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Abstract
Purpose of Review Intercostal nerve blocks are indicated for multiple chronic pain and acute pain conditions including rib
fractures, herpes zoster, post-thoracotomy pain syndrome, and intercostal neuralgia. Intercostal neuralgia is a type of neuropathic
pain that is in the distribution of intercostal nerves. The purpose of this review is to evaluate the different techniques used to
perform intercostal nerve blocks and review their efficacy and safety including blind technique using anatomical landmarks, and
fluoroscopically guided and ultrasound-guided intercostal nerve blocks.
Recent Findings Literature search was performed with the keywords including intercostal neuralgia, treatment, intercostal nerve
blocks, and radiofrequency ablation on PubMed and Google Scholar. Three studies and one case report were identified. Literature
review revealed that ultrasound-guided techniques and fluoroscopically guided techniques are superior to landmark-based
technique in terms of efficacy. There was no difference in efficacy and complication rates between ultrasound and fluoroscopic
guidance.
Summary Ultrasound-guided techniques and fluoroscopically guided techniques can both be performed safely and effectively
for various chronic pain conditions. Ultrasound guidance has its advantages of direct visualization of nerves, vessels, muscles,
and the lung. It is potentially a superior technique in terms of improving accuracy and decreasing complications. Further large
population randomized control studies should be conducted to compare the efficacy of intercostal nerve blocks performed under
ultrasound and fluoroscopy.
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Introduction

Intercostal nerve blocks can be used to treat a various number
of conditions that include acute and chronic pain conditions
including intercostal neuralgia, Tietze’s syndrome, post-
thoracotomy pain syndrome, acute herpes zoster, intercostal
neuromas, malignancy, and post-mastectomy syndrome
[1–3]. Intercostal neuralgia is a painful neuropathic condition
that is in the distribution of the intercostal nerves [4].

For chronic pain conditions, intercostal nerve blocks are
typically performed for diagnostic and therapeutic purposes
[5]. If source of the pain is confirmed related to the intercostal
nerve, radiofrequency ablation of intercostal nerves can be

performed for long-term pain control [6]. Intercostal nerve
blocks have also been used to treat cancer pain, such as liver
metastatic lesions [7].

These blocks can be used in the acute pain setting and as
part of the anesthetic for management of thoracic surgery,
breast surgery, and upper abdominal surgeries including ap-
pendectomy [8, 9]. Intercostal nerve blocks have been com-
bined with celiac plexus blocks, and light anesthesia can be
administered for surgical procedures including thoracotomy,
mastectomy, and cholecystectomy surgeries [10]. Patients
with multiple rib fractures are also candidates for intercostal
nerve blocks, paravertebral blocks, and epidural techniques
[11]. Intercostal nerve blocks can also be used for analgesia
prior to chest tube and nephrostomy tube insertion [10, 12].

Anatomy

Intercostal nerves are the ventral rami of the thoracic spinal
nerves from T1 to T11. The anterior division of the twelfth
thoracic nerve is referred to as the subcostal nerve as it enters
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the abdominal wall. There are 3 intercostal muscles which are
the external, internal, and innermost intercostal muscles [13].
The intercostal nerves enter the intercostal space in between
the posterior intercostal membrane and the parietal pleura, and
lie inferior to its associated rib between the innermost inter-
costal muscle and the internal intercostal muscle [2, 13]. The
intercostal nerve has four branches—the gray rami
communicantes, the posterior communicating branch, the lat-
eral cutaneous branch, and the anterior cutaneous branch [14].

The anterior and posterior intercostal arteries travel alongwith
the intercostal nerves. The intercostal vein is the most superior,
with the intercostal artery inferior to it and the intercostal nerve
more inferior to the artery [13, 14]. The anatomical position of
the intercostal vein, intercostal artery, and intercostal nerve are
arranged from superior to inferior position [4].

Complications

Complications of intercostal nerve blockade mostly are due to
the proximity of the nerve to the lung and intercostal vessels.
These include infection, bleeding leading to hemothorax, and
local anesthetic systemic toxicity (LAST). There is also a risk
of spinal blockade, and there have been multiple case reports
of inadvertent spinal blockade including direct intrathoracic
intercostal nerve blockade during lung resection surgery [15].
Inadvertent injection could also lead to subdural or epidural
injections. Due to the proximity of the intercostal nerves to the
lung, there is a risk of pneumothorax, which has been reported
to range from 0.073 to 19% [16]. A retrospective chart review
by [16] found that the incidence of pneumothorax per individ-
ual intercostal nerve blocked was 1.4% [16]. Also, due to the
proximity of intercostal vessels, there is an increased risk of
vascular uptake which can result in LAST [17]. The most
feared complication is paraplegia which has been described
in case reports after neurolysis of intercostal nerves with phe-
nol were performed under fluoroscopic guidance [18, 19].

Techniques

In recent years, more chronic pain procedures have been per-
formed under ultrasound guidance due to its ability to visual-
ize soft tissue structures, vessels, and nerves [20]. Intercostal
nerve blockade was first described in 1907 by Braun. In 1988,
the use of Doppler ultrasound for intercostal nerve blockade
was described [21]. The three techniques used for performing
intercostal nerve blocks are the landmark-based technique,
ultrasound-guided technique, and fluoroscopically guided
technique. For the landmark-based technique, the patient is
positioned either in the prone position with the arms hanging
off the table or in the lateral decubitus position; both positions
rotate the scapula upward and outward and allow for easier

palpation of the upper ribs [10]. The index finger of the left
hand pulls the skin which overlies the inferior border of the rib
up and over the rib, and the needle is introduced at that point
and advanced until it rests on the lower border of the rib [4].

Ultrasound-guided intercostal nerve block can be performed
with an in-plane technique with the tip of the needle positioned
between the internal and innermost intercostal muscles [2, 12].
The advantages of using ultrasound technique include visuali-
zation of vascular structures as well as real time visualization of
the pleura, and the use of low volumes of local anesthetics [2,
22]. The disadvantage of ultrasound-guided procedures is that
the procedures are operator dependent [20, 23]. The expertise of
the operator obtaining ultrasound images can affect the quality
of images obtained. Other limitations include the poor resolu-
tion of narrow-gauge needles and the loss of resolution with
increasing tissue depth as well as the possible interference from
overlying structures [24]. In the case of intercostal nerve blocks,
rib shadows can sometimes interfere with the ability to view the
neuromuscular bundle [12, 25].

Fluoroscopically guided intercostal nerve blocks are per-
formed by identifying the inferior and superior ribs on
anterior-posterior view. The target is then reached by walking
off the inferior border of the corresponding rib. The disadvan-
tages to fluoroscopic technique include radiation exposure,
higher cost, use of contrast dye, and the lack of portability of
fluoroscope [22].

We reviewed the current literature excluding review arti-
cles and found two studies that compared ultrasound- and
fluoroscopically guided intercostal nerve blocks.

Methods and Results

A PubMed and Google Scholar search with the keywords
intercostal neuralgia, intercostal nerve block, and treatment
was performed until September 2019. Studies of patients aged
18 or older with intercostal nerve blocks performed were se-
lected. Review articles on treatment options including inter-
costal blocks and non-English articles were excluded. Articles
including continuous intercostal nerve blocks performed in
the acute care setting or for perioperative analgesia were ex-
cluded. Three studies and one case report are identified and
summarized in Table 1.

Discussion

Lee et al. reviewed thirty-eight patients and compared
fluoroscopy-guided epidural nerve blocks compared to
ultrasound-guided intercostal nerve block [23]. These patients
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Table 1 Summary of reviewed articles

Authors/
year

Study
design

Number of patients Treatment method Summary results

Lee et al.
2019
[23]

38 Fluoroscopy-guided epidural
nerve block vs.
ultrasound-guided
intercostal nerve blocks

- 5 mL mixture of 2.5 mg
dexamethasone and 0.5%
lidocaine

- Patients with thoracic herpes zoster
and chest wall herpetic eruption

- Primary outcome: numerical rating scale (NRS)
score reduction for pain

- Secondary outcome: duration of treatment, number
of repeat injections until final visit, proportion
of pain relief after first and final visit

Results: all patients showed significant pain relief on
NRS at final follow-up appointment (p >0.05)

- No significant difference in mean value of NRS
based on intervention type or difference in duration
of treatment and frequency of injection
for pain relief

Shankar,
et al.
2010 [22]

Retrospective 11 patients, 37 blocks
11 USG
26 FSG

Fluoroscopy-guided (FSG) vs.
ultrasound-guided(USG)
intercostal nerve blocks

1 mL mixture of 5% tetracaine
and 10 mg of
medroxyprogesterone

- Patients with various thoracic pathologies (trauma,
post-thoracotomy, rib fractures, lung cancer)

- Primary outcome: pre-procedure and post-procedure
visual analog scale (VAS) differences, duration
of pain relief.

Results:
Difference in VAS
- No statistically significant difference in VAS

score difference (P=0.933)
- Difference in VAS in FSG (−5) and USG (−4)
Duration of pain relief
- No difference in duration of pain relief. Median

difference was 2 weeks (p=0.326)
- Median duration of pain relief in FSG was 7

weeks and USG was 6.5 weeks
- In FSG group, there were 2 instances of intravascular

spread which required repositioning and contrast
Bhatia et al.

2013 [26]
Cadaveric

study
Phase 1
6 ultrasound-guided

(USG) vs. 6
anatomic-guided

Phase 2
37 USG vs. 37

anatomic-guided

Comparison of USG intercostal nerve blocks
vs. anatomic in 2 phases:

Phase 1
- USG vs. anatomic-guided

injection spread and staining evaluated with
cadaveric dissection

- Phase 1—5 out of 6 USG showed correct
spread while 2 out of 6 anatomic-guided
showed sufficient contrast spread

Phase 2
- USG vs anatomic-guided injections of contrast

evaluated with fluoroscopy
- Total of 74 intercostal nerve injections

(37 with each guidance) showed that USG injections
were associated with higher rates of intercostal spread
compared with anatomic landmark guidance (97% vs 70%)

Abd-Elsayed
et al 2018
[5]

Case report 2 Patient 1: chronic chest pain after lumpectomy for
breast cancer

- Underwent two diagnostic right intercostal nerve blocks at
ribs 4, 5, 6, and 7 which provided relief for
3 weeks and 5 weeks respectively, followed
by radiofrequency ablation (RFA)
with pain relief for 1 year.

- Performed with fluoroscopy
- Thermal RFA performed at 80 °Celsius and 180 s
Patient 2: chronic chest pain after right upper lobe (RUL) resection.
- The patient failed conservative therapy with opioids, NSAIDs, and

physical therapy.
- The patient underwent two successful intercostal nerve

blocks prior to RFA of intercostal nerves.
- She had 0/10 pain at her 2-month follow-up appointment
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had thoracic herpes zoster and chest wall herpetic eruption.
Eighteen patients underwent fluoroscopically guided epidural
nerve blocks, and twenty patients underwent ultrasound-
guided intercostal nerve block which was performed at the
midaxillary line, posterior to the lateral cutaneous branch of
the intercostal nerve. The primary outcome was the numeric
rating scale (NRS) score reduction for pain. Results showed
that all patients showed significant pain relief on NRS at final
follow-up point (p >0.05), and there was no significant differ-
ence in mean value of NRS based on intervention type, or
difference in the duration of the treatment [23]. There were
no complications reported with either technique [23].

Shankar et al. reviewed thirty-nine intercostal nerve blocks
performed under ultrasound guidance and fluoroscopy guid-
ance using similar 25 G hypodermic needles with the same
i n j e c t a t e s o f 5% t e t r a c a i n e a n d 1 0 m g o f
medroxyprogesterone acetate in 1 mL [22]. Fluoroscopically
guided needle placement was confirmed with contrast prior to
medication injection, and ultrasound-guided injection of med-
ication was visualized in real time. The patients had a variety
of pathologies ranging from blunt traumas, chemical expo-
sures, and lung cancer. The primary outcomes include the
difference between pre-procedure visual analog scale (VAS)
score and the post-procedure VAS score and the duration of
pain relief. Results showed that there was no difference in
duration of pain relief nor differences in pre-post VAS scores
between groups. Also, the complication rate was similar, and
there were no complications of pneumothorax in either group.

Bhatia et al. performed a two-phase cadaveric experiment
to evaluate between ultrasound-guided(USG) and anatomic-
guided intercostal nerve blocks [26]. The first phase of the
study consisted of 12 injections of dye (6 USG and 6 anatomic
guided) on a single cadaver to evaluate spread of dye through
dissection. The second phase consisted of 74 intercostal nerve
injections of contrast dye (37 USG and 37 using anatomic
landmarks) in 6 cadavers followed by fluoroscopy to evaluate
contrast spread. It was noted in the first phase of the study that
5 out of 6 ultrasound-guided injections showed sufficient dye
spread while only 2 out of 6 injections via anatomic guidance
showed complete staining. It was noted that there were no
intravascular injections in either guidance groups. In the sec-
ond phase of the study, ultrasound-guided injections were
associated with higher rates of intercostal spread compared
with anatomic landmark guidance (97% vs 70%). It should
be noted that fluoroscopy was used as the gold standard to
evaluate correct anatomical spread.

Abd-Elsayed et al. published a case report on two patients
who had intercostal neuralgia successfully treated with radio-
frequency ablation (RFA) of the intercostal nerves. The first
patient had chronic chest pain after a lumpectomy for breast
cancer and had failed conservative therapy (physical therapy,
medications including nonsteroidal anti-inflammatory drugs
(NSAIDs), and anti-depressants). She had two positive

diagnostic intercostal nerve blocks followed by RFA and
hadmore than 1 year pain relief. The second case was a female
who developed chronic chest pain after right upper lobe
(RUL) resection. The patient failed conservative therapy with
opioids, NSAIDs, and physical therapy. The patient
underwent two successful intercostal nerve blocks prior to
radiofrequency ablation of intercostal nerves. The second pa-
tient only had a 2-month follow-up but at the time reported
complete pain relief. Both procedures were fluoroscopically
guided, and the needles were positioned at the lower border of
the rib and confirmed with contrast dye [5].

There are many indications for performing intercostal
nerve blocks including intercostal neuralgia and chronic post
thoracotomy pain syndrome. Intercostal nerve blocks have
been found to be effective methods of analgesia in acute pain
conditions as well as chronic pain conditions [6, 10]. For pain
that does not respond to conservative therapy including phys-
ical therapy, anti-neuropathic agents, and antidepressants, in-
tercostal nerve blocks can be considered. Recently, more
chronic pain procedures have been performed under ultra-
sound guidance due to the benefit of decreased radiation and
portability of machine. A review article by Bhatia et al. in
2013 found that there was insufficient data to support im-
proved outcomes to relieve short-term and long-term chronic
pain with ultrasound over traditional anatomic landmark and
fluoroscopic-guided procedures [27]. However, in cases of
resistant post-thoracotomy pain syndrome, intercostal surgical
neurolysis was found to be effective [1, 28], which suggests
that more accurate neurolysis performed under ultrasound
guidance is potentially more effective in these chronic pain
conditions.

Conclusion

Intercostal nerve blocks are indicated for multiple acute
and chronic pain conditions. Based on this review,
ultrasound-guided techniques and fluoroscopically guid-
ed techniques are superior to landmark-based technique
in terms of efficacy. Ultrasound-guided techniques and
fluoroscopically guided techniques can both be per-
formed safely and effectively for various chronic pain
conditions. This review of literature revealed no differ-
ence in efficacy and complication rates between ultra-
sound and fluoroscopic guidance. However, ultrasound,
with its advantages of direct visualization of nerves,
vessels, muscles, and the lung, is potentially a superior
technique in terms of improving accuracy and decreas-
ing complications, which suggests that more studies
with larger number of patients need to be performed
to compare the efficacy and complication rates between
the two techniques.
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