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Abstract

Study Objective. We report a modified block technique aimed at obtaining upper midline and lateral abdominal wall
analgesia: the external oblique intercostal (EOI) block. Design. A cadaveric study and retrospective cohort study
assessing the potential analgesic effect of the EOI block. Setting. Cadaver lab and operating room. Patients. Two
unembalmed cadavers and 22 patients. Interventions. Bilateral ultrasound-guided EOI blocks on cadavers with 29 mL
of bupivacaine 0.25% with 1 mL of India ink; single-injection or continuous EOI blocks in patients. Measurements. Dye
spread in cadavers and loss of cutaneous sensation in patients. Main Results. In the cadaveric specimens, we iden-
tified consistent staining of both lateral and anterior branches of intercostal nerves from T7 to T10. We also
found consistent dermatomal sensory blockade of T6–T10 at the anterior axillary line and T6–T9 at the mid-
line in patients receiving the EOI block. Conclusions. We demonstrate the potential mechanism of this technique
with a cadaveric study that shows consistent staining of both lateral and anterior branches of intercostal nerves T7–
T10. Patients who received this block exhibited consistent dermatomal sensory blockade of T6–T10 at the anterior
axillary line and T6–T9 at the midline. This block can be used in multiple clinical settings for upper abdominal wall
analgesia.
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Introduction

Although epidural analgesia remains the gold standard for

major abdominal surgery, in the context of multimodal an-

algesia and enhanced recovery protocols, epidural analgesia

may not always offer clinically important differences in pain

control and is associated with hypotension and other serious

risks [1–2]. Ultrasound-guided fascial plane blocks have

been rapidly incorporated into regional anesthesia prac-

tice in recent years as an alternative to neuraxial techni-

ques and involve injection into a tissue plane to provide

analgesia in various anatomic areas [3]. The number of

publications that include “plane block” in the title is in
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the hundreds annually [4]. Despite the plethora of fascial

plane blocks, only the subcostal transversus abdominis

plane block (TAP) targets the upper abdominal wall [5]

and may be ineffective for surgeries in the vicinity of

block performance (e.g., liver, gallbladder).

The innervation of the upper abdominal wall derives

from intercostal nerves T6 to T10 [6], and analgesia

requires effective blockade of these nerves. Our group

has previously described the rhomboid intercostal and

rhomboid intercostal subserratus (RISS) plane blocks,

and we have demonstrated that the plane deep to the ex-

ternal oblique muscle is in continuity with the tissue

planes deep to the serratus anterior and latissimus dorsi

muscles [7–9]. Anatomically, injection in the RISS and

serratus anterior planes can block the lateral branches of

the intercostal nerves from T4 to T10 [7]. In theory, a

more medial injection site around the midclavicular line

may block both anterior and lateral branches of the inter-

costal nerves to provide consistent coverage of the upper

abdominal wall.

With institutional review board approval and waiver

of informed consent, we report our clinical experience

with this modified technique, the external oblique inter-

costal (EOI) block, for a series of patients who under-

went a variety of abdominal surgeries. In addition, we

present the results of an anatomic study in cadavers that

demonstrates the potential mechanism of this technique.

Methods

Description of the Injection Technique
Injections were performed with the subjects in the supine

position. A linear ultrasound transducer (12–15 MHz, X-

Porte, SonoSite, Bothell, MA, USA) was placed in the

sagittal plane between the midclavicular and anterior ax-

illary lines at the level of sixth rib, with the orientation

marker directed cranially. Rib six was identified either by

placing the ultrasound transducer at the level of lower

costal margin where the tenth rib is identified and then

counting up or by identifying the seventh rib at the level

of the xiphoid process and then moving the transducer

one rib up (Supplementary Data, Figure 1). The trans-

ducer was then rotated so the cranial end was directed

slightly medially and the caudal end laterally to produce

a paramedian sagittal oblique view with a short-axis

view of the ribs, approximately 1 to 2 cm medial to the

anterior axillary line. The following structures were iden-

tified, from superficial to deep: subcutaneous tissue, ex-

ternal oblique muscle, intercostal muscles between ribs,

pleura, and lung. The skin entry point for the injection

was cranial to the sixth rib level just medial to the ante-

rior axillary line, with a 17-gauge Tuohy needle ad-

vanced in plane from a superomedial-to-inferolateral

direction, through the external oblique muscle

(Figure 1A). The needle tip endpoint was the tissue plane

between the external oblique and intercostal muscles at

the caudal end of the sixth rib and between the sixth and

seventh ribs (Figure 1B and 1C). Injectate in the cadaver

consisted of 29 mL of bupivacaine 0.25% and 1 mL

India ink. The mixture was injected between the external

oblique and the intercostal muscles, hydrodissecting the

tissue plane between the sixth and seventh ribs, and then

the needle was directed caudally toward the eighth rib.

Anatomic Study in Cadavers
Two unembalmed adult male cadavers representing two

body habitus types (obese and thin) were selected.

Cadavers with known thoracic deformities or previous

abdominal or thoracic surgery were excluded. Both

cadavers were maintained at room temperature for 12

hours before injection. Bilateral ultrasound-guided EOI

blocks were performed on each cadaver (n ¼4 hemispeci-

mens) by one investigator (HE). After injection, cadavers

underwent anatomic dissection.

The chest and abdominal walls were dissected meticu-

lously by an anatomist (RLD) 2 hours after the injection

in layers, from superficial to deep, with the cadaver in the

supine position. The skin and fascia of the chest and abdo-

men were dissected from the midline. At the upper chest

wall, the pectoralis major muscle was dissected from its at-

tachment on the ribs and reflected laterally. The external

oblique muscle is the outermost muscular layer of the ab-

dominal wall covering the lateral and anterior parts of

the abdomen. It is broad, thin, and irregularly quadrilat-

eral in shape. It is attached laterally to the lower eight ribs

by eight digitations, and the muscle fibers run downward,

forward, and medially (Figure 2). Around the midclavicu-

lar line, the external oblique muscle fibers turn into a fi-

brous aponeurosis that runs medially, forming the anterior

layer of the rectus sheath, where it ends in the midline as

the linea alba. At the lower chest wall, the external oblique

muscle was dissected from its aponeurosis and reflected

laterally to expose the lateral cutaneous branches of the in-

tercostal nerves around the midaxillary line.

At the midline, the rectus abdominis muscle is at-

tached to the costal margins of the fifth, sixth, and sev-

enth ribs, and is wrapped in the rectus sheath, which is

composed of the aponeuroses of the transversus abdomi-

nus, internal oblique, and external oblique muscles.

Medial to the linea semilunaris, the lateral edge of the

rectus sheath, the rectus muscle was dissected from ante-

rior and posterior layers of rectus sheath and reflected

medially to expose the anterior cutaneous branches. All

key steps of the dissection were photographed.

Case Series
The Cleveland Clinic Institutional Review Board (IRB

15-573) approved the retrospective review of cases per-

formed between January 2019 and June 2019, as it was

seen as a modified form of the rhomboid intercostal

plane block. The EOI block was performed for postoper-

ative pain control after open abdominal procedures
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involving upper lateral quadrant incisions. Written in-

formed consent was waived by our IRB, as all patients

were provided verbal information about the approach

and the potential for using their data in analyses. EOI

blocks were performed as either bilateral single injections

of local anesthetic or continuous infusions through bilat-

eral catheters. In patients receiving bilateral single injec-

tions, 15 mL of bupivacaine 0.25% was injected on each

side.

In patients receiving a continuous infusion, 10 mL of

bupivacaine 0.25% was injected, and then a 19-gauge,

40-cm catheter (Arrow by Teleflex; Teleflex, Morrisville,

NC, USA) was introduced into the external oblique inter-

costal fascial plane and advanced 5 cm beyond the needle

tip. The catheter tip position was confirmed with injec-

tion of 5 mL of bupivacaine 0.25% under ultrasound vi-

sualization. Catheters were secured with sterile adhesive

dressing around the midaxillary line (Video).

Figure 1. (A) Illustration of ultrasound transducer position to localize the sixth rib on the right, with the surrounding superficial mus-
cle layers on the left. (B) Sagittal illustration showing the EOI block. The blue layer represents injectate spread in the tissue plane
between external oblique and intercostal muscles and ribs. (C) Sagittal ultrasound image of the EOI block. EO¼ external oblique
muscle; LA¼ local anesthetic; ICM¼ intercostal muscles.
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Data were obtained from the electronic medical records.

The extent of sensory dermatomal block, as determined by

a loss of cold sensation to ice, was assessed 15–30 minutes

after injection of local anesthetic and thereafter once daily

by the acute pain team. All elements of care adhered to

standard institutional practice. Data were analyzed with

the Statistical Package for the Social Sciences (SPSS for

Windows, version 15.0; SPSS 2015 Inc., Chicago, IL, USA),

and descriptive statistics were used.

Results

Anatomic Study in Cadavers
Two male cadavers were included, one with a body mass

index of 26 kg/m2 and the other 42 kg/m2. Bilateral EOI

blocks were successfully performed in both. On anatomic

dissection, we identified the tissue planes between the

external oblique and the intercostal muscles, deep to the

pectoralis major, serratus anterior, and rectus abdominus

muscles. The continuity of the tissue planes in both sides

of both cadavers was identified (Supplemental Material,

Figure 2).

There was visible spread of the dye deep to the exter-

nal oblique and the serratus anterior muscles in all four

hemispecimens. There was bilateral dye spread deep to

the pectoralis major muscle in one cadaver and unilater-

ally in the other (right). The involvement of the anterior

and lateral cutaneous branches of the intercostal nerves is

represented in Figure 3 and shown in Figure 4. There

was no staining of the ilioinguinal and iliohypogastric

nerves in any specimen.

Case Series
We included data from 22 patients (Table 1). Sixteen

patients received bilateral single-injection blocks, and six

patients received bilateral continuous catheters. The bi-

lateral dermatomal coverage extended from the posterior

axillary line laterally to the midline medially within 30

minutes of block performance in all patients. The median

bilateral sensory dermatomal level achieved was T6–T10

in the anterior axillary to the posterior axillary lines and

T6–T9 in the midline.

No patients experienced adverse reactions resulting

from the blocks or catheters, including hypotension, uri-

nary retention, upper or lower extremity weakness, or in-

sertion site bleeding or infection.

Figure 2. (A) Illustration demonstrating the digitations of the serratus anterior and external oblique muscles. Below the eighth tho-
racic level, the lower four slips of the serratus anterior muscle interdigitate at their origins with the upper five slips of the external
oblique muscle. (B) Illustration demonstrating the anatomic structures beneath the external oblique muscle that originates from
the external aspect of the fifth to the twelfth ribs.

Video. Video demonstrating EOI fascial plane catheter place-
ment beyond the needle tip. The catheter tip position was con-
firmed with injection of 5 mL of bupivacaine 0.25% under
ultrasound visualization.
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Discussion

The EOI block represents an important modification and

iterative advancement of fascial plane block techniques

that may consistently cover the upper lateral abdominal

wall. The EOI block has easily identifiable sonographic

landmarks, can be performed with the patient in the su-

pine position, has needle/catheter insertion sites that are

more distant from the site of surgery than those used in

previously described techniques, and is amenable to cath-

eter insertion even in obese patients. Moreover, our lim-

ited anatomic study in two cadavers supports the

potential mechanism of this technique by showing that

dye injection spreads to the lateral and anterior cutane-

ous branches of the intercostal nerves T6/7 to T10/11.

There are several additional advantages of the EOI

block when compared with alternatives. The lateral

Figure 3. Histogram demonstrating the dye staining of lateral cutaneous branches (LCBs) and anterior cutaneous branches (ACBs)
in each cadaver after an EOI block.

Figure 4. Dissection demonstrating dye spread in cadaveric specimens. (A) Anterior image demonstrating dye spread to the ante-
rior cutaneous branches of T6–T10 on the right and T7–T10 on the left. (B) Anterolateral image demonstrating dye spread to the lat-
eral cutaneous branches of T8–T10 on the right. Green dotted lines represent the costal margins. EO¼ external oblique muscle;
LCB¼ lateral cutaneous branches; TA¼ transversus abdominis muscle.
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cutaneous branches of the intercostal nerves that contrib-

ute to the innervation of the upper abdominal wall are

not reliably blocked by TAP block approaches, including

the subcostal TAP block [10–13]. Even variants of the

subcostal TAP block fail to provide consistent block of

this region. Injection lateral to the linea semilunaris pro-

duces a block centered around T10–T11 [14], whereas in-

jection medial to the linea semilunaris, even in proximity

to the xiphoid process, achieves spread to T6–T7 in only

50–70% of attempts [12,14,15]. In both cases the lateral

cutaneous branches are not blocked, which limits the util-

ity of the subcostal TAP block for a number of abdominal

surgical procedures, such as nephrectomy, cholecystec-

tomy, or hepatic or gastric surgery [12]. The rhomboid in-

tercostal subserratus block, an injection deep to the

serratus anterior muscle at the posterior axillary line

around T7 [7,8], covers the lateral cutaneous nerves from

T3–T9 and has been described for upper abdominal sur-

gery. However, the anterior cutaneous branches are

spared [16–19].

Hamilton et al. reported that injection at the T6 level

superficial or deep to the external oblique muscle around

the midclavicular line was associated with staining of

only the lateral cutaneous branches of T6–T11 [20].

Tulgar et al. described the thoracoabdominal nerve block

through perichondrial approach (TAPA), in which local

anesthetic is injected deep to the external oblique muscle

and superficial to the costal cartilage, with a second in-

jection performed deep (posterior) to the costal cartilage

between the internal oblique and transversus abdominis

muscle origin. This resulted in the involvement of the

T5–T6 dermatomes from the anterior axillary line to 4–5

cm lateral to the sternum, as well as T7–T12 dermatomes

from the anterior axillary line to the midline. According

to this dermatomal distribution, this technique blocked

the anterior branches and lateral branches of the inter-

costal nerves T7–12 and only the T5–T6 lateral branches

[12]. As described, the TAPA block involves two injec-

tions: one to cover lateral cutaneous branches (superficial

to the costal cartilage) and the other to cover anterior cu-

taneous branches (deep to the costal cartilage).

The EOI block is an example of continuous improve-

ment, as shown in our case series and anatomic study, be-

cause it modifies a previously described technique in a

way that now achieves successful coverage of both ante-

rior and lateral branches. A limitation of the EOI block,

like other fascial plane blocks, is that it lacks visceral an-

algesic coverage [21]. The EOI block also does not reli-

ably extend below the umbilicus.

Limitations of cadaveric studies include anatomic var-

iability of cadavers, small sample size, and physiological

differences between living and deceased tissues. We

attempted to mitigate these shortcomings by using unem-

balmed human cadavers at room temperature to simulate

the tissue elasticity of live humans as much as possible.

The use of bupivacaine 0.25% with 1 mL of India ink

was also intended to mimic an actual EOI block in clini-

cal practice. There are no data for bupivacaine in terms

Table 1. Summary of patients’ demographic data and cutaneous blockade 15–30 minutes after an EOI block.

Age Sex Operation EOI Technique

Bilateral Thoracic Dermatomal Sensory Coverage*

Anterior to Posterior Axillary Lines Midline

Upper Lower
Number of
Dermatomes Upper Lower

Number of
Dermatomes

1 73 F Small bowel resection Single injection 6 9 3 6 10 4

2 70 F Partial colectomy Catheters 6 10 4 7 9 2

3 70 M Laparoscopic Whipple’s Single injection 6 10 4 6 9 3

4 36 M Ileocolectomy Single injection 6 11 5 5 10 5

5 68 M Retroperitoneal mass excision Single injection 6 11 5 7 9 2

6 62 F Laparoscopic sigmoidectomy Single injection 7 11 4 6 9 3

7 62 M Liver transplantation Catheters 6 11 5 7 9 2

8 63 F Laparoscopic gastrectomy Single injection 6 11 5 6 9 3

9 57 F Laparoscopic proctopexy Single injection 5 10 5 5 8 3

10 70 M Exploratory laparotomy Catheters 5 11 6 6 9 3

11 44 M Partial colectomy Single injection 5 10 5 7 10 3

12 58 M Small bowel resection Single injection 7 11 4 6 9 3

13 59 F Exploratory laparotomy Single injection 6 10 4 7 10 3

14 67 F Liver transplant Single injection 5 11 6 6 9 3

15 53 F Donor nephrectomy Catheters 6 10 4 6 8 2

16 69 M Nissen fundoplication Single injection 5 10 5 4 10 6

17 31 M Donor hepatectomy Catheters 5 10 5 6 9 3

18 58 M Revision biliary anastomosis Catheters 6 10 4 7 9 2

19 66 M Biliary-enteric anastomosis Single injection 6 10 4 8 10 2

20 65 M Excision of ampulla of Vater Single injection 6 10 4 7 9 2

21 47 M Renal transplantation Single injection 7 10 3 7 10 3

22 47 F Closure enterostomy Single injection 6 10 4 7 9 2

*Bilateral dermatomal coverage was reported approximately, with inconsistencies between each side averaged.
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of rheological function, which is an important area for

future investigation, especially for the fascial plane

blocks, where the spread of the local anesthetic across tis-

sue layers is critical for the clinical effects of the block.

The limitations of the case series are the small sample

size, retrospective review, and heterogeneous patient

population. The findings of our anatomic study and clini-

cal experience with the EOI block require further confir-

mation in a randomized clinical trial.

Conclusion

In conclusion, this combination case series with cadaver

study of the EOI block demonstrates the continuity be-

tween chest and abdominal wall fascial planes and the

promising use of this technique for targeting upper ab-

dominal wall analgesia, a region that is not adequately

covered by previously described fascial plane blocks.
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