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Abstract

A 14-year-old boy with movement disorder and epilepsy developed status dystonicus leading to rhabdomyolysis and
subsequent acute kidney injury requiring continuous renal replacement therapy (CRRT). He was given multiple intravenous
sedatives and analgesics to control his dystonia and dyskinesia. 8 days after admission, his condition had improved and a trial
termination of CRRT was carried out. The sedatives and analgesics were switched to oral diazepam, morphine, clonidine,
and chloral hydrate. However, his renal function did not recover fully. There was rising trend of serum creatinine level with
evolving hyperphosphatemia and metabolic acidosis. He also gradually developed hypoventilation, hypercapnia and pinpoint
pupils after weaning CRRT. The clinical impression was over-sedation resulting in hypoventilation and respiratory failure,
contributed by the deteriorating renal function. Non-invasive ventilatory support was then started and CRRT was resumed.
His condition improved over the next 24 hours. Dexmedetomidine infusion was used during CRRT and he slowly required
stepping up of sedatives again. A separate set of dosage for all his oral sedative agents was prepared for his subsequent
CRRT weaning challenge and no more over-sedative episode was then encountered. Our case illustrated that patients at
recovery phase of AKI are susceptible to medication overdose, especially during the period of CRRT weaning. Sedatives and
analgesics including morphine and benzodiazepines should be used with caution during this period and alternatives may need
to be considered. Advanced planning of medication dosage adjustment is advised to reduce the risk of medication overdose.
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Introduction (COVID-19) infection. He has GNAO 1 -mutation complicat-
ing movement disorder, epilepsy and severe intellectual dis-
ability requiring long term use of baclofen, tetrabenazine,
carbamazepine and clobazam. He was found to have rhabdo-
) - | . myolysis after admission with a serum creatine kinase (CK)
pathophysiologic changes.” Continuous renal fep lacement level of 2170301IU/L, there was also AKI with a serum cre-
therapy (CRRT) has become a popular modality of renal atinine level of 79 umol/L and estimated glomerular filtra-

replacement.thergp y for critically ill patients and \yeaning tion rate [eGFR] of 65.6 mL/min/1.73 m? (baseline creatinine
from CRRT is an integral part of AKI management as it deter- level 31 umol/L). He was started on alkaline diuresis and

nﬁmes tlzleHsubsequerIllt. n'eedl of long?tedrn;l repal ep lac%rlnent then transferred to the Pediatric Intensive Care Unit (PICU).
¢ e?p Y- owe\;er,t 1555 a S(; a period that 1sll§;s<fp tble t,O He soon developed respiratory failure and hypotension
medication overdose as drug clearance may exhibit huge vari- requiring intubation for mechanical ventilation and the use

ation when CRRT is stqpp ed but the renal function is not yet of inotropes. His CK level also rose sharply reaching a peak
fully recovered. A previous study also revealed that adverse

drug events occurred both during AKI and at recovery phase
of AKI.3 We here reported a case of over-sedation occurring
at the recovery phase of AKI during CRRT weaning.

Critically ill patients with acute kidney injury (AKI) pose a
great challenge to optimal drug dosing as drug absorption,
distribution, metabolism and elimination are altered by the
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Figure 1. The change of doses of the sedatives and analgesics during CRRT weaning.
Note. The combination of sedatives and analgesics at the time when serum creatinine level rose to peak included oral morphine 3 mg Q6H, clonidine
0.05mg Q6H and chloral hydrate 500 mg daily. CRRT = continuous renal replacement therapy; eGFR = estimated glomerular filtration rate.

level of 449 100IU/L, therefore CRRT was initiated. He
required multiple medications for sedation and control of his
underlying dystonia / dyskinesia which included intravenous
infusion of midazolam (starting dose of 0.2 mg/kg/h), mor-
phine (starting dose of 20 pg/kg/hour) and ketamine (starting
dose of 5 ug/kg/minute), as well as oral clonidine (starting
dose of 0.58 ng/kg/dose Q8H) and chloral hydrate (starting
dose of 23 mg/kg/dose Q6H) in addition to his usual medica-
tions. Subsequently his condition was stabilized and he man-
aged to wean off invasive ventilatory support. There was no
recurrence of abnormal movement, and his sedation was then
switched to oral diazepam, morphine, clonidine and chloral
hydrate.

Eight days after admission his CRRT dose was much
reduced and the CK level was 15069 IU/L. Therefore, termi-
nation of CRRT was attempted and furosemide infusion at
1.2 mg/kg/hour was commenced for prevention of fluid over-
load. The renal function deteriorated slowly as evidenced by
rising trend of serum creatinine level with evolving hyper-
phosphatemia and metabolic acidosis despite a satisfactory
urine output. He also gradually developed hypoventilation
with a rising trend of pCO, up to 7.4kPa despite reduction of
doses of his sedatives and analgesics. 60 hours after stopping
CRRT, his serum urea and creatinine level rose to 30 mmol/L
and 389 umol/L (eGFR 13.3mL/min/1.73 m?) respectively.
Physical examination revealed a respiratory rate of 8 breaths/
minute only, and the pupil sizes were 2 mm bilaterally. There
was no focal neurological deficit. The state behavioral scale

(SBS) was —2 (responsive to noxious stimuli) indicating a
deep sedation state. The clinical impression was over-seda-
tion resulting in hypoventilation and respiratory failure, con-
tributed by the deteriorating renal function.

CRRT support was restarted immediately and non-inva-
sive ventilatory support was given. After discussion with the
clinical pharmacist, his oral sedatives and analgesics were
reduced (Figure 1) and short-term dexmedetomidine infu-
sion (starting dose of 0.3 pg/kg/hour) was used during CRRT.
Over the next 24 hours, his breathing effort improved and he
managed to wean off the non-invasive ventilatory support.
Physical examination showed bilateral pupil sizes of 3 mm
and a respiratory rate of 16 breaths/minute. He became more
alert and his SBS rose to 2 with development of tachycardia.
The dosages of his sedative agents were then stepped up and
a separate set of dosage for all his oral sedative agents was
prepared when his CRRT was stopped (oral morphine 3 mg
Q6H, clonidine 0.05mg Q6H and chloral hydrate 500 mg
daily). No recurrence of over-sedation was noted upon sub-
sequent challenge of CRRT termination, and his sedatives
and analgesics were weaned off slowly over a period of few
weeks.

Discussion

Patients with AKI are at risk of medication overdose, and the
impact of drugs with potentially serious side effects such as
sedatives and analgesics can be huge as illustrated by the
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Table I. Pharmacological Properties of the Sedatives and Analgesics Used During CRRT Weaning.

Molecular  Protein Volume of Dose adjustment
weight binding  distribution Urine for eGFR < I5mL/
Drug (Dalton) (%) (L/kg) Half-life (hour) elimination Bioavailability min/1.73 m?
Chloral 165.4 35-40 0.6 Children: 10 Mostly urine (as >95% Avoid in severe renal
hydrate Adult 8-12 metabolites) impairment
Clonidine 230 20 Children: | Children: 6 40% (as 70-80% Lower dose is
Adults: 2-3 Adults: 12-16 unchanged recommended
Renal drug)
impairment: =41
Diazepam 285 96 | Children: 15-21 100% (mostly >90% No reference
Adults: 44-48 as glucuronide
conjugates)
Midazolam 326 97 Children: I-2  Children: 2.9-4.5 90% (mostly as — 50% dose reduction if
Adults: 1-3 Adults: 3 glucuronide <10mL/min/1.73 m?2
conjugates)
Morphine 285 20-35 | Children: 2-9 ~90% 17-33% 25-50% of usual dose and
Adults: 2 (10% as Increase dosing interval
unchanged Avoid in those with
drug) <I5mL/min/1.73 m?2

due to delayed
clearance of active
metabolite
morphine-6-glucuronide

Note. eGFR =estimated glomerular filtration rate.

occurrence of over-sedation in our patient during CRRT
weaning. Sedatives and analgesics are essential in pediatric
practice and multiple medications, particularly opioids, ben-
zodiazepines and a-agonists, are usually required for suc-
cessful delivery of invasive treatment including mechanical
ventilation and CRRT.* In fact, concomitant administration
of benzodiazepines and opioids in patients with renal impair-
ment would increase the risk of respiratory depression.’ The
unstable and deteriorating renal function, co-administration
of opioids and benzodiazepines in addition to his usual CNS
suppressant and anti-epileptics certainly increased our
patient’s risk of developing respiratory compromise when
CRRT was stopped. And it is equally important not to
abruptly terminate benzodiazepines and opioids for risk of
acute withdrawal. Unlike many of the antibiotics or anti-epi-
leptics, drug level monitoring is not available for most anal-
gesics and sedatives. Hence monitoring of its clinical effect
is an essential part for early detection of potential adverse
events. In addition to SBS, COMFORT behavior scale
(COMFORT-B scale) and Richmond Agitation Sedation
Scale (RASS) are validated scores that can be applied to
critically ill children.* Moreover, physiological parameters
such as respiratory rate, oxygen saturation, heart rate and
end-tidal carbon dioxide or partial pressure of carbon dioxide
are useful indicators of sedation level.

Clinicians and pharmacists may often need to make clini-
cal judgment of drug dosage adjustment as specific recom-
mendations on safe prescription for children recovering AKI
or weaning CRRT are scarce. There are 2 main factors that

merit consideration before making a prescription adjustment.
Firstly, the degree of kidney function recovery based on fac-
tors such as the underlying cause of AKI, hemodynamic
parameters, trend of renal function, CRRT dose before termi-
nation and urine output in response to diuretics challenge.
All these parameters will provide important clues for wean-
ing success.>® Although advanced technique such as trans-
dermal measurement of fluorescent molecules may provide a
novel method for timely estimation of GFR, it is not readily
available in most units.” The bedside eGFR estimating equa-
tion remains one of the most convenient methods to estimate
the GFR,® and regular renal function monitoring may be
required. Secondly, the pharmacological properties of indi-
vidual medications including the degree of protein binding,
the volume of distribution (Vd), the lipophilicity and the
molecular weight should also be considered! (Table 1). As
the Vd of medications may increase among patients in criti-
cal illness,! this may cause a longer medication half-life lead-
ing to more sustained clinical effects. Together with the
termination of CRRT, this may explain the over-sedation in
our patient. Opioids and benzodiazepines, morphine and
midazolam in particular, are one of the most commonly used
analgesics and sedative agents in the PICUs locally. Opioid
analgesics are frequently used for pain control among criti-
cally ill patients and those with renal impairment.*® Dose
adjustment for renal impairment is required for most opioid
analgesics and a few types of opioids such as morphine, oxy-
codone and codeine are not recommended in those with very
low eGFR.? In fact, avoiding morphine and switching to
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other opioids such as fentanyl may be a safer alternative in
this circumstance. Benzodiazepines should also be used with
cautious in those with renal impairment as the side effect
profiles may be enhanced, particularly in conjunction with
opioids.!®!" Given the risk of aggravating hypotension and
involuntary movement, propofol was not used at that junc-
ture. It should also be noted that most pharmacokinetic infor-
mation for renal impairment is based on studies conducted
on patients with chronic kidney disease. Clinicians and phar-
macists may need to extrapolate those results when making
decision for patients with AKI. Therefore, a “start-low” and
“slow-and-small dose titration” approach may be rational
for patients recovering AKI, and dose reduction or even
medication termination should be exercised when CRRT is
stopped.”!® Frequent monitoring of the renal function and
evaluation of medication side effects are needed to prevent
under- or overdosing.

The impact of CRRT on the degree of drug removal
should also be considered when prescribing for patients
weaning CRRT. However, the information on optimal medi-
cation dosing during CRRT is very limited. It is estimated
that drug dosing studies were available for only <20% of
commonly used medications for patients receiving CRRT.!?
Medications with lower degree of protein binding, smaller
Vd and smaller molecular weight would be more readily
removed by CRRT.! To further complicate the problem, vari-
ous modalities of CRRT or the increasingly employed
hemoadsorption column may all have different effects on the
clearance of medications.! For clearance of small-sized mol-
ecules (<500-1000 Daltons), solute clearance occurs with
simple diffusion (modality: continuous veno-venous hemo-
dialysis [CVVHD]) and is affected by both the fraction of
drug in the dialysate fluid (saturation coefficient [SA]) and
the dialysate flow rate. For clearance of middle-sized mole-
cules (1000-15000 Daltons), convection is the main mecha-
nism of solute clearance (modality: continuous veno-venous
hemofiltration [CVVH]). The ultrafiltration rate is the main
determinant of drug clearance, which is dependent on the
sieving coefficient (Sc) of the drug and is dependent on the
molecular weight of the drug and the membrane pore size.
In continuous veno-venous hemodiafiltration (CVVHDF),
the effect of convection and diffusion are combined.!
Hemoadsorption column may cause significant adsorption
of various molecules including medications,'* however in-
vivo information on their impact on drug levels may be lim-
ited, and drug monitoring should be performed whenever
available.

Given the dynamic change of GFR at the time of AKI
recovery with various factors mentioned above, the input
from a clinical pharmacist is indispensable. It has been dem-
onstrated that pharmacist interventions in critical care set-
tings may ensure proper medication dosing'*!'> and even
reduce the occurrence of medication error.'® A well-defined

critical care pharmacy service model is important for deliv-
ery of high-quality critical care services.’?

Conclusion

Patients at recovery phase of AKI are susceptible to adverse
effects of medications, especially during the period of CRRT
weaning. Advanced planning on medication dosage adjust-
ment is advised to minimize the development of side effects.
Both patient and pharmacokinetic factors should be consid-
ered when adjusting medication dosage. Cautious use of
medications, appropriate dosage adjustment and frequent
monitoring of renal function, serum drug level and manifes-
tation of medication side effects are indispensable to prevent
medication overdose at this vulnerable period.
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