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Minimizing pain is an import-
ant component of any procedure. 
When poorly controlled, procedural 
pain can be an important source 
of patient dissatisfaction.1 While 
intravenous sedation decreases 
patient pain and anxiety, adminis-
tering a local anesthetic is critical 
to generate as little pain as possible. 
While they are excellent at decreas-
ing pain, local anesthetics can cause 
pain when infused. Patients are often 
cautioned about the “stick and burn” 
that accompanies injection. Howev-
er, when the injection is performed 
properly, pain can be limited to the 
initial needlestick and followed by 
an otherwise pain-free procedure.2,3 
With the number of cases performed 
in an average interventional radiol-
ogy (IR) practice daily, there are 
many opportunities to refine local 
anesthetic technique and improve 
patient satisfaction.

Mechanism of Pain
Nociceptors are free nerve end-

ings that originate from peripheral 
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nerves and are sensitive to nox-
ious mechanical, temperature, or 
chemical insults.2,4,5 There are two 
types of nociceptive axons, A-delta 
fibers and C-fibers.2,4,5 A-delta fibers 
are myelinated fibers responsible 
for communicating sharp, transient 
pain. C-fibers are unmyelinated 
and communicate dull pain. When 
exposed to inflammatory signal-
ing molecules, the depolarization 
threshold of peripheral nociceptors 
is lowered. Pain signals are carried 
to the dorsal horn of the spinal cord 
and ascend centrally through the 
spinothalamic and spinoreticulotha-
lamic tracts. The spinothalamic tract 
communicates sharp pain, and the 
spinoreticulothalamic tract commu-
nicates dull, poorly localized pain.

Pain from local anesthetic injec-
tion comes from two sources.2 The 
first is mechanical trauma from 
needle insertion, which is carried 
by A-delta fibers. The second is 
from infiltration, which distends the 
affected tissues and exposes noci-
ceptors to the acidic solution. This 
component is carried by C-fibers.

Lidocaine
Lidocaine is near ubiquitous in 

surgical and interventional suites, 
owing to its excellent safety profile.6 
This paper will focus on the use of 
lidocaine, although the principles 
translate to other local anesthetics. 

When injected, lidocaine diffus-
es through the cell membrane and 
blocks the voltage-gated sodium 
channels in peripheral nociceptors.1,2 
Onset of analgesia is usually under 
one minute and can last 2-5 hours.6,7,8 
In adults, the maximum dose of 
lidocaine is 4 mg/kg (total dose no 
greater than 350 mg) and 7 mg/kg 
(total dose no greater than 500 mg) 
when combined with epinephrine.6,7 
In children, the maximum dose of 
lidocaine is 2 mg/kg (total dose no 
greater than 150 mg) and 4.5 mg/kg 
(total dose no greater than 150 mg) 
when combined with epinephrine.6

Procedural Preparation

Buffering with Sodium 
Bicarbonate

The physiologic pH of the body is 
slightly alkaline, ranging between 
7.35 and 7.45. In contrast, lidocaine 
has a pH of 6.09 in the 1% formu-
lation and 6.00 in the 2% formula-
tion.9 With the addition of 1:100,000 
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epinephrine, which will be discussed 
elsewhere, the pH drops to 4.2, 
which is about 1000 times more acid-
ic than physiologic pH.9 The acidic 
nature of lidocaine is theorized to 
be one source of pain with local 
anesthesia.9 This can be addressed 
by buffering lidocaine with sodium 
bicarbonate to achieve a neutral pH. 
At a physiologic pH, more molecules 
of lidocaine diffuse through noci-
ceptive cell membranes resulting 
in a faster onset of action.10 Several 
double-blind, randomized controlled 
studies (RCT) have confirmed a sta-
tistically significant decrease in pain 
when buffered lidocaine is used.11,12

The most widely reported buffering 
technique is the addition of 1 mL of 
8.4% sodium bicarbonate to 10 mL of 
1% lidocaine with 1:100,000 epineph-
rine.9 The resulting 1:10 mixture has 
a pH of 7.4. This cocktail is stable at 
room temperature for at least one 
week and has no risk of precipitation.9 
The concentration of epinephrine can 
be expected to fall by 25% per week, 
although this can be obviated by cre-
ating the mixture at the beginning of 
the day or prior to every case.2

Addition of Epinephrine
Lidocaine most commonly comes 

in 1% and 2% formulations, which 
can be modified with the addition of 
epinephrine. Classically, lidocaine 
with epinephrine is used to reduce 
procedural bleeding. Vasoconstric-
tion from the added epinephrine 
is short lived but has the benefit of 
blanching the skin, which can help 
identify areas that have already been 
anesthetized. In addition, vasocon-
striction reduces blood flow to the 
treatment zone, increasing local drug 
concentration.2 Epinephrine also 
results in faster onset of pain relief 
and increases the duration of relief 
up to 10 hours.13

Warming to Body Temperature

The solubility of lidocaine 
increases with rising temperature.14 
Like buffering with bicarbonate, 
more lidocaine diffusing across 
nociceptive cell membranes results 
in a faster onset of action.15,16 
Lidocaine can be warmed to 70o C 
without affecting its efficacy.15 A 
2017 RCT showed a statistically 
significant decrease in pain with 

warming.17 Pain relief with warming 
is independent of the pain relief 
from buffering to a neutral pH.16 In 
addition, buffering and warming 
have a synergistic effect, and 
provide the greatest relief when 
combined.18,19 Finally, warming 
lidocaine has no detrimental effect 
on the duration of analgesia.16

Use of Finer Needles

Higher-gauge needles require 
less force to pierce the skin, contact 
fewer nociceptors, and slow the 
speed of injection. Several studies 
have investigated the use of higher 
gauge needles (23 to 32 gauge) and 
found a linear decrease in pain 
with increasing needle gauge.20-23 
As a result, 27–32-gauge needles 
are recommended.

Maintaining needle sharpness is 
also important for pain control. A 
blunt needle requires more force to 
pierce the skin, increases friction 
as the needle passes through tissue, 
and generates more pain.21 Needle 
sharpness can be maintained by 
minimizing the number of needle 
insertions, exchanging blunted 

Figure 1. Needle insertion for local anesthesia. On the left, proper technique is shown with the needle being inserted perpendicular to 
the skin surface. On the right, suboptimal technique is demonstrated. Insertion at a shallower angle results in transgression of more 
nerve fibers, leading to more pain with insertion.
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needles for new ones, and using 
separate needles for drawing up and 
injecting lidocaine.21,24

Patient Preparation

Skin Preparation

Applying a eutectic mixture of 
local anesthetics (EMLA) cream 
can help reduce the pain of the 
needle transgressing the skin. The 
most common EMLA cream is a 
topical oil and water emulsion of 
2.5% prilocaine and 2.5% lido-
caine. Several studies have shown 
a statistically significant decrease 
in pain when the skin is pretreat-
ed with a topical anesthetic.2,25 
The primary limitations of EMLA 
cream are the time to maximum 
effect and the depth of penetra-
tion. EMLA requires at least 60 
minutes to anesthetize to a depth 
of 3 mm and up to 120 minutes to a 
depth > 5 mm.25,26

An alternative to EMLA cream is 
cooling the skin,27 usually with an 
ice pack. This technique originated 
in dentistry, as topical anesthetics 
cannot be used on mucosal sur-
faces. Cooling is less efficacious 
than topical anesthetics but has a 
faster onset of action and is more 
cost-effective.27

Management of Expectations  
and Distraction

Anxiety plays a prominent role in 
pain perception, and many patients 
experience anxiety prior to proce-
dures.28,29 Speaking with patients 
and establishing a level of trust 
can set the tone for the remainder 
of the encounter. Distraction can 
also help decrease pain. Engag-
ing the patient in conversation; 
asking them to perform a task and/
or slowly exhale during injection; 
nurse coaching; and hypnosis can 
all decrease pain.30 Finally, asking 
the patient to look away from the in-
jection has been shown to decrease 
pain perception.31

Figure 2. Proper technique for anesthetizing the parietal pleura (R, rib in cross section; 
P, parietal pleura). Note that local anesthetic should be infiltrated along the entire 
needle course, including the densely innervated parietal pleura. Similar technique is 
used to anesthetize the peritoneum for a paracentesis.

Figure 3. Proper technique for anesthetizing bone. The periosteum (P) is densely 
innervated and can generate pain if not included in the local anesthetic field.
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Injection Technique

Gate Theory

When a nociceptor is activated, 
the pain signal is transmitted to 
first-order neurons at the synapse. 
When pain is the only signal trans-
mitted, the strength of the signal is 
maximized. However, when nearby 
non-pain-signaling axons are also 
activated, transmission of the pain 
signal at the synapse is decreased.32 
In simple terms, there is a limit to 
the amount of pain that can be com-
municated at the synapse, and this 
can be diluted by additional stim-
uli. In practice, application of light 
touch, pressure, or vibration near 
the site of injection can decrease 
pain.33,34 An additional technique is 
to spray a small amount of lidocaine 
on the skin immediately prior to nee-
dle insertion. This simple technique 
has shown a statistically significant 
decrease in pain.35

Needle Insertion

When the needle enters the skin, 
it directly stimulates nociceptors, 
which transmit sharp pain through 
A-delta fibers. The needle should 
be quickly inserted into the skin 
perpendicular to the skin surface 
(Figure 1). Theoretically, this mini-
mizes direct contact with nocicep-
tors. This technique has been shown 
to decrease pain when compared to 
inserting the needle at a 45-degree 
angle.36 Once inserted, care should 
be taken to keep the needle as still 
as possible, which will also decrease 
pain.37 The number of needle sticks 
should also be minimized.

Site and Rate of Injection

Once the needle is inserted, lido-
caine should be injected subcuta-
neously rather than intradermally. 
Subcutaneous injection generates 
less pain than intradermal injection 
while achieving the same analgesic 

effect.2 A deeper injection also treats 
the nerve roots supplying the dermis, 
making intradermal injection unnec-
essary.2 When a wider region must 
be anesthetized, lidocaine should be 
injected while advancing the needle 
to anesthetize nociceptors prior to 
needle traversal.

The rate of injection is also critical 
in decreasing pain.2,3 Several studies 
have demonstrated less pain with 
slower versus faster injections.38,39 
Determining how slowly to inject, 
however, is difficult. The two studies 
cited judged a slow injection as one 
ranging between 2 and 4mL/min 
and a fast injection ranging between 
7.5 and 12 mL/min. In the authors’ 
experience, an injection rate of 2-4 
mL/min is usually sufficient.

Physician Attention and Care

Finally, as lidocaine is infused, 
the physician should closely watch 
the patient for signs of pain, paying 
special attention to the face. Subtle 
signs such as wincing, pursing of 
the lips, and clenching the jaw can 
give immediate feedback that pain is 
being generated. With time, practice, 
and close attention to the patient, 
physicians can refine their technique 
and approach mastery of injection.

Anesthetic Use in 
Interventional Radiology

Local anesthesia is used in almost 
every procedure in IR, and these 
preparation and techniques are suf-
ficient in many cases. However, they 
may be modified in certain situations 
to attain the best results. The most 
important of these circumstances are 
any interventions that transgress the 
pleura, peritoneum, or periosteum, 
and those that traverse a solid organ.

The parietal pleura and peritone-
um are well-innervated and trans-
gression with a needle will result in 
sharp, well-localized pain. Special 
care should be taken to anesthetize 
these layers, otherwise the patient 
will still feel sharp pain as the 

Figure 4. Proper technique for anesthetizing the patient for a nephrostomy tube (blue) 
exchange but can be generalized to any tube exchange. The entirety of the drain tract 
should be anesthetized to minimize pain during the exchange.
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needle passes through (Figure 2). On 
ultrasound, the pleural or peritoneal 
linings appear as a thin, echogenic 
layer. When lidocaine is infused 
liberally in and around the lining, 
the echogenic line will disappear. 
The anesthetized area can then be 
transgressed by the relevant device 
without discomfort.

The periosteum is another 
well-innervated structure that can 
result in sharp, well-localized pain if 
not properly anesthetized (Figure 3). 
Infusing lidocaine into the subcutane-
ous tissues is not sufficient, and the 
patient will still experience pain when 
the needle pierces the  periosteum. 
Special care should be taken when 
performing biopsies or any other 
bony intervention to infuse lidocaine 
within and over the periosteum. 

The liver, spleen, and kidneys 
are frequently involved in vascular 
and extravascular interventions. A 
2019 randomized controlled study 
showed that subcostal approaches to 
hepatic interventions are less painful 
than intercostal approaches.40 When 
placing or exchanging a catheter 
involving the liver or kidneys, the 
entirety of the tract should be anes-
thetized, not just the subcutaneous 
tissues (Figure 4).

Conclusion
Inadequate pain control is an 

important source of patient dissat-
isfaction. However, using proper 
technique to administer local anes-
thesia can measurably reduce pain. 
Each patient represents an oppor-
tunity to improve and refine these 
techniques. With time and close 
attention to each patient, physicians 
may approach the goal of a nearly 
pain-free procedure.
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