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Abstract
Background Continuous venovenous hemodiafiltration (CVVHDF) is one of the treatments of critically ill children presenting 
severe acute liver failure. This affliction might be induced by HSV infection requiring a treatment by acyclovir. Continu-
ous kidney replacement therapy (CKRT) can alter its pharmacokinetics, according to its physicochemical properties and 
CVVHDF settings.
Case–Diagnosis/Treatment The patient was a 21-month-old female presenting liver failure with hyperammonemia treated by 
acyclovir with presumed HSV infection. CKRT was initiated on day 1 with substantial replacement and dialysate flow rates 
(respectively 75 and 220 mL/kg/h). Acyclovir was intravenously administered every 8 h with a 1-h infusion of 500 mg/m2. 
Plasma and effluent concentrations were measured by liquid chromatography-tandem mass spectrometry assay to estimate 
the area under a curve (AUC) and CKRT clearance by 2 methods (one based on pre- and post-filter concentrations and the 
other one on dialysate flow rates). Clearance was estimated between 19.2 and 26.3 mL/min with the first method and between 
27.6 and 44.3 mL/min with the second one. Concentrations were highly above the therapeutic index (peak concentration was 
measured at 28 mg/L), but AUC was appropriate.
Conclusions This case describes acyclovir pharmacokinetics during CKRT in a pediatric patient treated by acyclovir. The 
patient was treated with adapted exposure with the usual dosing, but lower dosing should be investigated with complemen-
tary studies.
Trial registration ClinicalTrials.gov NCT02539407.
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Introduction

Severe acute liver injury is a rare affliction associated with 
high morbidity and mortality. The etiologies may be numer-
ous such as metabolic and infectious diseases. Acute liver 
failure can result in hyperammonemia and acute kidney 

injury (AKI) requiring continuous kidney replacement 
therapy (CKRT) [1]. HSV infection is one of the potential 
etiologies in neonates, and acyclovir treatment is usually 
initiated before polymerase chain reaction (PCR) results.

Acyclovir inhibits viral DNA polymerase through viral 
thymidine kinase and acyclovir triphosphate phosphoryla-
tion and thus DNA replication of herpes viruses [2]. Acyclo-
vir is mainly eliminated through kidney glomerular filtration 
and kidney tubules, requiring dose adaptation in patients 
with altered kidney function [3, 4]. Continuous venovenous 
hemodiafiltration (CVVHDF) is used in critically ill patients 
presenting severe acute liver failure. CKRT alters drug phar-
macokinetics, depending on their physicochemical proper-
ties and CVVHDF settings [3]. Because of small molecular 
size, low protein-binding capacity, and water solubility, acy-
clovir is removed by CKRT [5]. A dosing of 5–7.5 mg/kg/
day was recommended under CVVHDF in adult studies [5], 
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while optimal dosing for acyclovir in children under CKRT 
remains unknown. Pediatric studies recommend individual 
therapeutic drug monitoring [6, 7]; however, no recommen-
dations are established leading to variabilities in practice and 
risk of adverse events or therapeutic failure.

We describe an illustrative case of a pediatric patient 
receiving acyclovir with acute liver failure, requiring a 
CKRT, and we depict the acyclovir exposure and the indi-
vidual pharmacokinetic parameters.

Case report

Clinical course

The patient was a 21-month-old female presenting acute 
liver failure (prothrombin < 10%) manifested by vomit-
ing, asthenia, and hypotonia. Her weight was 10 kilos, and 
her body surface area was 0.46  m2. She presented altered 
consciousness with hyperammonemia (maximum of 
907 µmol/L) motivating the initiation of CKRT. CVVHDF 
was started on day 1. The clearance of ammonia was inef-
ficient, motivating the substantial increase of replacement 
and dialysate flow rates, respectively from 25 to 75 mL/kg/h 
and 50 to 220 mL/kg/h (Fig. 1).

Acyclovir was initiated on day 1 under the hypothesis of a 
herpes infection causing liver injury. No etiology was found, 
but COVID-19 serology was positive, and adenovirus was 
present in the fecal analysis. Acyclovir was stopped on day 
4 when PCR and serology results for HSV came back nega-
tive. CKRT was stopped on day 7.

Kidney function was normal before CKRT initiation 
(creatinine 22 µmol/L). Urine output pre-CKRT was around 
5.7 mL/kg/h [ 3; 9.5]; post-CKRT was around 1.7 mL/kg/h [ 

1.52; 1.8] and decreased after initiation of ultrafiltrate flow 
to 0.88 mL/kg/h [0.61; 1.15].

The patient died after hemorrhagic shock following a 
hepatic biopsy with no etiology found and no complete liver 
recovery.

CKRT circuit and priming

CVVHDF was performed with the Prismaflex system 
machine™ (Baxter Int, SE) with a ST 60 set™. Pre-pump 
solute and dialysate fluid were Phoxilium. No anticoagu-
lation was administrated given the hemorrhagic risk. Dur-
ing the whole period of drug monitoring, the blood flow 
rate was set to 100 mL/min (10 mL/kg/min), dialysate flow 
rate to 2200 mL/h (220 mL/kg/h), replacement flow rate to 
750 mL/h (75 mL/kg/h), and net ultrafiltrate flow rate from 
0 to 40 mL/h (0 to 4 mL/kg/h).

Drug dosing and samplings

Acyclovir was intravenously administered every 8 h with 
a 1-h infusion of 500 mg/m2 [8]. Acyclovir powder was 
reconstituted with 10 mL of solvent. No dosing adjustment 
was empirically made upon the CKRT initiation. Serum and 
effluent samples were collected in heparin lithium tubes, 
then were immediately centrifuged (4000 g, 5 min), and 
were stored at − 20 °C until analysis.

Drug concentrations

Plasmatic concentrations were measured by liquid chroma-
tography-tandem mass spectrometry assay at the Department 
of Pharmacology, Cochin Hospital, as previously described 
(9). Serum and effluent samples were obtained at − 1, 1, 2, 

Fig. 1  Concentrations of ammo-
nia before and during CKRT
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4, 5, 7, and 8 h after infusion (first infusion − 1, 2, 5, 7 h 
and second infusion 1 day apart 1, 4, and 8 h). They were 
obtained after 2 days of treatment with acyclovir and after 
1 day of CKRT.

Pharmacokinetics

Trough concentration was measured at 3.19 and 2.65 mg/L 
for a target above 0.56 mg/L (or > IC50 measured for HSV). 
Peak concentration was measured at 28 mg/L. CKRT clear-
ance (CLKRT) was estimated by 2 integrated pharmacometric 
models [9]. The first one, the post-filter specimen, is based 
on an adjusted blood flow rate as follows:

where Qblood adj is the adjusted blood flow rate, based on 
hematocrit (Hct), blood flow rate (Qblood), blood cell con-
centration (CRBC), and plasma concentration of acyclovir 
pre- and post-filter (respectively Cpl(pre) and Cpl(post)).

For the effluent specimen, the CLKRT was calculated as 
follows:

Here, Qeff represents the total effluent flow rate, as the 
sum of dialysate, pre- and post-filter replacement fluid flow 
rate, and fluid removal rate Qdial, QRFpre, QRFpost, and QFRR; 
Ceff represents the drug concentration in the effluent.

With the post-filter model, CLKRT was estimated between 
19.2 and 26.3 mL/min. With the effluent model, it was 
estimated between 27.6 and 44.3 mL/min (Table 1). The 
area under a curve (AUC) was estimated with two meth-
ods: compartmental model with Phoenix™ software (one 
compartment model, Fig. 2) and by the Bayesian adapta-
tion using a model for pediatric patient without dialysis, 

Qblood adj. = Qblood ×
(

1 − Hct + Hct ×
(

CRBC∕Cpl(pre)

))

CLKRT = Qblood adj ×
((

Cpl(pre) − Cpl(post)

))

∕Cpl(pre)

CLKRT = Qeff × Ceff∕Cpl(pre)

Qeff = Qdial + QRFpre + QRFpost + QFRR

as concentrations of the patient were in the 90% predic-
tion interval of the model (Fig. 2). The AUC was estimated 
respectively at 75 mg/L.h and 65 mg/L.h during 8 h. Total 
clearance was estimated at 52.2 mL/min. CLKRT represented 
36.72 to 50.39% of total clearance, with a clearance calcu-
lated with the post-filter specimen.

Endogenous clearance was estimated between 25.9 and 
33 mL/min.

There was no important variability in CLKRT during 
CKRT with both methods: first method from 19.2 to 26.3 
(σ2 = 7.7, σ = 2.78) and second method from 27.6 to 44.3 
(σ2 = 39.1, σ = 6.3). Flow rates were not modified during the 
study period except the fluid removal rate without significant 
consequence on CLKRT.

Because of combined CKRT modalities (filtration and 
dialysis), we were not able to calculate separately the siev-
ing coefficient and the saturation coefficient. Therefore, the 
ratio of Ceff/Cpl reflected the ability of the filter to eliminate 
acyclovir via both diffusion and convection phenomena; it 
ranged from 0.56 to 0.9.

Discussion

There is a lack of data describing the impact of CKRT on 
pharmacokinetics and dosing in pediatric patients. Dosing 
regimens are mainly derived from adult studies. In our study, 
very high flow rates were administrated to avoid neurotoxic-
ity and cerebral edema associated with hyperammonemia. 
CKRT alters the pharmacokinetics of drugs, due to extra-
corporeal clearance, depending on related physicochemical 
properties and CVVHDF settings, mainly the replacement 
fluid administration mode and ultrafiltration flow rates [3].

For acyclovir, adult studies show 15% protein-binding 
capacity, and the elimination is mostly kidney with time-
dependent killing and a half-life between 2 and 4 h [5]. A 
dosage of 5–7.5 mg/kg every 24 h is recommended associ-
ated with concentration monitoring during CKRT, because 
of the narrow therapeutic index in patients with kidney 
impairment [5]. PK parameters are markedly different in 

Table 1  Dosing results and 
kidney replacement therapy 
clearance

CLKRT, continuous kidney replacement therapy clearance (1) post-filter specimen (2) effluent specimen; 
Ceff, drug concentration in effluent; Cpl, plasmatic concentration

Concentrations (mg/L) CLKRT (1) CLKRT (2) Ceff/Cpl % clear-
ance 
dialysisPrefilter Postfilter Effluent

H1 28 20.9 15.6 19.2 27.6 0.56 36.72
H2 10.93 8.26 9.34 19.8 42 0.85 38
H4 7.03 5.26 5.34 21.8 37.9 0.76 41.66
H5 4.87 3.59 4.37 24.6 44.1 0.9 47.09
H7 2.65 2.03 2.17 26.3 40.3 0.82 50.39
H8 3.15 2.51 2.8 21.2 44.3 0.89 40.53



 Pediatric Nephrology

1 3

pediatric patients due to multiple factors such as growth, 
organ maturation, critical illness, and CKRT, exposing there-
fore to inadequate exposure when dosing is based on adult 
studies.

In the present case, CLKRT represented between 36.72 and 
50.39% of total clearance. In adult studies, the clearance by 
ultrafiltration varied from 17.4 to 22.3 mL/min and reached 
nearly 35% of the total clearance [10]. In the present case, 
the effluent flow rate was remarkably high which explains 
the high killing level by ultrafiltration, especially as acyclovir 
has a low binding protein with a small molecular weight [10].

In our study, concentrations were sufficient with the usual 
dosing under CKRT. But concentrations were also highly 
above therapeutic index—target above 0.56 mg/L (or > IC50 
for HSV) [11]. There was no dose adaptation after CKRT 
initiation because kidney function was initially preserved. 
Therapeutic drug monitoring suggested an increased risk of 
adverse effects since the peak level was higher than 25 mg/L, 
even though the AUC 0–24 h was appropriate [12].

Unexpectedly, using the available acyclovir PK model in 
children without CKRT allowed us to predict well the con-
centrations in our patient. Nevertheless, building CKRT PK 

models is mandatory as the CKRT modalities differ greatly 
between individuals.

In our study, there was little variability in CLKRT accord-
ing to time or dialysis parameters, but these were rarely mod-
ified. Usually, critically ill patients observe within-subject 
variability of PK because of rapid changes in body weight, 
circulating volumes, organ function, and binding protein 
levels [13]. Adult studies show intraindividual acyclovir 
PK variability according to CKRT methods or membrane 
efficiency [7, 14]. There was no important variability in our 
study in CLKRT with both modalities despite measurement 
after 2 different injections 1 day apart from each other.

Few pediatric studies have monitored acyclovir dosing 
during CKRT. One neonatal patient treated for disseminated 
HSV infection with AKI and fulminant hepatitis received 
20 mg/kg/dose [6]. The trough level was 0.22 mg/L, and 
Cmax levels were between 18.9 and 24.5 mg/L under CKRT. 
Another neonatal case reported dosing during extracorporeal 
life support and CKRT for a similar clinical presentation: 
the patient was treated with continuous infusion adding acy-
clovir to the dialysate fluid at a concentration of 5.5 mg/L 
with a serum concentration between 5.3 and 8.8 mg/L [15]. 

Fig. 2  Compartmental model with the Phoenix and Bayesian adapta-
tion. On top, red circles depict the observed concentrations from the 
present case, and the solid line presents the time course of predicted 
concentration using the individual PK model derived from Phoenix 
software. On the left, red points represent the patient’s dosing, and 

black lines represent distribution for patients without hemodialysis 
with similar clinical characteristics. As the patient’s concentrations 
were in the 90% prediction interval, a Bayesian adaptation was made 
on the right to predict concentrations and AUC for our patient using 
this model
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Patient heterogeneity in the literature in terms of CKRT 
modalities, age, disease, associated therapies, and dosing 
prevent us from comparing them.

Our study showed important differences in CLKRT accord-
ing to the measurement method: the effluent specimen was 
nearly twice the post-filter specimen. In the effluent com-
partment, we measured what is collected or what has been 
removed by the dialysis and not adsorbed by the membrane. 
A desorption phenomenon of acyclovir might explain such a 
difference between the two methods. In our case, the dialyzer 
used was made of polyarylethersulfone (PAES) membranes. 
The importance of this phenomenon might be explained by 
the important number of other treatments associated and 
potential competition to other molecules. This hypothesis 
could be investigated with complementary in vitro studies.

Conclusion

This study reports the case of a 21-month-old female treated 
with acyclovir under the hypothesis of acute liver failure 
induced by HSV infection and requiring CKRT for severe 
hyperammonemia. This is to our knowledge the first case 
describing acyclovir PK under CKRT in a pediatric patient 
other than neonatal cases. No dose adaptation was made 
after CKRT initiation in our study, and though concentration 
was efficient, the levels were high above target, and lower 
dosing should be investigated.
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