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Antimicrobial therapeutic drug monitoring in a R
high-complexity neonatal intensive care unit
within a paediatric antibiotic stewardship
program

aaaaaaa

Monitorizacién de concentraciones plasmdticas de
antimicrobianos en una unidad de cuidados intensivos neonatal
de alta complejidad dentro de un programa de optimizacion de
antimicrobianos pedidtrico

Dear Editor:

The need for specific antibiotic stewardship programs (ASP)
in children is increasingly acknowledged.! Neonates are a high-
interest target population because of their unique characteristics
and the widespread use of antibiotics in neonatal ICUs. Therapeutic
drug monitoring (TDM), a key element of ASP, aims to achieve high-
est effectiveness with lowest risk of adverse events by maintaining
plasma drug levels within a safe therapeutic range. The rapid physi-
ologic changes as newborns mature, coexisting clinical factors, and
diverse dosing regimens have led to recommendations for amino-
glycoside and vancomycin TDM in this population.? Our paediatric
ASP (PROA-NEN), formally established in 2015, includes a spe-
cific neonatal approach. This study aimed to analyze the results of
amikacin and vancomycin TDM in neonates, relationships between
TDM and clinical outcomes, and our physicians’ adherence to local
TDM guidelines.

We performed a prospective, observational study conducted
in a tertiary-care neonatal ICU, including all consecutive episodes
of vancomycin and/or amikacin treatment in newborns (June
2017-May 2019), excluding those lasting <48 h. Amikacin and
vancomycin dosing was based on Neofax criteria (Reuters T, Mont-
vale, USA, 2011). The current local guidelines recommend TDM in
treatments lasting >3 days, and every 3 days thereafter (or 24 h
after if dose is changed). Plasma amikacin was determined 8-12h
post-dose, and vancomycin pre-dose (plus 3 h post-dose in severe
infection or central nervous system involvement). The therapeu-
tic ranges were: amikacin, 1-8 pg/mL; vancomycin trough level,
5-15 wg/mL and peak 18-30 pwg/mL.># Adherence to TDM guide-
lines was evaluated for each treatment episode and considered
appropriate if at least 1 antibiotic with duration >3 days had 1 or
more determinations. Statistical analyses used SAS v9.4 (SAS Insti-
tute Inc., Cary, NC, USA). The study was approved by the local ethics
committee for clinical research (EPA(AG)28/2017(5085)).

The study included 146 newborns: 78 (53%) males, 107
(73%) preterm, 72 (49%) with underlying diseases. There were

58

259 infectious episodes; neonatal late-onset sepsis was the main
suspected condition (207, 80%). Infection-attributed mortality was
2.5%; renal impairment and hearing disabilities at discharge were
0.5% and 11%, respectively.

In total, 390 antibiotic courses were administered (64 amikacin
alone, 64 vancomycin, 131 amikacin plus vancomycin). In total,
228 plasma determinations were performed: 132 (58%) within the
therapeutic range. Non-therapeutic values led to dose changes in
93/96 cases (97%). Overall adherence to TDM guidelines was 63%:
82% for vancomycin and 30% amikacin (p<0.001) (Table 1). Con-
firmed infection (OR 2.29 [CI 1.03-5.13]; p<0.04) was the only
factor related to greater TDM requests. No significant relationships
were found between TDM request and infection-related mortal-
ity, clinical resolution, renal impairment, or hearing disabilities at
discharge.

Therapeutic drug monitoring identified non-therapeutic antibi-
otic levels in 42% of determinations. Previous studies have also
described significant rates of non-therapeutic levels,>® although
dosing schemes and TDM procedures differed from those used here.
In preterm newborns, an improvement in amikacin TDM has been
reported after implementing more complex dosing schemes.”

Regarding vancomycin TDM, a recent model-based study used
AUC/MIC >400 as the primary pharmacokinetic target (instead
of through levels, a surrogate marker), showed the need for
higher vancomycin doses.® A multicenter clinical trial, NeoVanc
(NCT02790996), is ongoing to validate new dosing regimens.

Data is scarce on adherence of prescribing physicians to paedi-
atric TDM protocols. Some studies describe better monitoring after
establishing specific guidelines, but precise data on compliance are
not provided.”® Pain and anemia associated with extractions are
reported as barriers for TDM in newborns.? Although TDM enabled
dose correction in many cases, a benefit on clinical outcome was
not found here, likely due to the relatively low adherence to TDM
guidelines and small percentage of confirmed infections. In contrast
to what is reported in adults, no paediatric or neonatal studies to
date have been able to demonstrate the impact of TDM on mor-
tality or toxicity; nonetheless, expert neonatologists recommend
TDM despite this lack of supporting data.>> The main limitations
of this study are its single-center, observational design and use of
TDM procedures different from those of other studies.

To conclude, our paediatric ASP team should implement tar-
geted actions to improve TDM requests and monitoring procedures.
As a final remark, new TDM tools are emerging, such as AUC-based
models for vancomycin and model-informed precision dosing
(MIPD) systems, which include patient and disease information.
These may be superior approaches in this scenario.!?
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Table 1
Antimicrobial characteristics and TDM results.
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Amikacin (n=195)

Vancomycin (n=195)

Median duration, days, n (IQR)

Treatment longer than 3 days, n (%)

Episodes with TDM, n (%) of treatments longer than 3 days
Plasma level determinations, n

Plasma level value, median (IQR)
8-12 h post-dose
Through
Peak

Plasma level adequacy, n (%)
Therapeutic
Nontherapeutic
Subtherapeutic
Supratherapeutic

3(2-6) 6 (4-8)

88 (45) 147 (75)

26 (30) 120

29 185 through/14 peak

6.2 pg/mL (1.9-16.7) =

7.2 pg/mL (5.2-11.2)
20.3 pg/mL (14.1-22.6)

14 (48) 118 (59)
15(52) 81(41)
5(17) 43 (22)
10(35) 38(19)

n, number; %, percentage; IQR, interquartile range; TDM, therapeutic drug monitoring.

Funding

The present work received a pre-doctoral grant by Amics de la
Vall d’Hebron (Institut de Recerca de la Vall d’'Hebron).

Competing interests

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments
We thank Celine Cavallo for English language support.

References

1. Nichols K, Stoffella S, Meyers R, Girotto ]. Pediatric antimicrobial
stewardship programs. ] Pediatr Pharmacol Ther. 2017;22:77-80,
http://dx.doi.org/10.5863/1551-6776-22.1.77.

2. Young TE. Therapeutic drug monitoring: the appropriate use of drug level
measurement in the care of the neonate. Clin Perinatol. 2012;39:25-31,
http://dx.doi.org/10.1016/j.clp.2011.12.009.

3. Touw DJ, Westerman EM, Sprij A]. Therapeutic drug monitoring of
aminoglycosides in neonates. Clin Pharmacokinet. 2009;48:71-88,
http://dx.doi.org/10.2165/00003088-200948020-00001.

4.Ye ZK, Li C, Zhai S Di. Guidelines for therapeutic drug monitor-
ing of vancomycin: a systematic review. PLoS One. 2014;9:e99044,
http://dx.doi.org/10.1371/journal.pone.0099044.

5. Fonzo-Christe C, Guignard B, Zaugg C, Coehlo A, Posfay-Barbe KM, Gervaix
A, et al. Impact of clinical decision support guidelines on therapeutic drug
monitoring of gentamicin in newborns. Ther Drug Monit. 2014;36:656-62,
http://dx.doi.org/10.1097/FTD.0000000000000071.

6. El Desoky ES, Sheikh AA, Al Hammadi AY. Aminoglycoside and van-
comycin serum concentration monitoring and mortality due to
neonatal sepsis in Saudi Arabia. ] Clin Pharm Ther. 2003;28:479-83,
http://dx.doi.org/10.1046/j.0269-4727.2003.00522.X.

59

7. Smits A, Kulo A, van den Anker ], Allegaert K. The amikacin
research program: a stepwise approach to validate dosing regi-
mens in neonates. Expert Opin Drug Metab Toxicol. 2017;13:157-66,
http://dx.doi.org/10.1080/17425255.2017.1234606.

8. Janssen EJH, Vilitalo PA], Allegaert K, de Cock RFW, Simons SHP, Sherwin CMT,
et al. Towards rational dosing algorithms for vancomycin in neonates and infants
based on population pharmacokinetic modeling. Antimicrob Agents Chemother.
2016;60:1013-21, http://dx.doi.org/10.1128/AAC.01968-15.

9. Ree IMC, Lopriore E. Updates in neonatal hematology: causes, risk factors, and
management of anemia and thrombocytopenia. Hematol Oncol Clin North Am.
2019;33:521-32, http://dx.doi.org/10.1016/j.hoc.2019.01.013.

. Abdulla A, Edwina AE, Flint RB, Allegaert K, Wildschutet ED, Koch BCP. Model-
informed precision dosing of antibiotics in pediatric patients: a narrative review.
Front Pediatr. 2021;9:624639, http://dx.doi.org/10.3389/fped.2021.624639.

Natalia Mendoza-Palomar®-":¢, Jaume Vima©9,
Pere Soler-Palacin ®:P-¢-*, Félix Castillo-Salinas®-¢-

4 Pediatric Infectious Diseases and Immunodeficiencies Unit, Mother
and Child Area, Hospital Universitari Vall d’Hebron, Barcelona, Spain
b pediatric Antibiotic Stewardship Program (PROA-NEN), Mother and
Child Area, Hospital Universitari Vall d’'Hebron, Barcelona, Spain

¢ Vall d’Hebron Research Institute, Barcelona, Spain

d Special Biochemistry Laboratory, Central Clinical Laboratories,
Hospital Universitari Vall d’Hebron, Barcelona, Spain

€ Neonatology Department, Mother and Child Area, Hospital
Universitari Vall d’Hebron, Barcelona, Spain

*Corresponding author.
E-mail address: psoler@vhebron.net (P. Soler-Palacin).

https://doi.org/10.1016/j.eimc.2022.01.010
0213-005X/ © 2022 Sociedad Espafiola de Enfermedades Infecciosas y
Microbiologia Clinica. Published by Elsevier Espafia, S.L.U. All rights reserved.


dx.doi.org/10.5863/1551-6776-22.1.77
dx.doi.org/10.1016/j.clp.2011.12.009
dx.doi.org/10.2165/00003088-200948020-00001
dx.doi.org/10.1371/journal.pone.0099044
dx.doi.org/10.1097/FTD.0000000000000071
dx.doi.org/10.1046/j.0269-4727.2003.00522.x
dx.doi.org/10.1080/17425255.2017.1234606
dx.doi.org/10.1128/AAC.01968-15
dx.doi.org/10.1016/j.hoc.2019.01.013
dx.doi.org/10.3389/fped.2021.624639
mailto:psoler@vhebron.net
https://doi.org/10.1016/j.eimc.2022.01.010

	Antimicrobial therapeutic drug monitoring in a high-complexity neonatal intensive care unit within a paediatric antibiotic...
	Funding
	Competing interests
	Acknowledgments
	References

	References
	Sexually transmitted infections among victims reporting sexual assaults attending at Hospital La Paz, Madrid (Spain)
	Conflicts of interest
	Acknowledgements
	References

	Cytomegalovirus seroprevalence in pregnant women in Madrid: First step for a systematic screening
	References
	Diagnosis of pneumonia: A shared need
	Funding
	References

	Antimicrobial therapeutic drug monitoring in a high-complexity neonatal intensive care unit within a paediatric antibiotic stewardship program
	Funding
	Competing interests
	Acknowledgments

	References
	The infectious diseases challenges facing Spain in 2040 require the specialty: A national and international survey
	Funding
	Conflict of interest
	Acknowledgements

	References

