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Abstract

AIM Levetiracetam is a widely used anti-epileptic in the critical care setting that is almost exclusively (>90%) renally excreted.
A significant number of critically unwell patients develop renal failure requiring haemofiltration. This paper investigates the
pharmacokinetics of levetiracetam in such patients and the implications on dosing strategies. METHODS A systematic review
of the available literature from 2000 was conducted. 7 articles were identified for inclusion from 54 records. A novel hybrid
model was used to evaluate the quality of pharmacokinetic and haemofiltration data. Simulations were performed using pooled
pharmacokinetic data to evaluate various dosing strategies. RESULTS Total clearance was 3.49 — 4.63L/hr (mean 3.55, S.D.
0.52). Elimination half-life was 5.66 — 12.88 hours (mean 9.41, S.D. 2.86). Volume of distribution was 0.45 — 0.73 L/kg.
Levetiracetam clearance from CRRT was 52 — 73% (mean 54.7%, S.D. 13.5). At 72 hours, a significant proportion of simulated
patients who received the recommended dose of levetiracetam demonstrated sub-therapeutic drug concentrations. Conversely,
the majority who received a standard loading dose (60mg/kg) and twice daily doses in excess of 750mg demonstrated more
consistent therapeutic drug concentrations. CONCLUSION Levetiracetam clearance in haemofiltration is similar to healthy
adults with normal renal function. The current recommendation to dose as in CKD Stage 3b is likely to result in sub-therapeutic
drug concentrations in a high number of patients. A twice daily dosing of 500 — 1,000 mg with an initial loading dose of 60mg/kg

should be considered in such patients alongside therapeutic drug monitoring.
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ABSTRACT

AIM

Levetiracetam is a widely used anti-epileptic in the critical care setting that is almost exclusively (>90%)
renally excreted. A significant number of critically unwell patients develop renal failure requiring haemofil-
tration. This paper investigates the pharmacokinetics of levetiracetam in such patients and the implications
on dosing strategies.

METHODS

A systematic review of the available literature from 2000 was conducted. 7 articles were identified for



inclusion from 54 records. A novel hybrid model was used to evaluate the quality of pharmacokinetic and
haemofiltration data. Simulations were performed using pooled pharmacokinetic data to evaluate various
dosing strategies.

RESULTS

Total clearance was 3.49 —4.63L/hr (mean 3.55, S.D. 0.52). Elimination half-life was 5.66 — 12.88 hours (mean
9.41, S.D. 2.86). Volume of distribution was 0.45 — 0.73 L/kg. Levetiracetam clearance from CRRT was 52
— 73% (mean 54.7%, S.D. 13.5). At 72 hours, a significant proportion of simulated patients who received
the recommended dose of levetiracetam demonstrated sub-therapeutic drug concentrations. Conversely,
the majority who received a standard loading dose (60mg/kg) and twice daily doses in excess of 750mg
demonstrated more consistent therapeutic drug concentrations.

CONCLUSION

Levetiracetam clearance in haemofiltration is similar to healthy adults with normal renal function. The
current recommendation to dose as in CKD Stage 3b is likely to result in sub-therapeutic drug concentrations
in a high number of patients. A twice daily dosing of 500 — 1,000 mg with an initial loading dose of 60mg/kg
should be considered in such patients alongside therapeutic drug monitoring.

MAIN TEXT

INTRODUCTION

Over the past decade, the use of levetiracetam in critical care settings both in the treatment and prevention
of various seizure disorders has significantly increased [1-2] . This increase is owed in large part to several
studies that have showed it to be a safe, broad-spectrum and highly effective anti-epileptic drug with minimal
drug interactions and a wide therapeutic index [3-5] . There is no official requirement for therapeutic drug
monitoring and, as such, no agreed target range for levetiracetam exists. However, a large scale dose-ranging
study conducted among epileptic patients identified a desired therapeutic target of 12 — 46 mcg/mL at trough
level[6] .

Levetiracetam is a small, hydrophilic molecule that is weakly bound to proteins (<10%) with linear kinetics
[5,7-9] . In a healthy adult, the total clearance of levetiracetam is approximately 4.03L/hr, the half-life is 6
— 8 hours and the volume of distribution is 0.5 — 0.7L/kg [10] . It is almost exclusively (>90%) excreted via
the kidneys and so dose adjustments are recommended in patients with impaired renal function[6,8,11,12]
. Even mild-to-moderate renal impairment has been shown to double plasma concentration and significantly
increase drug half-life [13] .

Renal impairment is common in critical care settings with around half of people admitted to intensive care
developing acute kidney injury[14-15] . Continuous renal replacement therapy (CRRT) is used in severe
acute kidney injury to support renal function and minimise the risk of multi-organ failure and fluid overload.
Additionally, people with end-stage renal disease who require intermittent haemodialysis often benefit from
a temporary transition to continuous renal replacement therapy in the event of critical illness due to the
enhanced haemodynamic and metabolic control it provides. The introduction of renal replacement therapy
creates challenges for pharmacological management as pharmacokinetics are altered through both extrinsic
(e.g. filtration mode, filter type, flow rate) and intrinsic factors (e.g. residual renal function, fluid volume
status, protein binding). For medications that are renally excreted, such as levetiracetam, the effects on
clearance can be significant[16] .

Intermittent haemodialysis (IHD) has already been shown to eliminate 50% of levetiracetam within four
hours [13] . As a result, the current dosing recommendation for patients receiving THD is a 750mg loading
dose followed by 500 — 1,000mg once daily dosing. However, in patients on CRRT the current recommended
dosing is 250 — 750mg twice daily without loading — equivalent to a patient with CKD Stage 3b[17] . While



there have been a multitude of studies investigating the pharmacokinetics of levetiracetam in haemodialysis
to support the current dosing recommendation in THD [18-21] , the evidence base for patients undergoing
CRRT remains limited. Indeed, the current dosing recommendations are based on three case reports alone.
In the last few years there has been a renewed focus on broadening the evidence base [22] .

In this systematic review, we evaluate the latest available evidence on the pharmacokinetics of levetiracetam
in critically ill patients undergoing CRRT. This review was performed in light of several case reports and
case studies suggesting that the clearance of levetiracetamin vivo may be significantly higher than previously
thought — raising the risk of sub-therapeusis in such patients[22-25] . We undertake a quality assessment
of the current evidence in addition to meta-analysis and computational modelling to understand the factors
that affect clearance and to simulate the effect of different dosing strategies on plasma concentration.

METHODS
DATA SOURCE AND SEARCHES

The protocol for this systematic review was developed using the PRISMA-P guideline and was registered on
PROSPERO (CRD42022300754). Our search strategy is available in Appendix 1 .

A literature search was conducted in EMBASE, MEDLINE, PubMed and Google Scholar from 2000 to 01
November 2022. The reference lists of selected articles were also checked to identify additional relevant
studies for inclusion. An independent search was performed by two authors with a third investigator to
resolve any discrepancies.

STUDY SELECTION

All case reports, cohort studies and randomised control trials were included and screened to assess eligibility
for inclusion.

A study was eligible for inclusion if it met the following criteria: (1) patients were treated with levetiracetam
(regardless of its formulation); (2) patients were undergoing CRRT via continuous veno-venous haemofil-
tration (CVVHF), continuous veno-venous haemodialysis (CVVHD) or continuous veno-venous haemodiafil-
tration (CVVHDF). Studies were excluded for the following reasons: (1) it was published in a non-English
language; (2) the study was a computational or model-based study not using human patient data; (3) there
were insufficient pharmacokinetic data; (4) review article with no additional new pharmacokinetic data.

DATA EXTRACTION AND QUALITY ASSESSMENT

Data were independently extracted from the included studies by two authors (J.S., S.A-M.) using a stan-
dardised database. Data extracted included: study design, patient demographics, reason for admission,
indications for levetiracetam and CRRT, residual renal function, dosing regimen, CRRT characteristics and
settings, and pharmacokinetic data. Any discrepancies on data extraction were arbitrated by a third inves-
tigator.

Our quality assessment was performed using a hybrid model that combined the Quality of Evidence (QoE)
and Acute Dialysis Quality Initiative (ADQI) scoring systems [26-28] . Each study was assessed indepen-
dently by two authors (J.S., S.A-M.) who allocated separate QoE and ADQI scores as per the protocol
detailed in Appendix 2 . To eliminate discrepancies in ADQI scores between authors, a mean ADQI score
was calculated for each study. Overall quality assessment scores were stratified into low, medium and high-
quality equivalents based on the average quality of evidence across the QoE and ADQI assessments. For
example, a study was ranked medium quality if it achieved a strong QoE score but a weak ADQI score. Any
disputes were arbitrated by a third investigator.

DATA SYNTHESIS AND SIMULATION OF DOSING SCENARIOS

Data were collated using Microsoft Excel. Our primary analysis was a mixed narrative and meta-analysis.
Descriptive analytics and multiple regression modelling were performed using IBM SPSS Statistics 28. In



cases where specific values were not reported (e.g. ultrafiltration rate, filtration fraction, volume of distri-
bution) these were calculated using the available data and standard formulae where possible. Statistical
heterogeneity was not assessed as the Cochrane Q Test and I? statistic are not applicable to our dependent
variable which is continuous rather than dichotomous.

Simulations were undertaken in R using tidyverse and linpk packages[29-31] . Individual patient level data
was used for elimination rate constant and volume of distribution. Elimination rate constant was taken
directly from published manuscripts or derived from other published pharmacokinetic parameters, where
available. Volume of distribution was not available for 8 patients (Chappell). Simulated patients (n=10,000)
were created from these values using the MASS package and assuming a multivariate log-normal distribution
of parameters [32] . For pharmacokinetic profiles, a one compartment model was assumed. Profiles were
simulated to 72-hours, on the assumption that steady state would be achieved by then and that this early
period of treatment was likely to be the most important in achieving therapeutic concentrations. We utilised
a target trough concentration range of 12 — 46 mcg/mL as this is the most widely used therapeutic index
[6, 25, 34, 38] .

RESULTS

Our search found a total of 58 articles (Fig. 1) . Of 54 articles reviewed in full text, seven fulfilled our
eligibility criteria for inclusion. Of the included studies, five were case reports[25,33-36] and two were
prospective pharmacokinetic studies[37-38] . In all studies except one (where clinical indication was not
recorded) patients were treated with levetiracetam either for known seizures or as prophylaxis (e.g. following
traumatic brain injury). In one study [37] four patients were treated with SLED and so were excluded from
our data extraction.

STUDY CHARACTERISTICS

The characteristics of our included studies are summarised inTable 1 . In most cases, patients were com-
menced on CRRT for acute kidney injury or known end-stage renal disease with multi-organ failure. 16 out
of 24 patients were treated with CVVHF with 8 other patients treated with CVVHDF. Two patients [25,34]
were receiving simultaneous extracorporeal membrane oxygenation (ECMO). In most patients (17 out of 24)
a 1,000mg twelve-hourly dose of levetiracetam was administered as intravenous bolus infusions. One patient
received enteral levetiracetam.

Sampling strategies across studies varied significantly. Pre-filter, post-filter and effluent samples were col-
lected in four studies while in three studies only plasma samples (either peak or trough levels) were taken. In
most studies, levetiracetam levels were not taken until steady state had been achieved. One compartmental
modelling for pharmacokinetic analysis was used in three studies [25, 34, 35] , while Kalaria et. al used a
non-compartmental approach.

The recommended delivered dose in CRRT varies but is considered to be between 20 — 35 ml/kg/hr. The
median delivered dose in these studies ranged from 26.7 — 37.1 ml/kg/hr with significant variation seen
in Chappell et al. and Kalaria et al. Blood flow rates ranged from 180 — 250 ml/min and were broadly
consistent across studies. The majority of patients were either anuric or oliguric (defined as urine output
<400ml in 24 hours) but it should be noted that these data were not collected by Chappell et al.

PHARMACOKINETIC DATA

Reported levetiracetam clearance from CRRT was between 1.80 —2.98 L /h (Table 2 ). Where total clearance
was calculated, the clearance attributed to CRRT alone was between 52 — 73% (Mean 54.7%, S.D. 13.5).
Reported total clearance of levetiracetam was between 3.49 — 4.63L/hr (Mean 3.55, S.D. 0.52). Elimination
half-life varied significantly with a range of 5.66 — 12.88 hours and a mean 9.41 hours (S.D. 2.86, S.E. 0.60).
Volume of distribution ranged from 0.45 — 0.73 L/kg. In the majority of patients, peak and trough plasma
concentrations were within the therapeutic target range of 12 — 46 mcg/mL. The exception to this was in
Kalaria et al.’s study in which six patients demonstrated trough plasma concentrations below 12 mcg/mL
(1.93 — 9.94 mcg/mL).



STRENGTH OF EVIDENCE

The outcome of our quality assessment is shown in Table 3 . In general, we determined that the strength
of evidence was overall of low quality. The level of information provided about CRRT techniques was
broadly inconsistent with few studies providing the level of information required to enable comprehensive
interrogation or meta-analysis of the data. In one study [38] , demographics were only provided at aggregate
level which prevented individualised pharmacokinetic analysis. Time spent on filter was only mentioned in
one study [34]and while it could be assumed that haemofiltration was continuous, it was clear that at least
some patients experienced filter clotting and pauses to treatment. The two prospective studies in our data
set[37, 38] were judged to be of higher quality predominantly due to the more robust and comprehensive
nature of their pharmacokinetic data.

MULTIPLE REGRESSION

Due to a limited base size and various missing data discussed above, it was not possible for us to perform
multiple regression analysis with any meaningfully significant results.

SIMULATION OF DOSING SCENARIOS

Figure 2 illustrates the proportion of patients who achieved our therapeutic target level (12 — 46 mcg/mL)
across a range of simulated dosing strategies. At a target level of 12 mcg/mL, 65% of simulated patients who
received a dose of 1,000 mg every 12 hours achieved target level in comparison to 53% of simulated patients
who received 750 mg and 34% of simulated patients who received 500mg.

Table 4 demonstrates the trough concentration profiles at these various simulated doses. At doses <750
mg the median trough concentration was below the target range, although some patients did achieve ther-
apeutic drug concentrations. The exception were patients who received 250 mg — all of whom had trough
concentrations below the target level. Even at higher doses ([?]750 mg) some patients still demonstrated
trough concentrations below the target level.

Our simulations evaluated levetiracetam concentrations in patients on CRRT receiving a range of doses over
a 72-hour period. In Figure 3 , patients received a standard loading dose of 60mg/kg as recommended for
treatment of neurological emergencies [39-40] . InFigure 4 , patients received a 750mg loading dose as
recommended for patients on IHD. In Figure 5 , patients received no loading dose.

As shown in Figure 3 , the standard loading dose achieved therapeutic drug concentrations within the
first 24 hours for almost all simulated patients. Conversely, a significant number of patients who received
a reduced (Fig. 4 ) or no loading dose (Fig. 5 ) experienced sub-therapeutic drug concentrations for an
extended period — with the majority of patients receiving 250 mg dosing spending the entire 72 hour below
target concentration. Ounly at higher doses (750mg, 1000mg) did median concentrations remain within our
target range at 72 hours.

DISCUSSION

Our results demonstrate that the clearance of levetiracetam in critically ill patients undergoing CRRT is
consistently demonstrated in the literature to be similar to that seen in healthy adult patients. Both mean
total clearance (3.55 L/hr) and elimination half-life (9.41 hrs) were broadly equivalent to that of healthy
adults (4.03 L/hr and 6 — 8 hrs respectively). The mean clearance attributable to CRRT was over 50%
confirming that CRRT is responsible for the majority of drug clearance. Moreover, it demonstrates that THD
and CRRT have similar pharmacokinetic effects in terms of their ability to eliminate levetiracetam. Taken
together, these findings suggest that current dosing recommendations may pose a risk of sub-therapeutic
drug concentrations.

Our simulation data also raise several concerns over the current UK dosing recommendations in CRRT,
which advise a 250 — 750 mg twice daily regimen without an initial loading dose [17] . As demonstrated
in Fig. 5 , without a loading dose the majority of our simulated patients experienced sub-therapeutic
drug concentrations for up (and beyond) 72 hours. This effect was reduced to a limited extent with higher



dosing regimens (750 — 1000 mg) but even at higher doses, drug concentrations remained sub-therapeutic for
the initial 24 hours of treatment. Even the addition of the loading dose recommended for patients on THD
resulted in the same problem, with the majority of patients experiencing sub-therapeutic drug concentrations
up to 24 — 36 hours into treatment (Fig 4 ). The addition of a standard loading dose at 60mg/kg resolved
this problem and resulted in the immediate achievement of therapeutic drug concentrations (Fig. 3 ). A
significant proportion of patients at this loading dose, however, had trough concentrations over 80 mcg/mL
for the first 24 hours and may require additional monitoring for potential drug toxicity[41] .

Regular dosing at lower levels (250 — 500mg) was unlikely to achieve therapeutic levels by steady state (Fig.
3 —5). Even with the addition of a loading dose, the median drug concentration for patients receiving these
doses remained below 12 mcg/mL at 72 hours. In contrast, at higher doses (750 — 1000mg) a significant
number of patients had therapeutic drug concentrations at steady. However, without a standard loading
dose of 60mg/kg the time to therapeutic levels (even at higher doses) was delayed by up to 36 hours.

From a pharmacokinetic perspective, these data suggest that current UK dosing recommendations in CRRT
are likely to result in extended periods of sub-therapeusis and suggests that patients undergoing CRRT
should be considered for a twice daily dosing of 500 — 1,000 mg in addition to an initial loading dose of
60mg/ke. A major limitation of this work is the lack of data on efficacy or the use of the target trough
concentration in the critically ill cohort. However, given the relatively low event rate of seizures, the relatively
low number of patients receiving the drug whilst also receiving renal replacement therapy and the number
patients receiving this drug for prophylaxis, it is highly unlikely in our view that a PK-PD trial will be
realised.

The specific extrinsic factors related to CRRT, such as effluent flow rate or dialysate rate, that influence
levetiracetam clearance remain unclear. Few studies investigated the haemofiltration characteristics that
influence clearance with the exception of Kalaria et al. Their analysis identified efluent flow rate and sieving
co-efficient as the main influences on clearance. Effluent rates in excess of 3.5L/h were also associated with
increased clearance and so higher doses may be required in these patients.

Similarly, further investigation into the intrinsic patient-specific factors that affect clearance is also required.
While mean clearance was consistent between studies, there was a wide variation in individual patient
clearance and plasma concentrations which are not easily explained by effluent rate and sieving co-efficient
alone. Six patients demonstrated trough drug concentrations below the therapeutic target level but a post-
hoc descriptive analysis (Appendix 3 ) found no obvious explanation. Three of these patients had significant
residual urine output (>300ml per day), while three others had high effluent rates. However, other patients
received similar doses at higher effluent rates or indeed had higher urine outputs without their plasma
concentrations falling outside of target levels. These data suggest that there is a high inter-person variability
of drug pharmacokinetics and determining optimum dosing strategies for individuals may require therapeutic
drug monitoring.

Finally, our systematic review illustrates that the availability of pharmacokinetic data on levetiracetam in
CRRT remains limited. Data are limited to a small number of case reports and two small prospective studies.
There is a lack of consistency between studies, both in terms of methodology and data reporting, that further
limits the overall evidence base at present. In this paper, we have introduced a novel quality assessment
method that utilises a combination of the QoE framework, which assesses the strength of pharmacokinetic
studies based on the quality of data and pharmacokinetic modelling provided, and the ADQI minimum
reporting criteria, which was developed to standardise comparisons between studies that reported on CRRT
techniques. Both methods have been used in similar systematic reviews in this way[42, 43] but never before
in combination. By combining these assessment methods, our quality assessment method allows for equal
consideration of both the pharmacokinetic and haemofiltration data. This enables an assessment of both the
quality of the data itself and the ability to perform meta-analysis.

Further study is required in order to understand the high inter-person variability in levetiracetam clearance
and the in vivo effects of different dosing strategies. Such data can be used to develop pharmacokinetic



models that will enable clinicians to determine patient-specific dosing strategies. Future in vivo studies should
prioritise the collection of standardised data to facilitate meta-analysis and modelling. Our recommendation
is that this should include the ADQI minimum reporting criteria alongside the following: (1) IBW; (2) urine
output; (3) baseline bloods (albumin, creatinine, haematocrit, liver function); (4) dosing strategy; (5) a
sampling strategy that at a minimum includes pre-filter, post-filter and effluent levels; (6) information on
whether seizures were controlled or uncontrolled. Standardisation will enable more robust modelling than is
possible at present.

In addition to in vivo studies, experimental study using lab-based models that simulate critically ill patients
undergoing CRRT may be valuable. These studies, such as the latest ex-vivo in-vivo study by Kalaria et al.
[44] , would be useful in evaluating the effects on clearance of different CRRT parameters and levetiracetam
dosing without the potential risk of exposing patients to possible sub-therapeutic or toxic drug levels.

CONCLUSIONS

The available data on in vivo clearance of levetiracetam in critically ill patients undergoing CRRT does not
support dose reduction in these patients. Clearance is consistently demonstrated to be similar to healthy
adults with normal renal function. The current recommendation to dose as in CKD3b is likely to result
in sub-therapeutic drug concentrations in a high number of patients. A lack of consensus on a therapeutic
window for levetiracetam makes dosing recommendations challenging. However, given the similarities in
clearance between CRRT and IHD we would recommend considering a twice daily dosing of 500 — 1,000 mg
with an initial loading dose of 60mg/kg. Therapeutic drug monitoring should be used to guide dosing and
identify those at risk of toxicity.
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'
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|

Screening

Number of reports sought for
retrieval (n=58)

|

Number of titles and abstracts
assessed for eligibility (n=54)

Included

Studies included in systematic
review analysis (n=7)

Reports not retrieved
_—
(n=4)
s ~N
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D ——_—
* Duplicate study (n=6)
* IHD or SLED (n=13)
* Incorrect drug (n=2)
¢ Simulation study
(n=2)
* No PKdata (n=19)
* Review article (n=5)
\

* Other sources searched included PubMed, Google Scholar and reference lists.

FIGURE 1: PRISMA flow chart for study inclusion.

TABLE 1: Characteristics of studies included within systematic review.

Age Weight (kg) Loading Dose Daily Dose R
No. of Assay ) ! Administration
+ + + +
Study studyType GRS et Sampling Strategy Mean £ SD Mean + SD Mean + SD Median + SD ot
[range] [range] [range] [range]
Chappell etal.  Prospective PK Pre-filter plasma; post-filer 53155 854182 1,000me
8 Le-Ms/Ms* g : =8 - every 12 hours Intravenous
37] 1 - -
(2020) 37 study plasma; effluent [31-71) (62-125) o 3i000)
Kalariactal.  Prospective PK Pre-filter plasma; post-fiter  63.81 13.2 95.7:158 1,000meg Intravenous (n=10);
(2020)[38] :ludy 1 LeMs/Ms* plas:\z e(ﬂ’u:nt 2 a T - every 12 haurs Oral 1n:1[ ’
g [500-2,000]
Pre-filter plasma; post-fiter
leNobleetal. .o report 1 RP-HPLC ¥ plasma; blood plasma; 79 90 oo Intravenous
(2017)[33] every 12 hours
effivent
Lovie et al. Enzyme ) 1,000mg
2015) 361 Case report 1 mmmoncsay | Troueh plasma evels 51 S00mg oo Intravenous
Peak (1h post-infusion) and
Nei et al. . 1,000mg
(2018) 1351 Case report 1 Le-Ms/Ms trough (15 mins pre- 67 1169 2000mg evers 12 heurs Intravenous
infusion) plasma levels
New et al. . Trough (15 mins pre-dose) 1,000mg
o1y Case report 1 LCMS/Ms e 59 932 every 12 meurs Intravenous
VanMatreat X Loms/s: Preiter plasma; postfiter . . 1,000mg ntravenous

al. (2017) [35]

plasma; effluent; 12h urine
collection *

*Liquid

v
“Taken at 0, 2, 4and 6 hours (timings unrelated to dose) for al but effluent samples which were taken at specific but undefined times.

*Taken pre-dose, after infusion or 1h post-oral administration and at six additional time points post administration.
2performed after dose 4,5 and.

#Performed after the fourth dose on

*Taken at 2, 4,6, 8 and 10 hours after administration.
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TABLE 1: Continued.

Delivered Dose

Residual Urine

Study CRRT Modality Filter Type (mi/kg/hr) Q, (mL/min) ¥ Qg4 (mL/hour) ¥ FF (%) ¢ Output
(mL/kg/hr)
Chappell et al. (2020)  CVVHDF (n=7); CVVHF HF1400 27193 200£26.9 2,500+5978 Sa% .
1371 (n=1) [19-53] [180-250] [1,700-3,575]
Kalaria et al. (2020) ~ 25:7.6 200£50.8 2,700£730.4 0.16£0.15
138] CVVHF (n=11) ANGOHF [22-44] [100-250] 2,100~ 4,200] 27% [0.00-0.39]
‘[’;"f'b'e etal. (2017) CVVHF ANG9ST 371 180 3336 39% 0.00
Louie et al. (2015) P e . . . . 000
[36]
Nei et al. (2015) [25] CVVHF HF1400 27.0 200 3,156 34% 0.00
[N;w etal. (2016) CVVHF HF1400 289 200 2,693 35% 0.00
High-flux
Van Matre et al. CWWHE polyethersulfone 2.7 250 2,488 2% 0.07
(2017)[35]
membrane

¥ Median £ $.D.
Q, = Blood flow rate. Q= Effluent Flow Rate. FF = Filtration Fraction.
TABLE 2: Levetiracetam pharmacokinetic data from included studies.
study Conae Coin Clroma, Lo Clow LEVke LEVL,, s vd vd

(mcg/mL) (mcg/mL) (L/h) (L/h) (%) (h?) (h) [0} (L/kg)
Chappell et al. (2020) . . . 1.80£0.41 007:001 10288369  0.78:008 . .
371 [135-2.42) [0.05-0.09]  [7.60-12.90]  [0.65-0.88]
Kalariaetal. 2020)  37.76£39.97 13.32$15737  3.49:680  206:032  5240£1329  0.08:005 848369  089:0.3  51.64:23.30 03¢
[38]* [14.86-81.34] [193-3472]  [2.66-435]  [1.29-3.24] [35.90-7280] [0.04-0.17] [258-1324] [0.80-108] [13.15-85.47) :
:‘;;"b'e etal. (2017) 41.20 - 4.07 298 73.05 0.12 5.66 0.89 405 045
Louie et al. (2015)
o) 19.00 - - - - - - - -
Nei etal. (2015) [25] 3206 15.90 463 - 007 9.42 - 760 065
:";"]’ etal. 2016) 3220 16.10 371 - 006 11.40 - 608 065
Van Matre et al.
(2019 135] 3070 16.10 3.68 225 61.30 005 12.88 1.03 68.3 073
* Data have been d. +5.D.[r P Ipz

™ Based on predicted Cmin rather than observed values.
“Mean of the individual patient Vd (L/kg) based on actual patient weight.

TABLE 3: Outcomes from quality assessment of included reports.

Study

Quality of Evidence
(QoE) Score

Acute Dialysis Quality
Initiative (ADQI) Score

Overall Quality Assessment

Chappell et al. (2020) [37]

Kalaria et al. (2020) [38]

le Noble et al. (2017) [33]

Louie et al. (2015) [36]

Nei et al. (2015) [25]

New et al. (2016) [34]

Van Matre et al. (2017) [35]

Strong

Strong

Weak

Weak

Weak

Weak

Weak
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5.0

8.8

4.0

8.8

8.0

6.5

High Quality

Low Quality

Low Quality

Low Quality

Low Quality

Low Quality



FIGURE 2: Percentage of simulated patients achieving trough concentrations based on

various dosing strategies.

754

Dose Strategy "
504 —o— 250
- 500
-~ 750
-+ 1000
254

% of patients achieving trough level

20 40 60

Levetiracetam trough concentration (mcg/mL)

* Dosing strategies are based on 12 hourly administration of levetiracetam with no loading dose.
Shaded border indicates our therapeutic target range of 12 — 46 mcg/mL.

TABLE 4: Trough concentration profile for a range of simulated levetiracetam doses

during continuous renal replacement therapy.

Levetiracetam dose (mg)
250 500 750 1000
Cmin (mg/L) 4 (1-11) 9 (2-22) 13 (3-33) 17 (4-44)
I Median (10%-90%)

Dosing strategies are based on 12 hourly administration of levetiracetam with no loading dose.
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FIGURE 3: Pharmacokinetic profile for a range of levetiracetam doses with 60mg/kg loading

dose in simulated patients receiving renal replacement therapy.
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Simulations received a 12-hrly dose with an initial 4.5g loading dose as indicated on each panel. This assumed a 75kg adult patient
with a loading dose of 60mg/kg. Dotted line shows median simulated concentration profile with surrounding blue shaded area

representing 10th to 90th centile. Horizontal shaded area represents the range of therapeutic trough concentrations (12 - 46
mcg/mL).

FIGURE 3: Pharmacokinetic profile for a range of levetiracetam doses with 60mg/kg loading

dose in simulated patients receiving renal replacement therapy.
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FIGURE 3: Pharmacokinetic profile for a range of levetiracetam doses with 60mg/kg loading

dose in simulated patients receiving renal replacement therapy.
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APPENDICES

APPENDIX 1: SEARCH CRITERIA
Database: Embase <1996 to 2022 Week 02>
Search Strategy:

1 (levetiracetam or keppra).mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word,
candidate term word] (16748)

2 exp levetiracetam/ (11013)
31 or2 (16748)

4 h#emodialysis.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufac-
turer, drug manufacturer, device trade name, keyword heading word, floating subheading word, candidate
term word] (17934)

5 h#temofiltration.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufac-
turer, drug manufacturer, device trade name, keyword heading word, floating subheading word, candidate
term word] (1190)

6 (continuous renal replacement or continuous renal replacement therapy or CRRT*).mp. [mp=title, ab-
stract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword heading word, floating subheading word, candidate term word] (9078)

7 (CVVH* or continuous veno#£venous h#emofil*).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, floating
subheading word, candidate term word] (2716)
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8 exp hemofiltration/ (8133)
9 exp continuous hemofiltration/ (2655)
104 or 5 or 6 or 7 or 8 or 9 (34213)

11 dos*.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word]
(2382020)

12 exp drug monitoring/ (40652)

13 (drug monitor* or TDM).mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word,
candidate term word] (47632)

14 (pharmaco* or PK or PKPD).mp. [mp=title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading
word, candidate term word] (2643449)

15 exp pharmacokinetics/ (573589)

16 11 or 12 or 13 or 14 or 15 (4417124)

17 3 and 10 and 16 (58)

18 limit 17 to (english language and yr="2000 -Current”) (58)
Kook K

Database: Ovid MEDLINE(R) ALL <1946 to January 26, 2022>
Search Strategy:

1 (levetiracetam or keppra).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms] (4712)

2 exp Levetiracetam/ (2478)
3 exp Renal Dialysis/ (120351)

4 (h#emodialysis or h#temofiltration).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms| (16684)

5 (continuous renal replacement or continuous renal replacement therapy or CRRT*).mp. [mp=title, ab-
stract, original title, name of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (3737)

6 (CVVH* or continuous veno#£venous h#emofil*).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary con-
cept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms| (1306)

7 exp Hemofiltration/ (7015)
8 exp Continuous Renal Replacement Therapy/ (460)
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9 dos*.mp. (2974912)

10 (drug monitor* or TDM).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms] (31552)

11 (pharmaco* or PK or PKPD).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary concept word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(3875851)

12 exp Pharmacokinetics/ (327036)

131 or 2 (4712)

143 or4or5or6or7or8 (130778)

159 or 10 or 11 or 12 (5989859)

16 13 and 14 and 15 (21)

17 limit 16 to (english language and yr="2000 -Current”) (20)

Kook okook okok ok ok ok ok ok ok ok ook skok skok sk okoskokok kok >k

APPENDIX 2: Detailed framework of our hybrid Quality Assessment Method.

—

Acute Dialysis Quality Initiative (ADQI) Score ] + [ Quality of Evidence (QoE) Score ]

Described
Operational Characteristics

Filter or membrane type ] .{ Time spent on filter
Reason for admission /
filtration
Severity of illness (e.g.
APACHE-II)

|
|
|
Co-intervention (e.g. ]
|
|

Described
Patient Characteristics

[ la. Meta-analysis of raw PK data ’7

1b. Prospective data warehousing

or pooling
2a. Non-systematic / retrospective

data pooling or analysis

Delivery device (e.g. CVWHF)

Blood flow rate

2b. External data collection or
validation

2c. Recommendation based on

simulation or bridging methods ’
[ 3. Individual PK study with no ’

=
!

antibiotics)

nl Vasopressor support

o=

o RSN
o=
T

APPENDIX 2: Detailed framework of our hybrid Quality Assessment Method.

Replacement fluid
composition

Anticoagulation Used ]

simulation

-]

Dialysis fluid composition

4. Case study with PK or TDM
described

APPENDIX 3: Ad-hoc analysis of patients with sub-therapeutic drug concentrations.
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APPENDIX 3: Ad-hoc analysis of patients with sub-therapeutic drug concentrations.

LEV 24 Hour Delivered

Patient Crnin Dose Urine Dose Q¢ Clrorar Clevwn Clewwn LEV ke sC
D (mcg/mL) (mg) Output (ml/kg/hr  (mL/hour) (L/h) (L/h) (%) (h1)
(mL)

D001 1.9 750 332 24.0 2300 58.5 333 51.3 0.266 1.08
1D002 7.2 1000 160 21.9 2100 44.3 215 36.4 0.269 0.80
D003 9.9 1000 175 324 3100 58.2 32.8 359 0.067 0.80
D004 11.4 1000 0 43.9 4200 72.5 54.0 72.8 0.074 0.90
D005 6.4 500 613 21.9 2100 53.5 28.0 435 0.065 0.88
D006 8.0 1000 1089 329 3150 67.5 423 49.1 0.110 0.93
MEDIAN 14.8 1000 151 282 2700 59.7 333 51.3 0.070 0.88
MAX 347 2000 1089 52.5 4200 77.2 54.0 73.1 0.270 1.08
MIN i) 500 o 19.0 1700 443 215 359 0.050 0.65
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