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Effective treatment of vancomycin nephrotoxicity with

continuous venous-venous haemodiafiltration (CVVHDF) in
a paediatric patient

Meng Lv, Shuli Ma, Et al

Abstract

What is known and objective: Vancomycin
removal by dialysis uses methods that differ in type
of dialysis membrane, dialysis fluxes and duration,
ultrafiltration rate and Kt/Vurea (K = dialyser urea
clearance, t = time on dialysis and V = total body
water) in case of nephrotoxicity. We applied
continuous venous-venous haemodiafiltration
(CVVHDEF) to treat a paediatric case of vancomycin
nephrotoxicity caused by high serum trough
concentrations.

Case summary: We report the case of a
4-year and 7-month-old boy with serum trough
concentration of vancomycin of 86.0 mg/L after a
2-day treatment with vancomycin. His serum
creatinine increased from 13.3 umol/L at baseline to
227.0 umol/L. We discontinued vancomycin and
performed a 22-hours CVVHDF with high-flux

membrane. Vancomycin decreased by 69.4%
— 14 —

(82.1-25.1 mg/L), and renal function improved.
What is new and conclusion: Therapeutic
drug monitoring and laboratory indicator
measurements should be performed early during
vancomycin treatment in paediatric patients with
nephrotoxicity risk factors. Vancomycin removal by
CVVHDF can be effective in paediatric acute
kidney injury (AKI) associated with
vancomycin-associated nephrotoxicity (VAN).
1.WHAT IS KNOWN AND OBJECTIVE
Vancomycin, a glycopeptide antibiotic, is
the recommended first-line therapy for
methicillin-resistant Staphylococcus aureus (MRSA)
infections, but its adverse effects include red man
syndrome, phlebitis, nephrotoxicity, ototoxicity and
thrombocytopenia. To achieve the optimum clinical
outcome for MRSA infection, the area under the
concentration-time curve to the minimum inhibitory

concentration ratio (AUC/MIC) of vancomycin



should be >400 according to  preclinical and
clinical studies.Due to the impracticality of
collecting multiple time-point blood samples in
clinical practice, studies demonstrated that the
optimum vancomycin AUC/MIC value can be
substituted with the serum trough concentration
range of 10-20 mg/L.Specifically, 10 mg/L
vancomycin is the required minimum serum trough
concentration to ensure an AUC/MIC =400,
whereas lower vancomycin concentrations may lead
to bacterial resistance. For severe infections
(bacteraemia, endocarditis, osteomyelitis,
meningitis and nosocomial pneumonia), the
recommended range of the vancomycin serum
trough concentration is 15-20 mg/L.

However, the vancomycin serum trough
concentration is strongly associated with the
occurrence and severity of vancomycin-associ- ated
nephrotoxicity (VAN).In this report, we present a
paediatric patient with vancomycin nephrotoxicity
caused by high vancomycin serum trough
concentrations, which were effectively treated with
continuous venous-venous haemodiafiltration
(CVVHDF).
2. DETAILS OF THE CASE

A 4-year and 7-month-old boy with a body
weight of 15.5 kg was admitted to our hospital
surgical intensive care unit (SICU) because of
impaired consciousness with intracranial
space-occupying lesion, which was diagnosed by
cranial computed tomography (CT) scanning. He
had fever and vomiting lasting for 12 days before.
The patient immediately underwent emergent

neurosurgery and implantation of an external
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ventricular drain (EVD). The renal function (serum
creatinine [SCr]: 13.3 umol/L, blood urea nitrogen
[BUN]: 2.3 mmol/L) was normal when initially
admitted to SICU. The WBC count (18.22 x 10%/L),
neutrophil percentage (89.7%), and CRP level
(33.39 mg/L) in peripheral blood exceeded the
normal range. Therefore, he was empirically treated
with vancomycin intravenously (IV), 0.21 g every 8
hours, and meropenem IV, 0.62 g every 8 hours, on
day 2. After six doses, vancomycin serum trough
concentrations were measured regularly from day 4,
which were determined by the enzyme-multiplied
immunoassay technique (EMIT) using a
biochemistry analyser (SY VA Viva-E).

Because the vancomycin serum trough
concentration before the 7th dose was 86.0 mg/L,
vancomycin (the 8th dose) was discontinued
immediately. Meanwhile, the SCr and BUN
increased to 227.0 umol/L and 15.5 mmol/L sharply,
which were >50% above baseline on admission,
indicating that the patient developed acute kidney
injury (AKI).Arterial blood gas analysis revealed
that other biochemical indicators were in normal
ranges, including the following serum
parameters: Na*, 130 mmol/L; C1~, 98 mmol/L; K*,
4.6 mmol/L; Ca®*, 1.24 mmol/L; and pH 7.37. An
abdominal ultrasound examination indicated a renal
volume increase but without enhanced renal
echogenicity, which excluded an anatomic renal
anomaly as the cause of his AKI. From day 1 to day
5, the patient received furosemide IV, 10 mg every
12 hours, and mannitol IV, 80 mL every 6 hours,
which potentially increased the risk of

nephrotoxicity. No other nephrotoxic agents were
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administered during this period. Amongst other
contributing factors to AKI, asymptomatic low
blood pressure was recorded on a few occasions
during the vancomycin treatment period. Therefore,
it was reasonable to conclude that AKI was caused
by the high vancomycin trough concentration,
which in turn impaired the renal clearance of
vancomycin, resulting in further rises to
vancomycin concentrations aggravating renal
impairment.

Because the patient had a low urine
24-hours volume of 0.13 L on day 4, we consulted a
nephrologist, who decided to conduct continuous
renal replacement therapy (CRRT). Continuous
venous-venous haemodiafiltration (CVVHDF) was
chosen to remove vancomycin in the patient by
using a Prisma M60 set consisting of an AN69 HF
hollow fibre haemofilter (Prismaflex) made from
acrylonitrile and sodium methallyl sulphonate
copolymer (blood flow rate, 60 mL/min; dialysate
flow rate, 400 mL/h; and total filtration volume,
1200 mL). The serum vancomycin concentration
when CVVHDF commenced was 82.1 mg/L, and
serial vancomycin concentrations were measured
at several time points during CVVHDF. After 22
hours, CRRT was discontinued since serum
vancomycin concentration decreased from 82.1 to
25.1 mg/L, and SCr declined from 227.0 to 92.3
pmol/L. On day 6, the SCr returned to within the
normal range, and the serum vancomycin
concentration was 9.9 mg/L . On day 7, SCr
continued a decline to 75.4 pmol/L, and the urine
24-hours volume increased to 0.74 L. However, the

patient had been observed to have bilateral pupil
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dilation from day 6 to day 9 and was deemed to be
not responding to therapy by the medical team. On
day 9, his parents gave up therapy, and he was
discharged from the hospital.

3. WHAT IS NEW AND CONCLUSION

Vancomycin is poorly metabolized and
primarily excreted unchanged via glomerular
filtration, which may lead to nephrotoxicity. The
reported incidence rate of VAN in paediatric
patients is between 12.6% and 27.2%, which
prolongs hospitalization and increases the mortality
rate, resulting in higher medical costs.Moreover, in
severely ill patients, the pharmacokinetics and
pharmacodynamics (PKPD) of antibiotics may be
considerably altered, resulting in variations to
serum antibiotic concentrations.Elevated
vancomycin serum trough concentration is a
contributor of VAN.

Our paediatric patient suffered from renal
toxicity that, in all likelihood, was associated with
vancomycin, because he developed AKI with
increased SCr (>50% higher than baseline on
admission) after a 2-day treatment with
vancomycin.Upon discontinuation of vancomycin
treatment and CRRT therapy, vancomycin serum
concentration decreased to within the normal range,
and renal function was also normalized. It may be
debatable whether the high serum vancomycin
concentration caused the AKI or occurred as a result.
However, in this report, the patient's renal failure
resolved soon after vancomycin serum
concentration decreased, suggesting that high
vancomycin concentration was the main

contributing factor to AKI, as also suggested by



other reports.

Typically, VAN is considered self-limiting
and reversible. As demonstrated in animal
experiments, vancomycin induces nephrotoxicity by
exerting oxidative stress on proximal renal tubule,
and antioxidative agents can alleviate
VAN.Unfortunately, VAN can result in AKI
requiring dialysis.However, the removal of
vancomycin by different dialysis modalities in the
treatment of VAN is complicated and depends on
the modality and other factors, such as the type of
dialysis membrane, dialysis fluxes and duration, as
well as drug characteristics, such as molecular
weight and the degree of protein binding.In
haemodialysis, vancomycin removal was low in
the past using conventional, low-flux dialysis
membranes because of its relatively large molecular
weight (1449 Da).Vancomycin became dialysable
with the availability of high-efficient dialysis
membranes.Quale et al evaluated six patients
receiving dialysis with hollow-fibre 1.7-m?
sulphonated polyacrylonitrile dialysers for 3.5 hours
and achieved 37% efficiency of vancomycin
elimination. Pai et al found that the percentage of
vancomycin eliminated by high flux haemodialysis
with a polysulphone membrane (Fresenius) in 28
patients for 3.540.5 hours was 39+ 13% . A study
conducted by Kielstein et al demonstrated a
vancomycin removal rate of 26% in ten anuric
patients who received extended daily dialysis using
a polysulphone high-flux dialyser for 8 hours.
Another study by Petejova et al showed that daily

haemodialysis for 6 hours with low-flux

Atz

polysulphone membrane PES-150 DL in five
patients and with high-flux polysulphone membrane
F60S in four patients removed vancomycin by 17%
(8%-38%) and  31% (13%-43%), respectively. In
CRRT, DelDot and colleagues reported that
approximately 50% of serum vancomycin was
effectively cleared in ten patients receiving
CVVHDF for 12 hours with a Hospal AN69HF
haemofilter. In peritoneal dialysis, ten oliguric
patients (urine output lower than 0.5 mL/kg per
hour) were treated for 24 hours with high-volume
peritoneal dialysis (HVPD), which removed by
21.7% (16%-29%) of vancomycin.In our patient,
CVVHDF was chosen, which removed 69.4% of
serum vancomycin, comparable with previous
reports.

In conclusion, even when administered at
the clinically recommended paediatric doses,
vancomycin may result in AKI in patients who have
multiple risk factors, such as high vancomycin
serum trough concentration and altered PK/PD
properties. Therapeutic drug monitoring (TDM) is
pivotal to ensure optimum dosing timely and should
be conducted as early as possible to prevent the
development of VAN in paediatric patients. Once
VAN occurs, along with low urine volume,
CVVHDF should be considered to remove
vancomycin. In our paediatric patient, 69.4% of
vancomycin was removed within 22 hours by
utilizing CVVHDF, and the patient had a full
recovery of renal function. The case report of our
paediatric patient with VAN provides a useful

example for the management of this condition.

(BAELBRERIT AR, LFERRK: J Clin Pharm Ther. 2020 Aug;45(4))
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