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REGIONAL ANAESTHESIA

Ultrasound-guided blocks of the ilioinguinal and
iliohypogastric nerve: accuracy of a selective new technique
confirmed by anatomical dissection
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Background. llioinguinal and iliohypogastric nerve blocks may be used in the diagnosis of chronic
groin pain or for analgesia for hernia repair. This study describes a new ultrasound-guided
approach to these nerves and determines its accuracy using anatomical dissection control.

Methods. After having tested the new method in a pilot cadaver, 10 additional embalmed
cadavers were used to perform 37 ultrasound-guided blocks of the ilioinguinal and iliohypogastric
nerve. After injection of 0.1 ml of dye the cadavers were dissected to evaluate needle position and
colouring of the nerves.

Results. Thirty-three of the thirty-seven needle tips were located at the exact target point, in or
directly at the ilioinguinal or iliohypogastric nerve. In all these cases the targeted nerve was
coloured entirely. In two of the remaining four cases parts of the nerves were coloured. This
corresponds to a simulated block success rate of 95%. In contrast to the standard ‘blind’ tech-
niques of inguinal nerve blocks we visualized and targeted the nerves 5 cm cranial and posterior to
the anterior superior iliac spine. The median diameters of the nerves measured by ultrasound
were: ilioinguinal 3.0x1.6 mm, and iliohypogastric 2.9x1.6 mm. The median distance of the
ilioinguinal nerve to the iliac bone was 6.0 mm and the distance between the two nerves was
10.4 mm.

Conclusions. The anatomical dissections confirmed that our new ultrasound-guided approach
to the ilioinguinal and iliohypogastric nerve is accurate. Ultrasound could become an attractive
alternative to the ‘blind’ standard techniques of ilioinguinal and iliohypogastric nerve block in pain
medicine and anaesthetic practice.
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Tioinguinal (IT) and iliohypogastric (IH) nerve blocks are  described for the first time.” The method, however, is unse-

often performed to provide intra- and postoperative anal-
gesia for hernia repair especially in children.’ * Several tech-
niques are described in the literature.*° All these techniques
use high amounts of local anaesthetic and are relatively
unselective, which may lead to blocks of other adjacent
nerves such as the femoral nerve.' Recently, an ultrasound-
guided technique for II and IH nerve blocks in children was

lective because the two nerves were targeted and blocked
using a single injection technique.

An additional indication of II and IH nerve blocks is to
evaluate whether peripheral nociceptive or neuropathic
components are present in chronic pain patients after
inguinal hernia repair. Chronic pain after inguinal hernia
repair has recently been recognized as an important
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problem. A review found its incidence to be as high as 54%,
with about one-third of these patients reporting moderate to
unbearable pain.® Considering the very high number of
operations performed, for example 800000 in the USA
in 2003, this pain syndrome affects the quality of life of
many patients and results in high social costs. The ‘blind’
techniques are not suitable for a selective block of the IT and
IH nerves, which would be needed to diagnose peripherally
mediated pain in these chronic pain patients.

The technical development of ultrasound devices and of
high frequency high-resolution transducers in recent years
made a direct visualization of small nerves by ultrasound
possible. In regional anaesthesia, ultrasound guidance for
nerve blocks is being used with increased frequency'® and
ultrasound has been shown to offer guidance for selective
nerve block techniques for invasive pain therapy.'''> We
developed an ultrasound-guided double injection approach
to the II and IH nerve in adults to be used to block these
nerves in daily practice.

In this study, we tested the accuracy and the selectivity of
our ultrasound-guided technique for II and IH nerve block
by injection of a very small amount of dye in human cada-
vers and verification of the selective colouring of the nerves
by anatomical dissection.

Materials and methods

The cadavers had been embalmed in a traditional manner as
done for usage of donors within (postgraduate) operating
courses at the Department of Anatomy, Histology and
Embryology of the Innsbruck Medical University, Innsbruck,
Austria. The embalming fluid is mainly composed of ethanol
and glycerol with a little amount of phenol added. All cada-
vers were in legal custody of the Department and Institutional
approval for the procedure was obtained. The embalming
process cannot stop gas formation in the tissue in all cadavers.
If gas is present, artifacts markedly limit the ultrasound
examination and from other studies in the past we knew
that it is not possible to distinguish the different tissues in
some cadavers. Therefore, the supraclavicular region of the
cadaver’s neck was scanned by an independent examiner
using a standard ultrasound device (Sonoline VersaPlus;
Siemens Medical Solutions, Erlangen, Germany) and a
10 MHz linear array transducer (10L50). Cadavers showing
alot of artifacts and bad recognition quality of the tissue were
not enrolled in the study. Out of 20 scanned cadavers 17 with
acceptable ultrasound imaging quality of the neck were ini-
tially enrolled in the study. From these 17 subjects another 6
had to be excluded later because of gas in the abdominal wall
and therefore air-artifacts and impossible recognition of the
underlying tissue during ultrasound examination.

The first cadaver was used as pilot case to determine the
volume of the dye for the injections. The abdominal wall
was scanned about 5 cm cranial to the anterior superior iliac
spine (Fig. 1). This region was chosen because the II nerve

Fig 1 Transducer position for the ultrasound-guided II and IH nerve
blocks. The arrow indicates the contact point of the transducer with the
iliac crest.

Fig 2 Ultrasound image obtained by the transducer position showed in
Figure 1. 1, II nerve; 2, IH nerve; IC, iliac crest; SC, subcutaneous tis-
sue; OE, external oblique muscle; OI, internal oblique muscle; TR,
transversal abdominal muscle.

had penetrated the transverse abdominal muscle at this loca-
tion with a probability of 90% and the IH nerve with a
probability of 95%.'° Both nerves may be found there
with 90% probability between the transverse abdominal
and internal oblique muscle'® (Fig. 2). At this location,
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all three muscles forming the abdominal wall, the third one
being the external oblique muscle, can be seen by ultra-
sound. More distally the external oblique muscle forms
its aponeurosis and is therefore thinner and more difficult
to distinguish. We tested two linear array transducers with
10 and 7.5 MHz working frequencies, respectively (10L50
and 7.5L70). The transducers were positioned slightly
rotated from a transversal to an oblique plane to be perpen-
dicular to the anatomical course of both nerves and the lateral-
caudal part of the transducers were brought into contact with
the iliac crest (Fig. 1). The 7.5 MHz transducer provided a
better result than the 10 MHz transducer because of the wider
field of view and a better ultrasound picture, probably as a
result of a better technical adjustment to the ultrasound
device. It was therefore chosen for all further examinations.
The IT and IH nerve were seen and the transducer was slightly
rotated until both nerves were scanned in a real cross-section
view (Fig. 2). The nerves appeared as oval hypoechoic (dark)
areas with hyperechoic (white) spots and were encircled by
a hyperechoic horizon corresponding to the typical sono-
graphic appearance of peripheral nerves."*'® Under real-
time ultrasound guidance two 21 gauge, 8 cm, short bevel
needles (0.80x80 mm, 21 Gx3-1/8’, ROSE GmbH, Trier,
Germany) were inserted from slightly below the plane of
view (caudal to the transducer in the short axis) directly
over the II and IH nerve and were advanced directly to
each nerve. The needle tips were brought in direct contact
or into the nerves and either 0.3 or 0.1 ml of either indocy-
anine green (ICG) (ICG- Pulsion, Pulsion Medical Systems
AG, Munich, Germany) or methylene blue (Methylene blue
1%, Mayrhofer Pharmazeutika GmbH, Linz, Austria) was
injected. Thereafter, the cadaver was carefully dissected
under manual fixation of the needles to show the actual posi-
tion of the needle tips and the spread of the dye. ICG with a
volume of 0.1 ml coloured the tissue around the needle tipin a
very small area of about 1-2 mm whereas the higher volume
and methylene blue with both volumes coloured less select-
ively. Therefore we used 0.1 ml of ICG for the remaining
injections.

The remaining 10 cadavers were positioned supine and
bilateral ultrasound examination of the inguinal region was
performed by two examiners (U.E. and M.G.). The IT and the
IH nerve were seen and the pictures were saved. We recor-
ded in or between which muscles the nerves were found. The
dimensions of the nerves, the horizontal distance of the II
nerve to the ultrasonographic reflex of the iliac crest and the
distance between the two nerves were measured. Then, the

21 gauge needles were placed under real-time ultrasound
guidance close or into each nerve on both sides as described
above by one of the two examiners (U.E. and M.G.) and
0.1 ml of ICG were slowly injected through each needle.
The needles were left in place and each cadaver was
carefully dissected with manual fixation of the needles
immediately after the injections by the independent anatomical
specialist (B.M.). The needle position was defined as correct if
the needle tip was in contact or into the targeted nerve,
the green dye coloured the targeted nerve and this nerve
corresponded anatomically to the II or the IH nerve,
respectively.

Results

Of the 11 examined cadavers, the first one was categorized
as pilot case to identify the type and volume of the dye. Data
of this case are not included.

Characteristics of the remaining 10 corpses were: sex:
5 male, 5 female; median age at death 77.6 (range 62-90) yr;
median height 165.1 (sp 7.2) cm and median BMI 20.6
(sb 2.9) kg m 2. In one cadaver it was not possible to get an
accurate ultrasound image of the left side as a result of the
gas between the muscles of the abdominal wall only at this
side. In another one, the IH nerve on the left side could
not be found either by ultrasound or by the subsequent
dissection.

We targeted 37 nerves (1911, 18 IH) in 10 cadavers. Results
of the ultrasound measurements are shown in Table 1. We
found all 37 nerves lying between the internal oblique and
transverse abdominal muscles at the injection point described
above. Figure 2 shows a typical ultrasound image of the
abdominal wall and the two nerves. Figure 3 shows the cor-
responding anatomical cross-section through the region in the
plane of the ultrasound image. Anatomical dissection after
the injection showed the needle in or just on the targeted nerve
in 33 cases (16 II, 17 IH) and the nerves were coloured green
in all these cases (example: Fig. 4). In two cases the II nerve
was divided into several branches and the needle tip was
situated just next to one of these branches, which was col-
oured green whereas the main branch was not reached by the
dye. In two cases (1 II, 1 IH) the nerves were missed by the
needle tip and by the injected dye. The position of the dye was
5 mm medial and 2 mm superficial to the II nerve in the
internal oblique muscle in one case. In the second case the
dye was found 5 mm medial and cranial to the IH nerve
colouring a branch of the subcostal nerve. In summary, 35

Table 1 Ultrasound measurements of the II and IH nerve in 10 cadavers expressed as median and (range) in mm. The measurements of the nerves without verified
correct needle placement by the following anatomical dissection were excluded. TD, transverse diameter; VD, vertical diameter; NBD, nerve bone distance,
horizontal distance of the II nerve to the iliac bone reflex; NND, nerve to nerve distance between the II and IH nerve. The IH nerve always lay medial of the II nerve

n TD VD NBD NND Depth of nerve
1I nerve 18 3.0 (2.0-4.0) 1.6 (0.7-2.1) 6.0 (4.0-11.0) 12.5 (8.2-19.0)
IH nerve 17 2.(1.8-3.5) 1.6 (0.5-3.0) 10.4 (7.0-14.3) 12.2 (8.6-19.4)
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Fig 3 Anatomical cross-section through the region in the plane of the
obtained ultrasound image. IC, iliac crest; SC, subcutaneous tissue; OE,
external oblique muscle; OI, internal oblique muscle; TR, transversal
abdominal muscle; 1, II nerve; 2, IH nerve; IM, iliac muscle; single
arrowhead, transversalis fascia; double arrowhead, peritoneum.

Fig 4 A typical example of the injection site after the anatomical
dissection. The nerve and the partial opened surrounding connective
tissue and fat are coloured green. The needle tip is located directly on
the II nerve. Asterisk, II nerve; 1, needle targeting the IH nerve; 2,
needle targeting the II nerve.

of 37 targeted nerves were coloured by the injected dye. Thus,
the success rate of needle placement and nerve colouring was
95% (95% confidence interval: 84—98%).

Discussion

This investigation is the first description of an ultrasound-
guided approach to the II and IH nerve in adults. This

method is the first one with the potential to block the two
nerves selectively and separately. We demonstrated the
accuracy of our ultrasound-guided approach: the success
rate of needle placement and nerve colouring of our new
technique was 95%.

We suggest using our new injection point about 5 cm
cranial and posterior to the anterior superior iliac spine for
ultrasound-guided or ‘blind’ blocks of the II and IH nerves.
At this point all three muscle layers of the abdominal wall
can easily be identified by ultrasound and facilitate ori-
entation (Fig. 2). We found all 37 nerves lying between the
internal oblique and transverse abdominal muscle. This is
in accordance with the anatomical findings of Jamieson
and colleagues.'? They dissected 244 human body halves
and found both nerves in more than 90% of cases between
these two muscles in the region above and posterior to the
anterior superior iliac spine. They postulated this region as
ideal injection point for performing anaesthetic blocks of
the nerves as early as 1952 but their suggestion was not
followed by the anaesthetic literature. In all descriptions of
the technique that we know, the recommended injection
site is situated medial of the anterior superior iliac
spine.3‘6 At this place, both nerves, the II nerve with a
higher frequency, are often penetrating the internal oblique
muscle.”? Performing a ‘blind’ technique it may be diffi-
cult for the injected local anaesthetic, in adults up to 20 ml,
to reach both nerves if they are not lying in the same
compartment. This is a possible explanation for the high
failure rates of 20-30% reported in the literature® for this
technique. It is more likely to reach both nerves with the
local anaesthetic using an injection point where the nerves
are lying in the same layer of the abdominal wall with a
high probability.

Because our study was performed on cadavers of low
BMI, we cannot say whether the results are applicable to
the general population because of the more difficult nerve
visualization in overweight patients. However, in our
daily practice the muscle layers are seen consistently also
in overweight patients, which makes this method most
likely more reliable and safe than the traditional blind
technique.

Recently, an unselective ultrasound-guided technique for
II and IH nerve blocks in children just medial to the anterior
superior iliac spine was described by Willschke and col-
leagues.’” The authors could significantly reduce the volume
of local anaesthetic to achieve an appropriate block and the
intra- and postoperative requirements for additional anal-
gesics was significantly lower in the ultrasound-guided
nerve block group compared with the traditional ‘blind’
fascia click method. The advantage of performing an
ultrasound-guided injection at our injection point cranial
and posterior of the anterior superior iliac spine is the better
visibility of the nerves at this point. Both nerves are usually
not yet divided and therefore greater in diameter. In our
study, we could not see all nerves medial or caudal to the
anterior superior iliac spine. In the only case we could not
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find the IH nerve on the left side either by ultrasound or by
dissection, we assume that the two nerves (II and IH) existed
as a common trunk at the investigated location. This is a
known anatomic variation and was found by Papadopoulos
and Katritsis'” in 12.6% of 348 investigated specimens. By
using an ultrasound-guided block technique such anatomical
variations can be detected and this may be one reason for the
increase of success rate of the block compared with the blind
method.

Our technique may open new possibilities in pain medi-
cine. Considering the high incidence of chronic pain after
inguinal herniorrhaphy® and the high number of operations
performed,” more effective treatment of patients suffering
from chronic pain after inguinal hernia repair is highly
needed. The mechanisms of the development of this pain
state are still unclear. Entrapment neuralgia or injury of the
nerves crossing the inguinal region followed by neuroma
formation are possible explanations. Anatomical variability
of the course of these nerves'®'” and the distribution of the
sensory innervated skin area are very high.'® Therefore it is
impossible to find out which nerve is involved in pain gen-
eration just by performing sensory tests or mapping the
painful skin area. Regional local anaesthetic blocks may
be performed as diagnostic tools to distinguish whether
nerves or the tissues that are supplied by them are involved
in pain generation, before surgical revision'® or neurode-
structive procedures are performed.”°>! With this study we
cannot prove that we are able to block the IT and the IH nerve
separately using ultrasound guidance in pain patients.
Because there is a high variability of the skin innervation,'®
no accurate clinical test exists to evaluate which nerve is
blocked. Therefore it is very difficult to prove that only one
nerve is blocked after the injection of a small amount of
local anaesthetic and this topic has to be the subject of
further studies. Nevertheless we suggest using the
ultrasound-guided approach, which may allow blocking
the II and IH nerve selectively and may lead to a more
accurate pre-selection of chronic pain patients after inguinal
hernia repair for invasive pain treatment. In patients it is
very important to avoid nerve injury and therefore we
advance the needle ultrasound-guided just beside the nerves
and do not directly target them in contrast to our cadaver
study. For physicians with only limited experience in
ultrasound-guided nerve blocks we furthermore recommend
to combine the technique with a nerve stimulator to ensure
the needle is not put too close to or into the nerve. To block
the II nerve we place the needle lateral to it to enlarge the
distance from the injection point to the IH nerve. In this way,
we reduce the chance that the second nerve is reached by the
injected local anaesthetic too. For the same reason, to block
the IH nerve the needle is placed medial to it. The injection
of 1-2 ml of local anaesthetic under direct ultrasound visu-
alization is usually enough to surround only the targeted
nerve by the solution.

In conclusion, the results of this study are an encouraging
first step that others might care to follow and evaluate. The

ultrasound approach has the potential to replace the ‘blind’
standard techniques of II and IH nerve block in pain
medicine and anaesthetic practice where ultrasound facilit-
ies and expertise are available. In facilities without ultra-
sound equipment using a ‘blind’ technique, a new injection
point cranial and posterior of the anterior superior iliac spine
may be advantageous and may reduce the failure rates. One
caution, however, remains. This study was conducted on
cadavers of average size and normal or lower weight.
Whether or not the method is applicable to larger individuals
is still uncertain. Moreover, whether the two nerves can be
blocked separately for diagnostic reasons has still to be
determined by future studies.
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