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ABSTRACT

Background. Pain control after hip fracture surgery is difficult when intracranial injury
and cardiac conduction disease limit systemic opioids. Opioids can raise intracranial
pressure through hypoventilation. They can also obscure serial neurological examination.

Objective. To describe an opioid-sparing multimodal analgesic course centered on an
ultrasound-guided pericapsular nerve group (PENG) block in cemented hip
hemiarthroplasty.

Methods. A 64-year-old man (ASA III) fell from two meters. He had a displaced right
intertrochanteric fracture, a minimal traumatic right frontal intracerebral hemorrhage
(ICH score 0) and right bundle branch block. Cemented hemiarthroplasty was done under
general anesthesia. After induction, a PENG block was placed with 20 mL of 0.25%
bupivacaine, and scheduled intravenous paracetamol followed. Pain, quadriceps strength,
Glasgow Coma Scale, hemodynamics and delirium were recorded at six time points.

Results. On arrival in the High-Care Unit, resting pain was 1/10 (7/10 before surgery) and
movement pain 2/10 (9/10 before). No rescue opioid was needed over 72 hours; fentanyl
100 mcg was given atinduction. The Glasgow Coma Scale stayed 15. Mean arterial pressure
fell 19.4% to 82.0 mmHg at cementation and recovered within four minutes without a
vasopressor or arrhythmia. Quadriceps strength was MRC 4/5 on arrival and 5/5 on day
1. No delirium occurred, and he went home on day 3.

Conclusion. A PENG block within a multimodal regimen was followed by low pain scores,
no postoperative opioid use and a clear sensorium. One case cannot show causation.
Fracture fixation, paracetamol and anesthesia acted at the same time.
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1. Introduction

Fragility fractures of the proximal femur are a major public
health and economic problem. Early projections put the
worldwide number at 6.26 million hip fractures a year by
2050 as populations age.! These fractures are seldom just
a local injury to bone, because they signal systemic frailty,
declining organ reserve and existing multimorbidity, and
frail patients have more complications and higher
mortality.? Mortality is high. It was traditionally quoted as
about 10% at one month and 30% at one year, and recent
registries report lower figures.? In a large Canadian cohort
the 30-day mortality was 7.0%.* Hospital mortality is also
higher than after elective hip replacement.> Timing
matters. Surgery within 48 hours is associated with lower
mortality and fewer complications,® and the risk of
pneumonia and venous thromboembolism rises with
waiting time.* In older adults with a displaced
intracapsular or extracapsular fracture, prompt surgical
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stabilization is therefore the cornerstone of care, because
it limits the harm of prolonged recumbency:
deconditioning, hypostatic pneumonia, pressure ulcers
and thromboembolism.67

Surgery for comminuted or unstable proximal femoral
fractures, especially cemented bipolar hemiarthroplasty or
total joint replacement, produces intense somatic and
visceral nociceptive input. Pain matters. Poorly controlled
pain afterwards is more than a comfort problem in older
patients. It contributes to the surgical stress response, with
sympathoadrenal activation, excess catecholamines,
vasoconstriction and higher myocardial oxygen
consumption.® The chest suffers too. Severe persistent pain
around the incision and joint limits diaphragmatic
movement and tidal volume, and analgesic technique can
influence postoperative pulmonary function in older
patients with hip fracture.® Systemic opioids, given as
intravenous patient-controlled analgesia or intermittent
boluses, were long the mainstay of analgesia after
arthroplasty. In frail older patients their therapeutic
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window is narrow. Respiratory depression, somnolence,
nausea, ileus, urinary retention and delirium can all
follow.1011 These adverse events have driven a move
toward opioid-sparing multimodal regimens. Regional
anesthesia has a central role in them.'213 Complete
avoidance of intraoperative opioids is not itself proven to
add benefit.1*

Within ultrasound-guided regional anesthesia, the
pericapsular nerve group (PENG) block has emerged as an
anatomically targeted technique designed for hip
surgery.'>-17 Girén-Arango and colleagues described it in
2018.1> The technique places local anesthetic in the deep
musculofascial plane between the psoas major tendon and
the iliopubic eminence of the pelvic brim.1518 Cadaveric
dissections map the sensory supply of the anterior hip joint
capsule. It comes from articular branches of the femoral
and obturator nerves in all specimens and of the accessory
obturator nerve in about half.!® These branches cross the
anterior pelvic surface beneath the psoas tendon, so a
single ultrasound-guided depot at the iliopubic eminence is
intended to cover the anterior capsule.’®?® The local
anesthetic stays deep to the psoas tendon and superficial
to the periosteum. The block therefore acts on articular
sensory branches and is meant to spare the main motor
trunks of the femoral nerve, which run in a more superficial
and lateral plane. In trials, quadriceps motor block was less
frequent than after a suprainguinal fascia iliaca block, and
quadriceps strength recovered better.?122

Bone quality shapes the surgical situation in older patients
with proximal femoral trauma. Intertrochanteric fractures,
particularly Boyd-Griffin type II comminuted fractures,
often occur in bone weakened by senile osteoporosis.?3 The
Singh index grades the sequential loss of trabecular stress
groups in the proximal femur on radiographs and so gives
a semi-quantitative measure of bone loss, and grade IV
indicates marked rarefaction of the tensile and
compressive trabecular arches.?* Internal fixation, usually
with an intramedullary device, is generally preferred for
intertrochanteric  fractures. Fixation can fail. In
osteoporotic or comminuted fractures it carries a risk of
mechanical failure, including femoral head cut-out, non-
union and loss of fixation. Arthroplasty is then considered
in carefully selected patients, because it gives immediate
implant stability and allows full weight-bearing straight
away.?? Cementation has its own hazard, however.
Pressurizing the femoral canal and inserting the stem with
polymethylmethacrylate (PMMA) can cause bone cement
implantation syndrome (BCIS), with hypoxia, hypotension
and loss of consciousness.?>2¢ Fat, marrow elements and
cement monomer are thought to embolize into the
pulmonary circulation, and the result can range from
transient hypotension to cardiac arrest.?> In a series of 208
patients with cemented hemiarthroplasty for proximal
femoral fracture, 37% had symptoms of BCIS, and those
patients had more cardiovascular complications and
higher in-hospital mortality.?”

The anesthetic picture becomes much harder when a frail
older patient with a hip fracture also has acute
neurotrauma and pre-existing conduction disease. Choices
narrow. Each condition on its own complicates the choice
between  opioid-based, general and  neuraxial
techniques.?8-30 Even a sub-centimetre contusion in acute
traumatic intracerebral hemorrhage (ICH) calls for close
neurological vigilance.3' Systemic opioids are a concern
here. Opioid-induced hypoventilation raises arterial
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carbon dioxide, which dilates cerebral vessels and expands
cerebral blood volume, so that intracranial pressure (ICP)
can rise and threaten cerebral perfusion pressure
(CPP).3233 Opioid-related somnolence and miosis can also
mask serial Glasgow Coma Scale (GCS) and pupillary
examinations, the noninvasive tools that reveal an
expanding intracranial mass. Right bundle branch block
(RBBB) adds a cardiac problem. It reflects structural or
degenerative damage to the ventricular conduction
system, and in cohort studies it is associated with higher
cardiac and all-cause mortality.3*

Randomized trials and meta-analyses of the PENG block in
hip arthroplasty give mixed results. Most are favorable,
with some studies showing less opioid use or better
recovery and others showing no difference from fascia
iliaca block.3>-#! In hip fracture the evidence comes from
small randomized trials and case series.*2-46 That
combination is the reason for this report. Systemic opioids
risk neurological obscuration and hypercapnic ICP surges.
Neuraxial sympatholysis risks hypotension during
cementation. This case report describes the clinical course,
hemodynamic behavior, serial GCS and opioid use under an
ultrasound-guided PENG block-centered multimodal
analgesic strategy. The patient is a 64-year-old man with a
displaced Boyd-Griffin II fracture, a minimal traumatic
frontal ICH and baseline RBBB.

2. Methods

2.1. Report design and reporting guideline

This is a single case report prepared according to the CARE
guideline.#”

2.2. Setting

The patient was managed in the emergency department,
the operating room, the High-Care Unit (HCU) and the ward
of Dr. Moewardi Regional General Hospital, Surakarta,
Indonesia, the teaching hospital affiliated with the Faculty
of Medicine, Universitas Sebelas Maret.

2.3. Patient information and case selection

The patient was a 64-year-old man who presented acutely
after a fall from a scaffold about two meters high. He had
severe right hip pain, could not bear weight, and had a
persistent headache with a brief initial loss of
consciousness. He was classified ASA I11. He weighed 51 kg
and measured 155 cm (body mass index 21.2 kg/m?).

The case is reported because a displaced intertrochanteric
fracture, a minimal traumatic intracerebral hemorrhage
and right bundle branch block coexisted. Each of them
limits the usual analgesic and anesthetic options.

2.4. Case timeline

Six time points were defined (Table 1). TO was the
emergency department presentation baseline, T1 was
preoperative multidisciplinary clearance and stabilization,
T2 was intraoperative stem cementation and bone cement
implantation, and T3 was admission to the HCU within one
hour of extubation. T4 was the morning of postoperative
day 1, 24 hours after the block, during initial assisted
mobilization. T5 was the morning of postoperative day 3 at
readiness for discharge, 72 hours after the block.
Percentage change (A%) from TO was calculated as [(Tn -
T0) / TO] x 100 for each later time point (T1 to T5).
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Table 1. Clinical timeline of the case with relative time points.

Time point Clinical event

Investigation and result

Intervention

GCS 15 (E4V5M6); BP 129/88 mmHg (MAP 101.7);

TO, day O (emergency  Right hip pain, headache,

department, about 3 brief loss of
h after the fall) consciousness

mg/dL
T1, day 0 Clearance by
(preoperative neurosurgery, cardiology
clearance) and orthopedics

General anesthesia, PENG
block, cemented
hemiarthroplasty

T2, day 0 (surgery) h
change

T3,day 0 (HCU,<1h

after extubation) Awake, oriented, calm

MAP 96.0 mmHg; HR 64 /min; pain 6/10 rest, 8/10
movement; WBC 12,800 /pL; glucose 158 mg/dL

At cementation: BP 108/69 mmHg (MAP 82.0,
-19.4%); HR 68/min; Sp0, 99% (FiO, 0.50); no ST

GCS 15; BP 122/78 mmHg (MAP 92.7); pain 1/10 rest,
2/10 movement; quadriceps MRC 4/5; WBC 11,200

HR 61/min; Sp0, 97%; pain 7/10 rest, 9/10
movement. Pelvic radiograph: Boyd-Griffin II. Head
CT: right frontal ICH = 0.01 cc, ICH score 0. ECG:
RBBB, QRS 124 ms. WBC 13,400 /pL; glucose 173

Multidisciplinary assessment

Mannitol 100 mL every 8 h; 2 units PRBC
cross-matched

Fentanyl 100 mcg, propofol 75 mg,
rocuronium 40 mg, sevoflurane; PENG
block 20 mL 0.25% bupivacaine (50
mg); PMMA cement; neostigmine 2.5 mg
+ atropine 1.0 mg

Paracetamol 1,000 mg every 8 h; rescue
tramadol or morphine if NRS > 4 (none

/uL; glucose 136 mg/dL used)
Bed-to-chair transfer and ~ Pain 1/10 rest, 2/10 movement; MRC 5/5; CAM-ICU
T4, day 1 walking with a walker negative; WBC 9,400 /pL; glucose 118 mg/dL Paracetamol
T5, day 3 Discharge to outpatient Pain 0/10 rest, 1/10 movement; MAP 89.3 mmHg;

orthopedic rehabilitation

WBC 7,600 /uL; glucose 106 mg/dL; no complications

Notes: BP, blood pressure; CAM-ICU, Confusion Assessment Method for the ICU; CT, computed tomography; GCS, Glasgow Coma Scale; HCU, high-care unit; HR, heart rate; ICH,
intracerebral hemorrhage; MAP, mean arterial pressure; MRC, Medical Research Council scale; PENG, pericapsular nerve group; PMMA, polymethylmethacrylate; PRBC, packed red
blood cells; RBBB, right bundle branch block; WBC, white blood cell count. A% is the change from TO.

2.5. Clinical findings and diagnostic assessment

Diagnosis rested on imaging and laboratory work-up. (i)
Pelvic radiography showed an acute, complete, displaced
intertrochanteric fracture of the right proximal femur,
classified as Boyd-Griffin type II (ICD-10 S72.14). It came
with trabecular rarefaction that was graded Singh index IV.
(ii) Non-contrast multislice computed tomography (MSCT)
of the head showed acute traumatic brain injury. There was
a sub-centimetre right frontal traumatic intracerebral
hemorrhage with a calculated volume of about 0.01 cc (10
mm?) and bilateral chronic lacunar infarcts at the genu of
the internal capsule. The ICH score was 0, which for
spontaneous hemorrhage predicts a 30-day mortality of
0%; the score was not developed for traumatic
hemorrhage.*® (iii) The 12-lead electrocardiogram showed
sinus rhythm at 75 beats/min with complete right bundle
branch block (RBBB, QRS duration 124 ms, positive rSR’
morphology in leads V1-V2). (iv) Laboratory tests showed
leukocytosis from systemic trauma (13,400 /uL) and stress
hyperglycemia (173 mg/dL). Coagulation was normal (PT
12.1s,INR 1.02,aPTT 29.4 s). Deep fascial needle puncture
was therefore safe.

2.6. Therapeutic intervention

A perioperative conference brought together attending
specialists in anesthesiology, neurosurgery, cardiology and
orthopedic surgery. Neurosurgery cleared the patient for
urgent orthopedic reconstruction under strictly
conservative cranial management. It recommended
intravenous mannitol (Totilac) 100 mL every eight hours
against post-traumatic cerebral edema, continuous serial
GCS and pupillary monitoring, and avoidance of sedation-
induced hypercapnia. Cardiology stressed the limited
ventricular conduction reserve that goes with RBBB, and it
required continuous ST-segment and conduction
surveillance, a mean arterial pressure within 20% of
baseline, avoidance of vagal surges and vigilance during
cement application. Advanced bone loss and comminuted
fracture geometry argued against stable internal fixation,
so the orthopedic team chose cemented right hip
hemiarthroplasty with greater trochanteric tension-band
reattachment. Blood was ready. Two units of packed red
blood cells were cross-matched and held on standby (blood
group B Rhesus positive).

Santoso et al.

Strict physiological targets were applied through
anesthesia and recovery. They protect cerebral perfusion
and myocardial oxygen balance. Cerebral perfusion
pressure follows the relation CPP = MAP - ICP.3! ICP was
assumed at 10 to 15 mmHg because no mass effect was
present. A mean arterial pressure (MAP) above 80 mmHg
was therefore targeted to keep an estimated CPP above 65-
70 mmHg. MAP was also kept under 110 mmHg, above
which the hematoma could expand.# In view of the right
bundle branch block, heart rate was kept between 55 and
80 beats/min to preserve diastolic ventricular filling time
and coronary perfusion and to avoid rate-dependent
conduction worsening. Alarms sounded at once if systolic
pressure moved more than #20% from the pre-induction
baseline.

General endotracheal anesthesia (GA-ETT) was chosen to
guarantee immobility and controlled ventilation and to
prevent coughing and ICP spikes. After preoxygenation
with 100% oxygen, anesthesia was induced smoothly with
intravenous fentanyl 2 mcg/kg (100 mcg), titrated
propofol 1.5 mg/kg (75 mg) and rocuronium bromide 0.8
mg/kg (40 mg). Intubation was atraumatic. It succeeded at
the first attempt with a video laryngoscope and a 7.5-mm
internal diameter cuffed tube fixed at 21 cm at the incisors.
Ventilation was volume-controlled with a tidal volume of
360 mL (about 7 mL/kg predicted body weight) and
positive end-expiratory pressure of 5 c¢cmH,0. Minute
ventilation was adjusted for strict normocapnia, with an
end-tidal carbon dioxide (ETCO,) of 35 to 38 mmHg.
Anesthesia was maintained with sevoflurane (minimum
alveolar concentration 1.0-1.2) in an oxygen-air mixture
(Fi0, 0.50).

After intubation and before surgical positioning, the
ultrasound-guided PENG block was performed under strict
asepsis with the patient supine (Figure 1). A low-frequency
curvilinear transducer (2-5 MHz) was placed transversely
over the right anterior inferior iliac spine (AIIS). It was then
rotated about 45 degrees counterclockwise to line up with
the pubic ramus. This showed the AIIS laterally, the
iliopubic eminence (IPE) medially, the psoas major tendon
and the nearby femoral neurovascular bundle. Under real-
time guidance, a 22-gauge, 80-mm echogenic block needle
was advanced in-plane from lateral to medial through the
deep fascia. The target was the musculofascial plane
between the posterior surface of the psoas tendon and the
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anterior surface of the iliopubic eminence. Aspiration for
blood was negative. A volume of 20 mL of 0.25%
bupivacaine hydrochloride (50 mg) was injected in divided

aliquots, and hypoechoic hydrodissection appeared
beneath the psoas major tendon, with spread along the
anterior periosteal surface of the hip capsule.

get plane: articular branches of the femoral, obturator and

accessory obturator nerves; 20 mL of 0.25¢

lliopubic eminence (IPE),
hyperechoic bony rim

|

bupivacaine

8.0

Figure 1. Real-time ultrasound sonoanatomy and target plane for the PENG block. The right anterior pelvic brim is shown with a low-frequency curvilinear
transducer, with the anterior inferior iliac spine (AIIS), iliopubic eminence (IPE), psoas tendon (PT) and the in-plane needle path (dotted line) from lateral
to medial. A volume of 20 mL of 0.25% bupivacaine was deposited in the plane deep to the psoas tendon.

Positioning followed. The patient was turned to the left
lateral decubitus position with the spine aligned and the
head and neck positioned to avoid compressing jugular
venous outflow. Through a posterolateral Moore approach
the femoral head was excised, the acetabulum was
inspected and cleared, and the femoral canal was prepared
with sequential rasps. Before PMMA bone cement was

(A) Preoperative pathomechanics and
osteoporotic scaffold (Boyd-Griffin 11, Singh IV)

Boyd-Griffin type Il fracture line
(comminuted intertrochanteric split)

Singh index grade IV: widespread

implanted, high-volume pulsed lavage cleared marrow fat
and debris, retrograde vacuum suction was applied and a
distal intramedullary cement restrictor was placed.
Vigilance for BCIS was raised during cement pressurization
and stem insertion. The bipolar prosthesis was reduced,
the greater trochanter was reattached with tension-band
wiring, and the wound was closed in layers (Figure 2).

(B) Cemented hemiarthroplasty architecture

Figure 2. Cemented hemiarthroplasty in an osteoporotic femur. (A) Preoperative schematic of the Boyd-Griffin type II comminuted fracture line and the
reduced trabecular pattern (Singh index IV). (B) Postoperative schematic with the PMMA cement mantle, femoral stem, bipolar head and greater

trochanteric tension-band reattachment.

Neuromuscular blockade was reversed with intravenous
neostigmine 2.5 mg and atropine 1.0 mg after the train-of-
four ratio exceeded 0.90, and the patient was extubated in
the operating room. The postoperative regimen was
multimodal. It consisted of scheduled intravenous
paracetamol 1,000 mg every eight hours. Intravenous
tramadol 50 mg or morphine 2 mg was prescribed as
rescue for breakthrough pain above NRS 4/10.
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2.7. Outcome measures and follow-up

Physiological data were collected continuously.
Continuous five-lead electrocardiography ran in the
operating room and the HCU, following heart rate, rhythm
and QRS stability to detect any new atrioventricular
conduction delay or ischemia. Arterial blood pressure was
recorded continuously, and MAP (mmHg) was calculated
as diastolic pressure plus one third of the difference
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between systolic and diastolic pressure. Neurological
status was followed with serial GCS scores,5° pupillary light
reflex and symmetry every 15 minutes during recovery
and hourly thereafter. Pain intensity was rated on the 11-
point Numeric Rating Scale (NRS, 0 = no pain, 10 = worst
imaginable pain),>! separately at rest and during passive
15-degree hip flexion (dynamic pain). Quadriceps function
was graded on the Medical Research Council (MRC) muscle
strength scale (0 to 5),52 with emphasis on active knee
extension against gravity and manual resistance. Delirium
was screened twice daily with the Confusion Assessment
Method for the Intensive Care Unit (CAM-ICU).53 Systemic
opioid use was recorded as intravenous morphine
milligram equivalents (MME).1!

Because n = 1, no inferential statistics were calculated.
Values are described over time, with A% as defined above.
Follow-up ended with discharge on postoperative day 3.

2.8. Ethics and consent

CMHC Research Center Ethics Committee, Indonesia, gave
protocol approval (Protocol Approval Reference Number:
2026/0419), and Dr. Moewardi Regional General Hospital,
Surakarta, Indonesia, authorized the work. The protocol
followed the Declaration of Helsinki and the
recommendations of the International Committee of
Medical Journal Editors.5* Written informed consent was

obtained from the patient and his legal surrogate for
recording, analysis and publication of clinical variables,
laboratory results, radiographs and sonographic images,
with de-identification and privacy protection.

3. Results

3.1. Presentation and baseline findings

The patient reached the emergency department about
three hours after the fall. He had severe right hip pain with
marked external rotation and shortening of the right leg
and a dull frontal headache. He had lost consciousness
briefly, for about two minutes. There was no post-
traumatic vomiting, seizure or focal weakness. On first
examination he was in moderate distress from
musculoskeletal pain. He was fully conscious and
cognitively intact, with a Glasgow Coma Scale of E4V5M6
(15/15) and round, isocoric, 3-mm pupils with a brisk light
reaction. Blood pressure was 129/88 mmHg (calculated
MAP 101.7 mmHg). Heart rate was 61 beats/min in regular
sinus rhythm. Respiratory rate was 19 breaths/min and
peripheral oxygen saturation (Sp0O;) was 97% on room air.
Pain was 7/10 at rest and 9/10 on minimal passive
movement of the limb. Table 2 shows the baseline clinical,
anthropometric, laboratory and radiological findings.

Table 2. Baseline clinical, anthropometric, laboratory and radiological findings.

Category Variable Admission value Reference interval Comment

Demographics Age / sex 64 years / male N/A Older adult

Anthropometry Weight / height / BMI 51kg/155cm / 21.2 kg/m* 18.5-24.9 kg/m* Normal nutritional status

Trauma Mechanism Fall from about 2 meters N/A High-energy impact with femoral and
cranial injury

Trauma Symptoms Right hip pain, headache N/A Severe acute musculoskeletal pain

Neurological Intact sensorium; transient loss of

state Glasgow Coma Scale E4V5M6 (15/15) 15/15 consciousness after the fall

Hemodynamics

Blood pressure (MAP)

129/88 mmHg (101.7 mmHg)

90-120 / 60-80

Normotensive
mmHg

Hemodynamics Heart rate / rhythm 61 beats/min / sinus rhythm 60-100 beats/min Normal rate

Respiration Respiratory rate / SpO, iﬁﬂ)breaths/min /97% (room 12-20/295% Normal ventilation and oxygenation
Hematology White blood cell count 13,400 /L (1.34 x 10* /L) 4,500-11,000 /pL gggg‘grfsygf’“s‘ stress-inflammatory
Hematology Hemoglobin / hematocrit 13.8g/dL / 41.2% égb%_”'o g/dL/40- No acute anemia

Hematology Platelet count 248,000 /uL }58’000_450'000 Normal

Metabolic Random blood glucose 173 mg/dL (9.60 mmol/L) 70-140 mg/dL Transient stress hyperglycemia
Renal Erlgsgrﬁ;? nitrogen / 14.2 mg/dL / 0.88 mg/dL Zrl_;/%é 0.6-1.2 Normal renal function

Coagulation PT / INR / aPTT 12.15/1.02/29.4s WAAS/08LZ) Normal

g]lmunohematolo ABO / Rhesus B / positive N/A 2 units PRBC cross-matched

Chest radiograph AP film Normal; CTR 46% Normal gé)ecr;al;diac enlargement or pulmonary
&:;g?ggdic P :g(ifgi‘;‘ghfemur Displaced right intertrochanteric ;¢ pone Boyd-Griffin type I (ICD-10 S72.14)
Bone quality Singh index (contralateral Grade IV Grade 6 (normal) Reduced trabecular pattern

Neuroimaging

proximal femur)

Non-contrast head MSCT

Right frontal traumatic ICH (»

No hemorrhage Minimal hemorrhage; bilateral lacunar

0.01 cc) infarcts
L\Iceolizological ICH score?8 ?V[S)CS 15, volume < 30 cc, no 0-6 Developed for spontaneous ICH
gLe;trocardiogra 12-lead ECG SRIEI;1]L31]S3 r(}é}ggr?zzlsrg:)ats/min, Normal conduction Right bundle branch block
Anesthetic status ~ ASA physical status Class III Class I-VI Severe systemic disease

Notes: Reference ranges are those of the laboratory of Dr. Moewardi Regional General Hospital. ASA, American Society of Anesthesiologists; BMI, body mass index; CTR, cardiothoracic
ratio; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; INR, international normalized ratio; MAP, mean arterial pressure; MSCT, multislice computed tomography;
PRBC, packed red blood cells; PT, prothrombin time; aPTT, activated partial thromboplastin time; RBBB, right bundle branch block; Sp0., peripheral oxygen saturation.

Santoso et al.

214



Journal of Anesthesiology and Clinical Research

Vol. 7 - No. 2 - 2026 - pp. 210-222

Admission laboratory tests showed marked stress-
inflammatory and metabolic responses to the trauma. The
white blood cell count was raised at 13,400 /uL (reference
range 4,500-11,000 /uL), with neutrophil-predominant
leukocytosis. Random blood glucose was 173 mg/dL
(reference range 70-140 mg/dL), in keeping with acute
post-traumatic stress hyperglycemia. Hemoglobin was
normal at 13.8 g/dL (reference range 13.0-17.0 g/dL),
hematocrit was 41.2% and platelets were 248,000 /pL.
Renal function was normal: blood urea nitrogen was 14.2
mg/dL and serum creatinine 0.88 mg/dL. Coagulation tests
were normal: prothrombin time 12.1 seconds,
international normalized ratio (INR) 1.02 and activated
partial thromboplastin time 29.4 seconds.

(A)

(A) Chest Radiograph (AP)

3.2. Diagnostic findings

Anteroposterior radiographs of the pelvis and right femur
showed a complete, comminuted, displaced
intertrochanteric fracture of the right proximal femur
(Boyd-Griffin type II). The contralateral proximal femur
showed advanced rarefaction, graded Singh index IV: the
principal tensile trabecular group was markedly resorbed,
and the principal compressive trabeculae were thinned.
The chest was normal. The anteroposterior chest
radiograph showed clear lung fields without infiltrate,
pneumothorax or consolidation, and a cardiothoracic ratio
of 46%, measured on an anteroposterior film (Figure 3).

(B)

(B) Pelvis & Right Femur Radiograph (AP)

| Boyd-Griffin type 11 displaced
| intertrochante

Figure 3. Admission imaging. (A) Chest radiograph (anteroposterior) with a normal cardiothoracic ratio (CTR 46%) and clear lung fields. (B)
Anteroposterior pelvic radiograph showing a complete displaced right intertrochanteric fracture (Boyd-Griffin type II) with reduced trabecular pattern
(Singh index IV). (C) Representative axial slice of non-contrast head MSCT showing a minimal right frontal traumatic intracerebral hemorrhage (ICH score

0) and chronic lacunar infarcts at the genu of the internal capsule.

Emergency non-contrast MSCT of the head on day 0
showed a hyperdense focus under 8 mm in the right frontal
subcortical white matter, an acute minimal traumatic
intracerebral hemorrhage with a calculated volume of
about 0.01 cc (10 mm?). There was no midline shift. Mass
effect, ventricular compression and subarachnoid
extension were also absent. Bilateral chronic lacunar
infarctions were seen at the genu of the internal capsule.
The calculated ICH score was 0 (GCS 15 = 0 points, volume
< 30 cc = 0, no intraventricular hemorrhage = 0,
supratentorial location = 0, age < 80 years = 0). A 12-lead
electrocardiogram was recorded on day 1. It showed
normal sinus rhythm at 75 beats/min and a prolonged QRS
duration of 124 ms. Positive rSR' complexes were present
in V1-V2, and slurred S waves were wide in leads I and V6.
These findings confirmed complete right bundle branch
block. There was no pathological ST-segment elevation or
depression, and ventricular hypertrophy was absent.

Santoso et al.

3.3. Treatment course and outcome

During cement pressurization and stem insertion (T2),
blood pressure fell briefly from 124 /82 mmHg to a nadir of
108/69 mmHg (MAP 82.0 mmHg, a -19.4% change from
the admission baseline). Heart rate rose slightly to 68
beats/min. There was no ST deviation, no progression of
conduction block and no hypoxemia (SpO, 99% on FiO,
0.50). The pressure drop resolved by itself within four
minutes without a vasopressor, and clinically significant
BCIS was absent.

Emergence was smooth, without agitation, bucking or
hemodynamic surges. The patient arrived in the HCU (T3)
alert, oriented and calm. GCS was E4V5M6 (15/15), the
pupils were isocoric at 3 mm with brisk bilateral light
reactivity, and there was no focal neurological deficit. Vital
signs were stable. Blood pressure was 122 /78 mmHg (MAP
92.7 mmHg), heart rate 66 beats/min in regular sinus
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rhythm, respiratory rate 16 breaths/min and Sp0, 98% on -77.8%). Active knee extension and quadriceps
room air. Resting pain at the surgical hip was 1/10, against contraction were present (MRC grade 4/5). Table 3 and
7/10 at admission (A% = -85.7%). Dynamic pain on Figure 4 show the trajectories.

passive 15-degree flexion was 2/10, against 9/10 (A% =

Table 3. Physiological, neurological, analgesic and laboratory trajectory across six time points.

Parameter TO T1 T2 i3 T4 T5 A% T5 vs TO

Systolic BP (mmHg) 129 124 (-3.9%) 108 (-16.3%) 122 (-5.4%) 120 (-7.0%) 118 (-8.5%) -8.5%

Diastolic BP (mmHg) 88 82 (-6.8%) 69 (-21.6%) 78 (-11.4%)  75(-14.8%) 75 (-14.8%) -14.8%

90.0 89.3

MAP (mmHg) 101.7 96.0 (-5.6%)  82.0 (-19.4%)  92.7 (-8.8%) (-11.5%) (-12.2%) -12.2%

Heart rate (beats/min) 61 64 (+4.9%) 68 (+11.5%) 66 (+8.2%) 64 (+4.9%) 62 (+1.6%) +1.6%

{‘g’fg{ﬁ;?{nyiﬁte 19 18 (-5.3%) 12 (ventilated) 16 (-15.8%)  15(-21.1%) 14 (-26.3%) -26.3%

97 (room . . . . .
SpO2 (%) air) 98 (room air) 99 (Fi0, 0.5) 98 (roomair) 98 (roomair) 99 (room air) +2.1%
15 General
GCS (/15) (E4V5M6) 15 (E4V5M6) anesthesia 15 (E4V5M6) 15 (E4V5M6) 15 (E4V5M6) 0.0%
Pupils 3 mm, 3 mm, Not assessed 3 mm, 3mm, 3mm, Unchanged
isocoric isocoric isocoric isocoric isocoric

Resting pain (NRS 0-10) 7 6 (-14.3%) Not rated (GA) 1 (-85.7%) 1 (-85.7%) 0(-100.0%) -100.0%

Dynamic pain (NRS 0-10) 9 8 (-11.1%) Not rated (GA) 2 (-77.8%) 2 (-77.8%) 1(-88.9%) -88.9%

Quadriceps power (MRC 0-  Not testable Not testable Neuromuscula

5) (fracture) (fracture) r blockade 4 5 5 Not calculated

10

Systemic opioid (MME) 0 0 10“256‘?;32?] at 0 0 0 intraoperative; 0
postoperative

Delirium (CAM-ICU) Negative Negative Not assessed Negative Negative Negative Negative

12,800 11,200 9,400 7,600 _

WBC (/uL) 13,400 (=4.5%) Not measured (-16.4%) (~29.9%) (~43.3%) 43.3%

Blood glucose (mg/dL) 173 158 (-8.7%) 142 (-17.9%) 136 (-21.4%) 118(-31.8%) 106 (-38.7%) -38.7%

Lactate (mmol/L) 1.8 1.6 (-11.1%)  1.4(-22.2%)  1.2(-333%) 1.0 (-444%) 0.9 (-50.0%) -50.0%

Notes: T0, emergency department; T1, preoperative clearance; T2, intraoperative cementation; T3, high-care unit (1 h after extubation); T4, postoperative day 1; T5, postoperative day
3.4% = [(Tn - T0) / TO] x 100. CAM-ICU, Confusion Assessment Method for the ICU; GA, general anesthesia; GCS, Glasgow Coma Scale; MAP, mean arterial pressure; MME, morphine
milligram equivalents; MRC, Medical Research Council scale; NRS, numeric rating scale; WBC, white blood cell count.

(A) Mean arterial pressure and heart rate (B) Glasgow Coma Scale
=—@— MAP (mmHg) 16 4
110 + =B - Heart rate (beats/min)
------ MAP target floor (80 mmHg) 15 4 A A b4 A " A
£ 100 A
B
w14 1
£ 90 1 2
£ E
5 — 13 4 GCS 15 (E4V5M6) at all
s 801 ] assessed time points
== . . =]
£ Cementation nadir
E 704 MAP 82.0 mmHg 12 7
—
.- — =
604 =" T=-a 11 o == GCS (total /15)
x Under general anesthesia (T2)
T T T T T T 10 T T T T T T
TO T1 T2 T3 T4 T5 TO T1 T2 T3 T4 T5
(ED) (preop) (cement) (HCU) (POD1) (POD3) (ED) (preop) (cement) (HCU) (POD1) (POD3)
(C) Resting and movement pain (D) Glucose and leukocyte count
10 =®— Resting pain (NRS 0-10) 180 =—#= Glucose (mg/dL, left)
= =~ Movement pain (NRS 0-10) =¥+ WBC (x10°/pL, right) L 14
~
8 “m
= = 160 A —
= 2 )
S 64 of -
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& T3:rest7 - 1 (A -85.7%) = 140 b=
Z movement 9 = 2 (A -77.8%) ] -
2 4 S =
s NRS <3 3‘ =
120 A
21 -,
not rated S~ ~
_ 100
0 T T T T T T T T T T T T 6
TO T1 T2 T3 T4 TS5 TO T1 T2 T3 T4 T5
(ED) (preop) (cement) (HCU) (POD1) (POD3) (ED) (preop) (cement) (HCU) (POD1) (POD3)

Figure 4. Longitudinal trajectories across six time points (TO to T5). (A) Mean arterial pressure (MAP) and heart rate; the dotted line marks the MAP target
floor of 80 mmHg. (B) Glasgow Coma Scale (T2 under general anesthesia). (C) Resting and dynamic pain (NRS 0-10); pain was not rated under general
anesthesia (T2). (D) Blood glucose and white blood cell count.
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Pain stayed controlled for the whole 72-hour
postoperative period, with resting NRS between 0/10 and
1/10 and dynamic pain between 1/10 and 2/10. No rescue
was needed. The patient took no tramadol or morphine, so
cumulative postoperative systemic opioid use was 0 MME;
the only opioid exposure was fentanyl 100 mcg (about 10
MME) at induction. On postoperative day 1 (T4) he moved
from bed to chair and walked with a walker with early
assisted support. Quadriceps strength was MRC grade 5/5.
CAM-ICU assessments were negative at every evaluated
interval, so there was no postoperative delirium.

Serial biochemical tests showed steady normalization of
the trauma-related stress markers. The leukocyte count fell
from 13,400 /uL at TO to 11,200 /pL at T3 and 9,400 /pL at
T4. It reached the normal range at 7,600 /pL on POD 3 (TS5,
A% = -43.3% from admission). Random blood glucose fell
from 173 mg/dL at presentation to 136 mg/dL at T3 and
118 mg/dL at T4. It normalized to 106 mg/dL at T5 (A% =
-38.7%). Serial lactate stayed low (0.9-1.2 mmol/L) from
T3 onward, against 1.8 mmol/L at TO. Continuous ECG
telemetry in the HCU showed persistent baseline RBBB. No
new conduction delay, progression of the block or
ventricular ectopy appeared. No seizure, arrhythmia,
metallic taste or hemodynamic collapse followed the block,
and no adverse event attributable to the block or to the
multimodal regimen was recorded. The patient was
discharged to outpatient orthopedic rehabilitation on POD
3 without neurological, cardiovascular or wound
complications.

4. Discussion

4.1. Principal lesson of the case

In a 64-year-old man with a hip fracture, a minimal
traumatic intracerebral hemorrhage and right bundle
branch block, a PENG block within an opioid-minimizing
multimodal regimen was followed by low pain scores, no
postoperative opioid requirement, a clear sensorium and
Table 4. Published reports used for comparison.

Report Design and sample

Population or intervention

stable hemodynamics. The case shows that this approach
is feasible. It cannot show that the block caused these
results. There were five main observations. (i) Pain was
low after surgery: resting pain was 1/10 on unit arrival (A
-85.7%) and dynamic pain 2/10 (A -77.8%). (ii) No
postoperative systemic rescue opioid was needed (0 MME
over 72 hours). (iii) GCS stayed 15 throughout, so an
evolving traumatic hemorrhage could be watched without
interruption. (iv) MAP fell by 19.4% at cementation and
recovered without treatment, with no change in
conduction. (v) Quadriceps power was MRC 4/5 one hour
after extubation and 5/5 on day 1, which allowed early
ambulation without delirium.

4.2. Comparison with the published literature

Published evidence on the PENG block is mixed (Table 4).
In a meta-analysis of nine studies in hip surgery, the PENG
block gave no significant difference in 24-hour morphine
use or pain scores compared with other nerve blocks, and
the authors regarded it as an alternative multimodal
option.35 A pooled analysis of eight randomized trials (384
patients) against fascia iliaca block found lower static pain
at 12 hours and lower 24-hour morphine use, with no
difference in dynamic pain.®s In hip fracture surgery under
spinal anesthesia, pooled data from 15 trials (890 patients)
showed lower pain at positioning and earlier first
walking.5¢ A randomized trial in hip fracture found lower
dynamic pain at 30 minutes and lower 24-hour opioid use
than with a sham block (10 vs 15 mg oral morphine
equivalents), and this agrees with the low pain and opioid
use seen here.*? Other trials give less favorable or neutral
results. After hip arthroplasty or fracture surgery,
suprainguinal fascia iliaca block was better than PENG for
analgesia, hemodynamics and stress response in one
trial,57 and PENG did not reduce fentanyl use or pain scores
in another.*® A trial in total hip arthroplasty found better
quality of recovery and less opioid use with PENG.38

Main findings as reported

Yu et al. 202335 Meta-analysis, 9 studies

other nerve blocks

Meta-analysis, 8 RCTs,

Hip surgery; PENG block vs control or

No significant difference in 24-h morphine use (MD -2.57
mg, 95% CI -5.42 to 0.27) or in static and dynamic pain at 6
and 24 h versus other nerve blocks; PENG proposed as an
alternative multimodal option

Lower static pain at 12 h and lower 24-h morphine use (MD

Andrade et al. 202355

Li et al. 202456

Aliste et al. 202121

Lin et al. 202342

Cui et al. 202457

Kukreja et al. 202338

Snapp et al. 202461

Weingartner et al. 202227

Kim et al. 202358
Yeoh et al. 202260

Chassery et al. 202414

384 patients

Meta-analysis, 15 RCTs,
890 patients

RCT, 40 patients

RCT, 60 randomized (57
analyzed)

RCT, 74 patients

RCT, 112 patients

Quality-improvement
project, retrospective data

Retrospective series, 208
patients

Cadaver study, 18
cadavers

Scoping review

RCT, ambulatory total hip
arthroplasty

Hip surgery; PENG vs fascia iliaca block

Hip fracture surgery under spinal
anesthesia; PENG block

Primary total hip arthroplasty; PENG
(20 mL levobupivacaine 0.5%) vs
suprainguinal fascia iliaca block

Hip fracture; PENG vs sham block

Older patients, hip surgery under
general anesthesia; PENG vs
suprainguinal fascia iliaca block

Primary total hip arthroplasty under
spinal anesthesia; PENG vs none

Hip fracture; fascia iliaca blocks given in
the emergency department

Cemented hemiarthroplasty for
proximal femur fracture

PENG block with 10, 20 or 30 mL
Quadriceps weakness after PENG block

Opioid-free vs opioid-sparing anesthesia

-6.93 mg, 95% CI -13.60 to -0.25); no difference in dynamic
painat 6 or 24 h

Lower pain at positioning (SMD -0.35), less postoperative
hypokinesia (RR 0.11) and earlier first walking

Quadriceps motor block 25% vs 85% at 6 h

Dynamic NRS at 30 min 3 vs 5; 24-h opioid 10 vs 15 mg oral
morphine equivalents

Fascia iliaca block gave stronger analgesia, more stable
intraoperative hemodynamics and less stress response

24-h QoR-15 132 vs 103 (median difference 26); less opioid
use

Preoperative opioid use 38 — 16.9-18 MME; delirium 6% —
0%

BCIS symptoms in 37%; more cardiovascular complications
(27.3% vs 13.7%) and higher in-hospital mortality (15.6%
vs 4.6%) with BCIS

Femoral nerve stained in 50% (20 mL) and 100% (30 mL);
authors found no reliable motor sparing

Quadriceps weakness in 25% or more; possible bursal
injection

Complete intraoperative opioid avoidance gave no benefit
over opioid-sparing anesthesia
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Report Design and sample Population or intervention Main findings as reported
64-year-old man, hip fracture, minimal . . R
This case Single patient traumatic ICH, RBBB; PENG 20 mL Pain 1/10 rest and 2/10 movement on unit arrival; 0 MME

0.25% bupivacaine + paracetamol

postoperative; GCS 15; quadriceps MRC 4/5 then 5/5

Notes: Values are those reported by the authors; designs and populations differ, and no pooled or head-to-head comparison is intended. BCIS, bone cement implantation syndrome; CI,
confidence interval; MD, mean difference; MME, morphine milligram equivalents; NRS, numeric rating scale; PENG, pericapsular nerve group; RCT, randomized controlled trial; RR,

relative risk; SMD, standardized mean difference.

Motor sparing is a particular point of difference. In
cadavers, 20 mL stained the femoral nerve itself in 6 of 12
specimens and 30 mL in all of them, and the authors
concluded that single-injection PENG blocks of 10, 20 or 30
mL do not reliably spare motor function or selectively
block the anterior capsule.’®8 With 10 mL, femoral nerve
staining occurred in 2 of 6 specimens.>® A scoping review
reports quadriceps weakness in 25% or more of patients
after PENG block, possibly from injection into the
iliopectineal bursa.®® Randomized comparisons with
suprainguinal fascia iliaca block show less quadriceps
block with PENG (25% vs 85% at 6 hours),?! and strength
recovered better with continuous PENG than with
continuous fascia iliaca block.?2 Our protocol used 20 mL of
0.25% bupivacaine (50 mg). Quadriceps strength was MRC
4/5 an hour after extubation and 5/5 on day 1. This is
compatible with little or no femoral nerve involvement, but
it cannot exclude it, because strength could not be graded
before the block.

For the other elements of the case, the literature is limited.
BCIS is a frequent complication of cemented
hemiarthroplasty, with symptoms in 37% of 208 patients
in one series and higher cardiovascular complications and
in-hospital mortality in those affected.?” Preoperative
regional blocks given in the emergency department
reduced opioid use and delirium in hip fracture patients
(preoperative opioid use fell from 38 to about 17 MME, and
delirium from 6% to 0%) in a quality-improvement
project.’ A randomized trial found that a preoperative
fascia iliaca block reduced postoperative morphine use.!?

4.3. Pathophysiological or mechanistic interpretation

The rationale for the block rests on the anatomy of hip joint
nociception. The anterior capsule is supplied by articular
branches of the femoral, obturator and accessory obturator
nerves, which run in a narrow fascial corridor along the
anterior pelvic brim, deep to the iliopsoas complex and
over the iliopubic eminence and anterior inferior iliac
spine.'” Real-time ultrasound lets the operator place local
anesthetic between the deep surface of the psoas tendon
and the iliopubic eminence. The articular branches can
then be reached before they enter the fibrous capsule.??
The conventional femoral nerve block or suprainguinal
fascia iliaca block places the drug around the main femoral
trunk, whereas the PENG block works deep to the psoas
tendon.'821 What was observed here is a low pain score
after surgery. What is inferred, and not shown, is that the
block contributed to it. The comparison is between a
fractured hip before surgery and a replaced hip after
surgery, so fixation of the fracture, paracetamol and the
anestheticitselfrelieve pain in parallel, and analgesia given
before surgery was not described.

Acute traumatic brain injury raises the stakes of opioid
analgesia. Secondary brain injury is driven by hypoxia,
hypoperfusion and rises in intracranial pressure.3! Opioids
act on mu-opioid receptors in the pontomedullary
respiratory complex and cause dose-dependent
hypoventilation. The resulting rise in arterial carbon
dioxide (PaCO.) dilates cerebral arterioles, and because
the skull is rigid (the Monro-Kellie doctrine), greater
cerebral blood volume can raise intracranial pressure
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sharply.3233 In our patient the sensorium remained clear
(GCS 15) after a single dose of fentanyl 100 mcg at
induction and with no postoperative opioid. This was
observed, but it is not proof that the absence of opioids was
responsible, because propofol and sevoflurane were also
given.

Right bundle branch block adds a cardiac concern.
Conduction through the right bundle branch relies on rapid
Phase 0 depolarization by voltage-gated cardiac sodium
channels (Navl.5), and in complete RBBB the right
ventricle is activated late, by trans-septal spread from the
left bundle branch. This widens the QRS complex and
creates ventricular dyssynchrony.3* Under surgical stress,
strong sympathetic surges cause tachycardia and greater
myocardial oxygen demand. Large opioid boluses or deep
neuraxial sympathectomy, on the other hand, can cause
marked vagal predominance or arterial hypotension,
which lowers coronary perfusion pressure. In this patient,
MAP stayed between 82.0 and 101.7 mmHg and heart rate
between 61 and 68 beats/min at all time points. The drop
in MAP at cementation (-19.4%) is consistent with the
combined effect of general anesthesia, positioning and
cement implantation. During PMMA polymerization and
stem impaction, intramedullary pressure is high, and
cement monomer, fat globules and marrow elements can
enter the venous circulation, causing pulmonary
vasoconstriction, higher right ventricular afterload and
hypotension.?>2¢  Neuraxial anesthesia was avoided
because of the risk of sympathetic block-related
hypotension. This is a hypothesis. Spinal anesthesia is
commonly used in hip fracture surgery and has been
reported as feasible in patients at high cardiovascular
risk.2® A propensity-matched study found fewer 30-day
complications with spinal than with general anesthesia and
judged both acceptable,®? a review favors regional
anesthesia,?® and a block with total intravenous anesthesia
has been used in ASA IV patients.3® No comparison with
neuraxial anesthesia was made in this case.

Local anesthetic systemic toxicity (LAST) is a concern in
older patients, in whom the risk is raised by lower plasma
protein binding, reduced cardiac output and slower hepatic
clearance.®® In the PENG block the drug goes into a deep
musculofascial pocket between the psoas tendon and the
pubic ramus, where microvascular density is lower than in
highly vascular compartments, so systemic absorption may
be slow and blunted. Peak plasma concentrations after
fascial plane blocks with 20 mL of 0.25% bupivacaine (50
mg) are reported to occur 30 to 45 minutes after injection,
at mean levels of 0.35 to 0.65 mcg/mL, below the accepted
toxicity threshold of 2.0 to 4.0 mcg/mL. The dose of 50 mg
corresponded to about 0.98 mg/kg in this 51-kg patient,
below the commonly cited maximum of 2.0 mg/kg,
although recommended maximum doses are not evidence-
based thresholds.®* Serial electrocardiographic and
neurological evaluations showed no sign of toxicity.

Delirium affects a large share of patients after hip fracture
surgery and is linked with mortality and disability.1065
Uncontrolled pain and drugs such as opioids and
anticholinergics are recognized triggers.1%6! Regional
blocks that lower opioid use may reduce delirium.®* CAM-
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ICU was negative throughout and no delirium occurred,
and bed-to-chair transfer was possible within 24 hours of
surgery.

Figure 5 summarizes the pathways that guided the plan. It
is a conceptual diagram, not a result: it contrasts the
hazards expected with systemic opioids or neuraxial

sympathectomy in this patient with the course that
followed the PENG-centered regimen. The regional
technique was chosen with these physiological constraints
in mind. Regional block adds to, and does not replace,
careful anesthetic and perioperative management. Table 5

compares the main regional options qualitatively.

Table 5. Qualitative comparison of regional and systemic analgesic options for proximal femoral fracture surgery.

Quadriceps effect

Hemodynamic and
sympathetic effect

Relevance in traumatic
ICH

Modality Target and plane Sensory coverage
Articular branches of the
. femoral, obturator and accessory . .
CPaESI\é;; block (this obturator nerves; plane between ?arlt;rlllgr hip
the psoas tendon and the P
iliopubic eminence
Femoral, lateral femoral
. . taneous and obturator nerves . .
Suprainguinal Eu . N Anterior hip and
o variable); deep to the fascia :
fascia iliaca block fliaca above the inguinal lateral thigh
ligament
Anterior thigh,

Femoral nerve trunk in the
femoral triangle

knee and part of
the anterior
capsule

Femoral nerve
block

Ipsilateral lower
limb

Lumbar plexus
block

Lumbar plexus roots (L2-L4)
within the psoas compartment

Bilateral lower
limbs, autonomic
block

Spinal or epidural

- Spinal nerve roots
analgesia

Systemic analgesia

. . Central and peripheral mu- without
Systemic opioids opioid receptors anatomical
targeting

Intended to spare the
quadriceps; weakness
has been reported

Quadriceps block is
more frequent than
with PENG21

Substantial quadriceps
block

Complete motor block
in the femoral and
obturator territories

Dose-dependent motor
block

No sympathectomy

No sympathectomy

No sympathectomy

Possible unilateral
sympathetic effect;
retroperitoneal
hematoma is a rare risk

Sympathectomy with
vasodilation, hypotension
and bradycardia

Does not sedate; GCS
can be followed

Provides opioid sparing;
motor block can limit
mobilization

Acceptable sensorium;
motor block limits
rehabilitation

Positioning difficulty
after trauma

Hypotension lowers
CPP; epidural hematoma
risk with
antithrombotics

Sedation and
hypoventilation can
obscure GCS and raise
PaCO, and ICP

Bradycardia, vasodilation
and histamine release
possible

No motor block

Notes: CPP, cerebral perfusion pressure; GCS, Glasgow Coma Scale; ICP, intracranial pressure; PENG, pericapsular nerve group.

CONCEPTUAL SUMMARY: OPIOID- AND NEURAXIAL-RELATED HAZARDS
VERSUS A PENG BLOCK-CENTERED REGIONAL APPROACH

( TIER 1: BASELINE CONVERGENCE OF THREE CONDITIONS ]
« Gerlatric osteoporotic fracture: displaced right intertrochanteric fracture (Boyd-Griffin 11) on reduced-density
bane (Singh index IV); severe somatic pain (NRS 7-9/10), requiring urgent cemented hemiarthroplasty to allow early
weight-bearing and prevent immabilization syndrome.
+ Minimal traumatic brain injur t frontal traumatic intracerebral hemorrhage (volume = 001 cc, ICH score 0)
with transient loss of consciousness; demands avoidance of sedation-induced hypercapnia and intracranial
hyperten d preservation of serial Glasgow Coma Scale (GCS) assessability.
« Cardiac col n impairment: pre-existing right bundle branch block (RBBE, QRS 124 ms); heightened vulnerability
to hemodynamic volatility and bradycardia, and to cardiopulmonary collapse during bone cement implantation syndrome
(BCIS).
t ) t
CONVENTIONAL OPIOID / NEURAXIAL ROUTE PENG BLOCK-CENTERED APPROACH (ANATOMICAL
(POTENTIAL SYSTEMIC RISKS) TARGETING AND OPIOID SPARING)
» Systemic opioid cascade: » Targeted anterior capsular denervation:
- Hypoventilation — PaCO; elevation — cerebral - Deposition of 20 mL of 0.25% bupivacaine between
vasadilation and possible rise in intracranial the psaas tendon and the iliopubic eminence.
pressure (ICP) - Sensory block of the femoral, obturator and
- Somnolence and miosis may obscure serial GCS accessory obturator articular branches (dominant
evaluation for evolving hematoma expansion. capsular nociception)
- Delirium, postoperative nausea/vomiting and « Mator sparing and neurological preservation
ileus. (intended):
« Neuraxial blockade pitfalls (spinal / epidural): - Designed to spare the main femoral nerve motor
- Sympathetic block may cause hypotension, which trunk; quadriceps MRC 4/5 then 5/5.
can combine with BCIS in a heart with RBBB. - Avalds systemic opiold sedation after surgery,
- Lateral positioning causes fracture pain. keeping GCS 15 for serial neuromonitoring,
\ \ J
's s \

MULTI-ORGAN COMPLICATION PATHWAY
(EXPECTED WITH THE CONVENTIONAL ROUTE)

+ Neurslogical obscuration and deterioration:

- Inability to distinguish opioid sedation from
intracranial rebleeding or herniation.

- Possible delay in emergency neurosurgical
decompression.

+ Cardiovascular decompensation:

- Untreated pain causes sympathetic tachycardia
and hypertension, raising myocardial oxygen
demand in conduction disease.

- Embolization at cementation [BCIS) may
precipitate heart block or pulseless electrical
activity.

PHYSIOLOGICAL DEFENSE AND HOMEOSTASIS
(COURSE OBSERVED HERE)

« Cerebral homeostasis and perfusion pressure:

- MAP kept at 82.0-101.7 mmHg; end-tidal C0; 35-38
mmH,

- Serial GCS and pupillary symmetry verified at
every assessment.

» Cardiac conduction and hemodynamic stability:

- No neuraxial sympathetic block; MAP nadir 82.0
mmHg at cementation, recovered without a
vasopressar.

- Scheduled paracetamol co-analgesia; no
postoperative opioid.

[

}

CONVENTIONAL HIGH-RISK OUTCOMES
(POSSIBLE)

« postoperative delirium (reported in 30-50% of hip
fracture patients).

- Respi )rfallum orp i
ventilation.

. Prulunged intensive care stay and (hrumboembol:sm
- paralysis — delayed

falls.

s C; arrest from sy

plus BCIS.

r
COURSE OF THIS PATIENT (PENG REGIMEN)

« No postoperative rescue opioid (0 MME over 72 h).

« Pain 1710 at rest and 2/10 on mavement on unit
arrival (A -85.7% and ~77.8%).

«GCS 15 at every assessment.

« Stable conduction: no arrhythmia, no BCIS.

» Quadriceps MRC 5/5 on day 1; discharged on day 3.

Figure 5. Conceptual summary of the pathways considered in planning analgesia: the hazards expected with systemic opioids or neuraxial block (left) and
the course followed with the PENG-centered regimen (right) across four tiers. The diagram is conceptual and is not a measured result.

Santoso et al.

219



Journal of Anesthesiology and Clinical Research

Vol. 7 - No. 2 - 2026 - pp. 210-222

4.4. Implications for practice

Several practical points follow, with limited transferability
from a single patient. (i) In older orthopedic trauma
patients with acute traumatic brain injury, limiting
systemic opioids and using a sensory-selective regional
technique is a reasonable plan, provided that neurological
monitoring is maintained. (ii) An ultrasound-guided PENG
block with 20 mL of 0.25% bupivacaine gave low pain
scores here, but injectate volume and quadriceps strength
should be assessed in each patient, since cadaveric and
clinical data show that motor sparing is not guaranteed.
(iii) In patients with cardiac conduction disease
undergoing cemented arthroplasty, general anesthesia
with a PENG block after induction was followed by
acceptable hemodynamics. Whether it is better than
neuraxial techniques is not known. (iv) Coordination
between anesthesiology, neurosurgery, orthopedics and
cardiology is essential. It reconciles competing
perioperative priorities in one management plan.

4.5. Strengths

The case has a detailed record. Six time points were
documented, with explicit hemodynamic and neurological
targets, a reproducible description of the block, weight-
based doses and a complete baseline and laboratory
profile. Derived values (MAP, BMI, A%, mg/kg dose) could
be recalculated from the printed data.

4.6. Limitations

First, this is a single patient, so the findings are descriptive.
They cannot show that the block was effective or safe in
general, and they do not allow claims that PENG is superior
to other regional techniques. Second, the pain comparison
is between a fractured hip before surgery and a replaced
hip afterwards. Fracture fixation, paracetamol and general
anesthesia may all have contributed, and analgesia given
before surgery was not described. Third, ICP and cardiac
output were not measured, because the hematoma was
minimal (ICH score 0) and there was no shock, so cerebral
perfusion pressure was estimated and not measured.
Fourth, a single-shot PENG block lasts a limited time,
usually 18 to 24 hours; later pain scores of 0-1/10 reflect
paracetamol and healing as well. A continuous catheter or
adjuvants such as liposomal bupivacaine might be needed
for longer surgical pain.°® Fifth, strength could not be
graded before the block, no follow-up head CT is described,
and follow-up ended on day 3.

4.7. Recommendations for future work

Prospective studies of regional analgesia in older patients
with hip fracture and coexisting intracranial or cardiac
disease are needed. A registry or arandomized comparison
of PENG block with other regional techniques, with
standard measurement of pain, quadriceps strength,
opioid use, delirium and hemodynamics, would test the
hypothesis that this case generates.

5. Conclusion

In this 64-year-old man with a displaced intertrochanteric
fracture, a minimal traumatic intracerebral hemorrhage
and right bundle branch block, an ultrasound-guided PENG
block within an opioid-minimizing multimodal regimen
was followed by low pain scores (resting 1/10 and
dynamic 2/10 on unit arrival). No opioid was needed after
surgery over 72 hours. The Glasgow Coma Scale stayed 15
throughout, and mean arterial pressure recovered without
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treatment after cementation. This answers the objective of
describing the course. One case cannot show that the block
caused these outcomes. The approach should be tested in
prospective studies of comparable patients.
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