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Abstract

Pregabalin is an anti-epileptic drug which also represents one of the most frequently prescribed medications for neuropathic
pain management worldwide. Moreover, in recent years its use has widely increased also in critically ill patients in the setting of
multimodal analgesia. Commonly available as capsules and oral solution, it is characterized by a predominant kidney elimination.
Consequently, in patients with kidney failure posology adjustments are needed. According to the pharmacokinetic parameters
(low molecular weight and volume of distribution, negligible protein binding), pregabalin is expected to undergo a significant
extracorporeal clearance, which should be taken into account when one of the different Kidney Replacement Therapy (KRT)
modalities is required for Acute Kidney Injury (AKI). The case of a critically ill patient with AKI undergoing Therapeutic
Drug Monitoring of Pregabalin in course of Continuous, Prolonged Intermittent KRT (CKRT and PIKRT, respectively), and

conventional intermittent hemodialysis (IHD) is presented here for the first time.

Introduction

Pregabalin is an anti-epileptic drug representing one of the most frequently prescribed medications for neu-
ropathic pain management worldwide, whereas its use as an anti-convulsant is currently limited [1]. Despite
being an analogue of the inhibitory neurotransmitter gamma-aminobutyric acid (GABA), like gabapentin,
pregabalin shows no binding activity to GABA receptors. Instead, it binds with high affinity to the alpha-2-
delta subunit of voltage-gated calcium channels, located at neuronal presynaptic endings at different levels
in the nervous system, decreasing the depolarization-induced influx of calcium into neurons and ultimately
reducing the synaptic release of excitatory neurotransmitters [2]. The reduction of abnormal neuronal ex-
citability within the brain may account for its anticonvulsant and anxiolytic effects, while a decrease in
synaptic release of several neuromediators at the spinal cord level, such as glutamate, Calcitonin gene-
related peptide (CGRP), and substance P, is likely to be responsible for its analgesic effects [2]. Pregabalin
is available in US and Europe as capsules (25 mg, 50 mg, 75 mg, 100 mg, 150 mg, 200 mg, 225 mg, 300 mg)
and as an oral solution (20 mg/ml), with recommended doses between 150 mg and 600 mg a day, split into
2 or 3 separate doses. Extended-release tablets for single daily administration are also available (82.5 mg,
165 mg, 330 mg) [2]. It has rapid absorption following oral administration, with peak plasma concentrations



occurring between 0.7 and 1.3 hours, and shows 90% bioavailability, independently of dose and adminis-
tration frequency. Half-life is approximately 6 hours, with steady state achievement within 1 to 2 days [3,
4]. Tt mainly undergoes renal elimination (98% as unchanged drug), and posology adjustments are needed
in patients with kidney failure (Table 1 ) [5]. Side effects are less severe respect to other anti-epileptic
drugs, being the most frequently reported somnolence, dizziness, dry mouth, angioedema, blurred vision,
and weight gain [1]. Pregabalin is currently approved in US and Europe for the treatment of neuropathic pain
deriving from diabetic neuropathy, post-herpetic neuralgia, and spinal cord injury, besides being recognized
as an adjunctive therapy of partial-onset seizures in adults. Therapeutic indications have been expanded
to generalized and social anxiety disorders, whereas only in the US it is FDA-approved for the treatment
of fibromyalgia syndrome [6]. Off-label pregabalin uses include bipolar disorder, insomnia, restless legs syn-
drome, and chronic pain conditions other than those above listed, such as cancer pain and post-surgical pain
[6]. Patients with Chronic Kidney Disease (CKD) often take pregabalin with heterogeneous therapeutical in-
dications, such as neuropathic pain, pruritus, and restless legs syndrome [7]. Not least, pregabalin is gaining
an emerging role for pre-emptive preoperative multimodal analgesia, with different randomized clinical trials
showing its efficacy in reducing post-operatory pain and opioid consumption after different types of surgical
interventions [8, 9]. Mostly in this context, given the pharmacokinetic profile of pregabalin, the start of Kid-
ney Replacement Therapy (KRT) for Acute Kidney Injury (AKI) usually adds further complexity related to
the additional extracorporeal clearance. Despite the limited available data, the implementation of the use
of Therapeutic Drug Monitoring (TDM) of pregabalin may represent a useful tool to accurately tailor the
pharmacological prescription [10-12].

We report here a case of a critically ill patient undergoing different KRT modalities for severe AKI in whom
pregabalin levels in the course of different modalities were monitored by TDM.

Case Report

A 78 yr-old obese man (usual body weight 110 Kg, BMI 35 kg/m?) was admitted to the Renal Intensive Care
Unit (ICU) for oliguric AKI on stage 3b CKD (usual serum creatinine [Scr] concentration, 2 mg/dL, CKD-
EPI eGFR 32.6 mL/min/1.73 m?) associated with septic shock due to newly diagnosed infective endocarditis.
His drug treatment included pregabalin, 50 mg twice daily, for severe neuropathic pain secondary to diabetic
neuropathy. On admission, he complained of severe dyspnea and fatigue. Physical examination revealed
a pyretic 118-Kg oliguric patient with severe peripheral edema and diffuse basal pulmonary rales. Blood
pressure was 105/70 mmHg while on norepinephrine 16 mcg/min, with pulse rate 100 beats/min. Breaths
were 28 /min, with peripheral oxygen saturation at 97% while on non-invasive mechanical ventilation (BPAP
modality, PSV 12 emH,0, PEEP 8 ¢cmH>0, FiOs 50%). APACHE II score was 30. Laboratory findings
showed a stage 3 AKI with mild metabolic acidosis. Given the persistent oliguria associated with severe fluid
overload unresponsive to the high-dose loop diuretic therapy and hemodynamic instability, KRT was started
as Continuous Venovenous Hemodiafiltration (CVVHDF) with regional citrate anticoagulation (RCA), using
the Prismax system (Baxter Renal Care, USA) and a polyacrylonitrile AN69 hemofilter (ST 150, 1.5 m?,
Baxter Renal Care, USA). A low concentration citrate solution (18 mmol/L; Regiocit, Baxter) was combined
with a phosphate-containing solution, used as both dialysis and post-dilution replacement fluid (Biphozyl,
Baxter) for a prescribed dialysis dose of 30 ml/Kg/h. Three days after, given the slow but progressive
improvement of fluid overload, KRT modality was shifted to Sustained Low-Efficiency Dialysis (SLED) by
using the same system and the same dialysis solutions, with a prescribed effluent volume of 100 ml/min. On
the fourth ICU day, patient’s hemodynamic status definitely improved, and KRT was thereafter continued
as every other day conventional Intermittent Hemodialysis (IHD).

Given the reported neuropathic pain and aiming at reducing opioids consumption, chronic therapy with
pregabalin was confirmed. Moreover, given the expected extracorporeal clearance, the prescribed pregabalin
dose was increased at KRT start to 75 mg every 12 hours.

The evaluation of TDM of pregabalin in course of different KRT modalities was performed by Liquid
Chromatography coupled with tandem mass spectrometry (LC-MS/MS system) (Shimadzu Italia, Milano)
(Supplemental Material 1 ) [11]. At the same dose administered (75 mg every 12 hours) a progressive re-



duction of pregabalin serum levels in course of prolonged KRT modalities (CKRT and SLED) was observed,
while a rapid decrease was observed during THD with a negligible post treatment rebound (Figure 1 ).

Discussion

According to our knowledge, this is the first study reporting TDM of pregabalin in course of continuous and
prolonged intermittent KRT in a critically ill patient. These modalities of KRT, often used as complementary
therapies, are considered the preferred dialysis modalities for critically ill patients with AKI, especially in
those with hemodynamic instability [13]. As each treatment session is performed over a long-time span,
these KRT modalities allow for slower fluid and solute removal, with better hemodynamic tolerance and
lower risk of rapid osmolal shift [14]. In addition, due to their extended duration, prolonged KRTs usually
provides an efficient daily solute clearance [15]. As detailed in Table 1 , pregabalin has small molecular
weight, negligible protein binding and low volume of distribution, thus it is characterized by a significant
theorical extracorporeal clearance by KRTs. Data regarding the target therapeutic concentration are still
limited. Studies on patients with epilepsy with normal kidney function receiving 150-600 mg daily of the drug,
reported a serum level ranging from 2 - 8 microg/mL [10-12, 16]. Optimal therapeutic plasma concentrations
for neuropathic pain control have not been established yet. However, studies have demonstrated a dose-
response relationship for pregabalin in the treatment of painful conditions, like post-herpetic neuralgia. Given
the linear absorption of pregabalin, with plasma concentrations increasing proportionately with increasing
dose, pregabalin plasma concentration stability likely plays a crucial role in analgesic effect maintenance [17].

Given the increased adoption of pregabalin also in the ICU, not only as a continuation therapy in patients
with chronic neuropathic pain, but also in the setting of multimodal analgesia [6-8, 18], a great degree of
attention should be required to avoid the risk of inadequate therapeutic concentrations. Indeed, given the
prevalent renal metabolism, a dose adjustment is usually recommended in patients with impaired kidney
function (Table 1 ). However, according to the pharmacokinetic profile and in line with the different KRT
modalities techniques, our data showed a slow but progressive reduction of pregabalin serum levels in course
of the prolonged KRTs (CKRT and SLED,Figure 1 A-B ), while a more rapid and significant reduction
during conventional IHD was observed (Figure 1 C ). In this regard, we found that when a modality
of continuous KRT is applied for incident AKI (e.g. CVVHDF), the usual recommended pregabalin dose
may become insufficient to maintain the therapeutic concentration range (Figure 1A ). Indeed, despite the
double daily administration, a slow but progressive decline in serum levels was observed, as reported in a
case of gabapentin intoxication treated with CKRT [19]. While in course of the SLED session serum levels
remained within the suggested therapeutic range (Figure 1B ), a more severe reduction may be supposed
with longer duration (e.g. 12-16 hours) and increased dialysis fluid rate (until 300 ml/min). Finally, as
already previously reported in chronic hemodialysis patients [4, 5, 20], TDM data obtained during and after
the THD session confirmed a rapid reduction of serum concentration during the treatment session, along with
a subsequent normalization after dialysis, also thanks to the double daily administration (Figure 1C ).

In conclusion, even though more data are needed to confirm our findings, the TDM of pregabalin may
represent a useful therapeutic option in critically ill patients, especially in those requiring continuous or
prolonged intermittent KRT. This approach could help to achieve the therapeutic effect while minimizing
the risk of side effects.

Conflict of Interest statement

The authors declare that they have no conflict of interest.
Financial Disclosure statement

Funding: none.

Legend to Figure

Figure 1 A-C. Time course of serum pregabalin concentration at start, during and after one session of Con-
tinuous Kidney Replacement Therapy (CVVHDF modality) [1-A], one 8-hour session of Prolonged Intermit-



tent Kidney Replacement Therapy (SLED-f modality) [1-B] and one conventional Intermittent Hemodialysis
(IHD) [1-C]. The Asterisks indicate the time points when pregabalin was administered during KRT. Abbre-
viations: CVVHDF, Continuous Venovenous Hemodiafiltration; SLED-f, Sustained Low Efficiency Dialysis
filtration; KRT, Kidney Replacement Therapy.
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Sustained Low-Efficiency Dialysis, SLED.

Continuous Kidney Replacement Therapy, CKRT

: 1
i
P
’ H
v \d
i Ly
Py
i . H s
I .
LI
w, 1
i
| i
" i
5 §
H
2 4
e I T T H N ] N
T—— £ H . HE
H ¢ g
H i i
& ¢ H um
£ H H
M %
oo
EH 5
m mm .
§ 3 H
: ﬂ.w
H gL
|
m " 4 e o~ w e -
. 5 o2 o2 oa
= /B “ajeqedaud wnsas
E
H

o et uns

“Areuruurpad oq Aeur vye( "pomorasl wad wsaq jou sey| pue jutidaid e sy ]

[A/8086LL92 CcIT0C99T e,

I74ce

10°T0p,

sdyy

wowstuLIod TNOTIIA OSTIOT ON] “POAIDSOI §

iy

LPUN/I0INE oYy ST PO 1SLIAdod o]

0z dog T

HIOYINY O PIISOJ



