Pain Physician 2016; 19:E309-E317 ¢ ISSN 2150-1149

Prospective Pilot Study

B

Ultrasound Guided Intercostobrachial Nerve
Blockade in Patients with Persistent Pain after

Breast Cancer Surgery: A Pilot Study

Nelun Wijayasinghe, MBBS, FRCA, Helle M. Duriaud, RN, Henrik Kehlet, MD, PhD, DMSc,
and Kenneth G. Andersen, MD, PhD

From: Section for Surgical
Pathophysiology, Rigshospitalet,
University of Copenhagen,
Copenhagen, Denmark

Dr Wijayasinghe is an
anesthesiologist and clinical
researcher. RN Duriaud is a

research nurse. Professor Kehlet is
a surgeon and the clinical professor
of surgical pathophysiology. Dr.
Andersen is a clinical researcher.

Address Correspondence:
Dr Nelun Wijayasinghe
Section for Surgical
Pathophysiology 4074
Rigshospitalet

University of Copenhagen,
Blegdamsvej 9 DK-2100
Copenhagen, Denmark
E-mail:
nelunwij@gmail.com

Disclaimer:This study was funded
by a grant from the Danish Cancer
Society and the study is part of
the Europain Collaboration, which
has received support from the
Innovative Medicines Initiative
Joint Undertaking, under grant
agreement Nno. 115007 resources
which are composed of financial
contributions from the European
Union’s Seventh Framework
Programme (FP7/200702013)

and EFPIA companies in kind
contribution. This study was also
sponsored by an ESRA grant.

The Simon Fougner Hartmanns
Family Foundation kindly provided
the Venue 40, GE Healthcare
ultrasound unit. They had no
influence or interference after the
protocol was designed.

Manuscript received: 06-13-2015
Revised manuscript received:
08-05-2015

Accepted for publication:
08-07-2015

Free full manuscript:
www.painphysicianjournal.com

Background: Persistent pain after breast cancer surgery (PPBCS) affects 25 — 60% of breast
cancer survivors and damage to the intercostobrachial nerve (ICBN) has been implicated as the
cause of this predominantly neuropathic pain. Local anesthetic blockade of the ICBN could
provide clues to pathophysiological mechanisms as well as aiding diagnosis and treatment of
PPBCS but has never been attempted.

Objectives: To assess the feasibility of ICBN blockade and assess its effects on pain and sensory
function in patients with PPBCS.

Study Design: This prospective pilot study was performed in 2 parts: Part 1 determined the
sonoanatomy of the ICBN and part 2 examined effects of the ultrasound-guided ICBN blockade
in patients with PPBCS.

Setting: Section for Surgical Pathophysiology at Rigshospitalet, Copenhagen, Denmark.

Methods: Part 1: Sixteen unoperated, pain free breast cancer patients underwent systematic
ultrasonography to establish the sonoanatomy of the ICBN. Part 2: Six patients with PPBCS
who had pain in the axilla and upper arm were recruited for the study. Summed pain intensity
(SPI) scores and sensory function were measured before and 30 minutes after the block was
administered. SPI is a combined pain score of numerical rating scale (NRS) at rest, movement,
and 100kPa pressure applied to the maximum point of pain using pressure algometry (max
= 30). Sensory function was measured using quantitative sensory testing, which consisted of
sensory mapping, thermal thresholds, suprathreshold heat pain perception as well as heat and
pressure pain thresholds. The ICBN block was performed under ultrasound guidance and 10 mL
0.5% bupivacaine was injected.

Outcome Assessment: The ability to perform the ICBN block and its analgesic and sensory
effects.

Results: Only the second intercostal space could be seen on ultrasound which was adequate to
perform the ICBN block. The mean difference in SPI was -9 NRS points (95%Cl: -14.1 to -3.9),
P = 0.006. All patients had pre-existing areas of hypoesthesia which decreased in size in 4/6
patients after the block.

Limitations: The main limitation of this pilot study is its small sample size, but despite this, a
statistically significant effect was observed.

Conclusion: We have successfully managed to block the ICBN using ultrasound guidance and
demonstrated an analgesic effect in patients in PPBCS calling for placebo-controlled studies.
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ersistent pain after breast cancer surgery (PPBCS)

is predominantly a neuropathic pain syndrome

affecting 25 — 60% of patients treated for breast
cancer (1,2) and may develop years after surgery (3).
Patients experience pain in the axilla, lateral chest wall,
and upper arm, accompanied by sensory disturbances
in the territory supplied by the intercostobrachial nerve
(ICBN) (4). The ICBN arises from the lateral cutaneous
branch of the second intercostal nerve. The nerve pierces
the external intercostal muscle and serratus anterior
then crosses the axilla to the medial side of the arm and
supplies the upper half of the medial and posterior part
of the arm (5). The nerve’s path from the anterior chest
wall through the axilla makes it vulnerable to damage
during all forms of breast cancer surgery especially
axillary lymph node dissection (6). However strategies
to preserve the ICBN and prevent the development of
PPBCS have been equivocal and have failed to prevent
the problem (1,4).

It has been suggested that ICBN blockade could be
potentially useful in understanding the pathophysiol-
ogy and aiding diagnosis of PPBCS (7), yet this has never
been described. Studies of peripheral nerve blockade in
other neuropathic pain syndromes have demonstrated
an analgesic effect that also outlasts the conduction
block of the local anesthetic suggesting potential use of
nerve blocks as treatment (8). Therefore, the aim of this
pilot study was to assess the feasibility of an ultrasound
guided ICBN block using local anesthetic and to evalu-
ate its effect(s) on pain and sensory function in PPBCS.

METHODS

The study was approved by the ethics committee
of the Capital Region of Denmark (H-3-2013-172) and
registered in ClinicalTrials.gov (NCT02336529). The
study was prospective and conducted in 2 parts: Part 1
determined the sonoanatomy of the ICBN in unoperat-
ed, pain free breast cancer patients and Part 2 assessed
effects of the local anesthetic blockade on pain and
sensory function in patients with PPBCS. All parts of the
study were carried out at Rigshospitalet, Copenhagen,
Denmark, from April to October 2014.

Part 1

Informed, verbal consent was taken from 16 pa-
tients awaiting breast cancer surgery. Inclusion criteria
were women with a diagnosis of breast cancer sched-
uled for any type of breast cancer surgery and aged >
18 years. Exclusion criteria were women with previous
surgery to the axilla on the same side as their breast

cancer and those unable to give consent for the proce-
dure. Prior to scanning, anatomical descriptions of the
ICBN and radiology experts in ultrasonography were
consulted to assess the likelihood of finding the ICBN in
the anterolateral chest wall. It was concluded that the
ICBN was too small to be seen with ultrasound. How-
ever, previous anatomical studies have shown the nerve
to have a reliable course in the second intercostal space
(1C2) in the chest wall (5). Therefore, the aim of scan-
ning was to identify the 1C2. A list of the anatomical
landmarks was made for use as a checklist while scan-
ning. The side to be operated was scanned using the
same ultrasound machine (Venue 40, GE Healthcare,
Waukesha, WI, USA) using a 12 GHz linear probe and
the same operator (NW). A series of 3 ultrasound pic-
tures were taken for each patient in order to describe
the sonoanatomy of the ICBN.

Part 2

Patients were recruited from a cohort of patients
that had participated in previous studies (3,9,10) where
they had filled out questionnaires concerning pain after
breast cancer surgery. Four hundred and twenty-six pa-
tients were identified as potential suitable candidates.
Inclusion criteria were women aged > 18 years that had
had breast cancer surgery, developed pain in the axilla,
upper arm, or lateral chest wall > 6 months after sur-
gery and a pain score > 4 on the numerical rating scale
(NRS) on a daily basis. Exclusion criteria were patients
with bilateral breast cancer (with bilateral interven-
tions), previous cosmetic breast surgery, < 12 months
since the last intervention for breast cancer, pregnant
or breast feeding, BMI > 40 kg m?, neurological disease,
drug or alcohol abuse, psychiatric disease, inability to
understand Danish and mentally incapacitated. Further
screening was undertaken via telephone or in person to
verify that the pain was likely to be due solely to ICBN
damage. Written informed consent was taken from all
patients. Patients were scheduled for one visit where
the following observations were determined before
and after the administration of the ultrasound guided
ICBN block: summed pain intensity score (SPI), range of
shoulder movement, scapula symmetry, and quantita-
tive sensory testing (QST).

Pain Scores

The SPI is a combination of 3 pain scores measured
using NRS. Thus, SPI = NRSr + NRSm + NRSp where NRSr
is pain at rest, NRSm is pain on movement (arm abduc-
tion), and NRSp is pain with 100 kPa pressure applied to

E310

www.painphysicianjournal.com



ICBN Block for Persistent Pain after Breast Cancer Surgery

the point of maximum pain (Pmax) (11). NRSp was as-
sessed using a pressure algometer (Somedic AB, Horby,
Sweden) consisting of a 1 cm? felt tipped probe, applied
perpendicularly to the skin with a rate of 20 — 30 kPa/s.

Quantitative Sensory Testing (QST)

QST consisted of sensory mapping, warmth detec-
tion thresholds (WDT), cool detection thresholds (CDT),
heat pain thresholds (HPT), supra-threshold heat pain
response (STH), and pressure pain thresholds (PPT) ac-
cording to our standardized protocol (10). Sensory map-
ping was performed in the axilla, arm, anterior, lateral,
and posterior chest wall with a brush, warm metal roller
(40°C), and cool metal roller (25°C) (Somedic AB, Swe-
den) delineating areas with warm and cool hypo/hyper-
aesthesia or allodynia. These areas were marked with a
felt tipped pen on the skin and photographed with a
ruler. The area of each sensory map was calculated using
graphical software (Canvas 8.0.3 Deneba, ACD Systems
International, Victoria, Canada). Thermal thresholds
were determined using a computerized thermode
(active surface 2.5 x 5 cm; MSA, Somedic AB, Sweden)
placed over the Pmax. Three thresholds were obtained
for each stimulus and cut-off temperatures were 52°C
for heat stimuli and 5°C for cold stimuli to avoid tis-
sue damage. The supra-threshold heat pain response
(STH) was obtained by heating the thermode to 47°C
and maintaining this temperature for 5 seconds while
still on the skin. After the 5 seconds, the thermode was
removed and the patient was asked to rate their pain
using the NRS. Pressure pain thresholds (PPT) were de-
termined using pressure algometry (see above) with an
upper limit of 350 kPa.

Longer Term Effects

Patients filled out a pain diary for 5 consecutive
days prior to their visit and a questionnaire on pain-
related functional impairment the day before the visit.
For the pain diary, the patients noted their pain scores
using the NRS twice a day in 3 predetermined states:
at rest (supine), on movement (90° arm abduction), and
with manual pressure on the Pmax. Sleep quality was
also assessed in the pain diary using a numerical scoring
system from 0 to 10 where 0 = pain had no effect on
sleep, 10 = pain totally affected sleep. The pain-related
functional impairment questionnaire was a standard-
ized, procedure specific, validated questionnaire that
has been used in previous studies which measures
reduced physical function due to pain in the area of
surgery on a 0 — 100 scale (12). The morning after their

visit, the patients filled out another pain diary for 7
consecutive days and one week after their visit they
completed another functional questionnaire.

Statistical Analyses

This pilot study was primarily a descriptive study
of the ICBN block. However, our secondary outcome
was to calculate the effect, i.e.,, mean difference, in
SPI after the ICBN block. Paired t-tests comparing pre-
block values with post-block values were performed on
the SPI data as well as on the individual pain scores
(NRSr, NRSm, NRSp). The secondary outcome was also
the QST data, where t-tests comparing pre-block to
post-block values were also performed. All secondary
outcome data are presented as mean differences (95%
Cl; P value). All analyses were performed using statisti-
cal software (MedCalc 14.8.1, MedCalc Software bvba,
Ostend, Belgium). A sample size calculation was not
done as this is a pilot study and no previous data were
available in the literature. However, a sample size cal-
culation was performed using the results of the present
study for a future randomized controlled trial (RCT)
and to determine the context of this study (see results).

REesuLTs

Part 1

All 16 patients awaiting breast cancer surgery
agreed to be scanned. Their mean (SD) age was 57
(10.5) years and median (IQR) BMI was 24.9 (24.0 to
31.3) kg m=.

The ultrasound probe was placed in the parasagit-
tal plane in the most lateral part of the clavicle with the
probe at a right angle to the clavicle. The first rib was
identified by scanning over the clavicle and looking for
the axillary vein and artery situated above the first rib,
i.e., medial to the coracoid process (Fig. 1A). The probe
was moved inferiorly to find the second rib (Fig.1B).
The probe was then moved more laterally (keeping the
second rib in view at all times) and given an oblique
angle so that the inferior edge of the probe was on
the anterior axillary line in order to visualize the ser-
ratus anterior. Once the serratus anterior was seen, the
probe was moved inferiorly so that the third rib came
into view, i.e., the whole I1C2 could be seen (Fig. 1Q).
The picture was taken when all of the following struc-
tures were identified in the same ultrasound picture:
second and third rib, pectoralis major, pectoralis minor,
serratus anterior, and pleura (Fig. 1C). All structures
were visualized by ultrasound in 15/16 patients. The
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muscle; Serr ant, Serratus Anterior muscle; LA, local anesthetic.

Fig. 1. Sonoanatomy of the ICBN block. AA, Axillary artery; Pec maj, Pectoralis Major muscle; Pec min, Pectoralis Minor

second rib could not be visualized in patient 8 with a
BMI of 49 kg m?, as only the lower border of pectoralis
minor could be seen using the maximum depth (6 cm)
available on our ultrasound apparatus.

Part 2

Ninety-two patients responded to the telephone
and written invitations. Only 10/92 patients were eligi-
ble for enrollment into the study but 2 of those patients
had insufficient pain on the visit day and 2 withdrew
prior to the visit, therefore they were excluded. Thus,
6 patients with persistent neuropathic pain in the area
supplied by ICBN were enrolled into the study, from
July to October 2014 (Table 1).

ICBN Block
All blocks were performed by the same anesthesi-

ologist (NW) using the same ultrasound unit (see Part 1)
under aseptic conditions. As determined in part 1 of the
study, 1C2 was identified and a 22G block needle (Ultra-
plex®, Braun, Melsungen, Germany) was inserted under
the skin using an in-plane technique (Fig. 1D). Our end-
point was the inferior edge of the second rib above the
serratus anterior but under the pectoralis minor. Color
Doppler ultrasonography was used to identify blood
vessels in order to avoid intravascular injection and the
pleura was always visualized. Ten mL 0.5% bupivacaine
was injected and the spread of the injectate was visual-
ized on the ultrasound screen (Fig. 1D). There were no
immediate complications from the block.

Pain Scores
Fig. 2 shows the SPI (NRS) before and after the ICBN
block: the mean difference was -9.0 (-14.1 to -3.9; P =
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Table 1. Patients’ characteristics for those who received the ICBN block.

Patient ?y%; (kgl\r’fL) Typ:uzig' el;l;ast Types zfga;:;}lary SI:IgIz }S’lzl;:) D:::l:lz;‘ ;)f ChemoRx | RadioRx
1 70 23.0 BCS ALND 7 7 Y Y
2 39 25.1 BCS SLN 8 4 Y Y
3 72 22.0 BCS SLN 4 2 N Y
4 49 22,5 MXT SLN 6 6 Y Y
S 52 223 MXT SLN 1 1 N N
6 71 25.1 MXT ALND 6 6 Y Y

BCS, breast conserving surgery; MXT, mastectomy; ALND, axillary lymph node dissection; SLN, sentinel lymph node biopsy; ChemoRx, chemo-

therapy; RadioRx, radiotherapy.

0.006). There was very little change in pain at rest, but
there were reductions in pain on movement and with
pressure: NRSr = -1.3 (-3.0 to 0.4; P = 0.1), NRSm = -3.9
(-7.0 to -0.8, P = 0.02), and NRSp = -3.8 (-6.9 to -0.7; P
= 0.03).

QST

All patients exhibited preoperative areas of hypo-
esthesia to the brush and warm and cool rollers (Fig.
3A), which decreased in size in 4/6 patients after the
block (see Fig. 3B). Mean differences in hypoesthesia
areas were 3.5 cm? (-237.8 to 244.9; P = 0.97) for brush,
-209.7 cm? (-757.5 to 338.1; P = 0.37) for warm, and
-261.1cm? (-720.7 to 198.4; P = 0.20) for cool.

There were no differences in all thermal detection
thresholds and supra-thermal heat pain perception
after the block: WDT =-1.2°C (-3.98 to 1.58; P = 0.317),
CDT = 0.88°C (-1.85 to 3.61; P = 0.444), HPT = -0.27°C
(-4.22 to 3.68; P = 0.869), STH = 0.33 (-0.75 to 1.42; P =
0.465). However, there was an increase in PPT: 72.2 kPa
(2.3 to 142.0; P = 0.045).

Longer Term Effects

There were no complications reported a week after
the block. Fig. 4 shows the results from the pain diaries
before and after the block. One week after the block
was administered 2 patients demonstrated an improve-
ment in their functional impairment scores (-17 and
-29). However, 3 patients experienced a slight increase
(13, 4, and 6) and one patient had no change.

Sample Size Calculation

A sample size calculation was performed (G* pow-
er v3, Dusseldorf, Germany) using the results obtained
in the present study for a future RCT where patients
are matched and allocated to receive active treatment
(block) or placebo (saline) and using the mean differ-
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Fig. 2. Analgesic effect of the ICBN block. Summed Pain
Intensity scores (SPI) = NRSr + NRSm + NRSp where
NRSr is pain at rest, NRSm is pain on movement (arm
abduction) and NRSp is pain with 100 kPa pressure
applied to the point of maximum pain (Pmax). Maximum
score = 30.

ence in SPI as the primary outcome. A priori analysis
was performed using a 2-tailed t-test where the mean
difference was 9, standard deviation 4.4, power (1-f)
= 0.95, and significance level (o) = 0.05. The number
of patients for this trial would be 6 in each treatment

group.
Discussion

This first pilot study demonstrates that local anes-
thetic blockade of the ICBN is possible using ultrasound
guidance and the block can potentially provide pain
relief in patients with PPBCS.

Ultrasound guided regional anesthesia (UGRA) has
revolutionized the use of peripheral nerve blockade
during the perioperative period and is proving to be

www.painphysicianjournal.com
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Fig. 3. Sensory areas before (A ) and after (B) the ICBN block. Delineated areas identify areas of hypoesthesia to the brush
(black) warm roller (red) and cool roller (blue). Asterix, maximum point of pain (Pmax).

beneficial over traditional methods of blockade (13). cine, UGRA is used for feasibility studies in cadavers or
However, there is a dearth of evidence for its use in pain non-comparative patient models, which limits their
medicine despite potential benefits such as reduced usefulness clinically (13). In contrast, the present study
radiation exposure (14). Instead, in chronic pain medi- is immediately clinically relevant as we have described
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Fig. 4. Pain diary results. A: The patients noted their pain scores using the NRS twice a day in 3 predetermined states: at rest
(supine), on movement (90° arm abduction) and with manual pressure on the maximum point of pain (Pmax). B: Sleep
quality was assessed daily using a numerical scoring system from 0 to 10 where 0 = pain had no effect on sleep, 10 = pain totally
affected sleep.

and performed the ICBN block in the patient group that
it is meant for. Ultrasonography was used to determine
the sonoanatomy of the second intercostal space where
the ICBN exits the thoracic cage in 100% of cases (5).
However, there are a number of anatomical variations
that may make the contribution of the T2 branch less
significant and thus we cannot rule out the likelihood
of a failed block (5). On the other hand, it could be an

advantage that we performed a fascial plane block as
this may be able to target some of the other branches,
such as T1 or T3 that contribute to the ICBN. We also
found that the long thoracic nerve, which lies in close
proximity to the ICBN, was unaffected as none of the
patients developed winged scapulae after the block.
Ultrasonography described this anatomy in patients
with a BMI between 20 and 38 kg m consistently, but

www.painphysicianjournal.com
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in a patient with a BMI 49 kg m?, we were unable to
visualize the second intercostal space. Therefore, when
recruiting patients for the second part of the study we
excluded patients with a BMI > 40 kg m. Further stud-
ies using a curvilinear probe are needed to assess the
ICBN block in morbidly obese patients with PPBCS.

The problem of PPBCS is well described (2,15) and
most evidence points towards the ICBN as one of the
many culprits (1,2). Yet it is surprising that the ICBN
block has never been attempted. A recent review of
neural blockade in PPBCS discussed the potential of
ICBN blockade for diagnosis and treatment of PPBCS
(7). In the review there were several small studies that
used local anesthetic blockade of the intercostal nerves
and paravertebral nerves for identification prior to
surgical excision or neurolytic treatments. In our study
3 out of 6 patients had a reduction in pain of > 50%
after the ICBN block, a criteria used in other studies for
identification of suitability for further treatment (7).
Consequently, a randomized placebo controlled study
is needed to examine the possibility of using the ICBN
block as a diagnostic tool and this pilot study was the
first step towards that.

All of our patients had reduced pain scores after
the local anesthetic (LA) block but 4 out of the 6 had a
drop of > 8.5 points on NRS, which is clinically meaning-
ful. These 4 patients were thrilled to have a moment of
pain relief after suffering years of pain and trying all
forms of analgesics that provided inadequate analgesia
combined with terrible side effects. If we look at the
pain scores in more detail, the significant reductions in
pain were seen in pain on movement and with mini-
mal (100 kPa) pressure. Clinically, these effects are also
significant as patients daily functions are restricted
by pain (12) and the reduction in pain on movement
would result in a better quality of life. In addition, the
reduction in pain led to an improved range of move-
ment for one patient from a shoulder abduction of 40°
before vs. 100° after the block (all the other patients
had unrestricted shoulder movement to begin with). As
previously mentioned, all patients experienced a reduc-
tion in pressure-evoked pain, and this was corroborated
by the observed increase in PPTs. The LA was injected at
a separate site to where the pressure algometry mea-
surements were carried out so it cannot be a cushioning
effect of the LA itself but the effect on the ICBN nerve
that is causing the reduction in pain.

Interestingly, the 4 patients that had the largest
reduction in pain demonstrated shrinkage of their
areas of hypoesthesia. It is well known that LA causes

numbness or loss of sensation in the blocked area, yet
these 4 patients could feel light touch, warmth, and
cold (30 minutes) after the block; whereas before the
block they could barely feel these 3 modalities in the
same area. In addition, 2 patients demonstrated a mir-
roring effect (16) exhibiting hypoesthesia areas on the
opposite side to the operated (painful) side. The hypo-
esthesia areas also diminished in size on the mirroring
side after the ICBN block in both patients, suggesting
that these effects may be due to modification of central
sensitization.

Two previous studies have demonstrated an anal-
gesic effect after LA blockade of peripheral nerves yet
had differing results when measuring sensation (17,18).
One study of peripheral nerve blockade in patients
with peripheral neuropathy of the foot demonstrated
an analgesic effect from LA blockade on spontane-
ous and evoked pain responses but markedly reduced
sensation (17) . The other study investigated the effect
of LA blockade of the arm in patients with complex
regional pain syndrome and observed a reduction in
spontaneous pain and mechano- and cold-allodynia
yet sensation was intact (18). Although the effects on
sensation were different, both sets of authors suggest
that peripheral afferent input is important in maintain-
ing pain after peripheral nerve injury, which could be a
valid explanation for our observations.

Results from the pain diaries suggest that the an-
algesic effect may outlast the conduction block of the
LA as 3 patients experienced prolonged pain relief for
more than 24 hours and after a week their pain scores
have not returned to their baseline. Furthermore, 2 of
these 3 patients reported functional improvement after
a week as a direct result of their reduced pain. Interest-
ingly, one patient reported 3 months of pain relief from
the block and 2 patients have requested a repeat block.
This effect has been seen in trigger point injections in
PPBCS patients (19), although these investigators per-
formed multiple injections precluding interpretation
of the effect of the first injection. Indeed, the problem
with the vast majority of LA nerve block studies is that
investigators compare patients that have had variable
numbers of blocks over variable time periods (8,20).

The main limitation of our pilot study is the small
sample size but this area of research is somewhat
uncharted territory and the ICBN block is an invasive
procedure. Therefore it would be unethical to enroll a
large number of patients in an invasive, time consum-
ing (for the patients) RCT where the effects were com-
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pletely unknown. In fact, we chose a suitable number
of patients, as the sample size calculation based on our
results have demonstrated. The premise of this study
was to assess the feasibility of a RCT and our results sug-
gest that a RCT is needed to ascertain the role of ICBN
blockade in PPBCS.
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