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Comprehension and practical considerations in
pediatric pharmacotherapy: a narrative review

Byung Won Yoo, MD, PhD

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Purpose: Pediatric pharmacotherapy requires a thorough understanding of developmental physiology and the distinct phar-
macokinetic (PK) and pharmacodynamic (PD) characteristics of this population. Unlike adults, children (particularly neonates
and infants) exhibit substantial differences in drug absorption, distribution, metabolism, and excretion as a result of immature
organ function and rapid developmental changes. These characteristics must be considered for safety and efficacy in pediatric
pharmacotherapy.

Current Concepts: PK differences in children arise from development-dependent factors, including an altered intestinal en-
vironment, higher total body water content, immature drug-metabolizing enzyme systems, reduced plasma protein quantity
and drug-binding capacity, and limited renal clearance. PD variability relates to age-specific receptor sensitivity and differences
in drug response across developmental stages. In addition, children (particularly those younger than 1 year) are more suscepti-
ble to adverse drug reactions because of developmental vulnerabilities and the frequent use of off-label medications.
Discussion and Conclusion: Optimal pediatric dosing should consider not only chronological age and body weight, but also
the maturation of organ systems and metabolic pathways. Practical considerations, including appropriate routes of administra-
tion and suitable food vehicles, should be selected according to the child’s developmental pharmacological status. Although
regulatory agencies such as the U.S. Food and Drug Administration and the European Medicines Agency actively encourage
pediatric clinical studies, approved pediatric dosing information remains limited. Therefore, clinicians must rely on fundamen-
tal principles of developmental pharmacology and available evidence-based guidelines. A comprehensive understanding of
developmental pharmacology, individualized dose adjustment based on developmental PK status, and vigilant monitoring for
adverse effects are essential for safe and effective pediatric pharmacotherapy.
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Table 1. Developmental-dependent changes of pharmacokinetics in pediatric populations

PK phase Developmental change PK effects Clinical impact Drug examples
Absorption | Intestinal transit 1 Traw 4 Conax Delayed-onset of drug action Carbamazepine, phenytoin,
theophylline
1 Gastric pH 1 Cax for weak acids Requirement for individual dose Acetaminophen, phenobarbital,
adjustment in infants phenytoin
1 Coax for weak bases Ampicillin, amoxicillin
| Intestinal bile concentration | C,,,,. | AUC(in lipophilic drugs) Decreased drug bioavailability ~ Hydrocortisone
Distribution 1 Extracellular & total body water 1 Vd (in hydrophilic drugs) Requirement for higher doses to  Aminoglycosides (e.g.,
achieve therapeutic drug gentamycin), cefazolin,
concentrations during infancy  midazolam, acetaminophen
| Quantity & | drug-binding 1 Free fraction of drug in plasma  Higher risk of toxicity in highly ~ Benzodiazepine, ceftriaxone,
capacity of plasma protein protein binding drugs ibuprofen (NSAIDs), phenytoin,
salicylates, valproic acid,
warfarin
Metabolism  Larger relative size of liver thepatic clearance of drugs Requirement for higher doses to  Caffeine, carbamazepine,
(especially in high hepatic achieve therapeutic drug carvedilol, theophylline,
extraction drugs) concentrations valproic acid
Immature isoforms of CYP-450 1 t,, (decreased clearance inthe Reduced maintenance dose and/ Chloramphenicol, phenytoin
and phase Il enzymes substrate of CYP450 & UDP) orincreased dosing interval in
infants
1t (increased clearance in Increased dose and/or shorter ~ Carbamazepine midazolam
CYP3A4 substrate) dosing interval in childhood
Excretion | GFR 1 t,, (decreased renal clearance  Higher risk of toxicity with drugs Aminoglycoside, ceftriaxone

especially in premature baby &

dependent on renal excretion  digoxin

during the first 3 months of life)

This table was made by the author based on the cited references.

PK, pharmacokinetic; T,,.,, time to maximum concentration; C,,,, maximum plasma concentration; AUC, area under the plasma level-time curve; Vd,
volume of distribution; t, ,, half-life; NSAID, nonsteroidal anti-inflammatory drug; UDP, glucuronosyltransferase; GFR, glomerular filtration rate.
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Table 2. Drugs dependent on renal function

Class Drug

Analgesics Morphine, pethidine

Antiarrhythmic drugs Sotalol

Antibiotics Amoxicillin, aminoglycoside (amikacin,

gentamicin, tobramycin, etc.),
cephalosporin (cefradine, cefazolin,
ceftriaxone), ciprofloxacin, levofloxacin

Gabapentin, pregabalin, lamotrigine,
levetiracetam

Anticonvulsants

Antidiabetic drugs Metformin, glimepiride, sitagliptin

Acyclovir, valacyclovir

Digoxin

Actinomycin D, bleomycin, capecitabine,
carboplatin, cisplatin, cyclophosphamide,
doxorubicin, epirubicin, etoposide,
gemcitabine, ifosfamide, irinotecan,
melphalan, methotrexate, oxaliplatin,
topotecan

Furosemide, hydrochlorothiazide,
spironolactone

Lithium, mirtrazapine

Antiviral drugs
Cardiovascular drugs
Cytostatic drugs

Diuretics

Psychoactive drugs

This table was made by the author based on the cited references.

¥-Oh] = RE] 24k (y-aminobutyric acid, GABA) 4

ol & Wk=

Ao
A7A 9] ok o] FFE nRh 4 F
3 A7A 1N GABAE GABA, 48415 B3 whe A4 4l
ARG AR AgA EHO}OM—E TR BAR AeH
H3} o] 22 EHOH sl OW 2 TR EAsit ey
GABAZ 913} ¢3} o]2o0]

57} Fa5h GABAZE R g orlehs Zeg et
[26]. H3} o] & F&= W= Eﬂs}oﬂ GABA, 83)2] H&e
o, oA o] F Fololq 7}
& Ve 9 W, ddobs] 271 A4 oA 7 5
(emergence agitation), QT Q75 F7tet Ao whE &
RaA) B0 24 B ofd J o HEE 4 itk
AAgok elgoht 491l Hlsl 7417l (notropics)2] F7}
Aok, A U We 8 e HlE, B A4 A,
n/d5e WA, Fe AZAE U Ze 55 5 Aot A
24 B4 wjRolck. Aok ok 48 Wale] W]
w20l FAA == p-ot=dg Y 2FA9] X7 HEEo] AR
o au|sAL Sl 56}7] o3 A 2T 4 ATH 2.
olejol = 2] 20| E(opioid) 484 HSFR Q1% nj5ote]
Rad ugds F7h UI"/ obx"EEd (acetylcholine) &
A WskE QIgh Al2gote] MiERESA AT AbdkAol thet 7

A= 571 So olol st E4o] g HolFt o

e R B |

Yoo BW - Pediatric pharmacotherapy

ojth. oFEd E4 84 7] B2 (S, Ao| 2R AR
[cyclosporine]) oL} FE =} ekaote] A (MthE
H)olA gl e o7} 3] Yepdths d4sEs Bl
o] ATH28-30]. SHAITE, R oFEE2 o]2f3t oFshE] vzt
T 7P E28A TN Has Fa 5Y FEH B4 9

3] Ao} X BEreolL; Bake vhlo) 2 g3 n| x| &
7)= st} wleha] oFZdt Wl oksla EAS E3lsle] kB Q

S AAs}o]of 3t}
oFF 0|dt32| £0|d

a0h= OFF o] dRhE9] g HIEE Ao Hls gEil
T} Y BuE BW 2012-20139 S-ojokE oA a9
Korea Adverse Event Reporting Systemo] A31% 184] o]3}
aopgdad oFERaRRE] AP Wk 14 olatollA] 19%,
2-7A] 23.3%, 8-13M] 22%, 14-18AM|7} 25 2% R, AlSE 2= A
3171(27.0%), T 5(17.1%), TE71(12.9%) <02 Wt AE
oJoFz o] AL W= WA (19.5%), S (17.4%), TAl
(8.2%), NG N EA|(NSAIDs A2, 3.6%), FA T 227 (3.4%)
T8 A, rEEEs HUdd/p-HEol= JAA(B
-lactamase inhibitors)7} 3.5% 2 F&-g-o] 714 Borom, e}
Y (fentanyl) 3.2%, TG Al 3.0%, MEZEA 2.3%, HHT+
FHA 2% =0 2 YEPGTH31]. @Y 3384 glogoXN= &
2gsto| = o] E(chloral hydrate) 5 HAAFE 93t A o
0] 5.8%F A A WA= o/ g WAge] &
dof stz FEYS BT, 9H(34.4%), £2317](29.9%)
TEo2 ARHAA o] 3ih-g(10.7%)0] tHl=E UErth
[32]. ThE Aol W3l 1] olstol A o ol gutge] Agsl
o] Wby sth= Al QAtoA] &5 Fojals Wil 3
QAEA, 223 A A WA 47 A B7e 8A
FEolgh= AMA S & 4 Qi
ok o] AHHE S| Bol e AR 2ok SRt T
OFE0] Zpo|e} TiEo] Aoke] AT FolF FHopdol
& W=t vGollA HBFE Astr] s Foi

9
st A Zotuto] = (sulfonamide) Al F/3A17F @7 aaio] 23t
13]?]_
=

O:

i
ol)l'

378, 3l

O

].
7holditgE dodle 8
[e]

2 EHT} X ghE]o] HgFe] W FRIS fYA7|BR A
5 ATH= AP & g7l A7 EolF] F g 4
ot} fot7lell JEAY vtHAl Fo] & HABAZ APE
(apoptosis) == AP LL A|Ao] 2aE 4~ Yths 8=
A&AH o2 A7|E AL =t 3L/ nhEARE ok AlerR]

(ketamine), Z2 X Z(propofol)o] = UEFE 4 1o o}

goz 4



J Korean Med Assoc 2025 December; 68(12):857

GEEEERERE

sone) £ & AW

H ut AcH33]. DAIHERS (dexametha-
Zgoll, /gnt] ol m )= Gl thsiA
© Bl AFEo] AaL[34], mlGotell A HIFA A S (hy-
pertrophic cardiomyopathy)o] ¥/ 8& 4= 9lom 63 o] 3
717t A2 A T7H‘—H?J olol Ab Wl TrlE = L 2ofo] W
7 A R 5 gl o2 RAEE 8 Sz o]
6A jRtol A B ZA] Lehdch. glolr] 9 mlgole] A14847)
o FoH oFE(otn =g IAte| =A] A, ¢HA| &4 [an-
B4 AR, NSAID, A F)o] AbHA| 4~
245 ASYE UL A7EE A4302 Hasla g
9] Bol/d2 7] o] Iy

(e}
Cad T?Jr: 5\_0}4 S5 HP HiEC R Aote] WAl vt

A

giotensin] A%t

£
w
L
9,
1o
N
rlo
-er‘
nﬂu
9,
S~
ar
'z
o[o

RS sl 73%5 HHT ts}t} A 011L **%@rowthﬂ
w2 oK WstE Azete] dEs MFE AR FE
& ARPYAT, oAl 7 BV et AR

A&
JFo| =
[e)3
o}

o

(maturation)©] 2F& A7 (elimination)oi] B]%] 3} Q
STFAL QIATEIAL Ik BHAI, A9l 24 Jvte sof o
© Tie PSS AESIOE BE obEol}
%’i‘:b"l EA R H306]. i

PQ =)

OF §]|— Eﬂaoiﬁ

2
Q
A=

L&?

ANISHE KBSl F7Hst glon, 2 9 o)
Ryo| FEES Y 7 8L oA PO il

HEA]

l‘[l‘

1HHoE APy AFoE F&FS ALtet A
(Young' rule, Clark’s rule 5)- A1 AobE] J17kA] 9] /37
H-g Altv]E] %= (allometric scale) FAYO 2 7R3 |
HEE AAL o7t o], AF A EAZ (body surface
area, BSA) O &2 9F83FS A fSH(normalization)dl= WHER
A= R ot o] WHERE 4ofe] oFF » et EA L 7]
AU Xpol 5 WHFstA] FetEz Fo|sto] ARgsfjof St Uit
Aoz YL 14| o]Hol= A5l o] Folli= BSA7L oFE Tl

ol B U2 Al3FoltH[37]. Aoz thiE v s = oFE9

e
|52 AL 207K = 8% A otE] Y (creatinine) 5 A7)

[

_\::‘ i

862

CHBtoIALE B/

AFZE vigro 2 Ao} 511, o|Z o= BSAd ulel AAsH=
Ao| vigAsit}. OFE 85 ArEe] 7|Eo] Hi= o7 A xS
ojal] AruEc

Aol wie} AT A dido] AYEEE Ao wE gF A

2 T4 4 9 AR Fgo| golsitt= 7P & FHo

AUt SEA|RE AYHZ A/dE vl Lol TE oFE9] EX84

AR g At AEH o)X 97 uiiel] RS g
A 4 ArH37). wEbA QP o (safety margin)o] bl &
oM A& 5 = AFo|H, ofiet &L W o= ALt 4

loit, Lrol7} ojd 42 AA| e s o &0 Fof
A 2= 9lo] 24 o]t M= AatslA] @t

X«E

il
Young Al: 20} § =9 g ———

il
AugsbergerrA]: AoF83F=/d 1 -&3Fx

B

AA| QoAM= AFold BSAE 7|HEe = 3 &5 AlLPY
ol ALgEET, AF 71E AEHES Yo7t o He-
3 &FHET HF oA AY, Yol7t Bal vk B9 87
HostA AHEE 5 Atk 9ol ) =3 AA A1)
(Y7 5Y %) A HEEAE UEiA &7 W
2ol A8 A7) 715 HIrt ol Fx Addwt v"f"sﬁﬂ
o] At Wolnt. tiFES FEolA A
7|1EOE g Aofl] OFE HAES AR &7| Wi Zﬂw
7|9ko 2 AlatE g }é]x‘ﬂ 29 8FHT As 4 Ak, A
ok AF 71 kR FAEo] Lotint W) o]F EAIE
sidst7] Slsf i El & AT HAE FotAd dher B
2317 = stk (Lenart 4)).

o]

\:o

o]

}\o]. =i

Clark 4 20k g =Rl g b oD
70
ololExo LA =
et Al o gL gape NIRRT (12
100
HEHH

BSAL AlZelole 2 oFge] REgAwt Uys Jarde 7t
Am, 53] Aoke] OFEete: AZFHTHE Bsad] Hes] wEo]
aolol OFTE A o £ Wpolth T A W, 3

BSA%H A|E-S ol 83 OB £ Aol Ao et gakA|



£, 124]9] ZEAFE 711 oFs2 BSA 7| &3] A% 7]
Hh 83F0] 12812 AEE AR 24 oF5-2] 73-9- BSA 7]RE &7
& AF 7N g=FETE 1.791(70%) Sotzitt. whka] BSAZ|RE
T A2 Aot JotollM ] AhEge 2T 4
AL, W2 Lol @2 obgol A= AlF 78t &3 Hlsh
2.9 oj%lo] WolzITh. BSAZ AAksHe o] 8 25} BSA
Aol Thdet S50l A2 4 Utk ©Rdo] Jlo] EEA
o] Aolo A= BSA #HitkaE(Table 3)E o] &8 4 Qlth von
Harnack®] 2+ (Table 4)= AL AT, BSAS] HIE AHAF

< 12 3o AYHER ghibsto] 7hdsiA 488 4 A== A
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Table 3. Body surface area by age

Age Weight (kg) Body surface area (m?)
Neonate 33 0.22
3mo 6.6 033
6 mo 8 04
Tyr 10 045
2yr 13 0.55
4yr 16 0.7
6yr 20 08
8yr 27 1
10yr 30 1.1
12yr 40 13
14yr 50 15
Adult 70 1.8

This table was made by the author based on the cited references.

Table 4. Approximate pediatric dose fraction of adult dose
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).

of JFAHLE TEA FE F47t o W dojyra
A FE (YT A, otnjF}al [amikacin], MZZE [cephalo-

thin] 5)¢] TF+& YHotolA T&2 o[t}

1| £0f
HE B3] okR 9] S4L golr|d| 27t =g Aol 1)5)
ZA%0) g, AR BF @ SE TPl © 27 wEelr)
Al7gol gl Gob= Aol it B H]gol g1e] 38l o) 2
7] wjRol|, o] Al7lollE a4 EX R (Y. F2E|FAHRO|=
[corticosteroid], &3] AEFIA|, AEA))Q] AthE M =&
wold & 9k, w2

2ol o] A Bzrgo} =4 ukE A (topical anesthetics) A}

(systemic exposure)©] g1

Age Preterm Neonate 3mo 6 mo

1y 3y 75y 12y

Dose fraction 1/10 1/8 1/6 1/5

1/4 1/3 1/2 2/3 1

This table was made by the author based on the cited references.
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