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Abstract

Purpose of Review This article aims to describe the anatomical and technical aspects of various regional techniques used for
fracture hip and hip surgery. We reviewed the commonly used nerve blocks, interfascial plane blocks and current evidence of
their utility in hip fracture patients.

Recent Findings Fascia iliaca compartment block (FICB) and femoral nerve block (FNB) are the most commonly used nerve
blocks for providing pain relief for hip fracture patients. Supra-inguinal FICB has more consistent spread to all nerves and can
enable better pain control. Both the FICB and FNB have shown analgesic efficacy with reduced pain scores, opioid sparing effect,
and they enable better patient positioning for spinal in the operating room. These nerve blocks in the elderly patients can also have
beneficial effects on delirium, reduced hospital length of stay, and decreased incidence of pneumonia. Some of the novel
interfascial plane blocks like PEricapsular Nerve Group (PENG) blocks are now being explored to provide pain relief for fracture
hip.

Summary Hip fracture in the elderly has associated morbidity and mortality. Early surgical intervention has shown to reduce
morbidity and mortality. Pain management in this elderly population poses a unique challenge and complementing with regional
anesthesia for analgesia has shown numerous benefits.

Keywords Hip fracture - Peripheral nerve blocks - Regional anesthesia - Fascia iliaca block - Femoral nerve block - PENG block

Introduction and 1-year mortality of 30%. Opioids are commonly used
along with other multimodal techniques to address pain. The
elderly due to altered pharmacodynamics and coexisting med-
ical conditions are vulnerable to the side effects of opioids
especially opioid-related respiratory depression. Early surgery

within 48 h of fracture has shown to decrease complication

The current shift toward longevity brings with it a multitude of
medical issues. One such is the incidence of osteoporotic frac-
tures, namely, hip fracture. The annual incidence of hip frac-
tures in the USA is 280,000 with women being twice as prone

as men especially in the elderly population [1]. A comparison
study in postmenopausal women showed that the burden of
hospital cost was the highest for hospitalizations due to oste-
oporotic fractures with myocardial infarction ranking in sec-
ond followed by stroke and then breast cancer [2]. Studies
have shown that hip fractures in elderly are associated with
significant morbidity, especially the need of long-term care
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and mortality rates [3]. This gives an opportunity for anesthe-
siologists to participate in patient’s pain control early on espe-
cially in terms of offering regional analgesia for effective pain
control. The nerve blocks provide superior analgesia with de-
creased use of opioids and various other benefits. In this cur-
rent review, we have described the commonly used nerve
blocks like fascia iliaca, femoral, and some novel interfascial
plane blocks for hip fracture analgesia.

Anatomical Background
The hip joint is a classic ball and socket joint formed by the

acetabulum and the head of the femur. The hip joint is inner-
vated by both lumbar (L1-L4) and sacral (L4-S4) plexuses,
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and receives its sensory innervation from the femoral, obtura-
tor, and sciatic nerves with contribution from nerve to
quadratus femoris and superior gluteal nerve [4]. Cutaneous
innervation is by lateral femoral cutaneous, genitofemoral,
and obturator nerves. A variety of nerve blocks have been
utilized for hip fracture, namely, lumbar plexus block, fascia
iliaca block, femoral block, sciatic block, and 3 in 1 block. In
recent times, novel interfascial plane blocks like Quadratus
Lumborum Block (QLB) and PEricapsular Nerve Group
Block (PENG) have been used for analgesia. In this review,
we have described the anatomical basis, technical aspects, and
evidence of various nerve blocks used for hip fracture and hip
surgery analgesia.

Fascia lliaca Block: (FIB/FICB)

The fascia iliaca compartment block (FICB) is a block where
large volume of dilute local anesthetic medication is deposited
deep to the fascia iliaca. This fascia covers the anterior surface
of iliacus and psoas muscles and creates a compartment be-
tween its attachments to the iliac crest laterally and psoas
fascia medially and the muscles it covers. Local anesthetic
(LA) deposited in this compartment is assumed to spread to
the femoral, obturator and lateral femoral cutaneous (LFCN)
nerves.

Loss of Resistance Technique

Dalens et al. described the loss of resistance technique. In this
technique, a line is drawn from the anterior superior iliac spine
to pubic tubercle. This line is divided into three parts, and the
needle is inserted at the junction of middle and lateral thirds.
The needle is inserted perpendicular to the skin till a double
popping sensation is felt which correlates to the needle pene-
trating the fascia lata and then fascia iliaca. LA is deposited in
the tissue plane after the second pop is felt. This technique can
have high failure rates due to subjective feeling of the fascia
with pops and higher complication rates compared with the
ultrasound guided technique.

Ultrasound Guided Technique

The ultrasound technique is now widely used and ensures
deposition of LA in the correct fascial plane. In this technique,
a high frequency linear probe is placed transversely at the
level of the inguinal crease (Fig. 1). After the femoral artery
is identified, the probe is moved laterally, and the hypoechoic
iliopsoas muscle is identified which is covered by the
hyperechoic fascia iliaca (Fig. 1b). This fascia invests the
femoral nerve medially and laterally covers the sartorius mus-
cle. A needle is inserted in-plane from lateral to medial and
pierces the fascia iliaca at the junction of medial border of
sartorius and iliopsoas muscle. The LA is deposited deep to
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Fig. 1 a Infra-inguinal fascia iliaca block and femoral nerve block. The
image shows the probe position at the inguinal crease and in-plane
approach of the needle from lateral to medial. b Sono-anatomy at the
inguinal crease showing the fascia iliaca, femoral nerve (FN), femoral
artery (FA), femoral vein (FV), and iliopsoas muscle

fascia iliaca and should be seen spreading toward the femoral
nerve medially. This block can be performed as a single shot
or as a continuous catheter technique for prolonged analgesia.
This is described as the infra-inguinal FIB technique (ITFIB).

Hebbard et al. described a new ultrasound guided supra-
inguinal approach (SIFIB) [5]. A high frequency linear probe
is placed over the inguinal ligament in the parasagittal plane
close to the anterior superior iliac spine. Here the hyperechoic
line of ilium is identified covered by the echolucent iliacus
muscle with the fascia iliaca covering the muscle (Fig. 2).
The probe is moved supero-laterally to identify the anterior
superior iliac spine. The deep circumflex iliac artery should be
identified superficial to the fascia iliaca. The needle is intro-
duced with in-plane approach till it penetrates through the
fascia iliaca, and LA is seen spreading over the iliacus muscle
into iliac fossa. A modification of this approach has been
described by Desmet et al., where the probe is tilted with
cranial end toward umbilicus and caudal end toward anterior
superior iliac spine (Fig. 3) [6]. Here the bow tie formed by
muscle fasciae of sartorius, iliopsoas, and intra-abdominal
oblique muscle is identified (Fig. 3b). The needle is inserted
just above the inguinal crease, in an in-plane approach and
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Fig. 2 Sono-anatomy of the
supra-inguinal approach to fascia
iliaca block showing the fascia
iliaca (noted by white arrows)
covering the iliacus muscle at
level of anterior superior iliac

spine (ASIS) MU

oM

ILIACUS MUSCLE

Fig. 3 a Supra-inguinal fascia iliaca block. The image shows the probe
position above the inguinal crease, with cranial end of probe towards
umbilicus and caudal end toward anterior superior iliac spine (ASIS)
showing the bowtie as seen in Fig. 3b. The needle is inserted in-plane
from lateral to medial. b Sono-anatomy of supra-inguinal approach to
fascia iliaca block (denoted by arrows) showing the bow tie (%) formed
by muscle fasciae of sartorius and internal oblique muscle (IOM). AIIS is
anterior inferior iliac spine

INTRA -ABDOMINAL

ILIACUS MUSCLE

hydro-dissection performed at the junction of bow tie to see
the spread of LA in the fascial plane above the iliacus muscle.

The SIFIB approach has shown consistent spread to the
three nerves of the lumbar plexus, which contribute to the
sensory supply of hip joint [7¢]. Both infra and supra-
inguinal approaches of FICB with dilute LA have shown to
preserve motor strength of the lower extremity [7¢].

Analgesic Efficacy

FICB has been extensively studied for its efficacy in reducing
pain of fracture neck of femur and postoperative pain. A recent
Cochrane review that evaluated 8 randomized control trials
(RCT) with high level of evidence and included 4 RCTs com-
paring FICB to systemic analgesics showed reduction in VAS
pain score of approximately 3.4 of 10 on movement within
30 min after block placement [8+¢]. Another meta-analysis
including 11 trials and 937 patients has compared the pain
scores at various intervals after block versus placebo. As com-
pared with control group, FICB reduced VAS at 1-8 h with
high heterogeneity (standard mean difference (SMD) =—
1.03, 95% confidence interval (CI) —1.48, 0.58, P=0.000).
As compared with control, FICB reduced VAS at 12 h with
moderate heterogeneity (SMD =—1.06, 95% CI —1.36, 0.75,
P =0.000) and reduced VAS at 24 h with high heterogeneity
(SMD =-1.14, 95% CI 1.66, 0.62) [9].

Opioid Sparing Effect

Apart from the benefit of pain control in the FICB group,
studies have also shown the opioid sparing effect of the block.
Studies comparing FICB to opioids have reported a statistical-
ly significant reduction in need for additional analgesia.
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(SMD=-1.89, 95% CI —3.63, —0.140, P=0.03) [10e¢].
Also, when compared with systemic analgesia, the FICB
group was found to have significantly longer time to first
request for additional analgesia. (SMD =0.93, 95% CI 0.02,
1.84, P=0.05) [10e¢]. In studies comparing FICB to NSAIDs,
one study which used additional analgesia as outcome report-
ed that the FICB group requested fewer NSAIDs at 21% com-
pared with 82% in control group (P <0.05) [11].

Improved Patient Positioning

The analgesic effect of the block has been analyzed to show
reduced pain during positioning for spinal anesthesia.
Diakomi et al. compared FICB to intravenous fentanyl
(IVFE) and showed that the FICB group had lower numeric
pain score rating after intervention (P < 0.001), shorter spinal
performance time (P =0.001), and better quality of position-
ing (P=0.001) [12¢].

Effect on Cognition

Studies have shown a positive effect of FICB on reducing the
incidence of delirium, but current level of evidence is deemed
to be of low quality and more data is needed to prove this
positive outcome [8+, 13]. Use of regional blocks can play a
key role in reduction of opioids and other anxiolytic medica-
tions, which can lead to positive effects on cognition of elderly
patients.

Nausea

A recent meta-analysis comparing 6 studies with a total of 224
patients has concluded that patients in FICB group had signif-
icantly less occurrence of nausea than in the control group.
(Risk ratio (RR)=0.33, 95% CI 0.17-0.65, P=.001). This
reduction in nausea could be due to opioid sparing effect of
the block [9].

Hospital Length of Stay

There is some evidence to suggest that patients receiving
FICB may have shorter hospital stay after fracture of hip. A
study by Callear et al. showed that patients who received a
FICB received significantly less postoperative and total anal-
gesia (P =0.04, P =0.03) and had lower rates of delirium (P =
0.03), and those patients which were discharged directly home
had a shorter inpatient stay (P =0.03) [14].

Femoral Nerve Block: (FNB)
The femoral nerve is the largest branch of lumbar plexus and

supplies sensory fibers to the hip joint apart from motor and
sensory supply to the thigh. It is formed by the ventral roots of
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the L2-L4 spinal nerves. Above the inguinal ligament, the
femoral nerve is within the psoas muscle but emerges from
the muscle at its middle and lower third junction. It enters the
thigh posterior to the inguinal ligament where it is positioned
lateral to the femoral artery and lies on the surface of the
iliopsoas muscle. All along its course to the thigh, the nerve
remains deep to fascia iliaca. The nerve divides into its ante-
rior and posterior branches slightly distal to the inguinal liga-
ment. This nerve can be blocked by landmark, nerve stimula-
tor, or ultrasound guided technique. A single injection or a
continuous catheter approach can be employed to block the
femoral nerve.

Ultrasound Guided Technique

A high frequency linear probe is used at the level of the fem-
oral crease with patient lying supine. The femoral artery is
identified at this level. If profunda-femoris artery is also seen,
the probe is moved proximally to identify the femoral artery
before the branching. The femoral nerve lies lateral to the
artery and is seen as a hyperechoic triangular or oval structure
covered by a hyperechoic fascia iliaca (Fig. 1). The needle is
typically inserted in an in-plane technique from lateral to me-
dial direction, though an out of plane injection with needle
insertion perpendicular to probe can also be made (Fig. 1b).
Using the in-plane technique, once the needle tip is lateral or
above or below the nerve, an injection is made to see the
spread of LA. Continuous nerve catheter can also be threaded
under ultrasound guidance for prolonged postoperative anal-
gesia. A nerve stimulator can also be simultaneously used
along with ultrasound guidance to confirm the location of
femoral nerve by eliciting quadriceps/patellar twitch. This du-
al guidance has not shown any improved success rate over the
stand-alone ultrasound guided technique, but may be helpful
in preventing neurological injury.

3in 1 Block

Winnie et al. first described the 3 in 1 block in 1973. They
postulated that the entire lumbar plexus can be blocked by a
single perivascular injection slightly distal to the inguinal lig-
ament (location of femoral nerve in femoral triangle). They
also suggested that this single injection would result in anes-
thesia of the femoral, lateral femoral cutancous (LFCN), and
obturator nerves (ON) due to cephalad distribution of local
anesthetic along the fascial layer and thereby blocking the
nerves of the lumbar plexus. This hypothesis was never con-
firmed and subsequent; MRI studies have shown distribution
of local anesthetic that follows a lateral and medial spread
after injection and not a cephalad spread.

One study proposed that the term 3 in 1 block should be
abandoned since it rarely blocks the obturator nerve [15]. It
has been previously suggested that the block be better referred
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to as the 2 in 1 block [16]. The 3 in 1 block as classically
described is performed at the same site as femoral nerve block
with additional application of pressure 2—4 cm distal to the
needle held for 30 s and a larger volume of LA. Landmark-
based technique is now outdated, and currently this block is
performed by nerve stimulator or ultrasound guided tech-
nique. The anteromedial hip joint is supplied by articular
braches of the ON, and the LFCN provides sensory innerva-
tion to lateral thigh. The LFCN and ON can be blocked inde-
pendently with ultrasound guidance along with FNB instead
of a3 in 1 block for hip analgesia. Since some literature still
describe femoral block as 3 in 1 block, for the purpose of this
article, results of studies using either femoral or 3-1 blocks
were combined since these two blocks are variants of each
other with minor differences.

Analgesic Efficacy

The Cochrane review that evaluated 8 RCTs with high level of
evidence included 4 RCTs, which used FNB for hip fracture.
The review suggested a reduction in VAS pain score within
30 min after block placement of approximately 3.4 on a scale
of 0 to 10 on movement (SMD=-1.41, 95% CI 2.14 to —

0.67, P=0.02) [8+]. Another systemic review by Abou-Setta
found that FNB provided superior analgesia (P <0.001) as
compared with no block or standard care [17]. Another
meta-analysis by Skjold et al. showed significantly decreased
VAS pain scores by 2.13 points in intervention group as com-
pared with control group (CI, —3.53, —0.72) [18].

Opioid Sparing Effect

Morrison et al. performed a RCT comparing effect of single
dose femoral block in emergency department (ED) followed
by a continuous FICB by anesthesiologist within 24 h vs con-
ventional analgesics [19¢]. The results in the ED were in favor
of intervention with these patients receiving 33% fewer par-
enteral morphine sulfate equivalents than control, with doses
of 0.8 mg/h (95% CI 0.64, 1.05) versus 1.2 mg/h (95% CI
0.94, 1.40), respectively.

LAST (Local Anesthetic Systemic Toxicity)

Ultrasound guided nerve blocks enable visualization of depo-
sition of local anesthetic in the correct plane, prevent intravas-
cular injection and thus LAST. Elderly patients are sensitive to
LA doses, and ultrasound guidance enables reduction of the
total dose of LA and therefore prevention of LAST.

Time to First Mobilization

Based on recent Cochrane review, which included 2 trials with
155 participants (femoral nerve block and obturator nerve

block with or without lateral femoral cutaneous nerve block),
peripheral nerve blocks reduced time to first mobilization with
a mean difference of —11.25 h (95% CI, — 14.34 to —8.15 h)
[8+¢]. The quality of evidence for this result was rated as mod-
erate. This early mobilization may have a beneficial role in the
prevention of deep vein thrombosis.

Pneumonia

Based on the premise of improved analgesia and reduced time
to first mobilization in patients with FNB, a reduction in inci-
dence of pneumonia has been shown in two trials, one by
Fletcher et al. and other by Haddad et al., which have been
included in the Cochrane review on nerve blocks for hip frac-
ture [8ee].

Delirium

There have been some studies suggesting reduced incidence
of delirium in patients receiving FNB for hip fracture [16, 20],
but the Cochrane review by Guay et al. was unable to identify
adequate high-quality evidence to demonstrate reduction in
incidence of delirium in patients receiving a femoral nerve
block [8ee].

Mortality

There has been some suggestion that use of nerve block may
reduce the incidence of mortality after hip fracture, but the
evidence is lacking. The Cochrane review by Guay et al. in-
cluded 5 trials out of 7 (4 = femoral nerve block or 3-in-1
block, 1 =femoral nerve block plus infiltration above iliac
crest). This review did not find any difference in short-term
mortality (6 months): RR, 0.72 (95% CI, 0.34-1.52); I statis-
tics = 0% [8ee].

Lumbar Plexus Block: (Psoas Compartment Block)

The hip receives it sensory supply from the lumbar plexus,
which lies within the psoas muscle. Hence, block of the lum-
bar plexus is a regional technique, which has been employed
for not only analgesia but also anesthesia for surgery for hip
fracture [21]. Lumbar plexus block/psoas compartment block
is a technically difficult deep block that requires greater skill
and hence can be time consuming in the hands of the novice.
The lumbar paravertebral region is highly vascular and non-
compressible. Hence, patients on anti-coagulation are at high
risk for bleeding complications. There is also high risk of
unintentional neuraxial block or inadvertent intravascular in-
jection with local anesthetic systemic toxicity [22].
Traditionally, it is performed with anatomical landmarks tech-
nique, while its performance with dual ultrasound guidance
and peripheral nerve stimulation can decrease the
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complications and increase the success rate. Psoas compart-
ment block is gone out of favor in clinical use currently due to
growing use of easy and safe alternatives blocks like FICB
and FNB.

Novel Interfascial Plane Blocks

Quadratus Lumborum Block (QLB) and Erector Spinae Plane
Block (ESP)

Lumbar QLB and ESP are abdominal interfascial plane blocks
where the LA is deposited in a fascial plane surrounding the
quadratus lumborum muscle (QLM) or erector spinac muscle
(ESM) to block the nerves. QLB is classified into lateral,
posterior, and anterior (transmuscular) types based on location
of LA placement in relation to the QLM and other abdominal
muscles [23¢]. In ESPB, the LA is deposited deep to the ESM
on the top of transverse process (TP). Few case reports and
studies of posterior QLB and anterior QLB (RCT) have shown
reduced pain scores, reduced opioid consumption, and im-
proved patient satisfaction for primary total hip arthroplasty
[24]. Transmuscular QLB reduced hospital length of stay for
patients undergoing total hip arthroplasty [25]. Another study
comparing lumbar ESPB, QL, and control groups showed
improved analgesic quality with ESPB and QLB groups in
patients undergoing hip and proximal femoral surgery [26].
However, some nerve braches responsible for hip joint inner-
vation may not be blocked by QLB or ESPB, which should be
taken into consideration while using these blocks for hip
fracture.

PEricapsular Nerve Group Block: (PENG Block)

Articular branches of femoral, obturator, and accessory obtu-
rator nerves (AON) supply the hip joint. The PENG block is
an interfascial plane block aiming to block these articular
branches to enable hip analgesia.

Ultrasound Guided Technique

A low frequency curvilinear transducer is placed in transverse
plane over the anterior inferior iliac spine (AIIS) and moved
over inferiorly to visualize the pubic ramus (Fig. 4). The fem-
oral artery and ilio-pubic eminence (IPE) are then visualized
(Fig. 4b). Using in-plane needling technique from lateral to
medial direction, LA is deposited between the psoas tendon
anteriorly and pubic ramus posteriorly. Usually, 20-25 ml of
LA is used for this block.

A small case series published along with the description of
this novel PENG block showed good analgesic benefit for hip
fractures. The median reduction of pain scores in this study
was 7 points, showing a larger decrease in pain scores com-
pared with other regional techniques in hip fractures [27¢¢].

@ Springer

— o~

Fig. 4 a PEricapsular Nerve Group Block (PENG Block): A curvilinear
probe placed transversely over the anterior inferior iliac spine (AIIS), and
it is then aligned with pubic ramus. Needle is inserted in-plane from
lateral to medial. b Ultrasound image of PENG block showing lateral to
medial insertion of needle (black arrows) showing the anterior inferior
iliac spine (AIIS), ilio-pubic eminence (IPE), and femoral artery (FA)

The benefits of the PENG block are patient positioning for
procedure, no significant motor weakness (potential motor
sparing effect), and analgesic efficacy [28]. The disadvantage
is that it cannot be used as a sole anesthetic block for the hip
surgery, though it can used in combination with other nerve
blocks like FIB/FICB for more extensive analgesia for hip
surgery. The PENG block and lateral femoral cutaneous nerve
block (LFCN) combinations have also been used for hip sur-
gery analgesia.

Conclusions

Ultrasound guided FICB can be performed either as an infra-
inguinal FICB and supra-inguinal FICB. The FICB has shown
good analgesic efficacy for hip fracture patients with SIFICB
showing superior results than other approaches due to better
spread of LA to all the nerves. FICB is considered as an easy
and safe alternative and an anterior approach to the lumbar
plexus with positive outcomes like opioid sparing effect, im-
proved patient positioning and less nausea. FNB is also exten-
sively used for hip fracture analgesia in most centers with
good beneficial effects like reduced pain scores, reduced time
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to first mobilization, lower incidence of delirium, and pneu-
monia. Lumbar plexus block is a deep block, and is difficult to
perform and due to associated complications, it has gone out
of favor in clinical practice now and replaced by FICB. The
PENG block is now more extensively used and studied for hip
fracture pain with positive evidence from few case reports.
Other blocks like QLB and ESP can play a role in hip surgery
analgesia in addition to the hip fracture analgesia, and studies
have currently shown the benefits of these blocks for total hip
arthroplasty. Regional analgesia along with neuraxial anesthe-
sia for hip fracture surgery has a multitude of benefits with
positive outcomes and will play a major role in the pain and
perioperative management of these patients in the future.
Peripheral nerve blocks like FICB, FNB, and PENG blocks
should be strongly considered for elderly patients for hip frac-
ture analgesia.
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