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Background
ANFH is a common disorder characterized by abnormal 
bone metabolism in the femoral head. ANFH is caused 
by various factors that lead to imbalances in lipid metab-
olism and disturbances in blood microcirculation. Com-
mon causes of ANFH include trauma, corticosteroid use, 
excessive alcohol consumption, hypercholesterolemia, 
smoking, and some inflammatory diseases [1, 2]. An 
imbalance between bone resorption and bone forma-
tion can lead to diseases such as osteoporosis, osteone-
crosis, and fractures that heal abnormally [3]. Previous 
studies have shown that long-term CBZ administration 
can increase the metabolism of vitamin D and convert 
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Abstract
Background  Avascular necrosis of the femoral head (ANFH) that is due to the use of carbamazepine (CBZ) in children 
whose condition requires long-term oral CBZ is relatively rare, and there are no clinical reports on this topic. Herein, 
we present a rare case of femoral head necrosis and peripheral nerve damage due to long-term use of CBZ in a child 
with depression.

Patient presentation  A 12-year-old boy who was taking oral CBZ for depression presented to the hospital with 
a sudden onset of impaired consciousness. On admission, the blood CBZ concentration was 32.6 µg/mL, an 
electromyogram (EMG) revealed severe partial injury to the left common peroneal and tibial nerves, and magnetic 
resonance imaging (MRI) of the hip revealed necrosis of the left femoral head. On predischarge evaluation, the CBZ 
blood level was < 0.2 µg/mL. The long-term use of CBZ is thought to have resulted in femoral head necrosis and 
peripheral nerve damage.

Conclusions  To our knowledge, this is the first literature report of femoral head necrosis with peripheral nerve 
damage due to long-term CBZ use. For patients receiving long-term treatment with CBZ, careful monitoring for 
osteoarthritis, bone pain, and decreased sensation and range of motion of the extremities, as well as detailed medical 
history-taking and complete imaging, electromyography, and neurosonography of the hip joint, are needed.
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it to inactivated forms, which may negatively affect bone 
health [4, 5]. CBZ is a common antiepileptic drug that 
also acts as a mood stabilizer in patients with bipolar dis-
order [6–8]. The side effects of CBZ include rash, toxic 
epidermal necrolysis and peeling, drug-induced liver 
injury, leukopenia, hyponatremia, vitamin D metabo-
lism disorders, aplastic anemia, hepatitis, sleep distur-
bances and depression [9]. Severe toxicity occurs when 
the blood concentration of CBZ exceeds 40 µg/mL, and 
side effects are more likely to occur at these high con-
centrations [10]. Previous studies have shown that CBZ 
affects bone metabolism [11], which may be related to 
the induction of the cytochrome P450 enzyme system by 
CBZ. CBZ use can lead to vitamin D deficiency, hypo-
calcemia, hypophosphatemia, and elevated parathyroid 
hormone levels [5, 12–14], and prolonged use of CBZ can 
result in nontraumatic fractures [15, 16]. CBZ can relieve 
peripheral nerve neuropathic pain resulting from various 
causes by decreasing the excitability of peripheral and 
central connections [17]. Peripheral neuralgia or periph-
eral neuropathic pain may be caused by nerve damage of 
various etiologies, including medical conditions such as 
diabetes, infections, kidney disease, nerve compression, 
trauma, cancer, or a combination of these conditions 
[18]. Studies have also shown that long-term administra-
tion of CBZ can lead to peripheral nerve damage, which 
may be related to the antidiuretic effect of CBZ; in this 
case, water intoxication reduces sodium levels in the 
blood, increases pressure in the nerve lumen, and dam-
ages axons, which can lead to a slowing of conduction 
[19, 20]. To our knowledge, there have been no reports 
to date of ANFH with peripheral nerve injury in children 
due to CBZ use.

Case presentation
A 12-year-old male child was referred to our pediatric 
emergency department because of 10 h of unconscious-
ness. He was unable to respond to calls and had gener-
alized paralysis. The patient treatment timeline is shown 
in Fig. 1. After a series of treatments, the child regained 
consciousness. However, the patient reported significant 
pain in the left lower extremity, which was intolerable 
and affected his ability to sleep at night. Upon examina-
tion, both active and passive movements were painful for 
the patient, but the hip range of motion was normal, with 
Grade 4 muscle strength. The child also experienced the 
loss of proprioception and abnormal sensations, such as 
tingling, electric shock-like pain, numbness, and burning 
sensations in the distal part of the left lower extremity, 
as shown in Fig. 2. In addition, the patient showed weak-
ness in dorsiflexion and plantar flexion of the left toe, 
along with hyperreflexia of the Achilles tendon and knee 
tendon.

Upon reviewing the child’s personal history, it was 
discovered that he had been taking oral CBZ (800  mg 
per day in divided doses) for depression for the past 
year. Owing to a lack of attention from the family, the 
child was not monitored for drug dosage for the last six 
months. The child and his family denied his taking large 
amounts of the medication over short periods. Prior to 
the onset of the disease, the child was in good general 
condition with normal sensation and movement of the 
lower extremities. No history of traumatic surgery, smok-
ing, drug allergies, or any other pertinent medical condi-
tions was reported. The child’s birth weight was 4.0 kg. At 
presentation, he was 170 cm tall and weighed 62 kg.

Upon admission, the patient’s blood CBZ concentra-
tion was 32.60 µg/mL. The blood concentrations of coag-
ulation factors were as follows: D-dimer, 1.66 µg/mL; and 
fibrin degradation products, 3.90 µg/mL. The other blood 
parameters were as follows: 25-hydroxyvitamin D, 14.1 
ng/mL; C-reactive protein, 14.29  mg/L; creatinine, 181 
µmol/L; alanine aminotransferase, 71.00 U/L; aspartate 
aminotransferase, 26471.00 U/L; creatine kinase isoen-
zyme, 396.74 U/L; myoglobin, > 3000.00 µg/mL; and cre-
atine kinase, 43953.00 U/L. Urinalysis revealed that the 
urine was positive for occult blood (++++) and weakly 
positive for protein (±). Tests for blood cell counts; elec-
trolyte, blood glucose, and lipid levels; the blood sedi-
mentation rate; blood ammonia, lactate, amylase, and 
cholinesterase levels; and the urine amylase level, as well 
as 3P tests, revealed no significant abnormalities (partial 
test results are detailed in Table 1). Electrocardiography 
(EKG) revealed sinus arrhythmia, whereas electromyog-
raphy (EMG) revealed severe partial damage to the left 
common peroneal and tibial nerves. Repeat EMG after 
one month revealed persistent and severe partial dam-
age to the left common peroneal and tibial nerves, and 
potential damage to the cauda equina could not be ruled 
out. Nerve ultrasound revealed injury to the left com-
mon peroneal and tibial nerves (popliteal segment), as 
illustrated in Fig. 3. Additionally, hip magnetic resonance 
imaging (MRI) revealed necrosis of the left femoral head 
(Fig. 4). Evaluation before discharge showed that the CBZ 
blood concentration was < 0.2 µg/mL.

The Neuropathic Pain Assessment Scale (Douleur Neu-
ropathique 4 questionnaire; DN4) and the I-DN4 scale 
were used for scoring neuropathic pain. The scores were 
8 (such as burning pain, electric shock-like pain, numb-
ness and tingling, pin-and-needle-like pain, numbness, 
decreased tactile sensation, decreased tingling sensa-
tion, and increased pain due to friction in the area of 
pain) and 5 (including burning pain, electric shock-like 
pain, tingling, pin-and-needle-like pain, and numbness), 
respectively.

After admission, the patient was immediately 
transferred to the pediatric intensive care unit for 
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resuscitation. Endotracheal intubation was adminis-
tered to assist respiration. Subsequently, he was treated 
successively with hemoperfusion, plasma exchange, 
hemodialysis, and antiinfective therapy. After regaining 
consciousness, the child experienced abnormal sensa-
tions and intolerable pain in his left lower limb; therefore, 
he was transferred to the pediatric neurological reha-
bilitation ward for treatment. After transfer, acetylglu-
tamide, vitamin B6, and vitamin B1 were continuously 
administered for nerve nourishment. Dexamethasone 
sodium phosphate was used for anti-inflammatory and 
immunosuppressive purposes. Murine nerve growth fac-
tor was administered for nerve nourishment. Diclofenac 
suppositories, ibuprofen, and etoricoxib tablets were 

administered for pain relief. Nevertheless, the child did 
not experience pain relief and was unable to sleep quietly 
at night. Tramadol administration significantly relieved 
pain, and the patient could sleep at night. However, 
approximately 24  h after intramuscular injection, pain 
returned to its previous state. Fentanyl was subsequently 
administered as an external patch and significantly 
relieved pain. However, after approximately 72  h, the 
child experienced the same level of pain as before. The 
fentanyl external patch was replaced after approximately 
20 h; afterward, the pain was the same as before, and the 
effective duration of pain relief with the drug was signifi-
cantly shorter. After treatment, the child’s condition sta-
bilized, and the pain was slightly alleviated. The patient 

Fig. 1  Timeline of treatment for the patient
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was discharged for further treatment at an outside hos-
pital. During a one-month follow-up after discharge, the 
child made several visits to other hospitals. However, he 
did not experience pain relief.

Discussion
ANFH leads to trabecular fractures, necrotic collapse of 
bone tissue, and hip dysfunction [21]. There are many 
microvessels in the femoral head, which has an impor-
tant influence on the mechanism underlying ANFH 
development [22]. When coagulation dysfunction, 

vascular endothelial cell damage, and vascular inflamma-
tion occur, thrombi are easily formed, leading to ischemic 
necrosis of the femoral head [21, 23]. This patient was 
admitted to the hospital with abnormal coagulation fac-
tor levels, which may have contributed to femoral head 
necrosis. Abnormalities in coagulation increase the risk 
of thrombus formation, which impedes blood flow, exac-
erbates tissue ischemia and delays tissue repair [24]. The 
delicate balance between vasoconstriction and vasodi-
latation is disrupted by various factors (e.g., coagulation 
abnormalities) that impair the normal function of vascu-
lar endothelial cells [25]. This dysfunctional state affects 
the regulation of blood flow and the release of vasoac-
tive molecules, which results in the failure to address the 
urgency of the blood supply to the femoral head, lead-
ing to ischemia and subsequent bone tissue damage and 
worsening the condition by initiating a proinflammatory 
state [23]. Several inflammatory cytokines and adhesion 
molecules contribute to immune cell aggregation, which 
causes further damage to bone tissue [1]. As a result, 
when microvascular hypercoagulability and coagulation 
in the femoral head are impaired, this affects blood flow 
to the femoral head and leads to its necrosis [21]. How-
ever, more research is needed to confirm this conclusion. 
In addition, many diseases and medications may cause 
necrosis of the femoral head [26]. However, there are no 
reports to date that CBZ causes femoral head necrosis.

The long-term use of CBZ frequently leads to abnor-
mal bone metabolism, hypocalcemia, and disturbances in 
vitamin D metabolism [9, 12, 14]. These factors may be 
the primary causes of femoral head necrosis. This patient 
was found to have a low level of 25-hydroxyvitamin D 
(25(OH)D), which was undoubtedly due to prolonged 
oral CBZ use. Previous studies have demonstrated that 
long-term treatment with CBZ has a negative effect on 
bone mineral density (BMD). An increased risk of frac-
ture and accelerated age-related osteoporosis have been 
observed [11]. Studies have shown that these effects may 
be due to the induction of cytochrome P450 enzymes by 
CBZ, which can lead to metabolic alterations resulting 
in vitamin D deficiency and decreased calcitonin levels. 
This can further lead to secondary hypoparathyroidism, 
which can increase bone turnover and lead to decreased 
bone density [27]. Moreover, childhood and adolescence 
are critical periods for bone mineralization. The peak 
BMD, which is achieved at the end of adolescence, deter-
mines the risk of pathological fractures and osteoporosis 
later in life [28]. Thus, patients receiving long-term CBZ 
therapy require regular bone assessment, bone health 
monitoring and measurement of serum 25(OH)D levels 
prior to therapy initiation [9, 11]. Vitamin D supplemen-
tation therapy should be provided if necessary.

The main manifestations in our patient throughout 
the course of disease were intolerable unilateral lower 

Fig. 2  The patient experienced decreased tactile sensation, prickling sen-
sation, loss of proprioception, spontaneous burning sensation, tingling, 
and pin-and-needle-like pain in Region A The warm nociceptive sensation 
remained. The patient experienced persistent burning pain, electric shock-
like pain, numbness, tingling, pin-and-needle-like pain, decreased tactile 
sensation, increased pain due to friction in the area of pain, complete loss 
of heat and cold sensations and paresthesia in Region B The patient expe-
rienced significant pain sensation in Region C
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extremity pain, abnormal sensation (DN4 score of 8), 
decreased muscle strength, and limited movement. Neu-
rosonography revealed that the common peroneal nerve 
and tibial nerve (popliteal segment) were injured and 

that damage to the peripheral nerve had occurred. These 
findings are consistent with previous findings indicating 
that CBZ can cause peripheral nerve damage [14, 25]. In 
peripheral nerves, temperature sensitivity is transmitted 

Table 1  Selected test results

Fig. 3  (A) Ultrasound of the left common peroneal nerve showing a thickened segment of the nerve bundle, measuring approximately 0.17 cm in 
thickness and located in the popliteal fossa. (B) Ultrasound of the left tibial nerve also revealed a thickened segment of the nerve bundle, which was ap-
proximately 0.17 cm thick, in the popliteal fossa
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only by very small myelinated A fibers and unmyelinated 
C fibers. Nerve fiber damage leads to increased sensory 
thresholds. This child presented with distal sensory defi-
cits in the left lower extremity. CBZ-caused peripheral 
nerve damage may be closely related to its antidiuretic 
effect. Relevant experimental animal studies have shown 
that CBZ causes peripheral nerve damage, mainly in the 
form of demyelination [29]. Our findings may validate the 
findings of this animal study, but more clinical studies or 
monitoring of children on CBZ are needed to confirm 
these results. The effects observed may be closely related 
to the disruption of the superoxide‒antioxidant balance 
in vivo, especially in neural tissues [30–32].

The lower limb pain was obvious in our patient, and 
MRI revealed muscle/soft tissue edema. The blood CBZ 
concentration was significantly elevated. There were 
abnormalities in myoglobin and creatine phosphokinase 
levels, which were accompanied by abnormal levels of 
liver and kidney function parameters. Thus, rhabdomyol-
ysis was considered. It has been previously reported that 
decreased drug excretion may lead to increased serum 
concentrations of CBZ and cause toxicity, resulting in 
hepatic injury, neurotoxicity, and acute kidney injury, 
along with the development of rhabdomyolysis [17]. The 
child’s liver and kidney function parameter levels were 
suggestive of injury; simultaneously, the urine was posi-
tive for occult blood and protein.

There are many causes of ANFH, such as Legg–Calve–
Perthes disease and slipped capital femoral epiphysis. 
Legg–Calve–Perthes disease (LCPD) is an idiopathic 
form of osteonecrosis or idiopathic avascular necro-
sis of the femoral epiphysis. The highest prevalence of 
LCPD is observed between 5 and 7 years of age, and it 
is most common in males. HIV infection, thrombophilia, 
deficient fibrinolysis, secondhand smoke exposure, the 
birth weight less than 2.5  kg for boys, and a short stat-
ure are risk factors for LCPD [33]. LCPD is often acute 
or insidious claudication and is usually painless (for 1 to 

3 months) [34]. If pain is present, it may be confined to 
the hip or may move to the knee, thigh or abdomen, and 
as the disease progresses, the pain usually worsens with 
activity, but there should be no systemic symptoms [33]. 
Slipped capital femoral epiphysis (SCFE) is a common 
hip lesion in prepubertal children and adolescents [35]. 
Typically, young adult patients complain of traumatic 
pain in the hip, thigh or knee, which may be accompa-
nied by a limp or an inability to bear weight [36]. Obe-
sity is the most important risk factor for SCFE [37]. Our 
patient denied chronic secondhand smoke exposure, was 
free of AIDS, and did not have a short stature or obe-
sity. The movement limitations included significant pain, 
notably in the distal muscles; weakness of the dorsiflex-
ion and plantar flexion of the left toe; and hyperreflexia 
of the Achilles tendon and knee tendons. The blood CBZ 
concentration was 32.60  µg/mL. There were significant 
abnormalities in laboratory test results, such as aspartate 
aminotransferase (26471.00 U/L), creatine kinase isoen-
zyme (396.74 U/L), myoglobin (> 3000.00  µg/mL), and 
creatine kinase (43953.00 U/L) levels. Urinalysis revealed 
positive results for occult blood (++++), and therefore, 
the influence of the drug is a preferential diagnosis. How-
ever, as the child did not have regular health checkups, 
ANFH caused by these two factors could not be com-
pletely excluded.

The distinguishing features of this case were unilat-
eral femoral head necrosis with peripheral nerve injury, 
a history of long-term CBZ drug use, and a significantly 
elevated blood CBZ concentration. The child’s condition 
was considered to be due to long-term CBZ administra-
tion. Notably, however, ischemic necrosis of the femoral 
head is usually a chronic change, and a combination of 
factors other than the long-term effects of carbamaze-
pine may be involved.

Fig. 4  (A) On the magnetic resonance imaging (MRI) coronal T2-weighted (T2WI) compression fat image of the hip, patchy high signals of the left femoral 
head epiphysis and the right gluteus maximus and minimus muscles are observed. (B) On the axial T2WI compression fat image of the hip, patchy high 
signals of the left femoral epiphysis, the right gluteus medius, the left gluteus maximus, and the adjacent subcutaneous soft tissues are noted. (C) On the 
axial T1WI image of the hip, a low signal from the left femoral head epiphysis was detected
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Conclusion
For patients receiving long-term CBZ treatment, careful 
monitoring for osteoarthritis, bone pain, and decreased 
sensation and range of motion of the extremities, as well 
as detailed medical history-taking and complete imaging, 
EMG, and neurosonography of the hip joint, are needed.
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