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SUMMARY: The goal of ultrasound-guided suprainguinal fascia iliaca block (USG-SFIB) is anesthetic spread to three nerves,
which are lateral femoral cutaneous ree(FCN), femoral nerve (FN), and obturator nerve (ON). The 90 % minimum effective volume
(MEV90) for USG-SFIB is each result of studied showed the successful block and effect in various volume for block. Se,dtbdy, th
purposes to demonstrate the efficiency of the effective volume (MEV90,62.5 ml) for USG-SFIB and confirm the stainingcohdgetive
tissue of nerve (nerve layer) that focused on the obturator nerve by histological examination in cadavers. The histolbghtalessthe
dye staining on the nerve layer of the ON in epineurium (100 %) and un-staining perineurium & endoneurium. Therefore,dhe minim
effective volume (MEV) is effective for USG-SFIB. Moreover, dye stain at the epineurium of stained obturator nerve only.

KEY WORDS: Fascia iliaca block; Anesthetic volume; Cadaveric study; Histological examination.

INTRODUCTION

Ultrasound-guided suprainguinal fascia iliaca blocland Eastburet al (2017) demonstrated that 20, 30, and 40
(USG-SFIB) was first described by Hebbatdal (2011). ml of injectate covered only the LFCN and FN.
The target nerves of this block are lateral femoral cutaneous
nerve of thigh (LFCN), femoral nerve (FN), and obturator In clinical practice, the most commonly used volume
nerve (ON). of local anesthetic is 40 ml. After total hip arthroplasty,
Desmetet al (2017) demonstrated the USG-SFIB reduced
Anesthesiologists and emergency physicians usualfyain scores and morphine requirement. Similarly, @bla
perform the USG-SFIB to control pain from hip fractureal. (2021) found that the USG-SFIB could reduce the opioid
and hip surgery. Chegt al (2021) and Wangt al (2021) requirement, complication, and length of hospitalization in
showed that USG-SFIB fastened recovery after total hiptal hip replacement patients. For hip fractures in elderly
arthroplasty and improved exercise tolerance and slepatients, the USG-SFIB has a significant opioid-sparing

quality in older patients with emergency hip fracture. Aeffect and decreases the side effects of opioids (Bali &
various volume of local anesthetic required for a successfOkmete, 2021).

block has been reported in previous literatures. Generally,

anesthetic volume for the SFIB ranges from 20-40 ml. Both LFCN and FN locate superficial to the iliopsoas
Vermeylenet al (2018) suggested that the effective volumenuscle in the iliac fossa which is an area closed to the needle
to block the LFCN, FN, and ON after the USG-SFIB wasip while USG-SFIB is performed. However, the ON locates
40 ml. While Hebbaret al (2011), Bullocket al (2017) medial to the psoas muscle and is quite far from the injection
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site. Therefore, high volume is required for a successf(iDesmetet al, 2017). Blunt-tip needle (Stimuplex® A100,
USG-SFIB. Gasanowt al (2019) and Glomset al (2020) B Braun Medical AG, Melsungen, Germany) was inserted
recommended 50-60 ml of local anesthetic for USG-SFIB the caudal to cephalad direction by in-plane technique. A
Recently, Kantakarat al (2021) reported that the minimumvolume of 62.5 ml of methylene blue and india ink (9:1)
effective volume (MEV) of dye to achieve the LFNC, FNwas injected deep to the fascia iliaca (Fig. 1).
and ON blockade in 90 % of cases after USG-SFIB was
62.5 mL (95% CI: 60-65 mL). This study used methylen€adaveric DissectionOne hour after dye injection, all fresh
blue to imitate local anesthetic spread which was similar tadavers were dissected. First, the skin was incised along
several previous reports (Bulloekal, 2017; Vermeyleet the costal margin, midaxillary line, and inguinal ligament
al., 2018; Maikonget al, 2021). In this study, we aim to from the xiphoid process to the pubic tubercle on both sides.
confirm that the MEV90 of USG-SFIB stains the obturatoNext, the abdominal wall, as well as visceral organs such as
nerve by histological examination. stomach, intestines, and omentum were carefully removed.
The psoas major muscle was retracted. Then, dye staining
on the LFCN, FN, and ON was identified (Fig. 2).
MATERIAL AND METHOD

A total of 13 fresh adult cadavers (24 sides), donate.
to the Department of Anatomy, Faculty of Medicine, Chian
Mai University, Thailand. The study protocol was approve
by the Research Ethics Committee, Faculty of Medicing
Chiang Mai University, Thailand. (Research ID: ANA-2563+
07179) The cadavers had pathology and previous surger )
the abdomen, hip, and inguinal regions were excluded fro
the study.

Block Performance.The USG-SFIB was conducted with a
6-13 MHz linear US probe (LOGIQ F8, GE Healthcare
Wisconsin, USA) by an experienced regional :
anesthesiologist. Each cadaver was positioned supine. 1 ﬁ‘
US probe was placed in the parasagittal plane on the juncti-
between the lateral 1/3 and middle 1/3 of the imaginary lir
of the inguinal ligament. The sartorius, iliopsoas, and intern
abdominal oblique muscles were indentified by moving th|
probe medially. A “bow-tie-sign” is formed by these muscle
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Fig. 2. Successful block. LFCN: Iatefal ferhoral cutaneous nerve,
FN: femoral nerve, ON: Obturator nerve and ASIS: anterior supe-
rior iliac spine.

Histological examination. The ON overlying the sacral
A B prominence was cut and prepared for light microscopy (Fig.

k 3). The ON tissues were fixed by immersion in 10 %
formaldehyde solution for 1 week. Next, they were
dehydrated in the alcohol and embedded in paraffin for
histological analysis. Fivam-thick sections were stained
Fig. 1. Ultrasound image of suprainguinal fascia iliaca block. IoMith hematoxylin-eosin (H&E) to confirm the dye deposition
internal abdominal oblique muscle, IM: iliacus muscle, and whité the connective tissue of ON, which consists of epineurium,
arrows: a needle underneath the fascia iliaca. perineurium, and endoneurium.
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Fig. 3. Dye staining by histological examination (hematoxylin and eosin stain, H&E). Endo: endoneurium, Peri: perineurium (head
arrows), Epi: epineurium, and black arrows: methylene blue + india ink staining.

RESULTS

A mean age among the twelve cadavers ranges frd@021). Additionally, our study focused on the dye staining
60-80 years old. The effective volume (62.5 ml) was injectezh the ON to confirm that MEV90 reached which nerve
in a total of 24 lower limbs. The result showed that 62.5 niyers by histological examination. We found that only the
of dye stained all LFCN and FN, and 91.67 % of ON agpineurium of the ON was stained with dye.
shown in Table I. The histological result showed dye stained
on only the epineurium of the ON (100 %). None of them The connective tissue of the peripheral nerve is
was dyed in the perineurium and endoneurium layers agrrounded by epineurium, perineurium, and endoneurium.
shown in Table II. The three layers of connective tissue are present along the

length of the nerve, and become thinner at the branches (Rei-

Table | The efficiency of the minimal effective volume (MEV) fornaet al, 2013). The ON is one of main peripheral nerve that

USG-SFIB supplies the lower limbs. Our result shown that methylene
Nerve Stained (n,%) Un-stained (n,%) blue and india ink was localized outside the epineurium (Fig
LECN 24, (100) 0, (0) 3.). The epineurium is the external layer that composed
FN 24, (100) 0, (0) mainly of collogen fibers with no fat tissue (Reigiaal,

ON 22,(91.67) 2,(833) 2011). The ON tissue section in our study were cut at the
Successful block (%) 91.67

sacral prominence which was a common location where the

ON was stained with dye after USG-SFIB. We found that

Table 1. The dye staining of connective tissue of obturator nervg,e epineurium of ON was thin and had no fat layer.
Dye staining connective tissue of obturator nerve

ON layef Stained (n, %) Un-stained (n,%) The ON block is crucial in determining the USG-
Epineurium 22, (100) 0, (0) SFIB's success. The ON locates deep to the medial margin
Perineurium 0, (0) 22, (100)

. of the psoas major muscle, passes into the lesser pelvic and
Endoneurium 0.0 22, 100) exits through the obturator foramen to the medial thigh
(Meier & Biittner, 2016). Because of a large distance between
DISCUSSION the ON and the location of needle injection. SFIB requires a

high volume of anesthetic to reach the ON. A caution of
using a high volume of a local anesthetic to provide effective
This study validated the MEV90 for USG-SFIB andanalgesia must be considered when it is applied in patients.
demonstrated that 62.5 ml of dye provided 91.67 % success
rate (Table 1) which was comparable to Kantaketnal Local anesthetic systemic anesthetic toxicity (LAST)
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and nausea/vomiting are the main complications that occuréxisting concerns. Thus, anesthesiologists carefully evaluate
patients. Allegriet al (2016) employed the maximal volumethe risks and benefits of using a high anesthetic volume. Further
(75 ml) of anesthetic and found that ten out of 14 patients hafficacy studies on alternatives of SFIB should be investigated.
LAST symptoms. Also, some studies of using high volume
(40-60 ml) for FICB found complications in the patient Therefore, the minimal effective volume (MEV) is
(Glomsetet al,, 2020; Ridderikhofet al, 2020). Thus, effective for suprainguinal fascia iliaca block. Moreover, dye
anesthesiologists should carefully weigh the risks and benefisin at the epineurium of stained obturator nerve only.
of using the peripheral nerve block technique requiring a high
anesthetic volume.
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of the SFIB with ON block, on the other hand, is still debatable31, 2022.
In some previous studies, the ON block did not reduce pain
after hip arthroplasty (Nielsest al, 2019). At present, Zheng RESUMEN: El objetivo del bloqueo de la fascia iliaca
et al (2021) improved the USG-SFIB technique of analgesgUPrainguinal guiado por ecografia (USG-SFIB) es la propaga-
for total hip arthroplasty. It called modified USG-SFIB tha€ion anestésica a tres nervios_, cuté}ngo femoral lateral, femoral
developed the needle insertion approach. They used crania) §Pturador. El volumen efectivo minimo del 90 % (MEV90)

. ara USG-SFIB en cada uno de los resultados mostré el blo-
caudal approach and the point of needle located above i . . .

. gyéo exitoso y el efecto en varios volumenes por bloqueo. Por
ps_oa_s muscle. Their resu_lt showed the block of FN, ON aﬂatanto, el estudio tuvo como objetivo demostrar la eficiencia
sciatic nerve (SN), especially for ON. del volumen efectivo (MEV90,62.5 ml) para USG-SFIB y con-

firmar la tincion de tinte en el tejido conectivo del nervio, el

This study has some limitations. First, In the clinicatual se centré en el nervio obturador a través del examen
setting, the concentration of medications and procedure latoldgico en cadaveres. El resultado histolégico mostro tincion
blocking is required with the volume of local anestheticgle colorante en el epineuro (100 %) del nervio obturador, sin
(Helayelet al, 2006) Second, the spreading of dye in cadav&Mbargo no hubo tincién del perineuro y endoneuro. Por lo
differs from living humans. Passive movement in livin anto, el volumen efectivo minimo (MEV) es efectivo para USG-
subjects affected the cephalad diffusion of dye (Vermestien FIB.
gl_. 2(_)21). T_hen, the art_|cular branphes of innervation of hip PALABRAS CLAVE: Blogueo de fascia iliaca: Volu-
Jomt_'s required to consider, esp(_-:-mally the A_ON' Finally, OUhen anestésico; Estudio cadavérico; Examen histolégico.
studies focused on the spreading of dye in nerve layer-to
confirm the nerve staining (H&E staining technique) by light
microscopy only. Further studies specifically demonstratingEFERENCES
the specific technique to confirm and improve the dye staining
namely using immunohistochemical techniques.

Allegri, M.; Bugada, D.; Grossi, P.; Manassero, A.; Pinciroli, R. L.; Zadra,

.. . N.; Fanelli, G.; Zarcone, A.; Cataldo, R.; Danelli, €l Italian
In summary, the minimum effective volume (MEV) Registry of Complications associated with Regional Anesthesia

of dye spread to all three target nerves of the SFIB. However, (rRiCALOR). An incidence analysis from a prospective clinical
potential complications following high anesthetic volume are survey.Minerva Anestesiol., 82(892-402, 2016.

630



KANTAKAM, P.; MAIKONG, N.; LEURCHARUSMEE, P.; SINTHUBUA, A. & MAHAKKANUKRAUH, P. The effect of the minimum effective volume for suprainguinal fascia iliaca block in
fresh cadaverdnt. J. Morphol., 40(327-631, 2022.

Bali, C. & Ozmete, O. Supra-inguinal fascia iliaca block in older-oldReina, M. A.; De Andrés, J. A.; Hernandez-Garcia, J. M.; Arriazu-Na-
patients for hip fractures: a retrospective stitgz. J. Anesthesiol. varro, R.; Duran-Mateos, E. M. & Prats-Galino, A. Successive
2021. Doi: https://www.doi.org/10.1016/j.bjane.2021.08.008 changes in extraneural structures from the subarachnoid nerve roots

Bullock, W. M.; Yalamuri, S. M.; Gregory, S. H.; Auyong, D. B. & Grant,  to the peripheral nerve, influencing anesthetic block, and treatment
S. A. Ultrasound-guided suprainguinal fascia iliaca technique of acute postoperative paiBur. J. Pain Suppl., 5(277-85, 2011.
provides benefit as an analgesic adjunct for patients undergoing ®eina, M.; Arriazu, R.; Collier, C. B.; Sala-Blanch, X.; Izquierdo, L. &
tal hip arthroplastyd. Ultrasound Med., 36(233-8, 2017. de Andres, J. Electron microscopy of human peripheral nerves of

Chen, L.; Shen, Y.; Liu, S.; Cao, Y. & Zhu, Z. Ultrasound-guided supra- clinical relevance to the practice of nerve blocks. A structural and
inguinal fascia lliaca compartment block for older adults admitted ultrastructural review based on original experimental and laboratory
to the emergency department with hip fracture: a randomized data.Rev. Esp. Anestesiol. Reanim., 60(852-62, 2013.
controlled, double-blind clinical triaBMC Geriatr., 21(1)669, 2021.  Ridderikhof, M.; De Kruif, E.; Stevens, M.; Baumann, H.; Lirk, P.;

Desmet, M.; Vermeylen, K.; Van Herreweghe, |.; Carlier, L.; Soetens, Goslings, J. & Hollmann, M. Ultrasound guided supra-inguinal fascia
F.; Lambrecht, S. & Van de Velde, M. A Longitudinal supra-inguinal  lliaca compartment blocks in hip fracture patients: an alternative
fascia iliaca compartment block reduces morphine consumption after techniqueAm. J. Emerg. Med., 38(2B81-6, 2020.
total hip arthroplastyrReg. Anesth. Pain Med., 42@327-33, 2017. Vermeylen, K.; Soetens, F.; Leunen, |.; Hadzic, A.; Van Boxtael, S.;

Eastburn, E.; Hernandez, M. A. & Boretsky, K. Technical success of the Pomes, J. & Sala-Blanch, X. The effect of the volume of supra-
ultrasound-guided supra-inguinal fascia iliaca compartment block inguinal injected solution on the spread of the injectate under the

in older children and adolescents for hip arthroscéaediatr. fascia iliaca: a preliminary study. Anesth., 32(6908-13, 2018.
Anaesth., 27(11)120-4, 2017. Vermeylen, K.; Van Aken, D.; Versyck, B.; Roos, J.; Bracke, P.; Leunen,
Gasanova, |.; Alexander, J. C.; Estrera, K.; Wells, J.; Sunna, M.; |. & Elsharkawy, H. The effect of passive muscle mobilization on

Minhajuddin, A. & Joshi, G. P. Ultrasound-guided suprainguinal the distribution of local anesthetics after supra-inguinal fascia iliaca
fascia iliaca compartment block versus periarticular infiltration for ~ compartment block, a pilot case studyClin. Anesth., 6810100,
pain management after total hip arthroplasty: a randomized controlled 2021.

trial. Reg. Anesth. Pain Med., 4412)6-11, 2019. Wang, Y. L.; Liu, Y. Q.; Ni, H.; Zhang, X. L.; Ding, L.; Tong, F. & Kong,

Girén-Arango, L.; Peng, P. W.; Chin, K. J.; Brull, R. & Perlas, A. M. J. Ultrasound-guided, direct suprainguinal injection for fascia
Pericapsular nerve group (PENG) block for hip fractReq. Anesth. iliaca block for total hip arthroplasty: A retrospective studfprid
Pain Med., 43(8859-63, 2018. J. Clin. Cases, 9(153567, 2021.

Glomset, J. L.; Kim, E.; Tokish, J. M.; Renfro, S. D.; Seckel, T. B.Zheng, T.; Hu, B., Zheng, C. Y.; Huang, F. Y.; Gao, F. & Zheng, X. C.
Adams, K. J. & Folk, J. Reduction of postoperative hip arthroscopy Improvement of analgesic efficacy for total hip arthroplasty by a
pain with an ultrasound-guided fascia iliaca block: a prospective modified ultrasound-guided supra-inguinal fascia iliaca compartment
randomized controlled triahm. J. Sports Med., 48(882-8, 2020. block. BMC Anesthesiol., 21(15, 2021.

Gola, W.; Bialka, S.; Owczarek, A. J. & Misiolek, H. Effectiveness of
Fascia lliaca Compartment Block after Elective Total Hip
Replacement: A Prospective, Randomized, Controlled Shuidyl. . .
Environ. Res. Public Health, 18(@B91, 2021. Corresponding author:

Hebbard, P.; Ivanusic, J. & Sha, S. Ultrasound-guided supra-inguifal©f- Pasuk Mahakkanukrauh, MD
fascia iliaca block: a cadaveric evaluation of a novel approackepartment of Anatomy
Anaesthesia, 66(00-5, 2011. Faculty of Medicine

Helayel, P. E.; Lobo, G.; Vergara, R.; Conceigdo, D. & Oliveira FilhoExcellence in Osteology Research and Training Center
G. Effective volume of local anesthetics for fascia iliac compartmefORTC)
block: adoublg-bllnq, comparative study_between 0.5% roplvacalr@hiang Mai University
and 0.5% bupivacain®ev. Bras Anestesiol., 56(8%4-60, 2006. Chiang Mai, 50200

Jadon, A.; Mohsin, K.; Sahoo, R. K.; Chakraborty, S.; Sinha, N. & Baks AILAND,

A. Comparison of supra-inguinal fascia iliaca versus pericapsul |H
nerve block for ease of positioning during spinal anaesthesia: A
randomised double-blinded trizhdian J. Anaesth., 65(8)72, 2021.

Kantakam, P.; Maikong, N.; Sinthubua, A.; Mahakkanukrauh, P.; Traks-mail: pasuk034@gmail.com
D. Q. & Leurcharusmee, P. Cadaveric investigation of the minimum
effective volume for ultrasound-guided suprainguinal fascia iliaca
block.Reg. Anesth. Pain Med., 46(B97-62, 2021.

Lee, S.; Hwang, J. M.; Lee, S.; Eom, H.; Oh, C.; Chung, W. & Hwang,

D. S. Implementation of the obturator nerve block into a supra-
inguinal fascia iliaca compartment block based analgesia protocol
for hip arthroscopy: retrospective pre-post stivigdicina (Kaunas),
56(4)150, 2020.

Maikong, N.; Kantakam, P.; Sinthubua, A.; Mahakkanukrauh, P.; Tran,
D. Q. & Leurcharusmee, P. Cadaveric study investigating the phrenic-
sparing volume for anterior suprascapular nerve blgek.. Anesth.
Pain Med., 46(9y69-72, 2021.

Meier, G. & Buttner, JAtlas of Peripheral Regional Anesthesia. Anatomy
and Techniques3rd ed. Stuttgart, Thieme, 2016.

Nielsen, N. D.; Runge, C.; Clemmesen, L.; Barglum, J.; Mikkelsen, L.

R.; Larsen, J. R. & Bendtsen, T. F. An obturator nerve block does
not alleviate postoperative pain after total hip arthroplasty: A
randomized clinical trialReg. Anesth. Pain Med., 44{466-71,
2019.

631



