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Abstract Objective This article assesses the effectiveness of a standardized local anesthetic
(LA) technique designed to minimize the pain of local anesthesia administration in
interventional radiology (IR).
Materials and Methods A prospective study compared participants’ experience in a
control group (n¼63) of random LA administration techniques to a separate experi-
mental group (n¼60) with a standardized technique based on known methods to
minimize the pain of LA. Participants in each group were surveyed after LA administra-
tion to assess perceived pain and number of times a painful stick was felt. Participants
were also asked to compare LA pain to prior experiences with LA, and to compare the
overall pain experienced during the procedure to expected pain.
Statistical Analysis Ordinal variable distribution analyses were performed using the
Wilcoxon rank sum test. Categorical variable analyses were performed with the
Pearson’s global exact chi-square test.
Results Pain of LA (mean 1.1 vs. 3.3 on a 0–10 scale, p< 0.001), number of times a
painful stick was felt (mean 0.8 vs. 1.9 times, p<0.001), and overall pain during the
procedure (mean 1.5 vs. 3.4 on 0–10 scale, p< 0.001) were significantly less using the
standardized versus random techniques. Compared with prior experiences of LA, pain
using the standardized technique was less in 77.6%, the same in 22.4%, and more in 0%
of patients while pain using the random techniquewas less in 46.4%, the same in 39.3%,
and more in 14.3% of patients (p< 0.05).
Conclusion Severity and frequency of pain from LA administration in IR procedures is
minimized using a standardized anesthetic portal technique. This technique may also
decrease overall pain experienced during IR procedures as well.
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Introduction

Administration of local anesthesia occurs nearly ubiquitous-
ly during procedures performed in interventional radiology
(IR). A multitude of studies illustrate specific technical and
pharmacologic details on minimizing the pain of local anes-
thesia, yet these details have not permeated into IR clinical
practice. Paradoxically, administration of local anesthesia
remains the most painful part of many minimally invasive
procedures.1,2 While the pain caused by local anesthesia
administration is often a temporary discomfort, it is easily
reduced if the correct techniques are employed.3

Many surgical specialties have shifted to outpatient-
based, minimally invasive procedures using only local anes-
thesia which then demands mastery of techniques to in-
crease anesthetic effect andmake the administration of local
anesthesia tolerable to patients. Moreover, as the case com-
plexity increases in the field of IR, so does the potential for
pain experienced during procedures. There is a need for
interventional radiologists to perfect techniques tominimize
the pain associated with local anesthesia.

The purpose of this study was to develop a standardized
technique to minimize the pain of local anesthesia adminis-
tration in IR procedures and compare it to patient percep-
tions of pain with a less-structured approach to local
anesthetic (LA). We hypothesized that patients will experi-
ence significantly less pain from local anesthesia adminis-
tration, the primary outcome, when using the standardized
technique compared to the less-structured approach.

Materials and Methods

We performed this study as a single-center prospective trial
with equal allocation ratios between the experimental and
control group. The trial was approved by the local Institu-
tional Review Board. We recruited patients between
March 2018 and January 2019 in the IR preprocedure area.
All participants gave verbal consent after the trial was
explained by a trained study volunteer prior to the proce-
dure. All participants were eligible for the study if they were
over the age of 18, were English-speaking, were not pregnant
or imprisoned, and the procedure required LA.

Subjects in the control group underwent procedures with
local anesthesia administration performed by five different
physicians at our institution who were blinded to the nature
of the study beyond the survey questions that were asked to
the subjects. There is currently no standardized technique
implemented at our institution and there are technical
variances between providers. Trained observers monitored
local anesthesia administration techniques of the control
arm to account for providers who may have integrated
intervention arm techniques by nature of their own practice.
Observers then qualified the overlap and differences in
technique variables between the control and intervention
arms.

Once all control group data was complete, one of two
physicians (distinct from the physicians in the control group)
performed the standardized technique for LA administration

in the intervention arm.We synthesized individual technical
and pharmacologic techniques to reduce pain of local anes-
thesia found in the literature into a single, standardized
technique that included using warmed (37°C) 1% lidocaine
with 1:100,000 epinephrine, using a 30-gauge needle, mark-
ing the site prior to initiating LA to define the portal,
informing participants of local anesthesia prior to adminis-
tration, tactile distraction by pressing on the injection site
with a fingertip or needle cap, inserting the needle perpen-
dicular to the skin surface with a subdermal injection, and
injecting an initial amount of 2.5mL at a slow rate (more than
15 seconds) to create the anesthetic portal (►Fig. 1). After
creating the anesthetized portal, the proceduralist could
proceed with the procedure as planned, including adminis-
tering additional local anesthesia with a larger needle (e.g.,
subcutaneous tract anesthesia for tunneled catheter place-
ment), making a skin nick, or navigating a needle under
ultrasound guidance (e.g., deeper anesthesia administration
to the peritoneum for paracentesis or insertion for vascular
access). If additional local anesthesia was needed, the

Fig. 1 A standardized technique for the creation of the anesthetic
portal.
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anesthetic portal was used for the entry site of the needle
through which additional local anesthesia was delivered. If
the anesthetic area was enlarged, for example, with the
planned incision site for a port placement, the needle was
advanced by leading with at least 1 cm of subdermal LA. The
trained observers surveyed all study participants immedi-
ately after local anesthesia administration and after the
completion of the participant’s procedure (►Table 1).

The primary outcomemeasured was pain associated with
the local anesthesia administration (visual analog scale [VAS]
0–10). Secondary outcomes measured included the number
of times pain was felt from local anesthesia administration
(0, 1, 2, 3, 4, or 4þ times), pain associated with the overall
procedure (VAS 0–10), pain experienced versus pain
expected (less, same, or more) during the entire procedure,
and comparison to pain associated with local anesthesia in
prior experiences both in general and specifically during
radiology procedures (less, same, or more), if applicable.

We abstracted additional variables from the electronic
medical record based on their plausible association with

pain and our outcomes of interest. These included age at
procedure, sex, ethnicity as identified by the participant,
procedure performed, and anatomic region of the proce-
dure. In order to characterize the association between the
methods of LA administration, we limited our analysis to
immediately after the LA and at the termination of the
procedure.

Ordinal variable distribution analyses were performed
using the Wilcoxon rank sum test. Categorical variable
analyses were performed with the Pearson’s global exact
chi-square test. Sample size was determined by the number
of trained study volunteers and by the availability of the two
physicians who performed the standardized technique.

Results

Therewere 123 patientswho participated in the study. Of the
participants, 67 (54.5%) were male, 107 (87%) were white,
and mean age at procedure was 56 years (�17) (►Table 2).
Each group consisted of an assortment of cases, with the

Table 1 Standardized survey questions

Question Answer (circle one)

How many times did you feel pain from the local anesthesia? 0, 1, 2, 3, 4, or> 4 times

How would you rate the pain of the local anesthesia? (visual analog scale) 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10

How would you rate the pain of the overall procedure? (visual analog scale) 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10

How would you compare the pain of the local anesthesia with other times receiving
local anesthesia?
The pain you experienced during this procedure was:

More painful
Same painfulness
Less painful
N/A

How would you compare the pain of the local anesthesia during this procedure to the
pain of local anesthesia during other procedures you’ve had in radiology, specifically?
The pain you experienced during this procedure was:

More painful
Same painfulness
Less painful
N/A

Howwould you compare the pain you actually experienced during this procedure to the
pain you expected during this procedure?
The pain you experienced during this procedure was:

More painful
Same painfulness
Less painful
N/A

Abbreviation: N/A, nonapplicable.

Table 2 Characteristics of study population

Variable All
N¼123

Control group
N¼ 63

Experimental group
N¼ 60

Age, y, mean� SD 56�17 55 (16) 57(18)

Sex: male, n (%) 67 (54.5) 35 (56) 32 (53)

Race: white, n (%) 107 (87) 52 (83) 55 (92)

Ethnicity, n (%)a

Caucasian 107 (87) 52 (83) 55 (92)

African American 13 (10.6) 10 (16) 3 (5)

Hispanic/Latino 3 (2.4) 1 (2) 2 (3)

Declined 0 0 0

Abbreviation: SD, standard deviation.
aEthnicity was recorded as the ethnicity self-identified by participants.
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majority of cases being performed at upper extremity or
neck access sites in both cohorts (►Table 3).

In the control group, 36 participants (57.1%) received pain
medication (any pain medication including acetaminophen,
nonsteroidal anti-inflammatory, opiates, etc.) in the 24hours
prior to the procedure compared to 17 participants (28.3%) in
the experimental group (p<0.01). The majority of partic-
ipants in the control group underwent procedures with
conscious sedation (45 patients, 71.5%), while half of the
participants (30 patients, 50%) in the experimental group
received conscious sedation (p¼0.02). Total procedure time
was significantly longer in the control group (mean 65.7
[standard deviation [SD] 52.7]minutes) than the experimen-
tal group (mean 38.9 [SD 26.3] minutes) (p¼0.001)
(►Table 3). There were no documented complications relat-
ed to the LA administration in either group.

No instance of LA administration in the control group
utilized every aspect of the standardized technique
(►Table 4). The most utilized aspect of the standardized
technique employed in the control group was informing

participants of local anesthesia prior to administration (59
participants, 93.4%) and the least utilized aspects were
warmed LA solution (0 participants, 0%) and tactile distrac-
tion (0 participants, 0%).

The primary outcome, pain rating of local anesthesia ad-
ministration, was significantly lower in the experimental
group (mean 1.1 out of 10 on VAS, SD 1.2, minimum 0 and
maximum 4) compared to the control group (mean 3.3 out of
10 on VAS, SD 2.4, minimum 0 and maximum 9) (p<0.001).
The experimental group also reported a significantly lower
overall pain rating of the entire procedure (mean 1.5 out of 10
on VAS, SD 1.2, minimum0 andmaximum6) compared to the
control group (mean 3.4 out of 10 on VAS, SD 2.4, minimum 0
and maximum 10) (p<0.001). The experimental group
reported decreased number of times pain was felt from local
anesthesiawhen compared to the control arm.Over 70% of the
experimental group also reported less pain than they antici-
pated during the entire procedure and less pain during LA
administration when compared to local anesthesia from an-
other time in their life. No participants in the experimental

Table 3 Comparison of procedures performed

Procedure All
N¼123 (%)

Control group
N¼ 63 (%)

Experimental group
N¼60 (%)

p-Valuea

Arteriogram, abdominal 12 (10) 11 (17) 1 (2) N/A

Biliary tube check, change 2 (1) 1 (2) 1 (2) N/A

Fistulogram 10 (8) 8 (13) 2 (3) N/A

IVC filter removal 4 (3) 2 (3) 2 (3) N/A

Midline placement 3 (2) 1 (2) 2 (3) N/A

Nephrostomy tube change 3 (2) 1 (2) 2 (3) N/A

Non-tunneled central venous line 2 (1) 2 (3) 0 (0) N/A

Percutaneous nephrostomy tube placement 1 (0.8) 1 (2) 0 (0) N/A

PICC placement 42 (34) 17 (30) 25 (42) N/A

PICC rewire 2 (1) 0 (0) 2 (3) N/A

Central venous port placement 23 (19) 10 (16) 13 (22) N/A

Central venous port removal 6 (5) 1 (2) 5 (8) N/A

Transjugular liver biopsy 4 (3) 4 (6) 0 (0) N/A

Tunneled central line 7 (6) 2 (3) 5 (8) N/A

Tunneled line exchange 1 (0.8) 1 (2) 0 (0) N/A

Tunneled line removal 1 (0.8) 0 (0) 1 (2) N/A

Venogram, pelvis 1 (0.8) 1 (2) 0 (0) N/A

Femoral 13 (57) 12 (19) 1 (2) N/A

Flank, trunk 14 (11) 5 (8) 9 (20) N/A

Jugular 41 (33) 21 (33) 20 (33) N/A

Upper extremity 56 (46) 26 (41) 30 (50) N/A

Pain medication within 24 hours
prior to procedure

53 (43) 36 (57.1) 27 (42.9) < 0.01

Sedation during procedure 75 (70) 45 (71.5) 30 (50) 0.02

Mean procedure time, min [SD],
(minimum, maximum min)

52.3 [39.5],
(14, 301)

65.7 [52.7],
(14, 301)

38.9 [26.3],
(15, 100)

0.001

Abbreviations: IVC, inferior vena cava; N/A, nonapplicable; PICC, peripherally inserted central catheter; SD, standard deviation.
aWilcoxon rank sum test used to calculate p-values.
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group reportedmore painwhen compared to local anesthesia
from another time in their life. In the control group, 8 partic-
ipants (14.3%) reportedmore pain compared to local anesthe-
sia from other life experiences (►Table 5).

Discussion

Lalonde and colleagues describe most technical aspects of our
standardized technique as the “Hole in One Technique”—tar-

geted for use in superficial plastic surgery.1 Our standardized
technique tailors the “Hole in One Technique” to minimally
invasive image-guided procedures with a focus on creating
an anesthetic portal. This technique can be applied to nearly
every procedure in IR, from venous and arterial access
to paracentesis, by creating a small regional cutaneous
nerve block through which a procedure may be carried
out or additional deeper or lateral anesthetic may be
administered.

Table 4 Elements of standardized local anesthetic administration performed in the control group

Technique Number of times performed, (%)

Inform subject of injection 59 (93)

Remove ultrasound probe prior to injection 25 (40)

Mark skin at planned injection site 22 (35)

Inject perpendicular to skin surface 17 (27)

Two hands for injection 16 (26)

30 ga needle (vs. 25 ga needle) 13 (21)

Distract subject (verbal) 5 (8)

Pause and assess subject pain after 0.5mL initial injection 3 (5)

1% lidocaine with 1:100,000 epinephrine 1 (2)

Distract subject (tactile) 0 (0)

Warmed local anesthetic 0 (0)

Employ all elements of standardized injection technique 0 (0)

Table 5 Summary of survey results

Survey question Control group Experimental group p-Valuea

Mean, SD
(min, max score)

Number of times pain was felt from the local anesthesia 2� 1
(0, 5)

1�1
(0, 3)

< 0.001

Pain rating of local anesthesia injection (VAS) 3� 2
(0, 9)

1�1
(0, 4)

< 0.001

Pain rating of overall procedure 3� 2
(0.10)

2�1
(0, 6)

< 0.001

N (%)

Comparison of expected pain
during procedure to pain
experienced

More painful 8 (13) 1 (2) 0.05

Same as expected 12 (19) 9 (15)

Less painful 43 (68) 50 (83)

Comparison of pain of local
anesthesia to other times
receiving local anesthesia

More painful 8 (14) 0 (0) < 0.001

Same pain 22 (39) 13 (22)

Less painful 26 (46) 45 (78)

N/A 7 (11) 2 (3)

Comparison of pain of local
anesthesia during procedure to
pain of local anesthesia during
other radiology procedures

More painful 4 (10) 0 (0) 0.04

Same pain 16 (38) 12 (27)

Less painful 22 (52) 32 (73)

N/A 21 (33) 16 (27)

Abbreviations: N/A, nonapplicable; SD, standard deviation; VAS, visual analog scale.
aWilcoxon rank sum test used to calculate p-values.

The Arab Journal of Interventional Radiology Vol. 8 No. 1/2024 © 2024. The Author(s).

Minimizing Pain of Local Anesthesia in IR Suttle et al.40



Skin is a richly innervated organ comprised of two basic
layers, the superficial epidermis and the deeper dermis. The
nociceptor-free nerve endings are located in the epidermis,
which coalesce deeper in the dermis and subcutaneous
tissues.4 The free nerve endings are in general oriented
parallel to one another and perpendicular to the skin surface.
Once a threshold number of nociceptors are activated, an
action potential and an efferent signal is sent to the brain
generating the sensation of pain.5 For an action potential to
be propagated, sodium must enter the neuron’s axon at the
node of Ranvier. LAs reversibly block these sodium channels
at an intracellular location. Thus, LAs must traverse the
axon’s cell membrane in a nonionized form, reequilibrate
with the ionized form once within the axon, and then bind
and block the sodium channel.3,6

Older LA administration techniques still prevail as dogma.
The most durable of these is creating a “skin wheal” upon
initial injection, which constitutes inserting the needle at a
shallow angle relative to the skin surface and infiltrating LA
into the epidermis to create a raised bump with an “orange
peel appearance.” Someuse this technique just tomark the LA,
but a skin marker appears to be a much less painful way to
identify the LA portal. Thus, we argue that a less painful and
more effective technique is perpendicular injection into the
subdermis to avoid stretching the epidermis nociceptors and
injecting at 90degrees to the skin surface versus 45degrees,
which significantly reduces pain5,7,8 and requires less force.8

Once the needle is in the subdermal location, a slow injection
rate decreases the rate of pain.1,7,9,10 Smaller needle diameter
also results in less pain by minimizing the traumatization of
direct encounters with nerve fibers upon entering the skin.1,5

Use of one hand to administer LA is also a typical practice.
The three holed “control syringes” for local administration
allow for the ability to aspirate or inject with a single hand;
however, they are designed with the needle positioned
farthest from the operator’s hand. This can magnify small
hand movements, which translate to wobbling and oscilla-
tion of the needle that may irritate nerve fibers near the
needle tip. Our protocol called for holding the syringe with
two hands to eliminate the oscillating motion and allow for
fine depth control.

Another common teaching is avoiding epinephrine in
local anesthesia solution. The myth was the result of direct
epidermal injection of anesthetic, which historically was
laced with substances such as cocaine11; numerous sources
have since disproven this lore.2,12–15 Instead, addition of
epinephrine to LA solution results in vascular smoothmuscle
contraction, prolonging the presence of local anesthesia
before being resorbed into systemic circulation. Further-
more, epinephrine nearly doubles the duration of action of
lidocaine (60–240 vs. 30–60minuteswith lidocaine alone),16

and reduces the risk of LA toxicity, allowing for higher
maximum doses.1,3,11,16,17 These authors strongly encour-
age use of LAs with epinephrine, particularly when there is
high riskof bleeding from the puncture or incisional site (e.g.,
tunneled lines, ports, coagulopathy, etc.).

Similar to warming iodinated contrast for intravascular
injection, warming LAs to body temperature reduces the

pain of injection.1,18,19 It is theorized that increased temper-
ature of LA solution predisposes the solution to the un-
charged state which allows the anesthetic to cross the cell
membranemore easily.19While shelf lifehas not shown to be
affected by warming,18 our practice is placing the LA in the
department’s stand-alone contrast warmer (set to 37°C)
during room preparation for a procedure, then drawing up
the solution after the procedural “time out” just prior to
administration.

Tactile distraction involves intentionally causing a mildly
noxiousstimulusnear thesiteof forthcomingpain to “close the
nerve gate” and reduce perceived pain. The Gate Control
Theory involves complex interplay at the spinal level of
nociceptor relay and is the basis behind scratching to cause
local pain which decreases the sensation of itching.1,20,21 In
our study, pressing the operator’s fingernail or the back of a
needle cap at the planned LA injection site just prior to
injectionwas used. Tapping, pinching, vibrating, or stretching
the skin are other described techniques of tactile distraction.1

An unexpected finding of this study was that therewas an
association between participants experiencing less pain
from local anesthesia and less pain during the overall proce-
dure. This finding suggests that either LA administration is
the most painful part of most procedures in IR, or that more
pain caused from local anesthesia, typically performed at the
beginning of procedures, predisposes patients to expect and
experience more overall pain. Overall reduction in pain
during procedures in IR implies less need for analgesia,
specifically opioids, as part ofmoderate sedation. Decreasing
use of opioids related to pain from IR procedures due to
minimizing pain from local anesthesia could be examined in
future iterations of this study.

There are several limitations inherent to this study. We
would have liked to use buffered (sodium bicarbonate, 8.4%,
1:10) LA as part of our standardized protocol as buffering is
one of the most widely known and studied methods to
reduce the painful sting of acidic lidocaine,3,6,9,17,18,22–24

but this was unavailable for use during our study due to a
national pharmacy shortage. This limitation could be
addressed in future iterations of this study.

Another limitation was the heterogeneity between the
experimental and control group. More participants in the
control group received pain medications within 24hours
prior to the procedure, received sedation during the proce-
dure, and had a longer procedure duration. The sedation
given during the procedure and the longer procedure times
in the control group could have affected their response to
pain felt during the overall procedure but would not affect
their pain levels during LA administration. Additionally,
despite having been less likely to receive pain medications
before the procedure, the experimental group still experi-
enced less pain during their LA administration. Therefore,
while creating a more homogenous sample through stan-
dardized eligibility criteria may be beneficial to further
support the decreased pain rating of the overall procedure
using the standardized technique, the effect of decreased
pain felt during LA administration shows that this standard-
ized method would be beneficial in IR clinical care.
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Conclusion

Severity and frequency of pain from LA administration in IR
procedures is minimized using a standardized anesthetic
portal technique which synthesizes many individual pharma-
cological and technical aspects of local anesthesia administra-
tion that are known to reduce pain. This technique may also
decreaseoverall painexperiencedduring IRproceduresaswell.
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