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Introduction

Abstract

Introduction: Tube thoracostomy is one of the most painful procedures for trauma patients.
Therefore, we aimed to evaluate the effectiveness of a variation of intercostal nerve block in the
posterior axillary line in the supine position for trauma patients who are candidates for urgent
chest tube insertion.

Methods: For this randomized controlled study, normotensive and conscious trauma patients
needing urgent chest tube insertion, admitted to Shahid Beheshti Hospital of Kashan from
May 2023 until September 2024, were enrolled. Based on the sample size of 20 per group, 40
patients were included and allocated using 4-block randomization to the control group (n=20),
receiving only local anesthesia, and the intervention group (n=20), receiving local anesthesia
with the addition of a modified intercostal block with lidocaine in the posterior axillary line in the
supine position. Pain intensity was assessed using the Visual Analogue Scale during and 1 hour
after the procedure. One-way analysis of variance was used for normally distributed continuous
variables, while the Mann-Whitney U test was used for non-normally distributed continuous
variables. Comparisons of categorical variables were performed using the X* test or the Fisher
test, as appropriate. P<0.05 was considered statistically significant. Clinical significance was
defined as a decrease of 2 1 point on the VAS for pain.

Results: Forty patients with a mean age of 41.1+1 6.06 years , including 30 males (75%),
completed the study. The Visual Analogue Scale Score for pain during the procedure was 8.26
in the intervention group, compared with 9.05 in the control group, indicating a non-significant
reduction of 0.79 in pain intensity (P-value=0.17). The Visual Analogue Scale Score for pain one
hour after the procedure was 5.57 in the intervention group, compared with 6.63 in the control
group, indicating a small but clinically relevant reduction of 1.06 (P-value=0.07).

Conclusion: A modified intercostal block in the posterior axillary line is feasible in the emergency
room, technically simple, and can provide a modest decrease in pain after chest tube insertion.
Higher efficacy might be achievable through ultrasound guidance or by simultaneously blocking
the collateral branch of the intercostal nerve at the superior border of the ribs.
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(chest tube), which is required in up to 90% of severe

Thoracic injuries are reported in more than 30% of
polytrauma patients and are associated with high
morbidity and mortality (1). The mortality rate in
patients with thoracic injuries is nearly two times higher
than that of those without (1,2). Pain control is a priority
in the management of trauma patients with chest trauma
and rib fractures, as uncontrolled pain leads to ineffective
coughing, shallow breathing, and increased risk of
pneumonia (3, 4). One of the most painful procedures
for trauma patients is insertion of a thoracostomy tube

chest trauma patients (5). Although systemic analgesia
is usually added to local anesthesia, patients experience
much pain during chest tube insertion.

There are several methods for achieving analgesia in the
thoracic region via regional nerve blocks. Unfortunately,
most information about regional analgesia mainly comes
from elective settings, such as thoracic surgeries, and might
not be reproducible in emergencies, especially in trauma
patients (6-7). Nevertheless, a summary of different
thoracic regional analgesia methods, their efficacy, and
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the anatomy of the intercostal nerve is presented below.

Anatomy: The thorax is innervated from the ventral
rami of thoracic spinal nerves, the intercostal nerves,
which are located below the corresponding rib and
between the intercostal muscles. During its course, the
collateral and then the lateral cutaneous nerves branch
off from the intercostal nerve. The collateral branch
innervates the intercostal muscles, parietal pleura, and
periosteum of the rib. It arises close to the costal angles
and courses along the superior border of the inferior rib.
The lateral cutaneous branch divides into anterior and
posterior branches and innervates the lateral part of the
thoracic wall. Finally, the intercostal nerve terminates as
the anterior cutaneous branch laterally to the sternum,
providing the medial innervation of the chest wall (8).

Regional Analgesia: There are numerous techniques
for thoracic regional analgesia. Intrapleural, epidural,
paravertebral, and intercostal blocks are often used, and
high efficacy is expected from these techniques; however,
there is unfortunately no strong evidence of a benefit
in patient outcomes (9). Serratus anterior plane block,
erector spinae block, and rhomboid intercostal block are
other examples of regional analgesia techniques used in
the thoracic region.

Epidural analgesia: Provides effective, bilateral analgesia
and is often used for thoracic surgeries. The effect of
epidural anesthesia in trauma patients and rib fractures
is less prominent. A meta-analysis in 2009 showed no
positive effect for epidural analgesia on mortality and
hospital stay in patients with rib fractures. In addition,
epidural analgesia was associated with higher morbidity,
especially hypotension (10,11). Epidural analgesia proved
more effective when combined with systemic or local
analgesics, with failure rates of 9-30% reported (12).

Paravertebral block: Provides analgesia in the thoracic
region comparable to epidural analgesia but is unilateral.
A meta-analysis showed no different pain scores between
paravertebral and epidural analgesia after thoracotomy,
but higher opioid consumption after paravertebral block.
Epidural analgesia was associated with more side effects
like hypotension, urinary retention, and vomiting (10,11).

Intercostal nerve block: The intercostal nerve block is
a bedside procedure with a low complication rate, and
most physicians are familiar with it (13). A systematic
review in 2021 evaluated the effect of intercostal nerve
block compared with epidural and paravertebral blocks
after thoracotomy. It showed that intercostal nerve block
was associated with lower pain scores during the first 24
hours compared with systemic analgesia and was non-
inferior to epidural and paravertebral blocks. However,
opioid consumption during the first 48 hours was higher.
Therefore, an intercostal nerve block was recommended
for cases in which epidural and paravertebral blocks are
not indicated (14). In 2022, Yamazaki et al. showed that
intercostal nerve block was non-inferior to epidural block
for thoracoscopic surgeries (but not thoracotomy) (15).
On the contrary, Sun et al. showed better pain control by
adding paravertebral or erector spinae block to intercostal
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block after video-assisted thoracoscopic surgery (VATS)
(16).

Serratus anterior plane block: This technique is used
in thoracic and breast surgeries. In one randomized
controlled trial, the effect of a serratus anterior plane block
was equivalent to that of an intercostal block after VATS
surgery (17). Another randomized controlled study,
published in 2022 by Zhang et al., showed lower opioid
consumption with rhomboid intercostal and erector
spinae blocks compared with serratus anterior block
after VATS (18). A recent meta-analysis demonstrated
comparable analgesic effects with intercostal nerve
block under direct thoracoscopic visualization and
serratus anterior plane block with ultrasound guidance
after thoracoscopic surgery (19). Although the serratus
anterior plane block is reported in trauma patients and
rib fractures, it is likely to provide successful analgesia
only for lateral rib fractures due to direct spread, but not
anterior or posterior rib fractures (20).

Recommendations and guidelines: The Eastern
Association for the Surgery of Trauma and the
Anesthesiology Society recommend placing strong
emphasis on patient values and preferences when
selecting analgesia (9). The PROSPECT guidelines for
video-assisted thoracoscopic surgery do not recommend
epidural analgesia and propose unilateral regional
analgesia (paravertebral block, erector spinae block, or
serratus anterior plane block) because of comparable
effectiveness and lower complication rates compared with
epidural analgesia (21). An important factor to consider in
choosing anesthesia is the feasibility of implementation.
In a survey of an intensive care unit in France, 70% of
physicians stated that patients with an indication for
regional anesthesia (paravertebral or epidural anesthesia)
did not receive it due to limited experience, ignorance of
guidelines, or a lack of protocol (22).

Unfortunately, local and regional analgesia are not
often used in emergent and urgent situations like trauma,
because of limitations in positioning of trauma patients,
lack of time and expertise, and sometimes limited
equipment in the emergency department. Most published
studies on regional analgesia are performed in the
elective setting after thoracic surgery, where experienced
surgeons and anesthetists can manage stable patients
with full equipment (usually with ultrasound guidance)
and without time constraints. Therefore, guidelines
for thoracic analgesia according to the literature review
might not be generalizable to emergencies, especially to
trauma patients.

Given the limitations of regional analgesia in the
emergency department, we evaluated the effectiveness of
adding a simple intercostal nerve block in the posterior
axillary line in the supine position compared with local
analgesia alone in normotensive, conscious trauma
patients who were candidates for urgent chest tube
insertion.
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Methods

This study was a single-center, parallel-group, randomized
controlled superiority trial with an allocation ratio of
1:1, designed, conducted, and reported according to
CONSORT guidelines and in compliance with the ethical
standards of the Declaration of Helsinki. Ethics committee
approval (IRKAUMS.MEDNT.REC.1402.305) and
randomized trial registration (IRCT20240530061) were
completed. The trial was conducted to compare the
superiority of standard local anesthesia versus standard
local anesthesia plus intercostal nerve block in reducing
pain during chest tube insertion in trauma patients.
Eligible participants were normotensive and conscious
trauma patients requiring chest tube insertion admitted
to Shahid-Beheshti Hospital, Kashan, between May 2023
and September 2024. Inclusion criteria included systolic
blood pressure =90 mmHg, respiratory rate <30 breaths
per minute, oxygen saturation >90%, and Glasgow Coma
Scale (GCS) score>14. Patients were excluded if they
experienced hemodynamic, respiratory, or neurologic
deterioration during the study period or required
emergency interventions, thereby ensuring that patients
received fluent, standard care. All data were collected
at the trauma and emergency department of Shahid-
Beheshti Hospital, Kashan, Iran, a tertiary referral center
for trauma patients. Sample size calculation was based on
a previous study showing a 2.5-point reduction in pain
with a significance level («) of 0.05 and power (1-f) of
90%. A minimum of 18 patients per group was required;
to account for potential dropouts, a sample size of 40
(20 per group) was considered. Fifty-eight patients were
assessed for eligibility. Eighteen patients were excluded
due to hypotension, hypoxia, or decreased consciousness.
Finally, 40 patients were enrolled (Figure 1). The random
allocation sequence, using a 4-block randomization
scheme, was generated by a statistician not involved

in patient recruitment. Allocation concealment was
maintained using sequentially numbered envelopes
prepared by a third party. Eligible patients were identified
and enrolled by the attending trauma physician. The
random allocation sequence was implemented by a
junior resident who opened the sealed envelope after
taking informed consent and immediately before the
intervention. The procedure was performed by a senior
resident trained by an anesthesiologist (second author) for
an intercostal block. The participants were randomized
into two groups. For group 1 (control), local anesthesia
included the injection of 10 mL of lidocaine 1% into the
dermis, subcutaneous fat, periosteum, and subcostal
margin. Group 2 (intervention) received the same local
anesthesia as the control group and a modified intercostal
nerve block at the posterior axillary line targeting the 5th,
6th, and 7th ribs with 10 mL lidocaine 2%, administered
five to ten minutes before chest tube insertion. Patients
were positioned slightly laterally with a towel under the
shoulder to facilitate nerve block administration. For
both groups, intravenous analgesia (meperidine 1 mg/kg)
was administered, and a thoracostomy tube was inserted
in the 5th or 6th intercostal space at the midaxillary line.
Thoracostomy tubes of size 36 or 40 were used as clinically
indicated. The primary outcome was pain intensity during
and 1 hour after chest tube insertion, verbally assessed
using the Visual Analogue Scale (VAS), with scores
ranging from 1 (minimal pain) to 10 (worst pain). Due
to the nature of the interventions, neither care providers
nor patients were blinded. However, pain scores were
assessed by trained physicians who were blinded to group
assignments. Missing data were retrieved from patient
files; if unavailable, the patient was excluded from the
study. A survey supervisor performed data monitoring,
and interim analyses were conducted twice after the
attending surgeons (1% and 5" authors) allocated 10 and

Assessed for eligibility (N = 58)

Excluded (n = 18)
(Due to hypotension, hypoxia, or decreased

Enrollment

\ 4

consciousness)

Randomized (N = 40)

A 4

Control group (n=20)

}

Lost to follow-up (n = 0)

l

Analyzed (n=20)

[ Analvsis ] [ Follow-un ][ Allocation ]

A 4

Intervention group (n = 20)

l

Lost to follow-up (n = 0)

l

Analyzed (n=20)

Figure 1. Flowchart of patient allocation and randomization
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20 patients, respectively, to assess outcomes, technical
challenges, and eventual complications. One attending
surgeon (5™ author) was responsible for communicating
with team members regarding whether a protocol
modification would be required. Data were securely
preserved by the 3" author and were available at any time
to the surgeon treating the patient. Statistical analysis was
done by SPSS version 26 (IBM, USA). The Kolmogorov-
Smirnov test was used to determine the normality of
data distribution. Continuous variables were expressed
as mean + standard deviation. Categorical variables were
expressed as numbers (percentages). One-way analysis of
variance was used for normally distributed continuous
variables. The Mann-Whitney U test was used to analyze
differences among groups for non-normally distributed
continuous variables. Comparisons of categorical
variables between groups were performed using the X?
or Fisher tests, as appropriate. P<0.05 was considered
statistically significant, but changes were considered
clinically significant if a decrease of>1 point in VAS for
pain was achieved.

Results

Fifty-eight patients were assessed for eligibility; 18 were
excluded due to hypotension, hypoxia, or decreased
consciousness. Finally, 40 patients were enrolled and
randomly assigned to Group 1 (control, n=20) and Group
2 (intervention, n=20). All of the patients completed the
study and were analyzed for the primary outcome (see
Figure 1). The study started in May 2023 and ended in
September 2024. The mean age was 41.1£16.06 years,
and 75% were males. Blunt trauma was the mechanism
of trauma in 35 patients (87.5%), and the remaining
patients presented with penetrating chest trauma. Vital
signs at admission, including systolic and diastolic
blood pressure, heart rate, O, saturation, and respiratory
rate, are presented in Table 1, showing no statistically
significant difference between the two groups (Table 1).
The mean VAS score for pain during the procedure was
8.26 in the intervention group, compared with 9.05 in
the control group, indicating only a non-significant
reduction of 0.79 in pain intensity (P-value=0.17). The
mean VAS score for pain 1 hour after the procedure was
5.57 in the intervention group and 6.63 in the control
group, indicating a small but clinically relevant reduction

of 1.06. With a P-value of 0.07, statistical significance was
not achieved (Table 1).

Discussion

In the present study, we describe a modified intercostal
block technique performed in the supine position,
which proved feasible for urgent chest tube insertion in
trauma patients. A decrease of 1.06 in the VAS pain score
was observed 1 hour after chest tube insertion, which
is lower than in similar studies assessing the efticacy of
intercostal block after tube thoracostomy. Luketich et
al. reported a Visual Analogue Scale (VAS) score for
pain of 6.2 during chest tube insertion. They were able
to reduce it to 3.7 with the implementation of a protocol
to reduce pain and anxiety. We observed similar results
in our center in a previous study in the elective setting.
With the addition of an intercostal block to routine local
anesthesia, a reduction of the VAS for pain from 6.5 to 3.5
was observed in patients requiring chest tube insertion for
pleural effusion (6, 7).

A meta-analysis evaluating the effectiveness of
intercostal block after thoracic surgery showed only a
1.4-point decrease in VAS pain scores at 7-24 hours after
surgery compared with systemic analgesia (14), results
comparable to those of the present study.

Studies about regional blocks in the acute trauma setting
are scarce. In one study in Iran, intercostal nerve block and
erector spinae plane block were compared in chest trauma
patients with limited pain area, showing superiority of
erector spinae plane block, with a 3.9-point decrease in
pain scores after 1 hour. Intercostal nerve block, although
less efficient, was still able to achieve a significant decrease
of 2.0 points2.0 points at 1 hour (from 7.4 to 5.4) (23).

In summary, the modified intercostal nerve block in the
axillary line in the present study was less efficient than the
classic nerve block in the paraspinal plane. This difference
might be due to sparing of the collateral branch of the
intercostal nerve, which branches off very early, close to
the costal angles and courses along the superior border of
the inferior rib. As pain during chest tube insertion does
not only originate from skin and subcutaneous tissues, but
also and probably predominantly from deep structures,
i.e., the ribs, their periosteum, and the pleura, blockade
of the lateral cutaneous branch might not be sufficient
for appropriate analgesia and special attention should

Table 1. Demographic data and VAS score for pain in Group 1 (Control) and Group 2 (Intervention)

All patients

Group 1

Group 2

Variables? (n=40) n=20) (n=20) P-value
Age (years) 41.1 (16.06) 40.88 (15.16) 41.30(18.19) 0.24
Respiratory rate/min 21.97 (3.13) 22.35(3.26) 21.60 (3.03) 0.43
SPO, (%) 92.07 (3.18) 92.2 (3.3) 91.95 (13.3) 0.92
Heart rate/min 97.22 (13.36) 101.1 (11.5) 93.35(14.23) 0.25
Systolic blood pressure (mmHg) 118.25 (12.82) 119.4 (13.26) 117.1 (12.6) 0.71
Diastolic blood pressure (mmHg) 73.97 (8.33) 72.75 (8.54) 75.2 (8.15) 0.98
VAS score during procedure 8.65 (1.43) 9.05 (1.07) 8.26 (1.66) 0.17
VAS score 1 h after procedure 6.1 (1.64) 6.63 (1.6) 5.57 (1.53) 0.07

a: Data are presented as mean (standard deviation)
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be paid to the collateral branch of the intercostal nerve.
Future studies with simultaneous nerve blocks at the
superior and inferior rib borders (to include the collateral
branches) might provide more efficient pain control.

Another reason for lower effectiveness might be the time
limitation during the procedure. As the study population
needed urgent chest tube insertion, there was limited
time to wait until the lidocaine spread in the tissues and
the nerve was blocked effectively. The observation of
decreased pain after 1 hour but not during the procedure
strengthens this hypothesis. The time constraint is, and
will always be, a major challenge for locoregional analgesia
in emergencies.

Lastly, the intercostal block was performed using
clinical landmarks rather than ultrasound guidance.
Further studies assessing the feasibility and effectiveness
of ultrasound-guided intercostal blocks might yield better
results.

Another limitation of the study was that we used only
the VAS score to assess pain and did not record the
systemic analgesic dose after the procedure. In addition,
the data represent only a small number of patients from
a single trauma center. The small sample size might
explain why no statistical significance was achieved, but
conducting further studies with a larger sample size will
probably not yield greater clinical significance, even if
statistical significance is achieved.

Conclusion

A modified intercostal block in the posterior axillary
line, added to local anesthesia, allows the trauma team to
accomplish a regional anesthesia for thoracostomy tube
insertion in the supine position. This fast and simple
technique is feasible in the emergency room and, in the
present study, led to a 1.06 decrease in VAS for pain one
hour after chest tube insertion. Future studies should be
conducted to achieve a more effective blockade of the
intercostal nerve, for example, by adding ultrasound
guidance or by blocking an additional collateral branch
of the intercostal nerve at the superior border of the rib.
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