

http://www.google.co.za/url?url=http://en.wikipedia.org/wiki/File:UWC_logo.jpg&rct=j&frm=1&q=&esrc=s&sa=U&ei=V0v8U5GBJYTA7AbQ9YHwBA&ved=0CBUQ9QEwAA&usg=AFQjCNFXVlDDZahRJJov6baBlEwP79X4Vw


























































































































































































http://www.random.org/sequences/

















































Chapter 4: Results

There was no correlation between any of the parameters assessed and AV trough level 1.

Though it was found that there is a strong positive correlation between SV trough level 1 and GA
(r=0.89; p=0.0013), BBW (r=0.71; p=0.031), and PMA (r=0.903; p=0.0008), a negative correlation
was found between SV trough level 1 and PNA (r=-0.73; p=0.021). No correlation was found between

the body weight and height at trial entry (r=0.017; p=0.961 and r=0.39; p=0.291) respectively.

No correlation was found between SV trough level 1 and the following biological parameters albumin

(r=-0.37; p=0.41) serum creatinine (r=0.43; p=0.291) and GFR (r=-0.63; p=0.257).

Figure 4.3: Scatter plots comparing trough level 1 and gestational age (GA) of both study groups.
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When SV is considered (the red dots), it is clear that there is a good positive trend. For this reason, a

significant correlation(r=0.89; p=0.0002) is found between GA and trough level 1 for the SV group. In
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the AV group, two observations have much higher values for trough level 1 than the rest (see

encircled blue dots). These two values ensure that the correlation between these two variables are

not significant (r=0.01; p=0.971)for the AV group.
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Figure 4.4: Scatter plots comparing trough level 1 and birth weight (BW) of both study groups.
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The values of AV are scattered, thus no good correlation (r=-0.28; p=0.432) is found for this group
between the birth weight and trough level 1.

There is a positive correlation (r=0.711; p0.031) between birth weight and trough level 1 in the SV
group.
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Figure 4.5: Scatter plots comparing trough level 1 and PNA of both study groups
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The values of AV are scattered, no clear trend is visible, thus no significant correlation(r=0.19;
p=0.594) is found for this group between PNA and trough level 1. It is clear that there is a negative

correlation (r=0.73; p=0.026) between these two variables for SV.
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Figure 4.6: Scatter plots comparing trough level 1 and PMA of both study groups.
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The presence of the two outlyers in the AV group is the reason that there was no correlation found

between the PMA and trough level 1.

A strong positive correlation (r=0.90; p=0008) was found between the PMA and trough level 1 in the

SV group.
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4.4 Therapeutic ranges of trough level 1 in both study groups

Table 4.7: Distribution of premature infants with regards to trough level 1 being below minimum therapeutic

serum concentration (<5 ug/ml I), within serum therapeutic range (5-10 pg/ml) and above minimum toxic serum

concentrations (>10mg/l) in both study groups

<5 ug/ml 5-10 pg/ml >10 pg/ml Total
Aspen 0 3 7 10
Vancomycin® 0% 30% 70%
(AV)
Sandoz 2 4 3 9
Vancomycin CP® | 22.22% 44.44% 33.33%
(SV)
Total 2 fl 10

Table 4.7 above describes the number (top) and percentage (bottom) of premature infants whose

trough level 1 were below minimum effective concentration (<5 ug/ml), within therapeutic range (5-10

ug/ml) and above minimum toxic serum concentration (>10 pg/ml) in both study groups.
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Figure 4.7: Distribution of premature infants that had a trough level 1 below the minimum effective

concentration (<5 pg/ml) for each study group

Distribution of premature infants that had a trough level 1 below the minimum
therapeutic concentration (<5 pg/ml) for each study group (n=2).

(Solid blue line with circles=AV and dotted green line with squares = SV)

Time (days)

Figure 4.7 describes those premature infants with trough level 1s that were below the minimum

therapeutic serum concentration. The two squares indicate that both the premature infants received

SV. No additional trough levels were taken for these two premature infants as per the physician’s

discretion. Therapy was discontinued after trough level 1 in both premature infants.
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Figure 4.8: Distribution of premature infants that had a trough level 1 within therapeutic range (5-10 ug/ml) for

each study group

Distribution of premature infants that had a trough level 1 within the therapeutic range
(5-10 pg/ml) for each study group (n=7).

(Solid blue line with circles=AV and dotted green line with squares = SV)
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Figure 4.8 describe those premature infants that had a trough level 1 within therapeutic range and the

placement of trough level 2 and 3 respectively.

The dotted green line and squares indicate those premature infants that received SV and the solid

blue line with the circles indicates those infants that received AV.

For the study population it was found that all seven premature infants (4 received SV and 3 received
AV) had though level 1 within therapeutic range also had the second trough level within therapeutic
range. Four out of the seven (57%) premature infants (3 SV and 1 AV) had the third trough level

within therapeutic range. Two of the seven (29%) premature infants (1 SV and 1 AV) had the third
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trough level above the minimum toxic concentration and one premature infant (SV) (14%) had the

third trough level below the minimum effective concentration.
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Figure 4.9: Distribution of premature infants that had a trough level 1 above the minimum toxic serum

concentration (>10 ug/ml) n=10.

Distribution of premature infants that had a trough level 1 above minimum toxic serum
concentration (>10 ug/ml) for each study group (n=10).

(Solid blue line with circles=AV; Dotted green line with squares = SV)
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Figure 4.9 describes premature infants that had a trough level 1 above the minimum toxic serum

concentration (>10ug/ml) and the results of trough level 2 and 3 respectively.

It was found that ten out if 19 (52%) premature infants had trough level 1 above the minimum toxic

serum concentration. Seven (36%) premature infants received AV and three (15%) received SV.

Out of the seven premature infants that received AV, five had a second trough level taken. Therapy
was discontinued as per the physician’s discretion in two of those seven premature infants before a

second trough level could have been taken. Out of the five premature infants that had a second
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trough level taken, two had a second trough level within therapeutic range and three had the second
trough level above the minimum toxic serum concentration. Out of the seven premature infants that
received AV, only two had a third trough level taken and it was also above the minimum toxic
concentration. Both those premature infants had all three trough levels above the minimum toxic

serum concentration.

The three premature infants that received SV had a second trough level taken. Two premature
infants’ second trough level was above the minimum toxic concentration and one was within
therapeutic range. Both those premature infants had a third trough level within therapeutic range.
Therapy was discontinued as per the physician’s discretion in one premature infant after the second

trough level was taken.

63



Chapter 4: Results

4.5 Treatment outcomes of the both study groups

Table 4.8: Treatment outcomes of Aspen-Vancomycin® premature infants

Corrected | Body
Premature GA at weight at Reason for Treatment
infant LOS discharge | discharge | Blood vancomycin | duration PCT (NV:0-
study no. (days) | (weeks) (9) culture treatment (doses) CRP (NV:<5) 0.05ng/ml)
Day | Day | Day | Day | Day | Day | Day
1 2 3 4 1 2 3
Presumed
line related
1 26 36 2390 Negative | sepsis 6 3 <1 <1 0.2 0.35
Presumed
line related
2 27 36 3100 Negative | sepsis 3 3 <1 0.17
3 31 35 2110 Negative | Sepsis, ileus | 6 <2 0.45 | 0.24
6 167 54 4040 Negative | NEC 9 35 31 29
Abdominal
7 61 37 1900 Negative | mischief 7 2 2 0.3 0.43
Abdominal
11 42 39 2055 Negative | mischief 7 <2 <2
Abdominal
12 42 39 1835 Negative | mischief 7 <2 0.16
Presumed
line related
15 24 36 2030 Negative | sepsis 7 4 3
Presumed
line related
9 55 36 2145 Negative | sepsis 6 7 0.33 0.29
17
Abdominal
37 37 2155 Negative | mischief 6 8 <5 3
Median 39.5 36.5 2127.5
Range (26-167) | (36-54) (1835-
4040)

Key: LOS=Length of stay; GA= Gestational age; NEC= nectrotising enterocolitis CRP=C-reactive protein;

PCT=Procalcitonin; NV=normal value
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Table 4.8 describes the LOS, corrected GA at discharge and the premature infant’'s weight at
discharge for study group AV. It also describes blood culture, the reason for treatment, duration of
treatment, the CRP (Dayl1-4) and PCT values (Dayl-3). It was found that four (40%) infants were
treated for presumed line related sepsis, four (40%) were treated for abdominal mischief, one (10%)

was treated for NEC and one (10%) was treated for sepsis associated with ileus.

The median (range) length of stay (LOS) was 39.5 (26-167) days, corrected gestational age and the

body weight at discharge for AV was 36.5 (36-54) weeks and 2127.5 (1835-4040) g respectively.
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Table 4.9 Treatment outcomes of Sandoz-Vancocin CP® premature infants

Premature | LOS Corrected Body Blood Reason  for | Treatment | CRP (NV:<5) PCT  (NV:0-
infant (days) | GA at | weight at | culture vancomycin duration 0.05ng/ml)
study no. discharge discharge treatment (doses)
(weeks) (9)
Day 1 Day Day Day Day 1 | Day Day
2 3 4 2 3
4 13 36 1930 Negative Presumed IV | 8 14 0.41
line sepsis
5 77 40 2000 Negative Sepsis and | 9 107 82 30
abdominal
distention
8 75 38 1825 Negative Abdominal 10 <1 <1 0.14 0.16
mischief
10 82 37 1822 Negative Abdominal 9 7 2 0.16
mischief
13 70 36 1925 Negative Abdominal 5 <2 0.17
mischief
14 37 38 1820 Negative Presumed IV | 9 44 10 8 0.53 0.26 | 0.16
line sepsis
16 39 35 2000 Negative Abdominal 7 4 9 6 0.34 0.15
mischief
18 122 41 2495 Negative Pneumonia 5 <2 0.1
19 35 36 2120 Negative Abdominal 10 23 37 15 2.8
mischief
Median 70 37 1930
Range 13-122 35-41 1820-2495

Key: LOS=Length of stay; GA= Gestational age; CRP=C-reactive protein; PCT=Procalcitonin; NV=normal value
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Table 4.9 describes the LOS, corrected GA at discharge and the premature infant’'s weight at
discharge for study group SV. It also describes blood culture, the reason for treatment, duration of

treatment, the CRP (Dayl-4) and PCT values (Day1-3).

It was found that two (22%) infants were treated for presumed line related sepsis, five (55%) were
treated for abdominal mischief, one (11%) was treated for pneumonia and one (11%) was treated for

sepsis and abdominal distension.

The median (range) LOS is 70 (13-122) days; corrected gestational age and body weight at discharge

for SV were 37 (35-41) weeks and 1930 (1820-2495) g respectively.
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Chapter 5 Discussion

The aim of this prospective, double blind and randomised study is to compare the
trough plasma levels (Cnin) of two vancomycin preparations available in South Africa
(Aspen-Vancomycin and Sandoz-Vancocin) in a selected premature infant population
presenting with suspected MRSA infection. Similarities between patients’ demographic

and pathophysiological profiles have been confirmed.

5.1 Patient demographics

The sample size (n=19) and demographic parameters of premature infants involved in
this study are similar to that of premature infants included in previous studies. The
studies conducted by Reed et al, McDougal et al, De Hoog et al and Asbury et al

involved 15, 15, 22 and 19 premature infants respectively.

In this study the median (range) GA was 32 (28-33) weeks in the AV group and 29 (23-
34) weeks in the SV group. This is similar to the GA of premature infants in previous
studies, (Reed et al 28.4 + 2.6 weeks, McDougal et al 29.4 + 2 and De Hoog et al 29

(25-42) and Ashbury et al 29.3 £ 4.2 weeks).
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The median (range) PNA of the premature infants in the AV group was 8 (3-18) days
and in the SV group was 30 (3-58) days. This is similar that was found in previous
studies where the PNA was 20.5 + 10.4 in Reed et al , 23 + 14 in McDougal et al, 11 (7-

21) in De Hoog et al, and 33.9 + 19.9 days in Asbury et al.

The median (range) PMA in this study was 33 (30-34.6) and 32 (31-34.7) weeks for AV
and SV respectively. This is similar to premature infants involved in previous studies

(Asbury et al, 1993; McDougal et al, 1995).

The weight at trial entry for the premature infants in the AV and SV group was 1537
(1080-2615) g and 1165 (925-1855) g respectively and is similar to that of premature
infants included inprevious studies done by Reed et al. (1069 + 435g), McDougal et al

(1194 + 4129), De Hoog et al (1160 (730-3420g) and Ashbury et al (1780 + 1080g).

The recommended dose for premature infants with a PMA of 29-34 weeks is 15mg/kg
twelve hourly (Horn et al, 2007; Gibbon et al 2005). Dosing schedules in the literature
do however differ - De Hoog et al (10mg/kg Q8h), Reed et al (12.6mg twenty four

hourly) and McDougal et al (18mg/kg eighteen hourly).

As indicated in table 4.3 there was no significant statistical difference between GA,
BBW, PMA, PNA and weight at trial entry in the premature infants enrolled in the AV

group when compared with those of the SV group.

69



Chapter 5: Discussion

5.2 Patient biological parameters

As indicated in table 4.4 there was no significant statistical difference between serum
creatinine concentration, GFR and albumin, of the premature infants enrolled in AV

group and those of the SV group.

The median (range) serum creatinine for the premature infants in the AV group was
50.5 (35-74)mmol/l and 51 (26-61)mmol/l for those in the SV group. This serum
creatinine concentration is similar to that found in premature infants by Grimsley &
Thomson (1999) where the median serum creatinine concentration was 49 (18-172)

mmol/l.

Albumin levels were measured for eighty four percent of all study premature infants.
Although no statistically significant difference (p=0.696) could be found between the AV
(n=10) and SV (n=7) group, there was a trend towards a lower albumin level in the SV
group (see figure 4.1). Vancomycin is 50-55% albumin bound and it was found that with
an increase in serum albumin levels, the lower the vancomycin serum trough levels,

(Sun et al,1993, Jackson et al, 1999)
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5.3. Comparison of trough levels assessed as per study group

There was no significant statistical difference (p=0.118) between trough level 1 in the

AV and SV groups.

Trough levels 2 and 3 were collected, but were not statistically assessed due to failure
to study protocol. The levels were not collected strictly sixty min before the sixth and
ninth dose but at the physician’s discretion. Vancomycin dosing schedules were
amended by the attending physician due to the previous trough level being considered
inappropriate. The following dose was omitted therefore the next trough level being not

in line with study protocol.

The median vancomycin serum trough level 1 was 11.5 (8-19)ug/ml and 10 (1-14)ug/mi
for AV and SV respectively. This correlates with what was found by De Hoog et al (8.2 +

2.2ug/ml with a dose of 15mg/kg twelve hourly). McDougal et al found serum trough

levels of 3.9 £ 0.6ug/ml with a dose of 18mg/kg eighteen hourly.
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5.4 Correlations between clinical parameters and trough level 1 in each

study groups

No correlation between any clinical parameters, (demographic or biological) was found
in the AV group. A strong positive correlation was observed between trough level 1 and
the GA (r=0.89; p=0.0013), BBW (r=0.71; p=0.031), PMA (r=0.903; p=0.0008) and a
strong negative correlation was observed between trough level 1 and PNA (r=-0.73;

p=0.026) in the SV group.

A possible reason for this non-correlation between trough level 1 and biological and
demographic parameters in the AV group may be the two outlying trough levels when
compared to these parameters in two study premature infants, as indicated in figures

4.3-4.6.

Vancomycin trough levels are dependent on demographic factors (GA, BBW, PMA,
PNA), biological parameters (S-Cr, Alb, GFR) as well as pharmacokinetic parameters
(protein binding, Vd, clearance) (De Hoog et al, 2004). This study has shown that the
first two sets of parameters were not of definitive value in determining trough levels.
Therefore the possible effect of pharmacokinetic parameters on the vancomycin serum

trough levels was assessed.

In literature the protein binding, vancomycin clearance and volume of distribution have
an effect on vancomycin serum trough concentration (De Hoog et al, 2004; Bauer et al,

2008; Pacifici & Allegaert, 2012)

72



Chapter 5: Discussion

5.4.1 Protein binding

Vancomycin is bound to albumin 50-55% (Sun et al, 1993; Rybak et al, 2009) and to
serum immunoglobulin A (s-lgA). The total fraction (bound and unbound) of
vancomycin is measured in the serum, although only the free fraction is dependent on

drug clearance (Sun et al, 1993).

Albumin levels were assessed in this study, but no significant statistical difference was
observed between the AV and SV group (p=0.686). However, as shown in figure 4.1
there is as expected, a decreasing vancomycin trough level with an increasing albumin
level. Despite the non-significance of the difference between SV and AV there seems to
be a trend towards a lower vancomycin level in the SV group as compared to AV for a
similar albumin level. The binding effect of vancomycin to other plasma proteins such as

s-IgA was not investigated in this study.

5.4.2 Vancomycin clearance

Vancomycin is 80-90% eliminated by the kidneys via glomerular filtration (Rocha et al,
2006). Renal function and glomerular filtration increases linearly with PMA, due to
maturation of kidney functions (Rocha et al, 2006; McDougal et al, 1995) and this result
in an increase in vancomycin clearance (Grimsley & Thompson, 1999) with lower
vancomycin serum trough levels as a result. Vancomycin clearance increased with
PMA and was associated with a greater elimination rate constant and a shorter half life

(McDougal et al, 1995).
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Grimsley & Thompson (1999) also found that vancomycin clearance has a positive

linear correlation with weight and PMA and an inverse relation to the serum creatinine.

This study found a positive linear correlation (r=0.89; p=0.0013) between trough level 1
and GA in the SV group. This would clinically imply an increase in renal function

maturation and therefore a lower trough level 1.

A negative linear correlation was found (r=-0.73; p=0.026) between trough level 1 and
PNA in the SV group. Thus with an increase in PNA, trough level 1 decreases. This
finding can be due to the increase in renal function maturation and therefore an
increase in vancomycin clearance as PNA increases, therefore a lower trough level 1.

This finding correlates with what was found in literature (Pacifici & Allegaert, 2012).

No correlation was found between trough level 1 and either serum creatinine
concentration or GFR in the current study. Literature has shown that vancomycin

clearance is inversely related to serum creatinine level by Grimsley & Thompson (1999)

5.4.3 Volume of distribution

Due to vancomycin’s hydrophilic properties it distributes into total body water and
extracellular fluid (Ulldemolins et al, 2011). Premature infants have large extracellular
fluid volume (80%) thus a large volume of distribution (Marques-Minana et al, 2010; De
Hoog et al, 2004) resulting in lower than expected serum trough levels. McDougal et al
found a positive linear correlation between the absolute Vd and the PCA (r=0.79;

p<0.001), but no difference when Vd was standardized for weight. No correlation with
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weight at trial entry was found (r=0.09; p=0.59). This finding was supported by Grimsley
& Thompson (1999) who also found that PMA and weight influenced the Vd with the

weight having a more significant effect on the Vd than PMA.
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5.5 Therapeutic ranges of trough level 1

In AV group (n=10) no trough level 1 was below the minimum therapeutic serum
concentration, three (30%) were within therapeutic range and seven (70%) were above

the minimum toxic serum concentration.

In SV group (n=9), two (22.2%) premature infants had trough level 1 below the minimum
therapeutic serum concentration, four (44.4%) were within therapeutic range and three

(33.3%) were above the minimum toxic serum concentration.

5.5.1 Distribution of premature infants with a trough level 1 below minimum

therapeutic serum concentration (<5ug/ml)

Premature infants that had trough level 1 below the minimum therapeutic serum
concentration were born at 26 and 23 weeks GA respectively. Their weight at trial entry
was 1165g and 1830g respectively. The PMA at trial entry was 31 and 31.5 weeks
respectively. The PNA was 35 and 58 days respectively. Both premature infants
received SV. No additional trough levels were taken for these premature infants and
therapy was stopped as per physician’s discretion and per clinical signs. A possible
explanation for this is the improved renal function due to the advanced PNA that may
have required an adjustment in the dosing schedule. In a retrospective study done by
De Hoog et al (2004), 17.6% of infants were found to have vancomycin serum trough

levels 1 below therapeutic levels, irrespective of dosing schedule used. The study
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offered no explanation for this finding. It can however only be assumed to be dosing

schedule related.
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5.5.2 Distribution of premature infants with a trough level 1 within

therapeutic range (5-10ug/ml)

The study will discuss these premature infants by means of two case studies.

5.5.2.1. Case study 1

Premature infant number 1 had a trough level 1(5ug/ml) within therapeutic range.
Trough level 2 (9ug/ml) stayed within therapeutic range, but trough level 3 (16ug/ml)
was measured above maximum therapeutic serum concentration (>10ug/ml). This male
43 days PNA premature infant was admitted into the study at PMA of 32.1 weeks and a
weight at trial entry of 980g. The infant was intra-uterine growth retarded (IUGR) at birth
and remained small for gestational age (SGA) at time of study entry. The infant received

SV.

A possible explanation for this phenomenon is the IUGR/ SGA (Fenton et al, 2003)
status of the infant. Renal function in SGA infants has been shown to be immature (Aly

et al, 2013) thereby increasing the vancomycin trough levels.
5.5.2.2. Case study 2

Premature infant number 2 had a trough level 1 (10ug/ml) that was on the border of the
therapeutic range and decreased to border-line sub-therapeutic at trough level 2
(5ug/ml) before becoming sub-therapeutic at trough level 3 (4ug/ml). The female
premature infant was admitted to the trial at a PNA of 18 days and a PMA of 33.5 weeks

and a trial entry weight of 1640g. The infant received SV.
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A possible explanation for this finding is the relative maturity of this premature infant.
She was on full feeds receiving additional protein and calorie supplementation which
may have altered the serum protein levels (Van den Akker et al, 2007), thereby
increasing the bound vancomycin level and decreasing the serum trough levels in time.
The infant was also approaching the 35 week of vancomycin dosing schedule change (8
hourly instead of 12 hourly) (Horn et al, 2007). Due to renal maturity, an increase in
renal clearance and therefore a decreased half-life may also have contributed to the

decrease of vancomycin trough levels over time (McDougal et al, 1995).
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5.5.3 Distribution of premature infants with a trough level 1 above the

minimum toxic serum concentration (>10ug/ml)

The study will discuss these premature infants by means of two case studies
5.5.3.1 Case study 3

This male premature infant received a vancomycin dose of 17mg twelve hourly. Trough
level 1 (12 pg/ml) was above the minimum serum toxic concentration, trough level 2 (9
ug/ml) and 3 (7 pg/ml) was within therapeutic range. This premature infant was
admitted to the study with a PNA of 3 days, GA of 33 weeks and his birth weight and
weight at trial entry was 1160g and 11509 respectively. This premature infant received

SV.

Furthermore the premature infant’s albumin level was 23 g/l at trial entry which can also
contribute to the high trough level 1 observed, because of more unbound vancomycin in

the serum (Sun et al, 1993, Jackson et al, 1999)

Due to the correlation found between trough level 1 and PNA in the SV group, one can
say that with a decrease in PNA there will be an increase in trough level 1. This finding
is attributed to the premature infant’s immature renal function associated with a small

PNA (De Hoog et al, 2004).
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5.5.3.2 Case Study 4

This premature infant received 16.2mg vancomycin twelve hourly and had a trough level
1 (19 pg/ml), trough level 2 (14 pg/ml) and 3 (16 pg/ml) above minimum toxic serum

concentration.

This male premature infant was admitted to the study with a PNA of 18 days, GA of 28
weeks, and PMA of 30.5 weeks. His body birth weight and weight at trial entry was 9409
and 1080g respectively. This premature infant received AV. The dose after trough level

1 was omitted by the attending physician in order to avoid serious toxicity.

Possible reasons for this phenomenon are that he had a serum albumin level of 19 g/l
on trial entry. This may attribute to the high serum trough level concentrations found due

to more unbound vancomycin (Sun et al, 1993, Jackson et al 1999).

This premature infant just made the twelve hourly, instead of twenty four hourly dosing
schedules (Horn et al, 2007) due to PMA of 30.5 weeks. This can also contribute to the

high trough level 1 concentrations in this premature infant.

Factors other than demographic (age, weight) and biological (s-Alb, S-creatinine
concentration, and renal sufficiency) parameters that may influence vancomycin serum

trough levels (discussed below) could not be excluded.
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5.5.4 Factors that can influence vancomycin serum trough levels

Factors that may contribute to vancomycin serum trough levels not being within the

therapeutic range are:

5.5.4.1 The timing of trough levels

5.5.4.2 The presence of impurities e.g. vancomycin crystalline degradation
product (CDP-1)

5.5.4.3 The dosing schedule of vancomycin in premature infants

5.5.4.4 Mode of vancomycin administration

5.5.4.1  The timing of trough levels

In this study, international sampling guidelines were followed by collecting the trough
level thirty minutes prior to vancomycin dose administration (de Hoog et al, (2000);

McDougal et al, 1995).

Conflicting evidence exists in literature regarding the sampling time of vancomycin
serum trough levels. De Hoog et al, (2004) and McDougal et al, (1995) suggests thirty
minutes prior to the third dose (23h30min), while Rybak et al, (2009) suggests thirty
minutes prior the fourth dose (35h30min). Time to reach steady state plasma
concentrations equals five half lives. Vancomycin’s half life in premature infants is
approximately six hours, and therefore will reach steady state within approximately thirty
hours (Shargel et al, 2005). In order to prevent the ototoxicity and nephrotoxicity

associated with vancomycin, it is preferable to measure vancomycin trough levels
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before steady state is reached. This allows for dose adjustments to be made and

prevent and limit adverse effects.
5.5.4.2 The presence of impurities in vancomycin formulations

Vancomycin breaks down to crystalline degradation product (CDP-1) and factor B
(active ingredient) when exposed to heat over time (Somerville et al, 1999). The United
States Pharmacopoeia (USP) states that any generic formulation of vancomycin may
not have less that 88% factor B and may not have more than 4% of CDP-1(Somerville
et al, 1999). The in vivo and in vitro studies showed that CDP-1 breakdown was 50% at
sixteen hours in an environment of 20-25°C. The average NICU temperature is 24-26°C
and vancomycin is infused over one hour. This may have an implication on the external
breakdown of vancomycin prior to its infusion into the neonate. This implication also

needs further research

It can be speculated that Sandoz-Vancocin CP® may break down quicker than AV and
therefore have more than the required 4% CDP-1 present. This finding may lead to

lower vancomycin serum trough levels than anticipated.
5.5.4.3 The dosing schedule of vancomycin in premature infants

In this study a dose of 15mg/kg 12hourly was used for premature infants with a PMA of

29-35 weeks (Horn et al, 2007) regardless of GA and PNA.

Many studies have been performed using different dosing strategies of vancomycin in
premature infants. Koren & James, (1986) did a study where they divided the

premature infants into two groups. Group 1 received vancomycin at a dose of 30mg/kg
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twelve hourly (PNA=0-7days) and eight hourly (PNA>7days). Group 2 received
vancomycin at 18mg/kg twelve hourly for premature infants with a PMA of 31-36 weeks
and a body weight of 1200-2000g. They found that for Group 1, 39.6% of trough levels
were within therapeutic range (60.4% were > 10ug/ml) compared with 75.5% (p=0.002)
of those in group 2 (22% were > 10ug/ml). This finding by Koren & James, 1987
supports the findings in this current study where 36.8% of trough levels 1 were within
therapeutic range and 57% were > 10ug/ml. Koren & James, 1987 attributed this finding
to age-dependant maturation of renal function and proposed the dosing schedule on

both body weight and PMA.

To further illustrate the difficulties of optimum dosing of vancomycin in premature
infants, it was also reported by Pacifici & Allegaert (2012) that when vancomycin is
dosed at 15mg/kg twelve hourly that only 51% of premature infants attained trough

levels within therapeutic range and that 33% of trough levels were below <5ug/ml.

Grimsley & Thompson (2012), found that when vancomycin was dosed according to the
premature infant’'s serum creatinine concentration, 72% of first trough levels taken were

within therapeutic range (5-12ug/ml)
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5.5.4.4 Intermittent vs. continuous administration of vancomycin

Vancomycin shows time-dependent killing properties and therefore to maintain the
vancomycin serum trough concentrations above the given MIC of 2ug/ml, it has been
suggested that vancomycin can be administered as a continuous infusion (Pacifici et al,
2012; Rybak et al, 2009). In a study conducted by Pawlotsky et al (1998) they
administered vancomycin to premature infants with a PMA of 28-51.5 weeks, a loading
dose of 7mg/kg and followed by a continuous infusion of 10-40mg/kg/24hours according

PMA. The mean serum trough levels at steady state were 15.4ug/ml.

Limited literature exist comparing the intermitted vs. continuous infusion administration
of vancomycin in a premature infant population therefore this method of administration

was not used in this study.
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5.6 Treatment outcomes

It was found that all premature infants that were admitted to this study and that received
AV was cured and discharged from the NICU’s as per clinical outcomes and physician’s
discretion. Despite that vancomycin treatment was initiated for suspected MRSA
infection no premature infant presented with a positive blood culture. Thus treatment

was initiated as per clinical findings and not microbiological confirmation.

All premature infants that were admitted to the SV group was cured and discharged
from the NICU’s as per clinical outcomes and the physician’s discretion. Despite that
vancomycin treatment was initiated for suspected MRSA infection, no positive blood

culture was collected.

The median (range) LOS for the premature infants in AV was 39.5 (26-167) days. The
LOS of the premature infants that received SV was 70 (13-122) days. The increased
LOS for the SV group cannot only be attributed to the choice of vancomycin formulation.
Other factors such as severity of prematurity, respiratory distress syndrome (RDS),
surgical complications and the presence of a patent ductus ateriosus (PDA) can also

contribute to the LOS of the premature infants.

Biological infection markers were used as guide to initiate and to stop vancomycin
therapy. C-reactive protein (CRP) and procalcitonin (PCT) were both used to evaluate
the severity of the presumed infection, though literature suggests that a PCT value is
more accurate for LOS in the premature infant (Chiesa et al, (2011); Nabulsi et al,

(2012); Vazzalwar et al, (2005).
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Therapy was discontinued after a negative blood culture and two negative CRP-values

(Pacifici & Allegaert, (2012).
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5.7 Were the study objectives achieved?

Yes the study objectives were achieved. Firstly it was found that there was no statistical
significant difference between the trough levels 1 of each premature infant in the Aspen-
Vancomycin CP® and those in the Sandoz-Vancocin® group. Despite this finding the
Sandoz-Vancocin® group had a lower trough level 1 when compared to the Aspen-
Vancomycin CP® group. Thirty six percent of the premature infants in the Aspen-
Vancomycin CP® group had trough level 1 above the minimum toxic concentration
(>10ug/ml) when compared to the fifteen percent of premature infants of Sandoz-

Vancocin®.

Secondly it was found that there exists no correlation between the demographic and
biological parameters and trough level 1 in the AV group. A correlations was found in

the SV group between trough level 1 and BBW, GA, PMA and PNA.

Thirdly, it was found that both vancomycin formulations had the same treatment

outcomes — no therapeutic failure was observed in any premature infant.
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5.8 Study limitations

This study was conducted as a randomised prospective study where data collection was
done according to study protocol and dose scheduling adjustments were done by the
attending physician, according to the first vancomycin serum trough level. Therefore
trough level 2 and 3 were not strictly collected thirty minutes before the sixth and ninth

dose.

A major limitation was that the sample size was too small, despite that the statistical

analysis determined nine premature infants per study arm.

Vancomycin peak serum concentrations and steady state serum trough concentration
could not be collected due to NICU protocol (limited blood collection protocol) thus this
study had not enough data points to determine the pharmacokinetic parameters of

vancomycin in the premature infant population.

The concurrent treatment with meropenem made it difficult to determine the

independent efficacy of vancomycin on treatment outcomes.

High-performance liquid chromatography (HPLC) was not performed to determine the
composition of vancomycin crystalline degradation products in the AV and SV group,

therefore its effect on vancomycin serum trough levels could not be confirmed.

Vancomycin was not administered as a continues infusion in this study due to limited

literature available that tested this method in premature infants.
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Chapter 6 Conclusio

Recommendations

6.1 Conclusion

The main objective of this prospective, double blinded and randomised study was to
compare the trough levels of Aspen-Vancomycin® and Sandoz Vancocin CP® in a

premature infant population

Demographic and biological parameters were assessed and no statistical significant

difference was found between the two study populations.

No statistical significant difference were found between trough level 1 in both study
groups, but the Sandoz Vancocin CP® group had a trend towards lower vancomycin

serum trough level 1 concentrations.

When trough level 1 was compared with demographic and biological parameters it was
found that the Aspen-Vancomycin® group showed no correlation with any of the

parameters, this may have been due to outlying trough level 1 values. In the Sandoz
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Vancocin CP® group correlations were found between trough level 1 and GA, PMA,

PNA.

It was found that a premature infant’s renal function drives vancomycin trough level
concentrations and that age or weight are the most relevant determinants  of

vancomycin clearance.

This study suggests that vancomycin trough levels should be collected 30min prior to

the third dose to limit toxic serum trough levels and to ensure optimum efficacy.

This study suggests that Sandoz Vancocin CP® should be used when treating
premature infants for a suspected MRSA infection. Sandoz Vancocin CP® offered

lower vancomycin serum trough levels which ensure a lower risk of toxicity.
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6.2 Recommendations

Vancomycin serum peak and steady state trough levels need to be collected in order to
determine and compare the pharmacokinetic parameters in each study group in a

premature infant population.

Therapeutic drug monitoring needs to be applied per individual premature infant in order

to optimise vancomycin dose adjustments and limit toxicity.

Studies need to be conducted where a bigger sample size is collected.

Further studies need to be performed to determine the concentration of CDP-1 by
means of HPLC method in both Aspen Vancomycin ® and Sandoz-Vancocin CP® and

its effect on a premature infant population.

More randomised studies should be performed to determine the efficacy and toxicity of

continuous and intermitted vancomycin administration in a premature infant population.
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