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Abstract

BACKGROUND

Vancomycin is often used as an anti-infective drug in patients receiving anti-
tumor chemotherapy. There are concerns about its adverse drug reactions during
treatment, such as nephrotoxicity, ototoxicity, hypersensitivity reactions, etc.
However, potential convulsion related to high plasma concentrations of
vancomycin in children receiving chemotherapy has not been reported.

CASE SUMMARY

A 3.9-year-old pediatric patient with neuroblastoma receiving vancomycin to treat
post-chemotherapy infection developed an unexpected convulsion. No other
potential disease conditions could explain the occurrence of the convulsion. The
subsequently measured overly high plasma concentrations of vancomycin could
possibly provide a clue to the occurrence of this convulsion. The peak and trough
plasma concentrations of vancomycin were 59.5 mg/L and 38.6 mg/L,
respectively, which were much higher than the safe range. Simulation with the
Bayesian approach using MwPharm software showed that the area under the
concentration-time curve over 24 h was 1086.6 mg - h/L. Therefore, vancomycin
was immediately stopped and teicoplanin was administered instead combined
with meropenem and fluconazole as the anti-infective treatment strategy.

CONCLUSION

Unexpected convulsion occurring in a patient after chemotherapy is probably due
to toxicity caused by abnormal pharmacokinetics of vancomycin. Overall
evaluation and close therapeutic drug monitoring should be conducted to
determine the underlying etiology and to take the necessary action as soon as
possible.
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Core Tip: Vancomycin is often used as an anti-infective drug in patients receiving anti-
tumor chemotherapy. We present a rare case of sudden onset of convulsion related to
vancomycin treatment in a pediatric patient with neuroblastoma. This case
demonstrates that unexpected convulsion occurring in patients after chemotherapy is
probably due to the toxicity caused by abnormal pharmacokinetics of vancomycin.
Close therapeutic drug monitoring is recommended to ensure the plasma concentration
of vancomycin is within the normal range. A model-based Bayesian estimation tool
could be used to estimate the area under the concentration-time curve and help health
care practitioners create an individualized dosing plan.

Citation: Ye QF, Wang GF, Wang YX, Lu GP, Li ZP. Vancomycin-related convulsion in a
pediatric patient with neuroblastoma: A case report and review of the literature. World J Clin
Cases 2021; 9(13): 3070-3078

URL: https://www.wjgnet.com/2307-8960/full/v9/i13/3070.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i13.3070

INTRODUCTION

Neuroblastoma is an embryonal malignancy derived from primitive cells in the
sympathetic nervous system and often appears in early childhood!”. It can cause
abnormal development of the adrenal medulla and paraspinal ganglial’. The
molecular characteristics of neuroblastoma, as shown by extensive studies, include
changes at the genome, epigenome, and transcriptome levels!"l. Neuroblastoma usually
occurs sporadically, and its etiology is not exactly clear!l. There is an association
between a genetic variation in chromosome 6p22 and sporadic neuroblastomal.
Familial cases can be caused by ALK and PHOX2B germline mutations'.. Neuro-
blastoma is the second most common solid central nervous system tumor occurring in
childhood worldwidel. It has a complex clinical course from metastatic spread to
spontaneous regression without therapy which can occur at the primary or metastatic
site’l. Chemotherapy based on a biology- and response-based algorithm can help
improve the outcome of patients!*'"l. The backbone of the induction chemo-therapeutic
regimen commonly used to treat neuroblastoma includes cycles of cisplatin and
etoposide alternating with vincristine (VCR), doxorubicin (DOX), and cyclo-
phosphamide (CPM), as was developed at the Memorial Sloan-Kettering Cancer
Center!"l. Later, the Children’s Oncology Group added topotecan (TOPO), which
showed anti-neuroblastoma activity, to the induction regimen*"’l. To prevent or treat
potential infections caused by compromised immune function after chemotherapy,
anti-infective drugs are often administered to patients with tumors!"l. Careful
consideration of the anti-microbial strategy should be given to this special population
as there is an increase in antimicrobial-resistant pathogens!'"..

Vancomycin is a tricyclic glycopeptide antibiotic which inhibits the biosynthesis of
the bacterial cell wall'™l. It was first used clinically in 1958, and was mainly used to
treat gram-positive bacterial infection resistant to beta-lactam antibiotics, such as
methicillin-resistant Staphylococcus aureus, coagulase-negative Staphylococci, etc.l'>'*l.
Vancomycin is poorly absorbed orally, and thus it is administered intravenously in
clinical applications!'”l. It is a hydrophilic molecule with plasma protein binding less
than 50%!"¥ and is mainly excreted by the kidney (80% to 90%)!'""\. Its penetration into
cerebrospinal fluid (CSF) is poor with CSF-to-plasma ratios of 0.07-0.30, but has
increased variation in patients with meningitis where the CSF-to-plasma ratios range
from 0.06 to 0.81""°*’. The anti-bacterial effect of vancomycin is time-dependent. The
area under the concentration-time curve over 24 h to minimum inhibitory
concentration ratio (AUC/MIC) is recognized as the index to evaluate its phar-
macodynamic effect, with an AUC/MIC of > 400 as the treatment target™. There are
some adverse drug reactions (ADRs) related to vancomycin. Nephrotoxicity is the
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major concern associated with its use®. Other adverse effects include hypotension,
tachycardia, phlebitis, ototoxicity, hypersensitivity reactions, exanthema, chills, fever,
etc.!”l. Rare ADRs of the nervous system that can be caused by vancomycin are
mononeuritis multiplex? and encephalopathy®™!, which have been documented in two
case reports, respectively. Vancomycin-induced hypertension along with transient
blindness and generalized seizure were reported by Caglayan et al*. However, the
plasma concentration of vancomycin was not measured in that case and it is unknown
if this ADR was caused by abnormal pharmacokinetics of vancomyecin.

Here, we report a rare case of sudden onset of convulsion related to vancomycin
treatment in a pediatric patient with neuroblastoma.

CASE PRESENTATION

Chief complaints

A 3.9-year-old female patient with a body weight of 16 kg and a height of 104.0 cm,
presented to the Department of Oncology at the Children’s Hospital of Fudan
University to start Cycle 2 chemotherapy for neuroblastoma. During her presentation
in the Department of Oncology, she had a sudden onset of convulsion in the left limbs
on day 22 in hospital. The patient was transferred to the Pediatric Intensive Care Unit
(PICU).

History of present illness

Four months ago, the patient had repeated fever with swelling, weakness and a limp
in her right leg. Ultrasound and computed tomography (CT) indicated a space-
occupying mass in the retroperitoneum, with routine blood examination showing C
reactive protein > 160 mg/L (normal range < 8 mg/L) and hemoglobin 73 g/L (normal
range 110-160 g/L). Biopsy of the mass confirmed poorly differentiated neuroblastoma
with a medium mitosis-karyorrhexis index, MYCN-non-amplified and Shimada
classification as unfavorable histology and Schwannian stroma-poor. Folliculus
lymphaticus structure could be seen between tumor cells, indicating the possibility of
lymph node metastasis. Nuclear medicine imaging showed multiple osteopathy and
hence the possibility of bone metastasis. Using the International Neuroblastoma
Staging System!”, the patient was classified as stage IV.

Induction chemotherapy for the high-risk group was administered to the patient,
comprising CPM (230 mg) and TOPO (0.7 mg) for five days. One month later, the
second induction chemotherapy consisting of CPM (290 mg) and TOPO (0.8 mg) was
started and lasted for five days. The third chemotherapy regimen, which was given
one month after the second regimen, included 1385 mg CPM for two days, 0.4 mg VCR
for three days, and 16.5 mg DOX for three days. A combination of fluconazole,
meropenem, and vancomycin was given to treat infection.

This hospitalization was for the purpose of receiving the fourth chemotherapy
regimen.

History of past illness
The patient had no previous medical history.

Personal and family history
The patient had no significant personal or family history.

Physical examination
During convulsion onset, the patient did not respond to sound. Physical examination
revealed equally sized and shaped pupils with sensitive reflex to light. Frothing at the
lips was noticed. Her left limbs had high muscular tension with continuous shaking.
Her blood oxygen saturation was 100% and heart rate was 185-190 bpm. Three
minutes after sedation, the convulsion gradually stopped.

On day 27, an electroencephalogram showed slower than normal blood flow in the
middle cerebral artery, and mildly insufficient blood supply. Other electro-
encephalogram parameters were within the normal range.

Laboratory examinations

Before Cycle 2 of chemotherapy was started, laboratory tests showed C reactive
protein 23 mg/L (normal range < 8 mg/L), hemoglobin 89 g/L (normal range 110-160
g/L), platelet count 265 x 10°/L [normal range (100-400) x 10°/L], red blood cell count
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2.71 x 10/L [normal range (4.0-5.5) x 10"?/L], and white blood cell count 5.4 x 10° /L
[normal range (4.0-10.0) x 10°/L].

On day 23 (the day after convulsion onset), an 0.8 mL sample of CSF was collected
and tested, which showed a clear colorless appearance, negative Pandy’s reaction for
detecting protein levels, 1 x 10°/L cell count, and no growth of bacteria or fungi.

On day 24, the plasma concentrations of vancomycin were measured with the peak
concentration of 59.5 mg/L (normal range 20-40 mg/L) and the trough concentration
of 38.6 mg/L (normal range 5-10 mg/L), which were higher than normal.

Imaging examinations

CT scan of the brain on day 22 revealed widened sulcus fissure and full supratentorial
ventricle. There were no abnormal dense shadows in the cerebral parenchyma.
Thickening of the nasal sinus mucosa was seen. Magnetic resonance imaging was
conducted on day 23 to further evaluate the brain. The results showed that the
splenium of the corpus callosum had an abnormal patchy signal shadow on T1
weighted image, T2 total internal reflection fluorescence microscopy and T2 weighted
image images. No other abnormal signals in the rest of the brain were observed.

FINAL DIAGNOSIS

Convulsion with unknown cause, chemotherapy for tumor treatment, retroperitoneal
tumor (neuroblastoma post-biopsy; IV stage; MYCN-non-amplified), and
hypertension.

TREATMENT

Cycle 2 chemotherapy, including 1380 mg CPM for two days, 16.5 mg DOX for three
days, and 0.4 mg VCR for three days, was started on day 2 in hospital. On day 5,
intravenous cefoperazone-sulbactam 800 mg every 8 h (q8h) for 7 d was administered
for anti-infection. On day 12, a stool test showed rotavirus infection, and intravenous
meropenem 300 mg q8h was prescribed. On day 15, vancomycin 200 mg q8h with an
infusion duration of 40 min and fluconazole 48 mg daily (qd) were prescribed as anti-
infective treatment considering her continuous fever. On day 17, the fever recurred
with a peak body temperature as high as 39.2°C, and symptomatic treatment lowered
the temperature but fever recurred. Intravenous immunoglobulin was added to the
treatment plan and anti-infective medication prescriptions continued.

On day 22, during convulsion onset, chloral hydrate and phenobarbital were given
for sedation. 250 mL physiological saline solution was infused for fluid expansion.

When the patient was transferred to the PICU, midazolam was infused at a rate of 1
pg/ (kg - min), and deslanoside was administered to control her heart rate. Mannitol
and glycerol fructose were used alternatively to lower intracranial pressure.

On day 24, the plasma concentrations of vancomycin were reported to be
abnormally high; thus, vancomycin administration was stopped. Teicoplanin was
given instead and combined with meropenem and fluconazole as the anti-infective
treatment strategy. The patient’s blood pressure increased to 125-140/70-90 mmHg
and nicardipine was prescribed to lower her blood pressure.

OUTCOME AND FOLLOW-UP

On day 26, the plasma concentration of vancomycin was measured again and was 20.5
mg/L, which was lower than two days previously. On day 30, the patient was
transferred back to the Department of Oncology and the anti-infective treatment
combination was changed to meropenem only. On day 32, the patient was discharged.
Follow-up at one month, two months, and six months later revealed no further
convulsion, and due to the previous abnormally high plasma concentrations, the
patient did not receive vancomycin.
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DISCUSSION

The common etiology of convulsion can be divided into two major categories*:
Infective and non-infective. Infective causes include purulent meningitis and infective
toxic encephalopathy. Non-infective causes include intracranial disorders (epilepsy,
space-occupying lesion such as intracranial hemorrhage, and atelencephalia) and
extracranial disorders (toxicity caused by a prescription drug overdose, blood glucose
and electrolytes disorders, such as hypoglycemia, hyponatremia, hypocalcemia, efc.,
and genetic metabolic diseases, such as organic acidemia, aminoacidopathy and
lipodystrophia).

Differential diagnosis was conducted to determine the underlying cause of the
convulsion that led to PICU admission. The patient had myelosuppression after
chemotherapy, presenting with low red blood cell, white blood cell and platelet
counts. Infection secondary to chemotherapy was possible, but purulent meningitis
was ruled out by lumbar puncture, which showed no bacterial growth in the CSF
culture. Infective toxic encephalopathy caused by severe infection such as sepsis can
also lead to convulsion. However, the patient had no fever and no symptoms of
systemic intoxication at that time, and the blood culture results did not show any signs
of bacterial growth within five days. Therefore, the unexpected convulsion was most
likely caused by non-infective conditions. The patient had no history of epilepsy.
Although the patient had a history of asphyxia and anoxia, intracranial hemorrhage
was ruled out by CT. Magnetic resonance imaging did not reveal signs of
atelecephalia. The patient had no electrolyte or blood glucose abnormalities, and no
genetic metabolic disease was detected.

The only abnormal phenomenon noted during the treatment process was the high
plasma concentration of vancomycin. The patient started vancomycin on day 15 at a
dose of 200 mg q8h and an infusion duration of approximately 40 min, which was
within the normal dosing range of 40-60 mg/ (kg - d) divided every 6 to 8 h!">”'l. On day
22, the convulsion occurred and the patient was transferred to the PICU. The timeline
of medications and laboratory test results are shown in Figure 1. The concentrations of
vancomycin were not measured until day 24, and warning values of both peak and
trough concentrations were reported, which were 59.5 mg/L and 38.6 mg/L,
respectively. Simulation with the Bayesian approach using MwPharm software
(Version 1.6.1.128, Mediware, Prague, Czech Republic) showed that the area under the
concentration-time curve over 24 h (AUC,,,,) was 1086.6 mg- h/L. Assuming the
minimum inhibitory concentration was 1 mg/L, the AUC/MIC was 1086.6. The
simulated curve is displayed in Figure 2.

According to previous research, when the AUC is over 600 mg-h /L, the risk of
acute kidney injury (AKI) increases™. A meta-analysis of 10 studies in pediatric
populations by Fiorito et all"! reported that a vancomycin trough concentration of > 15
mg/L increased the odds ratio of AKI by 2.7-fold. In our patient, the creatinine
clearance (CLCR) estimated by the Schwartz formula of CLCR = (0.413 x
Height)/Creatininel”, indicated potential impairment of renal function from the
beginning of hospitalization, the changes of which are shown in Figure 3. There was a
significant decrease in CLCR on day 18 with the value of 33.3 mL/(min-1.73 m?). The
sudden decrease in renal function was probably due to the increased vancomycin
concentration. On the other hand, the decreased renal function facilitated the
accumulation of vancomycin in the patient’s body, thus forming the vicious cycle
between the vancomycin concentration and renal function. Moreover, it was likely that
the concentration of vancomycin was already over the normal therapeutic window
before the unexpected convulsion occurred. Researchers have found no correlation
between dose and CSF concentration”), meaning the patient could have a high CSF
concentration of vancomycin even when on a normal dose of vancomycin. High
plasma vancomycin concentration could indicate a high CSF concentration, thus
leading to central nervous symptoms such convulsion as in this patient. According to a
previous report of an infant receiving intrathecal vancomycin administration, the
elimination half-life of vancomycin in the CSF can be as long as 77.7 ht*. Another
report showed that an anephric child had accumulated concentrations of vancomycin
during oral therapy for Clostridium difficile pseudomembranous colitis™. The
documented serum vancomycin level was 34.0 mg/L and the CSF level was 4.2 mg/L
when the patient presented with unexplained fever and encephalopathy, which were
resolved by discontinuation of vancomycin and hemodialysis. Therefore, in our case,
vancomycin could have accumulated in the CSF and eventually led to the sudden
convulsion during vancomycin treatment. Unfortunately, the concentration of
vancomycin in CSF was not measured before or after the convulsion, which should be
considered in future clinical practice when the plasma concentration of vancomycin is
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Figure 1 Timeline of medications and blood examination results. Normal ranges: C-reactive protein concentration: < 8 mg/L; Hemoglobin concentration:
110-160 g/L; Platelet count: (100-400) x10%L; Red blood cell count: 4.0-5.5 x 10%/L; White blood cell count: (4.0-10.0) x 10%/L. CRP: C-reactive protein; HGB:
Hemoglobin; PLT: Platelet; RBC: Red blood cell; WBC: White blood cell.

overly high.

Of note, this patient had neuroblastoma and received four cycles of high-risk group
chemotherapy. The blood-brain barrier in this patient may have been altered due to
the disease state or cytotoxic medications™; thus, vancomycin could more easily enter
the central nervous system and induce the convulsion. To replace vancomycin as part
of the anti-infective treatment plan in patients receiving chemotherapy, teicoplanin can
be considered as it has a high plasma protein binding rate (90%-95%) and its
penetration into the CSF is lower compared with vancomycinl. Moreover,
teicoplanin has a lower incidence of adverse effects including nephrotoxicity than
vancomycin™. Teicoplanin is also a better choice for patients with insufficient renal
function.
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CONCLUSION

A rare case of vancomycin-related convulsion in a pediatric patient with
neuroblastoma receiving chemotherapy is reported. Physiological conditions in
children with tumors and receiving anti-tumor chemotherapy may be different to
other patients. The dosing strategy of antibiotics, especially those with a narrow
therapeutic window and greater toxicity, should be chosen with caution in this special
patient group. Thorough evaluation and close monitoring should be conducted
throughout the treatment process to decide if dosage adjustment is necessary. When
unexpected convulsion occurs but cannot be explained by other causes, plasma and
CSF drug concentrations should be measured to determine if the patient is intoxicated
by prescribed drugs. Further research into the pharmacokinetics of vancomycin in
pediatric patients receiving anti-tumor chemotherapy is warranted to generate more
reliable evidence for better clinical practice.
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