in the 
subcutaneous group compared to the placebo group, which 
had a higher proportion of Māori than the subcutaneous group 

[26]. Weight and wrist circumference were also likely higher 
in our study population due to the prevalence of obesity in 
the Counties Manukau district [27]. However, our statistical 
analysis adjusted for these factors as well as for ethnicity.

Various other methods of LA have proven to be effective 
before ABG sampling in other studies, notably ethyl chloride 
and lignocaine sprays [13,14]. Both are non-invasive compared 
to lignocaine inϐiltration but are also more costly. On the other 
hand, topical anesthetic creams have been well-established to 
be ineffective in reducing pain associated with ABG sampling 

[9-12]. In the study by Pagnucci et al. cryoanalgesia using a 
bag of ice applied over the ABG sampling site for 3 minutes has 
so far been the most cost-effective way of providing LA albeit 
overall slightly less effective than mepivacaine inϐiltration 

[10]. Future studies comparing all these LA methods with 
intradermal lignocaine inϐiltration and their individual cost-
effectiveness will be informative.

Conclusion
LA administration before ABG sampling remains the best 

practice for pain reduction and should be the standard of care. 
The intradermal route of lignocaine inϐiltration is effective and 
associated with fewer adverse events than the subcutaneous 
route.
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