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Figure 1  Study flow diagram.

4.5% (1/22)), and rates of CAS were similar (2% CHG-70%
IPA 13.7% vs 2% CHG-aqueous 12.5%). The bacteriology and
sepsis-related secondary outcomes are summarised by allocation
in table 1. At catheter removal, 15 babies (15.5%) overall had a
culture-positive ESSS pre-disinfection, with proportions similar
between groups, and only one baby in each group had a positive
ESSS post-disinfection (tables 1 and 3).

Paired bacterial isolates from relevant babies underwent
whole genome sequencing for definitive speciation. Specimens
of particular interest were blood and catheter isolates in the
two CRS cases (ID numbers 15 and 26, table 3), and the blood
and ESSS isolates in the two CAS cases (ID numbers 14 and
16, table 3). Genome sequencing confirmed identity and exact
match of the CoNS species in both the CRS cases. Unfortu-
nately, the paired BC isolates were not retained for the two
CAS cases, so their typing and matching was not possible.

Recruitment, retention and factors affecting
Of 178 eligible infants, we approached the parents of 149 and
116 (77.9%) gave consent. The overall retention rate was 83.6%

(online supplemental table S2). Voluntary feedback collected
from parents who declined participation and clinicians’ views
on factors affecting recruitment are summarised (online supple-
mental table S3).

Study completion and completeness of data collection

The proportion of randomised infants with complete data for
the proposed primary outcome of catheter colonisation was
97/116 (83.6%) (online supplemental table S2). Completeness
of data collection forms was excellent, with only two forms
missing (from babies who did not complete the study) (online
supplemental table $4).

Safety outcomes

One hundred and fourteen babies who received IMP under-
went a total of 274 separate skin applications with allocated
IMP (2% CHG-70% IPA, n=197; 2% CHG-aqueous n=77),
comprising insertion and removal disinfections and applications
that preceded failed catheterisation attempts (figure 1; online
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Table 2 Infant and maternal baseline characteristics

2% CHG-70% IPA (n=87)

2% CHG-aqueous (n=27)

Centre*, n (%)

Norfolk and Norwich 56 (64.4) 17 (63.0)
Medway 31 (35.6) 10 (37.0)
Male sex, n (%) 46 (52.9) 13 (48.1)
Infant’s birth weight (g)
Mean (SD) 1089 (340.5) 1075 (366.3)
Range (508-2150) (575-1900)
<5009 0 0
500 to 9999 39 (44.8) 15 (55.6)
1000 to 14999 37 (42.5) 8(29.6)
>1500g 11(12.6) 4(14.8)
Gestational age at birth* (completed weeks)
Median (IQR) 28 (26-30) 28 (26-30)
Range (23-32) (23-33)
<26*° 20 (23.0) 5(18.5)
26*0 10 27+ 19 (21.8) 7(25.9)
28*01033* 48 (55.2) 15 (55.6)
One of a multiple pregnancy, n (%) 16 (18.4) 9(33.3)
Mode of delivery, n (%)
Vaginal 29 (33.3) 7 (25.9)
Caesarean 58 (66.7) 20 (74.1)
Membranes ruptured prior to labour, n (%) 35(41.7) 9 (36.0)
>24hours before delivery 20 (57.1) 6 (66.7)
<24hours before delivery 15 (42.9) 3(33.3)
Unknown 0 0
Apgar score at 5 minutes
Median (IQR) 8(7-9) 8(6-9)
<4 2(2.4) 2(7.7)
First recorded temperature on admission to NICU after birth, mean (SD) °C 36.8(0.7) 36.8 (0.9)
Infant ventilated via an endotracheal tube at the time of randomisation, n (%) 34 (39.1) 13 (50.0)
Infant born in recruiting hospital, n (%) 68 (78.2) 19 (70.4)
Any surgical procedure prior to randomisation, n (%) 6(6.9) 1(3.7)
Prophylactic antifungal medication at the time of randomisation, n (%) 27 (31.0) 9(33.3)
Received antibiotics prior to randomisationt, n (%) 78 (98.7) 26 (96.3)
Devices in situ at time of PCVC insertiont, n (%)
Chest drain 1(1.3) 0(0.0)
Endotracheal tube 28 (35.4) 12 (44.4)
Peripheral arterial line 2(2.5) 2(7.4)
Peripheral venous cannula 70 (88.6) 18 (66.7)
Umbilical arterial catheter 24 (30.4) 11 (40.7)
Uumbilical venous catheter 43 (54.4) 14 (51.9)
Other 2(2.5 0(0.0)
Mother's age (years), mean (SD) 29.7 (6.0) 29.4 (5.7)
Received any antenatal corticosteroids, n (%) 80 (92.0) 24 (88.9)
Received antibiotics within the week before delivery, n (%) 27 (31.0) 8(29.6)
Feverish in labour (temperature>38.0°C)%, n (%) 4(4.8) 0(0.0)
Chorioamnionitis suspected clinically before delivery, n (%) 7(8.0) 1(3.7)

Unless otherwise stated, data are n (%). SD, standard deviation; IQR, interquartile range.
*Stratification factors.

tData missing for eight cases in the 2% CHG-70% IPA group.

+Data missing for three cases in the 2% CHG-70% IPA group.

CHG, chlorhexidine gluconate; IPA, isopropyl alcohol; NICU, neonatal intensive care unit; PCVC, percutaneous central venous catheter.

supplemental tables S2 and S5). Safety data were obtained
for all 114 babies (100%) who received allocated antiseptic,
including for babies transferred before catheter removal. Table 4
summarises daily skin morbidity scores in the period between
catheter insertion and 48 hours post catheter removal (or post
antiseptic application when catheterisation unsuccessful). No
baby had any serious or major chemical burn injury or moderate/

severe skin reaction recorded or requiring reporting after anti-
septic application. A minority showed limited erythema (20/114;
17.5%); this appeared more common if catheterised in the first
postnatal days and/or extremely preterm. Seven (6.1%) had
limited skin breakdown/excoriation recorded (table 4). All skin
morbidity was minor, self-limiting and resolved fully. None
required special dressing or plastic surgical referral.
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Table 3  Bacterial species isolated via standard microbiology laboratory culture for infants with at least one positive culture result

Blood culture(s) Exit site skin swab Catheter segment
Closest Blood culture results
to PCVC
removal Before
IDno  IMP allocation (days) #1 #2 #3 disinfection After disinfection Proximal Tip
1 2% CHG-70% IPA 6.2 pre No growth No growth = CoNS: S. capitis No growth No growth No growth
2 2% CHG-70% IPA = N/A N/A N/A No growth No growth CoNS: S. capitis ~ No growth
3 2% CHG-70% IPA 0.3 pre Mixed CoNS No growth = No growth No growth No growth No growth
(not specified)
4 2% CHG-70% IPA - N/A N/A N/A CoNS: No growth No growth No growth
S. haemolyticus
5 2% CHG-70% IPA 0.0 post CoNS:S. CoNS: S. capitis - No growth No growth No growth No growth
epidermidis
6 2% CHG-70% IPA 1.8 post No growth - - CoNS: S. capitis No growth No growth No growth
7 2% CHG-70% IPA 0.9 post No growth - - No growth CoNS: S. capitis No growth No growth
8 2% CHG-70% IPA = N/A N/A N/A CoNs: No growth No growth No growth
S. epidermidis
9 2% CHG-70% IPA = N/A N/A N/A Mixed CoNS (not ~ No growth No growth No growth
specified)
10 2% CHG-70% IPA 1.3 post CoNS: (not = = No growth No growth No growth No growth
specified)
1" 2% CHG-70% IPA 0.0 post No growth CoNS: S. capitis - No growth No growth No growth No growth
12 2% CHG-70% IPA - N/A N/A N/A CoNS: S. capitis No growth No growth CoNS: S. capitis
13 2% CHG-70% IPA 1.4 post No growth CoNS: - No growth No growth No growth No growth
S. haemolyticus
14* 2% CHG-70% IPA 0.0 post CoNS: 1.8, No growth - CoNS: S. capitis No growth No growth No growth
haemolyticus; 2. S.
epidermidis
15t 2% CHG-70% IPA 1.7 post CoNS: S. capitis CoNS: S. capitis No growth  No growth No growth CoNS: S. capitis ~ No growth
16* 2% CHG-70% IPA 6.1 pre No growth CoNS: S. capitis — CoNS: S. capitis No growth No growth No growth
17 2% CHG-70% IPA 0.2 pre CoNS: S. No growth CoNS:S. No growth No growth No growth No growth
haemolyticus capitis
18 2% CHG-70% IPA 5.8 pre CoNS:S. CoNs: S. No growth  No growth No growth No growth No growth
haemolyticus epidermidis
19 2% CHG-70% IPA - N/A N/A N/A CoNS: S. warneri No growth No growth No growth
20 2% CHG-70% IPA 0.2 pre No growth CoNS: S. capitis No growth  No growth No growth No growth No growth
21 2% CHG-70% IPA - N/A N/A N/A 1. CoNS: S. capitis; ~ No growth No growth No growth
2.5. aureus
22 2% CHG-70% IPA - CoNS: not - - Missing$ Missing# Missing$ No growth
specified
23 2% CHG-70% IPA - N/A N/A N/A CoNS: S. No growth No growth No growth
haemolyticus
24 2% CHG-aqueous 1.7 post No growth = = CoNS: S. No growth No growth No growth
haemolyticus
25 2% CHG-aqueous 0.0 post CoNS: S. warneri ~ No growth = No growth No growth No growth No growth
261 2% CHG-aqueous 0.3 pre No growth CoNS: S. warneri - No growth No growth No growth CoNS: S. warneri
27 2% CHG-aqueous - N/A N/A N/A CoNS: S. No growth No growth No growth
haemolyticus§
28 2% CHG-aqueous - N/A N/A N/A CoNS: S. capitis CoNS: S. capitis No growth No growth
29 2% CHG-aqueous 4.0 pre CoNS: S. capitis No growth - No growth No growth No growth No growth
30 2% CHG-aqueous 0.5 post CoNS: 1.8, No growth - No growth Missing9l No growth No growth
epidermidis; 2.
S. capitis
31 2% CHG-aqueous - N/A N/A N/A CoNS: S. epidermidis No growth CoNS: S. CoNS: S. epidermidis
epidermidis

*One of two cases of catheter-associated sepsis.

t0ne of two cases of definite catheter-related sepsis, both paired isolates confirmed via whole genome sequencing.

tInfant was transferred to a non-participating site where their line was removed.

§Detail of species was not captured in database, but was found post data lock.

fiSample not obtained.

CoNS, coagulase-negative staphylococcus; ID, identifier; IMP, Investigational Medicinal Product; N/A, not applicable because no blood culture taken between catheter insertion and 48 hours
post removal; PCVC, percutaneous central venous catheter; S. aureus, Staphylococcus aureus; S. capitas, Staphylococcus capitis; S. epidermidis, Staphylococcus epidermidis; S. haemolyticus,
Staphylococcus haemolyticus; S. warneri, Staphylococcus warneri.

Process outcomes who underwent attempted PCVC placement (figure 1). Online
Catheterisation success rate supplemental table S5 shows numbers of anatomical sites having
Catheterisation was successful in 106 (93%) of 114 babies at least one failed catheterisation.
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Table 4 Daily skin morbidity scores in the period between catheter insertion and 48 hours post catheter removal

Skin morbidity scores

2% CHG-70% IPA (n=87) 2% CHG-aqueous (n=27)

Worst score for skin dryness throughout safety monitoring period
Median (IQR)
Range
1
2
3
Worst score for erythema throughout safety monitoring period
Median (IQR)
Range
1
2
3
Worst score for breakdown/excoriation throughout safety monitoring period
Median (IQR)
Range
1
2
3
Worst score for totals of all three scores throughout safety monitoring period
Median (IQR)
Range
3

v v B

6

1(1-1) 1(0-1)

(1-2) (1-2)

80 (92.0) 26 (96.3)
7(8.0) 13.7)

0 0
1(1-1) 1(1-1)
(1-2) (1-2)

72 (82.8) 22 (81.5)
15(17.2) 5(18.5)
0 0
1(1-1) 1(1-1)
(1-2) (1-2)

82 (94.3) 25 (92.6)
5(5.7) 2(7.4)

0 0
3(3-4) 3(3-4)
(3-5) (3-5)

65 (74.7) 20 (74.1)
20 (23.0) 6(22.2)
2(23) 13.7)

0 0

Scoring was performed at baseline, within 10-30 minutes of catheterisation, and then daily until 48 hours post catheter removal, including for any infants repatriated to another
hospital with their PCVC still in situ. Skin integrity scoring was also recorded until 48 hours post antiseptic application in instances where catheterisation proved unsuccessful.

Skin scores were graded as follows:

Dryness

1=Normal, no sign of dry skin
2=Dryskin, visible scaling
3=Verydry skin, cracking/fissures

Breakdown/excoriation
1=None evident

2=Small localised areas
3=Extensive

Erythema

1=No evidence of erythema

2=Visible erythema <50% of skin area
exposed to antiseptic

3=Visible erythema >50% of skin area
exposed to antiseptic

CHG, chlorhexidine gluconate; IPA, isopropyl alcohol; IQR, interquartile range; PCVC, percutaneous central venous catheter.

Adherence to protocol
There was good adherence for the intervention (online supple-
mental table S5) and no major protocol breaches.

Withdrawals
There were no study infant withdrawals (figure 1).

DISCUSSION

We successfully carried out a feasibility RCT to compare alcohol
versus aqueous formulations of 2% CHG. This is the first RCT
to evaluate these formulations specifically for skin disinfection
before PCVC insertion in preterm neonates. We have demon-
strated a very low primary outcome incidence rate of only 4.1%
of catheters being colonised with potentially pathogenic bacteria
at the time of removal when 2% CHG-70% IPA antiseptic was
used for skin disinfection prior to catheterisation. Furthermore,
no major antiseptic-related skin injury was reported after appli-
cation of either formulation under our strict working guideline.
We completed recruitment within a 16-month period and had
good rates of compliance with study procedures. Complete-
ness of data collection was excellent, and we gathered rigorous
prospective safety data for skin integrity. The primary and all
planned secondary objectives were achieved. The ARCTIC trial

demonstrates that it would in principle be feasible to conduct a
definitive multicentre trial comparing the same two antiseptics
in a non-inferiority study.

Our primary objective was to determine catheter colonisation
rate in infants who received 2% CHG-70% IPA, to allow sample
size calculation for a definitive efficacy study. Finding the cath-
eter colonisation rate to be only 4.1% gave a much lower event
rate than anticipated (~219%) at the outset.” Modelling sample
size for a definitive comparative non-inferiority study using the
same primary outcome of catheter colonisation, detection of an
absolute risk reduction of 2% would require ~n=3250 infants
(90% power, two-sided significance level of 0.05). Assessing
a composite clinical outcome of CRS+CAS instead: to detect
an absolute risk reduction in catheter infections of 4% (from
the combined incidence of CRS+CAS of 15% in our reference
group down to 11%), we would need ~n=3400 (allowing for
10% loss-to-follow-up). For a non-inferiority hypothesis (to
detect a non-inferiority margin of difference of no less than
49%), ~n=3700 would be needed (allowing for 10% loss-to-
follow-up). So, while a definitive trial is feasible, these post hoc
sample size calculations indicate that a very large trial would be
needed.
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The ~4% catheter colonisation rate seen in the ARCTIC trial
reference group was much lower than the ~30% overall rate
seen in our previous multicentre study that used much weaker
strength (0.015% and 0.05%) CHG antiseptics." This sevenfold
reduction is probably multifactorial: while the stronger CHG-
plus-alcohol combined antiseptic trialled has likely played a
major part, it is also likely that the rigorous methodology of
catheter insertion and other good catheter care practices helped
reduce catheter colonisation. We incorporated such practices
into our study protocol to harmonise practices between sites
and to maximise compliance with the elements of catheter care
‘bundles’ already collectively known to reduce catheter infection
rates.” '’

The main limitation of our feasibility study is from the clin-
ical perspective: the findings are inevitably limited for guiding
current clinical practice for preferred antiseptic choice—for that
requires a definitive large-scale RCT. Nevertheless, some trial
findings may assist current practices. Our low outcome rate
(~4%) of catheters colonised at removal after using 2% CHG-
70% IPA antiseptic at catheterisation/pre-removal is a rigorous
benchmark figure that other centres could reference to audit their
own units’ rates of catheter colonisation using the same or other
locally preferred antiseptic formulations. We encourage this and
suggest that a national audit or registry may provide useful data.
Also, our rigorous prospective safety data collected through
daily skin monitoring provide preliminary reassurance that both
these two ‘stronger’ 2% antiseptic formulations of CHG can
be safely applied on the skin of preterm babies if used under
similar carefully controlled guidelines (online supplemental files
1 and 2). We therefore propose that both agents merit inclusion
in catheter care bundles for preterm babies. Our study adds to
the existing but limited RCT evidence base for 2% CHG-70%
IPA and 2% CHG-aqueous safety in preterm neonates.”*** We
nevertheless share cautions about their wider use in the first few
days postnatal in the lowest gestation babies (<26 weeks) when
the burden of skin colonisation is usually lightest yet the risk of
chemical injury is greatest.’® It would therefore presently seem
prudent to use lower concentration alcohol-free CHG prepara-
tions in the first few postnatal days, for example, 0.2% chlor-
hexidine acetate,”” although accepting the trade-off that rates of
catheter sepsis may potentially then be higher.

Conclusion and future study

The data from the ARCTIC study suggest that both 2% CHG-
aqueous solution and 2% CHG-70% IPA can be used safely in
preterm neonates when applied using a strict procedure to limit
overexposure. Their use was associated with a large reduction in
the risk of catheter colonisation by potentially harmful bacteria
compared with historical rates using weaker preparations. A
definitive trial is feasible, but based on the very low catheter
colonisation rate or combined rate of CRS and CAS, a very large
sample size is required. Newer agents such as octenidine®® now
require formal evaluation in preterm neonates. But with such
low rates of catheter colonisation and sepsis, conducting any
definitive efficacy RCT of antiseptics now poses a formidable
challenge. Other ways to distinguish between disinfection agents
may be needed, such as registry or real-world data-based assess-
ments of safety and efficacy, or else snapshot audits involving a
limited number of centres willing to adopt uniform strict proto-
cols and standardised procedures for catheter care and sampling.
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