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Background: Vancomycin is commonly used for neonatal sepsis. However, consensus on an
empirical neonatal vancomycin regimen remains uncertain. We aimed to reappraise the therapeutic optimum concerning vancomycin trough concentrations with empirical dosing and to
evaluate the relationship between trough concentrations and predicted 24-h area under the
curve (AUC24).
Methods: This was a 3-year retrospective study. Neonates who were admitted to the neonatal
intensive care unit with available vancomycin trough concentrations were enrolled. Trough
levels were obtained before the fourth dose. Achievement of goal trough after implementing
the vancomycin dosing regimen was based on the Practical Neonatology Medical Manual, published by the National Taiwan University College of Medicine.
Results: A total of 46 neonates were included for analysis. Coagulase-negative staphylococci
were the most commonly identified pathogens of sepsis. Among these patients, 22 achieved
goal trough levels of 10e20 mcg/mL. Trough levels of 5e10 or >20 mcg/mL occurred in 13
and 11 patients, respectively. A moderately positive correlation between trough and predicted
AUC24 was found in all patients (Spearman’s rho Z 0.676, p < 0.001).
In patients with body weight 1200e2000 g and postnatal age >7 days, the serum creatinine
of those with trough levels >20 mcg/mL was significantly higher than those with goal trough
levels (0.61 vs. 0.45 mg/dL, p Z 0.01). Among those with trough levels >20 mcg/mL, 5 patients
received ibuprofen for patent ductus arteriosus closing prior to vancomycin treatment (45%, 5/
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11), compared to only 3 patients with trough levels <20 mcg/mL (9%, 3/35) (p Z 0.013).
Conclusion: Only half of the neonates receiving empirical vancomycin regimen achieved goal
trough levels of 10e20 mcg/mL. Higher serum creatinine or ibuprofen treatment may increase
the risk of overly high trough levels. The vancomycin regimen needs further validation and
modification to provide adequate dosing for optimal use in neonates.
Copyright ª 2022, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

inhibitory concentration (MIC) ratio of 400e600 as the
preferred pharmacokinetic (PK)/pharmacodynamic (PD)
target to achieve efficacy while improving safety.13 However, because supporting evidence in neonates is rare,
adopting the same vancomycin PK/PD target for neonatal
infections remains controversial. According to a study by
Frymoyer et al.,14 targeting a vancomycin trough concentration of w10 mcg/mL in neonates is likely to achieve an
AUC24 >400. Our practice uses goal trough levels of 10e20
mcg/mL as a surrogate for AUC24. Otherwise, to estimate
AUC24 by either linear PK equations or the Bayesian
approach requires two vancomycin concentrations (peak
and trough).13 Neonatologists are reluctant to do extra
blood draws in premature neonates because of possible
iatrogenic anemia and the risk of infection.
The empirical neonatal vancomycin regimen in our hospital uses a 15 mg/kg/dose every 12 or 24 h for those with
body weight <1200 g and every 8 or 12 h for those with body
weight >1200 g, based on the Practical Neonatology Medical Manual, published by the National Taiwan University
College of Medicine11 (Table 1). We aimed to reappraise the
therapeutic vancomycin trough concentrations by using
empirical dosing and examine the relationship between
vancomycin trough concentrations and predicted AUC24.

1. Introduction
Vancomycin is commonly used with empirical dosing for
late-onset sepsis (LOS) in neonatal intensive care units
(NICUs). According to the National Institute of Child Health
and Human Development (NICHD) Neonatal Research
Network, 70% of LOS was caused by Gram-positive organisms, with coagulase-negative staphylococci (CONS) accounting for 68% of Gram-positive infections.1 Other Grampositive organisms include Staphylococcus aureus, Enterococcus spp., and Group B Streptococcus.1 The worldwide
prevalence of oxacillin-resistant Staphylococcus spp. is
high, with the emergence of vancomycin-resistant staphylococcal strains.2 In Taiwan, 97.4% of CONS isolates in a
NICU were reported to be resistant to oxacillin but
remained sensitive to vancomycin.3 Therefore, vancomycin
is usually used as first-line empirical treatment against the
predominant pathogens causing LOS, such as CONS and
methicillin-resistant S. aureus (MRSA). However, inadequate vancomycin dosing can increase the risk for the
emergence of resistant organisms, ototoxicity, and renal
failure.4 Therefore, therapeutic drug monitoring was
mandated for vancomycin and variations in trough concentrations were observed among treated neonates, with
dose adjustments made after initial empirical dosing.
Vancomycin has been used for over 50 years, but questions remain regarding the optimal dose and therapeutic
target for neonates. In fact, consensus on an empirical
neonatal vancomycin regimen remains uncertain, and there
are differences among suggested dosing guidelines.5 The
British National Formulary for Children (BNFc) recommends
a 15 mg/kg/dose of vancomycin for neonates, with frequency based on postmenstrual age (PMA).6 On the other
hand, NeoFax recommends vancomycin at 10 mg/kg/dose
for sepsis and 15 mg/kg/dose for meningitis, utilizing a
combination of PMA and postnatal age (PNA) to determine
the dosing interval.7 Both BNFc and NeoFax show that a
large proportion of patients (81 and 71.9%, respectively)
had suboptimal trough concentrations of <10 mcg/mL.8,9 A
summary of empirical neonatal vancomycin regimens is
presented in Table 1.6,7,10,11
It was recommended that vancomycin trough concentrations be maintained at >10 mcg/mL to avoid producing
vancomycin-intermediately susceptible S. aureus (VISA).12
Higher trough concentrations (15e20 mcg/mL) have been
used for serious infections caused by MRSA in adults to
attain a 24-h area under the curve (AUC24) >400.12 Based on
updated AUC-guided vancomycin monitoring for MRSA infections, the recommendation is an AUC24 to minimum

2. Methods
2.1. Patient enrollment and setting
We enrolled neonates who were admitted to the NICU of
Cathay General Hospital from January 2017 to December
2019 and received vancomycin therapy. Around 370e390
patients were admitted to the 10-bed NICU annually. All
neonates received an empirical vancomycin regimen based
on the Practical Neonatology Medical Manual, published by
the National Taiwan University College of Medicine11 (Table
1). Patients were excluded if a different empirical neonatal
vancomycin regimen was used, trough concentration was
determined prior to the third dose or 1 h before the next
dose, or there was renal insufficiency (urine output <1 mL/
kg/h). This study was approved by the Institutional Review
Board of Cathay General Hospital (CGH-P110059).

2.2. Data collection
Medical records were reviewed retrospectively for the
perinatal characteristics, vancomycin dosing regimen,
trough levels, culture reports and diagnoses. Baseline
2
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Table 1

Summary of empirical neonatal vancomycin regimens in reference books.

References

Postmenstrual
age (weeks)

British National Formulary for Children 20146

<29
29e35
>35
29

NeoFax 20117

Postnatal
age (days)

0e14
>14
0e14
>14
0e7
>7
ALL
7

30e36
37e44
45
Nelson’s Textbook of Pediatrics 202010

>7

7

Practical Neonatology Medical Manual 201411,a

>7

a

Weight (g)

Dose
(mg/kg/dose)

Interval (h)

15

24
12
8
18
12
12
8
12
8
6
24
12e18
12
24
8e12
8
24
12
12
12
8
8

10 (bacteremia)
15 (meningitis)

<1200
1200e2000
>2000
<1200
1200e2000
>2000
<1200
1200e2000
>2000
<1200
1200e2000
>2000

15
7.5e11.3
15
15
5e7.5
15
15

Regimen evaluated in this study.

vancomycin clearance using the neonatal PK model by
Capparelli: Clvanco (L/h) Z Wt  (0.028/sCr þ 0.000127 
AGE þ 0.0123  GA28) þ 0.006 (where Clvanco is vancomycin
clearance, Wt is weight in kg, sCr is serum creatinine (mg/
dL), AGE is PNA (days) if sCr < 0.7 mg/dL and AGE Z 0 if sCr
 0.7 mg/dL, GA28 Z 1 if GA >28 weeks and 0 if GA 28
weeks).15 Predicted AUC24 was calculated as the daily dose
divided by clearance. Secondary outcome measurements
included the correlation between trough concentration and
predicted AUC24 and the ability of trough level in predicting
a negative blood culture within 72 h.

serum creatinine before starting vancomycin was also
recorded. The vancomycin trough concentrations of all
neonates were analyzed by the particle-enhanced turbidimetric inhibition immunoassay method using a UniCel DxC
800 Synchron Clinical System (Beckman Coulter, Brea, CA,
USA). A steady-state vancomycin trough concentration was
measured within 1 h before the fourth dose. If the patient
received more than one course of vancomycin treatment,
only the trough concentration during the first course was
included. We used VITEK 2 (bioMérieux, Marcy l’Etoile,
France) for identification of bacterial isolates and antibiotic susceptibility testing. The volume of blood collection
for culture is 1e3 mL according to the laboratory standard.
Our faculty would conduct a follow-up blood culture soon
after knowing the first culture result was positive. It was
usually informed by the laboratory within 72 h after
sampling.

2.4. Statistical analysis
Numerical data were presented as median and interquartile
range (IQR) due to skewed distribution by ShapiroeWilk
test. Range and percentage were also used in descriptive
statistics. The relationship between trough concentration
and predicted AUC24 was analyzed using Spearman’s rank
correlation. The receiver operator characteristic (ROC)
curve was used to examine the ability of trough level in
predicting a negative blood culture within 72 h.
KruskaleWallis with post hoc Dunn test was performed to
compare differences in demographic characteristics between patients with trough levels of 10e20 mcg/mL, <10
mcg/mL and >20 mcg/mL. Further sub-group comparisons
based on dose categories were analyzed by using
ManneWhitney U test. A comparison of dichotomous data
was done by Fisher’s exact test. Data were analyzed using
the SPSS statistical software package (version 22.0; SPSS,

2.3. Pharmacokinetic and clinical outcomes
The target vancomycin trough concentration was 10e20
mcg/mL. Our primary outcome was patients achieving
trough concentrations between 10 and 20 mcg/mL by using
the neonatal empirical dosing regimen. Trough concentrations <10 or >20 mcg/mL were considered inadequate.
Because only trough concentration was monitored during
clinical care at our institution, vancomycin clearance could
not be calculated directly via linear PK equations.
Furthermore, the wide range of distribution volume in neonates (0.49e0.736 L/kg)5 makes extrapolation of peak
level difficult. Thus, we estimated each patient’s
3
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Table 2

blood cultures, CONS was the most commonly identified
pathogen (61%, 14/23), which was resistant to oxacillin but
sensitive to vancomycin in all cases. In addition, MRSA was
found in 30% (7/23) of patients with bacteremia. There
were 2 patients with positive blood cultures of Klebsiella
pneumoniae (9%, 2/23). The vancomycin MIC of MRSA isolates was 1 mcg/mL in all cases.
The median vancomycin trough concentration was 14.93
mcg/mL (range 5.84e31.28 mcg/mL). Calculated median
vancomycin clearance was 0.07 L/h/kg (range 0.03e0.15 L/
h/kg). Predicted median AUC24 was 546 mg,h/L (range
192e979 mg,h/L).
A moderately positive correlation between vancomycin
trough concentration and predicted AUC24 was found in all
patients (Spearman’s rho Z 0.676, p < 0.001). At a trough
level >10 mcg/mL, 91% (30/33) predicted AUC24 >400 was
achieved. However, inter-individual variabilities existed,
and predicted AUC24 >400 was also achieved in about half
of the patients (54%, 7/13) with a trough level <10 mcg/mL.
The area under the ROC curve of vancomycin trough
concentration was 63.5% (95% CI Z 32.4e94.5%,
p Z 0.428). As a result, the diagnostic performance of
vancomycin trough concentration in predicting a negative
blood culture within 72 h for CONS or MRSA bacteremia did
not reach statistical significance. The threshold trough
concentration was 14.28 mcg/mL (sensitivity Z 61.5%,
specificity Z 75%); this value had the highest positive
likelihood ratio of 2.46 and lowest negative likelihood ratio
of 0.51.
Of the 46 patients, a goal trough level of 10e20 mcg/mL
was achieved in 22 (48%). Trough levels of 5e10 or >20
mcg/mL were found in 13 (28%) and 11 (24%) patients,
respectively. A trough concentration <5 mcg/mL was not
found in any patient. The median trough concentrations
(IQR) of patients within different trough ranges were as
follows: (1) trough 5e10 mcg/mL: 8.07 mcg/mL (7.12e9.16
mcg/mL); (2) trough 10e20 mcg/mL: 15.87 mcg/mL
(11.57e17.72 mcg/mL); and (3) trough >20 mcg/mL: 22.72
mcg/mL (22.13e23.98 mcg/mL).
Differences in patient characteristics between those
who achieved goal vancomycin trough level and those who
did not are shown in Table 3. Only daily dose was found to
be significantly lower in patients with trough concentrations <10 mcg/mL. Age, body weight, and sCr did not differ
between patients with different trough ranges.

Demographic characteristics (n Z 46).

Characteristics

Median (range)

Gestational age at
birth (weeks)
Postnatal age at vancomycin
start (days)
Postmenstrual age at
vancomycin start (weeks)
Birth body weight (g)
Body weight at vancomycin start (g)
Baseline serum creatinine (mg/dL)
Vancomycin dose (mg/kg/day)
Vancomycin treatment
duration (days)

32 (24e40)
13.5 (2e26)
34 (25e43)
1499.5 (611e3620)
1512.5 (613e3650)
0.53 (0.2e1.06)
43.3 (14.3e47.6)
7 (3e14)

Chicago, IL, USA). Statistical significance was defined as a
p-value < 0.05.

3. Results
A total of 63 neonates with available vancomycin trough
concentrations during NICU admission were enrolled. Of
these, 14 neonates were excluded because they received a
different empirical vancomycin regimen, 2 due to wrong
timing of trough level examination, and 1 due to renal
insufficiency. Finally, 46 neonates were available for analysis. Among them, 7 patients received more than one vancomycin treatment course, but only the trough level drawn
during the first course was included for evaluation. Among
the group, 27 (59%) were male. The median gestational age
(GA) was 32 weeks (range 24e40 weeks), with a majority
being premature (89%, 41/46). Vancomycin was started at a
PNA of 2e26 days. Body weight at the start of vancomycin
treatment was <1200 g for 12 patients (26.1%), 1200e2000 g
for 20 patients (43.5%), and >2000 g for 14 patients (30.4%).
Patient characteristics are listed in Table 2.
The most common indications for empirical vancomycin
were bacteremia (50%, 23/46) and clinical sepsis (39%, 18/
46); for the other 5 patients the indications were necrotizing enterocolitis, omphalitis, pneumonia, candidemia,
and urinary tract infection. Among patients with positive

Table 3

Differences in patient characteristics.

Characteristics

Daily dose (mg/kg/day)
Gestational age (weeks)
Postnatal age (days)
Postmenstrual age (weeks)
Birth body weight (g)
Body weight (g)
Serum creatinine (mg/dL)

Trough (mcg/mL), median (IQR)

p-value

<10 (n Z 13)

10e20 (n Z 22)

>20 (n Z 11)

29.4 (15.8e30.1)
31 (26.5e36)
6 (4e18.5)
33 (28e37.5)
1102 (870e2497)
1150 (856e2690)
0.49 (0.41e0.98)

43.4 (42e44.6)
33 (30e35)
14 (10e21.3)
35 (33e36.3)
1623 (1215.8e2002.5)
1626 (1305e2089.5)
0.49 (0.43e0.64)

44.1 (43.9e45.5)
31 (30e34)
14 (12e15)
33 (32e36)
1645 (1363e1740)
1660 (1361e1960)
0.6 (0.53e0.74)

<0.001a
0.541
0.248
0.352
0.26
0.183
0.33

a
Trough <10 vs. 10e20 mcg/mL (p Z 0.005); trough <10 vs. >20 mcg/mL (p < 0.001); trough 10e20 vs. >20 mcg/mL (p Z 0.588)
(KruskaleWallis with post hoc Dunn test).
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Table 4

Vancomycin trough levels and sCr in neonates with different body weight and age.
<1200 g

Body weight

>7

>2000g

1200e2000 g

Age (days)

0e7

0e7

Trough (mcg/mL)
<10
10e20
>20

Number of patients (median sCr, mg/dL)
4 (1)
4 (0.45*)
1 (0.68)
0
4 (0.6*)
0
0
0
0

>7

0e7

>7

0
9 (0.45*)
10 (0.61*)

2 (0.51)
0
0

2 (0.31)
9 (0.47)
1 (0.28)

*p < 0.05, ManneWhitney U test.

Our analysis could not reveal whether age or body
weight had a determining impact on achieving vancomycin
goal trough concentrations, since these two factors did not
show significant differences among patients with goal
trough levels of 10e20 mcg/mL and those with levels of
<10 or >20 mcg/mL. We found that most patients with
trough levels of <10 mcg/mL had body weight <1200 g,
especially at PNA 7 days. More preterm neonates at lower
PNA have higher total body water, which would result in
lower plasma levels of hydrophilic drugs such as vancomycin by weight-based dosing.18 Caution should also be taken
because at lower PNA renal function is immature, which
could decrease the clearance of drugs eliminated by kidney, such as vancomycin.19 A decline in sCr with increasing
PNA reflects an improved glomerular filtration rate and is
consistent with the improvement in vancomycin elimination.20,21 A high degree of variation in renal maturation of
preterm neonates makes drug level monitoring and
adjustment according to serum concentrations inevitable.
Among patients with body weight of 1200e2000 g and
PNA >7 days, sCr was found to be higher in those with
trough level >20 mcg/mL than those with 10e20 mcg/mL
(0.61 mg/dL vs. 0.45 mg/dL, p Z 0.01). Although sCr was
used as an indicator of renal function, the median sCr of
0.61 mg/dL was still within the reference range for neonates.22 Additionally, vancomycin clearance has been reported to be lower regardless of GA in patients with
elevated sCr >0.7 mg/dL.15 Thus, the causal relationship
between vancomycin trough level and sCr remained unclear. Moreover, we found that neonates treated with
ibuprofen for PDA before vancomycin administration had
higher trough levels. We suspect that ibuprofen induced
vasoconstriction of the renal afferent arteriole, resulting in
decreased GFR. Vieux et al. found that ibuprofen was
nephrotoxic in preterm infants and renal drug clearance
may remain decreased for the first month of life.23
Although vancomycin monitoring guidelines recommend
an AUC24/MIC target of 400e600 for neonates with MRSA
infection based on adult data,13 the clinical correlation of
AUC24/MIC in neonates remains unclear. Population PK/PD
modeling with Bayesian estimation was utilized in one
study, and an AUC24 of 240e480 (assuming MIC Z 1 mcg/
mL) was proposed as an exposure target for neonates after
balancing nephrotoxicity and efficacy for staphylococcal
sepsis, but not specifically for MRSA infection.24 A higher
fraction of unbound vancomycin in neonates (median 0.9)
may suggest a lower AUC24/MIC target as compared to
adults, with a median unbound fraction of 0.6.25 There are
no data on the optimal PK/PD target for CONS, which is the
most common pathogen in neonatal late-onset sepsis.

Based on the empirical neonatal vancomycin regimen,
patients were divided into six dose categories according to
body weight and PNA. Table 4 shows the number of patients
with goal trough level achieved or not in each dose group.
Vancomycin trough concentrations <10 mcg/mL were more
commonly found in patients with body weight <1200 g
(62%, 8/13). Ten of the 11 patients (91%) with a trough level
>20 mcg/mL had a body weight of 1200e2000 g and PNA >7
days and received vancomycin at 15 mg/kg/dose q8h.
Comparisons among patients with body weight <1200 g and
PNA >7 days showed significantly lower sCr in those with a
trough level <10 mcg/mL than those with a goal trough
level (0.45 vs. 0.6 mg/dL, p Z 0.029). In addition, for patients with body weight 1200e2000 g and PNA >7 days, sCr
in those with a trough level >20 mcg/mL was significantly
higher than those with a goal trough level (0.61 vs.
0.45 mg/dL, p Z 0.01).
Among the 11 patients with vancomycin trough level >20
mcg/mL, 5 (45%, 5/11) received ibuprofen treatment to
close patent ductus arteriosus (PDA) prior to vancomycin
treatment, compared to only 3 who received ibuprofen
treatment among those with a trough level <20 mcg/mL
(9%, 3/35) (p Z 0.013). The 5 patients with a trough level
>20 mcg/mL treated with ibuprofen were all in the dose
group with body weight 1200e2000 g and PNA >7 days,
given vancomycin at 15 mg/kg/dose q8h.

4. Discussion
Previous studies targeting vancomycin trough concentration
of 10e20 mcg/mL in neonates showed a low target
achievement rate (25e34%) by empirical dosing regimens,
and most patients had suboptimal trough concentrations
<10 mcg/mL (59e72%).9,16,17 The six dose categories in our
regimen were based on the same weight and PNA ranges as
those of Schleiss.10 To target trough concentrations between 10 and 20 mcg/mL, we increased the weight-based
daily dose (mg/kg/day) in three of the six dose categories, with all patients administered the 15 mg/kg/dose.
Compared to a similar empirical neonatal vancomycin
regimen used in a study by Dersch-Mills et al.,17 our results
show a higher percentage of patients with goal trough
levels of 10e20 mcg/mL (48 vs. 34%), with a reduced suboptimal trough level of <10 mcg/mL (28 vs. 64.5%). However, our regimen had more patients with higher trough
levels >20 mcg/mL (24 vs. 1.3%). While minimizing suboptimal treatment, our empirical dosing regimen may result in
some patients having slightly elevated initial trough
concentrations.
5
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influencing vancomycin PK parameters, variations in published vancomycin dosing regimens exist, making therapeutic drug monitoring in neonates important to avoid
bacterial resistance and drug toxicity. Each institution
should validate its empirical regimen and modify it to meet
therapeutic needs and minimize toxicity risks.

Controversy remains regarding empirical vancomycin therapy for infants with CONS bacteremia, since no mortality
difference was reported as compared to delayed therapy.26
However, a survival benefit was reported for early empiric
antibiotic treatment of infants with MRSA bacteremia.27
Targeting an AUC24/MIC >400 to empirically cover MRSA in
the early course of therapy seems to be clinically relevant,
because there was a 30% prevalence of MRSA bacteremia in
our NICU. As a lower AUC24/MIC target for CONS infections
was proposed by Pham,28 targeting an AUC24/MIC >400 for
MRSA would also serve for CONS infection.29
To estimate AUC24 by linear PK equations, both peak and
trough concentrations are required. For Bayesian AUC
estimation, it is also preferred to use both concentrations.13 When considering the risks involved in frequent
blood draws, it is difficult to abandon trough-only vancomycin monitoring in neonates. According to the literature
on adults, a vancomycin trough level of 15e20 mcg/mL was
recommended to attain AUC24/MIC >400.12 Nevertheless, in
a small study of eight neonates with measurement of peak
and trough concentrations, Bayesian estimation found that
AUC24 >400 was achieved at a mean trough level of
7.8  0.8 mcg/mL for all patients.30 A study by Frymoyer
et al. that enrolled 249 neonates evaluated the association
between AUC24 and trough concentrations.14 They found
that a trough concentration of 7e11 mcg/mL was predictive
of AUC24/MIC >400 in >90% of neonates by Monte Carlo
simulations.14 A similar result of a trough concentration of
8e8.9 mcg/mL being predictive of AUC24/MIC >400 was
also found in an Asian neonatal population in Singapore.31
Our ROC analysis showed the negative likelihood ratio was
>0.5 for predicting a negative blood culture within 72 h,
indicating that more than 50% of patients’ blood cultures
turned negative even with a trough concentration lower
than the threshold level of 14.28 mcg/mL. Although interindividual variations existed, for 91% of our patients, predicted AUC24 >400 was achieved at a trough level >10 mcg/
mL. Therefore, we speculated that vancomycin trough
concentrations >15 mcg/mL were not always necessary,
especially if the MIC was 1 mcg/mL.
Our study has several limitations. First, using a negative
blood culture within 72 h after vancomycin treatment
instead of clinical cure as the outcome measurement would
be confounded by false negative culture results, especially
with the small blood volume drawn in neonates. Second,
due to the retrospective chart review design, we could not
measure both peak and trough vancomycin concentrations
to obtain PK parameter data such as clearance and AUC24.
Thus, the patient’s AUC24 was calculated as daily dose
divided by clearance predicted from a previously published
neonatal PK model.15,16 Third, we did not evaluate vancomycin toxicities, and further studies with predefined
nephrotoxicity and ototoxicity in neonates are needed to
clarify clinical risks associated with the empirical neonatal
vancomycin regimen. Finally, although the studied population spanned all six dose categories of our empirical
dosing regimen, the sample size was small and not sufficiently powered to determine differences in patient characteristics in terms of goal trough level achievement within
each dose category.
In conclusion, because of the complexity in neonatal
pharmacology and the interrelated nature of covariates
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