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Abstract

Background

This study aimed to assess the pericapsular nerve group (PENG) block combined with a spinal anaesthetic compared to
only a spinal anaesthetic in patients presenting for hip fracture surgery. The objectives were to determine the ability of
a patient to sit for a spinal anaesthetic, rest, dynamic hip pain scores, and the incidence of lower limb motor blockade
following the block. Furthermore, time to first request for opioid analgesia post-operatively and the total opioid
consumption in morphine equivalents were determined.

Methods

A prospective, observational study with 40 participants who were recruited via purposive sampling. Participants
receiving the PENG block combined with a spinal anaesthetic were allocated to the PENG block (Group P, n =20) and
those receiving only a spinal anaesthetic (Group C, n = 20). Group P received bupivacaine 0.25% 20ml injected into the
target site in the block area, followed by spinal after 30 minutes in theatre. Group C received a spinal only.

Results

There were no significant differences in participants’ characteristics. Group P had 90% of the participants able to sit
adequately without IV analgesia for a spinal versus 45% in Group C. Group P had statistically significantly lower rest
(p<0.001) and dynamic (p<0.001) pain scores compared to Group C at 30 minutes following PENG block injection
(T1). Thirteen (65%) participants in Group P did not have motor blockade as they were able to lift the blocked leg to 15
degrees at T1. A longer duration to first opioid analgesia required was found in Group P (p <0.001). The total IV
morphine equivalent analgesic requirement for Group C was almost double that required for Group P (p = 0.009).

Conclusion
PENG block combined with spinal anaesthesia is better compared to spinal anaesthesia only.

Recommendations
A randomised controlled trial with a larger sample size is recommended.
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Introduction

Hip fractures are a common orthopaedic diagnosis with an
increasing incidence'?. Elderly hip fracture patients are
more vulnerable due to an increased risk of
comorbidities.> An increased waiting time for surgery is
associated with an increased 30-day mortality.* The South
African (SA) state healthcare system cares for a larger
proportion of the SA population,! which has an increasing
life expectancy.’

Acute hip fracture pain is considered dynamic when
related to movement and as rest pain when occurring
without movement of the affected hip.® Perioperative
complications associated with poor pain management
include poor mobilisation’, increased opioid requirements
and their related adverse effects’, increased length of
hospital stay’, and an increased risk of developing chronic
pain®’. Adequate management of acute perioperative hip
fracture pain mitigates against these complications.
Spinal anaesthesia is the preferred method for hip fracture
surgery according to multiple arthroplasty guidelines,%!"
including  the  South  African  Society  for
Anaesthesiologists (SASA) Arthroplasty Guidelines’.
Patients are required to sit for the administration of a
spinal anaesthetic. This may be limited by hip fracture
pain.!? Pharmacological and regional analgesia techniques
may aid sitting for a spinal anaesthetic.

Various regional analgesic techniques for hip pain were
found to be superior to standard multimodal analgesia.'?
These include the femoral nerve block (FN), fascia iliaca
compartment block (FICB), 3-in-1 femoral nerve block,
quadratus lumborum block (QL), lumbar erector spinae
block (ESP), and lumbar plexus blocks.'> The FN, QL,
lumbar ESP, and lumbar plexus blocks are all associated
with undesirable motor weakness.'* This increases the risk
of postoperative complications,”!* delayed postoperative
physical therapy, and prolonged hospital stay.'!'S A
regional technique with a good analgesic and motor-
sparing profile is required for hip fracture pain and
surgery.

The pericapsular nerve group (PENG) block is a newer
regional analgesic technique. Short et al.'® described the
relationship of the femoral, obturator, and accessory
obturator nerve articular branches with the anterior hip
capsule and bony landmarks of the hip joint. Giron-
Arango et al.'” developed the PENG block following the
study by Short et al.'s>. The PENG block targets nerve
fibres supplying the anterior capsule of the hip joint and
prevents transmission of the afferent nociceptive stimulus
from the anterior capsule. This block targets sensory nerve
branches of the hip joint, potentially sparing the motor
function of the joint. This small case series from 2018
reported a median pain score reduction of seven for
assessments occurring prior to and 30 minutes after block
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placement, with a significant reduction of dynamic hip
pain.'” Studies assessed the impact of the PENG block on
the patients’ ability to sit for a spinal anaesthetic,'>!® early
analgesic efficacy,'*? postoperative pain scores, 21, and
postoperative opioid analgesia requirements’®. Reduced
pain scores,'>!*? improved positioning for spinal
anaesthetic'® and lower opioid requirements!>!%2! were
reported. Contraindications to the PENG block include
patient refusal, infection at the site of injection, bleeding
disorders, and anticoagulation, as well as local anaesthetic
allergy.”? Potential complications of the block include
femoral and obturator nerve injury, cephalad spread of
excessive local anaesthetic volume injection blocking the
femoral and fascia iliaca nerve, as well as local anaesthetic
toxicity.??

The Enhanced Recovery After Surgery (ERAS®)!
management pathway and SASA  Arthroplasty
Guidelines’ aim to improve outcomes for hip fracture
surgery. Preoperative optimisation, good perioperative
analgesia, early surgical intervention, neuraxial rather
than general anaesthesia and early physical therapy
promote early mobilisation and reduce postoperative
complications.”!%!! Various studies suggest that patients
who received the PENG block reported lower pain scores,
showed reduced postoperative opioid consumption, and
experienced earlier postoperative mobilisation. '*2!

This study aimed to assess the analgesic efficacy of the
PENG block combined with spinal anaesthesia compared
with spinal anaesthesia alone in patients presenting for hip
fracture surgery at Chris Hani Baragwanath Academic
Hospital (CHBAH), a tertiary hospital in Johannesburg,
South Africa.

The primary objectives of this study were to:
determine the ability of a patient to sit adequately for a
spinal anaesthetic 30 minutes following PENG block
placement

determine rest and dynamic hip pain scoring 30 minutes
following PENG block placement before a spinal
anaesthetic

determine the incidence of ipsilateral lower limb motor
blockade (utilising the 15-degree straight leg raise test) 30
minutes following PENG block placement.

The secondary objectives of this study were to:
determine the time to first request for opioid analgesia
post-operatively

determine the total opioid consumption in morphine
equivalents over 24 hours.

Methods

Study design

This study utilised a prospective, contextual, cohort,
observational research design. The equator network
reporting guideline followed was the Strengthening the
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Reporting of Observational Studies in Epidemiology
(STROBE) guideline.

Study setting

The study was conducted in the theatre complex of
CHBAH affiliated to the Department of Anaesthesiology
at the University of the Witwatersrand. CHBAH is a 2888-
bed central tertiary hospital. The hospital has 25 theatres,
of which 5 are for orthopaedic surgery. The 25 theatres
perform an average of 65 000 cases annually, of which
160 are hip fracture surgeries in the orthopaedic theatres.
The study was conducted from 03/01/2023 to 17/03/2024.

Participants

The study population consisted of adult patients
undergoing a spinal anaesthetic for hip fracture repair
surgery at CHBAH in Johannesburg.

Inclusion criteria

American Society for Anaesthesiologists (ASA) physical
status class I — I11, consent to participate in the study, and
a baseline pain score equal to or greater than four out of
ten'”18 utilising the universal pain assessment tool
(UPAT).

Exclusion criteria

Contraindications to regional anaesthesia include allergy
to local anaesthetics and opioids, chronic pain syndromes,
polytrauma, and motor and/or sensory nerve fallout of the
affected limb.

Sampling method
A purposive sampling method was utilised. Eligible
patients were identified from theatre booking lists in the
CHBAH theatres the day before surgery. Patients
fulfilling the inclusion criteria were approached to
participate in the study.

Study size

The sample size was determined with the guidance of a
biostatistician using Stata version 16. Utilising an alpha
value of 0.05, power of 90%, and a clinical difference of
40%, a total sample size of 60 was calculated (30 per
group), accommodating for loss to follow-up. The authors
arrived at a sample size of 60 using the expert opinion of
consultants who regularly perform anaesthesia for hip
fracture patients at CHBAH, and revealed an average
underlying event rate of 50%. These are patients who are
unable to sit for a spinal anaesthetic for hip fracture
surgery. Literature suggests that approximately 90% of
hip fracture patients can sit for a spinal anaesthetic
following PENG block administration.*® This informed
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the clinical difference of 40%, representing the effect size
of the PENG block. This is the proportion of patients
whose pain improves enough to enable adequate
positioning for a spinal anaesthetic.

Bias

To minimise bias the following were used, there was
validation by a trained sonographer from the Department
of Radiology affiliated with the University of the
Witwatersrand to perform the ultrasound guided PENG
blocks, utilising a Sonosite ultrasound machine which is
standardised to depict the required images, and the
participant’s attending anaesthetist for the operation was
only notified of patient participation in the study however
they did not know whether the patient was exposed to the
PENG block or not. A consecutively numbered envelope
containing the group assignment was opened by the
researcher at the time of group allocation. The main
drawback of observational studies is that the intervention
or exposure is not randomised and, therefore, confounding
by indication (in case of an intervention) is likely to exist.
This means that there are usually differences in measured
and unmeasured confounders between the comparison
groups. Observational studies often suffer from bias and
confounding. The envelopes were used only to
approximate randomisation. Randomisation is a hallmark
of randomised controlled trials (RCTs), while the primary
objective of this study was to observe and report the
outcomes of the procedures performed in a real-world
clinical setting. The intention was to reflect the practical
application of these interventions rather than to maintain
a strictly controlled experimental environment. The
patient selection and data collection were designed to
mirror routine clinical practice, emphasising the external
validity of the findings. The approach focused more on the
outcomes observed under typical conditions rather than
adhering to the rigorous parameters typically mandated in
an RCT.

Data collection

Participants receiving the PENG block combined with a
spinal anaesthetic were allocated to Group P, and those
receiving only a spinal anaesthetic to Group C. A spinal
anaesthetic comprised of plain bupivacaine and fentanyl,
dosed at the discretion of the attending anaesthetist.
Group P: Participants were transferred to the block area of
the theatre at least an hour before surgery. TO variables
were ascertained, and the PENG block was then placed
according to the SASA Guidelines for Regional
Anaesthesia®® by the primary researcher. Anatomical
landmarks were identified, and skin numbed with 2 — 3ml
of 2% lignocaine. An in-plane, lateral to medial,
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ultrasound-guided technique was performed using a low
frequency (2 — 5 MHz) curvilinear probe and a 10cm long
22G echogenic needle. The probe was placed
approximately 45 degrees counterclockwise from the
transverse plane transecting the anterior inferior iliac
spine (AIlIS). The needle tip was placed in the
musculofascial plane between the psoas tendon and pubic
ramus. Bupivacaine 0.25% 20ml was injected into the
target site for the PENG block in 5ml increments
following negative aspiration of blood.?*”

Group C: Participants were transferred to the block area
of the theatre at least an hour before surgery. Two
variables were ascertained, and the participants then
awaited surgery.

The participant’s attending anaesthetist was notified of
their participation in the study and requested not to
routinely supplement the spinal anaesthetic with any other
regional analgesic technique or to supplement the spinal
with any other drug other than fentanyl. The attending
anaesthetist did not know which group the participants
belonged to, as there was no clinical identifier of the
PENG block injection. The anaesthetist was not restricted
in the use of intravenous analgesic agents to facilitate
sitting for the spinal anaesthetic.

Measured variables

The following time intervals were used in this study: time
zero (TO) as the time of participant assessment upon
arrival to the theatre for both groups, time one (T1) as the
time of participant assessment 30 minutes following
PENG block placement for Group P, and time two (T2) as
the time of participant assessment at 24 hours for both
groups.

At TO, baseline rest and dynamic hip pain scores were
ascertained for both groups. Hip pain at rest was evaluated
before any movement or intervention. Dynamic hip pain
was standardised to pain on straight leg raise to 15 degrees
mimicking hip flexion."® The UPAT, ranging from zero
to ten was utilised to score pain. At T1 for group P, rest
and dynamic hip pain scores were re-assessed, as well as
motor blockade utilising the 15-degree straight leg raise
test. The ability to sit for a spinal anaesthetic was assessed
in the theatre by the attending anaesthetist.

Both groups were reviewed in the ward at T2 by the
primary researcher. Rest and dynamic hip pain scores,
time to first opioid analgesic requirement, and total opioid
(in intravenous (1) morphine equivalent doses) analgesic
requirements within 24 hours were determined in both
groups.
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Data measurement

Data were obtained from the patients’ anaesthetic and
ward medication charts, with opioid use, dosage, and
prescriber signature recorded. The information was
transferred to a data collection tool and subsequently
consolidated into a single Microsoft Excel® spreadsheet.
The spreadsheet incorporated formulas to convert the
various opioids into morphine equivalent doses. All
entries were independently double-checked by the co-
authors for accuracy.

Statistical analysis

Data was analysed using Stata version 16.1/MP. The
normality of the distribution was evaluated with the
Shapiro-Wilk test. The Chi-squared and Chi-squared
exact tests were employed to assess categorical variables
(ability to sit), the Student t test was used for age, while
the 2-sample t-test was used for the analysis of continuous
data (pain scores, time to first opioid dose, and total opioid
consumption). A p-value of less than 0.05 was considered
statistically significant for the comparisons between the
two study groups.

Ethical considerations

Approval was obtained from the Post Graduate
Committee (Medical) at the University of the
Witwatersrand, the Human Research Ethics Committee
(study number M220403), the CHBAH Medical Advisory
Committee, and the National Health Research database
(study number GP_202203_076).

Patient data was kept anonymous and confidential
throughout the study. A study number was allocated to
each patient. A list correlating the patient-identifying
details with the patient number was kept electronically
and separately from the data analysed for the study. The
list of patient details, study numbers, and raw data remains
confidential, with access provided only to the study
researcher and supervisors for paper-based and electronic
information. Data is stored securely after completion of
the study in a locked cupboard for paper-based
information, including the signed consent forms and data
collection sheets, and for electronic data is kept on a
password-protected database.

Informed consent

Eligible adult patients presenting for hip fracture surgery
under spinal anaesthetic with a capacity to provide their
own informed consent were approached preoperatively.
Information regarding the study aims, objectives, the
study intervention, potential benefits, possible
complications, voluntariness, and the right to decline
participation in the study was explained. This information
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was shared verbally, and an information sheet was
provided for them to read. The researcher answered any
questions. If the patient agreed to participate in the study,
they signed a consent form and kept the information sheet.

Results

The target sample size of 60 (power 90%, alpha value
0.05) was not attained due to time constraints and
infrastructure challenges affecting the hospital during the
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data collection period. Fifty participants were recruited for
the study (Figure 1). Ten participants were postponed
secondary to challenges with hospital infrastructure
(theatre  flooding, availability of some study
consumables), and subsequent time constraints (study was
for Master of Medicine degree) resulted in fewer patients
being recruited. The final sample size recruited and
analysed was 40 participants (Group P = 20, Group C =
20) with a power of 80% and an alpha value of 0.05. This
was still statistically appropriate to analyse for the study.

Recruited participants
n=50

Eligible

Excluded participants

participants n = 40

A 4

Postponed surgery: n= 10

A 4 -

l

Allocate Group P (n=20)

Received PENG: n=20 Received standard care: n=20

Allocated group C (n=20)

Data analysis Data analysis:
Data analysed: n=20 Data analysed: n=20
Data not analysed: n=0 Data not analysed: n=0

Figure 1: Case selection flow diagram.

Table I depicts the participants’ characteristics. The hip
pain scores at TO were not statistically different between
the two study groups. Figure 2 depicts the male and

female distribution of the participants. There were more
female (22) than male (18) participants, with no statistical
difference between the groups (p = 0.525).
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Table I: Participant’s characteristics.

Age (years) 67.20 (13.60) 62.60 (12.60) 0.275

To rest hip pain scores 6.20 (2.60) 5.20 (2.80) 0.227

Page | 6 To dynamic hip pain scores 7.80 (1.90) 7.00 (2.50) 0.262
25

20

15

10

(@]

Male Female

B Group P mGroup C
Figure 2: Male and female distribution of participants.

Table II depicts the participants' ability to sit adequately for a spinal anaesthetic.

Table II: Participants' ability to sit adequately for a spinal anaesthetic.

Ability to sit adequately without IV analgesia 18 (90) 9 (45)
Ability to sit adequately with IV analgesia 2 (10) 7 (35)
Unable to sit, required a GA 0(0) 4 (20)

Rest and dynamic hip pain scores at the defined time intervals are shown in Tables III and IV, respectively. Baseline hip
pain scores from Group C were used for comparison with Group P at T1, as they would not have changed.

Table III: Rest hip pain scores.

2.3 (1.50) 5.2 (2.80) <0.001
) 2.0 (1.70) 2.9 (1.10) 0.069
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Table IV: Dynamic hip pain scores.
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Time interval Group P Group C p value
Mean (SD) Mean (SD)

T1 3.30 (1.90) 7.00 (2.50) <0.001

T2 3.30 (1.50) 4.10 (1.20) 0.070

Thirteen (65%) participants in Group P did not have motor blockade as they were able to lift the blocked leg to 15

degrees at T1.

Table V depicts the analgesic requirements in the first 24 hours postoperatively. A longer duration of the first opioid
analgesia required was found in Group P. Furthermore, the total IV morphine equivalent analgesic requirement for
Group C was almost double that required for Group P. Both findings were statistically significant.

Table V: Postoperative opioid analgesia requirements.

Group P
Mean (SD)
Time to first opioid analgesia 9.05 (2.33)
request (hours)
Total 24-hour morphine (IV)

equivalent dose (mg)

24.50 (12.76)

Discussion

The PENG block is a method of regional pain relief with
a motor-sparing effect for hip pain.'” The literature
available reports multiple benefits, including improved
ability to sit for a spinal anaesthetic'*!® and a good
perioperative analgesic profile!?!; however, there is
potential for more rigorous evidence for the growing body
of literature regarding the PENG block.!%?%?? The authors
of this study did not identify an SA-based study on the
PENG block in hip fracture patients.

Although not statistically different between the two study
groups, the older age and predominantly female
characteristics found in this study are similar to the local'
and global® pattern of disease for hip fracture patients.
Pain management in elderly patients is more challenging
due to multiple factors.® The increased age associated with
hip fractures also renders patients more vulnerable to
postoperative complications.'® The findings of this study
promote ERAS® principles for arthroplasty. '* ! 25
Mitigating against postoperative complications utilising
an effective perioperative regional analgesic technique
will improve patient quality of care and minimise the cost
of the burden of disease.'® This would be further beneficial
to a resource-constrained environment like the SA public
healthcare system.!

This study found the PENG block improved the ability to
sit adequately for a spinal anaesthetic. Ninety percent of
the patients who received the PENG block in this study
were able to sit adequately, which was similar to 87%
found by Alrefaey and Abouelela'®. They also found fewer
attempts and a shorter time required for spinal anaesthetic
injection for patients who received the PENG block due

Group C p value
Mean (SD)

4.90 (1.13) <0.001
40 (21.76) 0.009

to a better sitting position.'® A meta-analysis by Li et al.!?
published in 2024 concluded that pain reduction following
PENG block injection improved positioning for spinal
anaesthesia. Both papers support the use of the PENG
block to facilitate sitting for a spinal anaesthetic for hip
fracture surgery.'>!® The results of this study are in line
with their findings. ERAS® !! and SASA Arthroplasty
Guidelines’ advocate for spinal anaesthesia for improved
perioperative outcomes.

Rest and dynamic hip pain scores 30 minutes following
PENG block placement before a spinal anaesthetic were
lower than in patients who did not receive the PENG
block. The seminal work by Giron-Arango et al.!” found
lower rest and dynamic hip pain scores 30 minutes
following PENG block placement as well. Alrefacy and
Abouelela'® also reported statistically significantly lower
pain scores for patients positioning for a spinal
anaesthetic. Improved pain scores 30 minutes following
PENG block injection were also described by Lin et al'
and Pagano et al?®. This management of preoperative
acute hip pain may mitigate against the development of
chronic pain.” This study further found lower rest and
dynamic hip pain scores 24 hours postoperatively for the
participants who received the PENG block compared to
those who did not, although not statistically significant.
Despite heterogeneity of the RCTs, two meta-analyses
found lower 24-hour postoperative rest and dynamic hip
pain scores.'>?? Li et al. found statistically significant
lower hip pain scores favouring the PENG block at 24
hours for PENG vs no nerve block studies, lower scores
favouring the PENG block for the PENG block vs FICB
studies were not statistically significant.'> Pai and
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colleagues reported statistically significantly lower
dynamic hip pain scores at 24 hours; however, the lower
rest hip pain scores were not statistically significant.?? The
pain score findings in this study require a more rigorous
study to be comparable with the current literature.
Giron-Arango et al.!” proposed a potential motor-sparing
effect of the PENG block due to the technique only
targeting the sensory innervation of the anterior capsule.
This preservation of motor function allows for earlier
postoperative mobilisation, physical therapy, and reduced
risk of complications, rendering the PENG block more
favourable.?*"> This study found that two-thirds of
patients who received the PENG block did not have
ipsilateral lower limb motor blockade 30 minutes
following PENG block injection. On appraisal of the
literature, the authors did not find studies that assessed
motor blockade at 30 minutes following the PENG block.
Aliste and colleagues®® demonstrated less ipsilateral
quadriceps motor blockade with better hip adduction at 3
hours following the PENG block when compared to a
suprainguinal fascia iliaca block; postoperative
mobilisation was not assessed. A randomised controlled
trial (RCT) from 2023 also found preserved ipsilateral
quadriceps and adductor muscle strength 3 hours
following the PENG block compared to the QL block, as
well as a reduced time to mobilisation postoperatively. 2’
ERAS® " and SASA Arthroplasty Guidelines’
recommend reduced perioperative opioid consumption to
mitigate against unwarranted side effects. This study
found reduced postoperative opioid analgesic
requirements for patients who received the PENG block.
Both an increased time to first request and a reduced 24-
hour consumption were found. The lower rest and
dynamic pain scores 24-hours postoperatively for patients
who received the PENG block are in keeping with the
overall lower opioid consumption. Farag et al.?®
concluded the PENG block does provide lower opioid
consumption in the first 24-hours postoperatively, similar
to this study. A 2024 meta-analysis by Li and colleagues'?
found a statistically significant lower 24-hour
postoperative opioid consumption for patients who
received the PENG block compared to patients who did
not receive a nerve block or those who received the FICB.
An increased time to first opioid request was also found
to be lower for patients receiving the PENG block
compared to those who did not receive a nerve block.'?
Similar findings were reported in this study.

Pai and colleagues® found =zero incidence of
complications in eight studies that recorded
complications, including infection, from the PENG block.
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Generalizability

The results of this prospective cohort observational study
are mainly relevant to adult patients receiving a spinal
anaesthetic for hip fracture surgery in similar urban
public-sector central tertiary hospitals in South Africa. As
the research was conducted at a single hospital in central
Johannesburg, the findings are most applicable to
populations with comparable public healthcare systems,
referral patterns, availability, and perioperative practices.
The findings of this study can still be considered to guide
institutional arthroplasty protocols akin to the ERAS® %
1125 and SASA Arthroplasty Guidelines’.

Conclusion

This study found an improved ability to sit adequately for
a spinal anaesthetic, a 35% incidence of ipsilateral lower
limb motor blockade, as well as reduced rest and dynamic
hip pain scores following PENG block injection in
patients  presenting for hip  fracture  surgery.
Postoperatively, an increased time to first opioid analgesia
request and reduced 24-hour IV morphine equivalent
consumption were found following PENG block
injection. This study concludes that the PENG block
combined with a spinal anaesthetic was better compared
to a spinal anaesthetic only in patients presenting for hip
fracture surgery.

Limitations

The limitations of this study are the small sample size and
the fact that the study was conducted in one hospital;
hence, these results cannot be generalised. This study also
did not explore the association between the motor-sparing
effect of the PENG block and postoperative mobilisation,
as well as the complications emanating directly from
PENG block injection.

Recommendations

A more robust multi-centre study, like an RCT, with a
larger sample size, may provide more conclusive evidence
regarding the perioperative efficacy of the PENG block.
Studies assessing the association of the motor-sparing
effect of the PENG block and the time to postoperative
mobilisation are recommended. Furthermore, studies
assessing puncture-site and joint-space infection
following PENG block injection are also recommended.
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