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Using isopropyl alcohol impregnated disinfection caps in the neonatal
intensive care upit can cause isopropyl alcohol toxicity
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INTROGDUCTION
Alcohol Impreganated disinfection eaps are intended to
prevent microbial contamination of luer access valves, An

medicine as a disinfectant and an antiseptic. it is not
tended for. intravenous injection. ¥t remained unclear
whether using the SwabCap could lead to intravenous

% these caps showed that there were injections of isopropyl aleohol. The Hyst objective of the
significantly less micro-organisms on the vabves than with-

out disialection or with pledget disinfection {1}, In clinical
studies in neonates, children and adults, isopropyt alechol
impregnated disinfection caps significantly reduced central
line contamination. the donsity of organisms present on the

study was (o evaluate, i wiro, whether contact with ihe
SwabhCap affected the luer access valve's appearance and,
or, function. The sccond objective was 1o ascertain w hether

valves and central line associated bloodstream infeetions Key notes . L. .

(2-4). When we used the SwabCap {Excelsior Medical. » The sz_ifety of alcohol impregnated a’tsmfectpn Caps was
Neptune, NJ, USA), a 70% lsopropyl alcohol impregnated questioned in our unit because of malfunctions in fuer
disinfection cap, in our instinion for a month, fve luer access valves.

access valves malfunctioned in three patienss. This made us ¢ This be{m‘h test showed that isopropyl alcohol impreg-
question the safety of SwabCap for our vuinerable popula- nated disinfection caps changed the appearance of two
tion, Isopropyl aleohol is a solvent used in industty and in types of luar access valves and led to the injection of

significant isopropyl alcohol amounts into the lines
connected to these valves.

Abbreviations = lsopropy! aicohol impregnated disinfection caps should
mlL, Milliliire; NICU, Neonatal intensive care unit. not be used in neonates without further research.
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fsopropyl alcahol disinfaction caps toxicity

isopropyl aleohol could be injecied intravenously with the
drug after the Swe ahCap was remaoved,

METHOD
Smd:; design and setting

This bench test study was held in June 2013 at CHU Samte-
Jusline, Montreal, Canada, a level three paediatric centre.
Seven different circuits were devel loped using two different
lwer access valves and cxposed to two different envivon-
mental temperatures. Rach civeuin was repeated three times.
To determine whether the SwabCap changed the appear-
ance {colour, eracks oy leaks) and, or, the function of the
fuer access valve, we built a protoniged duration passive usce
cirenit {Fig. 1), The SwabCap stayed in contact with the
her aceess valve for 96 hours, w hich is Iuterval recom-
mended by the Centers for Disease Control a and Prevention
o replace tubing, Obscrvational data were regulariy
recorded for each efrcuit during g this time. To defermine
whether the SwabCap was associated with the intravenous
injection of isuprapyl aleohol. an active cireuit (Fig. 2) was
developed. Wine sham d*‘tws injections were petformed
hourly and 24 howrs after the bes sinning of the study,
through the fuer access vaive after removal of the BwabCap.
After each injection. a new SwabCap was replaced on the
luer access valve. as it is designed for single use. Each sham
drug injection consisted of an initial 0.5 millilitre (mi) of
0.9% sodium chioride acling as the rinsing agent then a
0.3 mL of 0.9% sodiwmn chioride acting as the sham drug,
ending with 0.5 mL of 0.9% sodium chloride io complete
vinsing. This design corresponds to the clinical veality of
intravenous central fine drog injections in the neonatal
mtensive care wit (NICU3. All injected fluids were col-
lected using a needic ina glass vial closed by a latex cap to
avoid aleohol evaporation (Fig. 2). Observational data
included visual inspection of the colour and for the
prosence of cracks or Teaks and the presence of Huid in
the luer access valves or the tubing. Functional daia
included testing for resistunce dugi ing jections, the pres-
ance of complete ohstruction and the luer access valvey’
re{um to their initial state after i injections. Standard care in
our institution during the study period consisted of disin-
lecting the Juer access valve hefore njections using friction
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Figure 1 Diagram of passive dircait,
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Figure 2 Diagram of active crcuit

with an isapropyl aleohol pad for 15 seconds followed by a
drying time of 15 scconds. This method was used as the
control cireuit.

Equipment and eavironment

This study tested two luer access valves. The first was the
SmartSiie valve {Alaris CareFusion, S8an Diego, CA, U8A)
which was in use in our institution when the first b\vab&;p
related incidenis became appareni. The second was the
CARESITE valve {B Braun, Mcisungen, Germany), which
was in use in our institution during the study period as a
result of a change in intravenous pumps. Te mimic the truc
clinical conditions tn the NICU, active cireuits were tested
at room temperature in a standard NICU room and in an
incubator set at 35°C, the typical temperature nocessar v for
a very low birthweight preterm bahy.

Isoprapyl aicohol desage
Isopropyi aleohol quantification was blindly carried out in
the specialised bmahormshj laberatory in owr institaon.
The levels of isopropyl aleohol were necasured oy gus
chromatography equipped with a flame jonisation detector
by diluting the samples with an aqueous solution comainjug
mternal standard. Additional nformation on the isopropyl
alcohol dosage used provided on request.

Isopropyl alcohol critical threshold

Toxic plasmatic isopropyl alcohol concentrations are
unknown for neonates and especially for the pretenn
infant. Based on pacdiatric studics (9). we speculated that
the toxic threshold for neonates would be at 25 mg/dL.
Lxtrapolating from data on ethylic ale cohol, we determined
that the critical plasmatic concentration was 1% of the toxic
threshold. Taking inio account that the most vulnerablo
neonatology patient can wi eigh as Httle as 500 g, and using a
volume of distribution of isopropy! alcohol of 0.9 Likg
given the high water composition of preterm neonaies Lh\
isopropyl alcohol critical concentration in the vial glass of
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the active circuits was estimated to be 14 mmol/L, based on
4 single injection in the circuit.

RESULTS

The appearance of the valves was modified in all the
SmartSite valves tested and i 67% of the CARESITE
valves. Discoloration and inflation of the valve's fanfold
picce oceurred for all SmartSite valves. Loss of trans-
barency was noted in §9% ol SmariSite valves. The possible

presence of {fluid inside the valve was seen in 67% of

SmariSHe valves. Figures 3 and 4 provide examples of how
the appearance of the SmartSire valves changed during the
beneh itest. The changes in the CARES ITE valves included
toss of transparency and the possible presence of fluid in the
valves. No luer access valve malfunctioned. Mean isopropyl
alcohol dosages for each sample of cach active circuil are
presented in Table 1. These show that the mean isopropyl
aleohol dosages were 52 mmol/L in the SmatSiee and
& mmal/L in the CARESIIE at raom temperature and
73 mmol/L in the SmanSite and 7 mmol/L in the
CARESITE at 33°C. No alcohol was {found in the control
cireuit.

DISCUSSION

This bench test found that there were significant appear-
ance changes in the luer access valves, pariicularly the
SmartSite vahves, when they were connecied 1o the
SwabCap. In all the samples, isopropyl aleohol passed from
the SwabCap to the vial through the luer access valve and
isopropyl aleohol concenlrations exceeded the critical
estimated itz for a preierm baby weighing 500 g. The
isopropyl aleshol concentrations of the SmartSite valves

that were visibly medified by the SwabCap, were higher

Figure 3 Photograph of a sample of scenario three at the end of the 24-hour
peried showing discolnration and inflation of the fanfold part of SmeriSite vaive
connected to the SwabCap (on the righty compared to control SmariSite valve
{on the left).
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than with the CARESITE valves. No Mmeasurable isopropy
aleolin] was found in the circuits of the valves disinfected
with isopropyt aleohol pads.

I is very wortying to fnd large quantities of isopropy
afeohol in the Hne that is usually connected fo the patient
to give him or her common drugs in neonatology. How
isopropyl alcohol passed from the SwabCap inte the line is
unknown. Maybe some aleohaol stayed on the surface of
the huer access valve when the SwabCap was removed,
resulting in aleohol being injected into the line with ihe
sham drug. it is also possible that sopropyl alcohol stowly
invaded the luer access wvalve when the SwabCap was
connected, so that the luer access valve lost its seal, leading
to the passage of alcohol. The presence of alcoho! in the
valve could inferact with the injected drugs, potentially
resuliing in inactivation or precipitation of the medication.
Isoprapyl alcohol levels reached in the bench test could
fead to itravenous isapropyl alcohol intoxication in a
heonate. Clinical symptoms of such intoxication can
inchide neurclogic signs such as drunkenness, headache,
dysarthria, nystagmus, ataxia {3), central nervous svsiern
depression up to coma and respiratory depression, Diges-
tive inanifestation can also oceur. such as abdorninal pain,
nauses, vomiting (5) and haemorrhagic gastritis ( 8). Severe
intoxication can present as hypolension, pseudo-renal
failure (7). hepatic dysfunction, haemolytic anacmia (&)
and haemorrhagic tracheobronehitis,

Figure 4 Photograph of a sample of scenario four sighl hours after the
beginning of the banch test showing total lass of transparency of the Smar{Sic
valve connected to the SwabCap {on the left) compared to a confrol Smartsite
valve {on the right).
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Table 1 Results of isopropy! alcohot dosage by gas chromatography for each cireuit. Theoretical isapropyl alcohaf critical concentyation was calculated ta be 14 mmel/L for a

500 g neopate

Cirouit fype Temperatre

fsopropyt alcohol dosage in collecied fiuids {ramoiL)

Swablap on Smarsi

- valee

00 iern;

mcubator

SwabCap on CARESITE valye

SITE valve (Conirol)

seoropyt alcshol pad on CARE

Room lempesrature

Saraple 1 Sample 2 Sample 3 Hean
5343 45.78
2473 2193
5,23
5.4
.06 .00

The usual isopropyl slcohol intoxication routes in adults
are vohmiary (9) or aceidental ingestion. Reported cases of
isopropyl alcobol intoxication in neonates and nfants are
rare and of different actiologics. A fullterm boy with
gastroschisis died affer accidental exposition o isopropyl
aleohol inhalation caused by the humidifier of his ventilator
(10} A bov of 21 days went inio a hypotonic coma hecanse
his mother applied isopropyi aleohol pads to his umbilicus
at each diaper change (11). A two-vear-old boy who
received an Isopropyl aleohol baih ia trea fever presented
with hacmaorrhagic gasiritis {6}. Transcutaneaus absorpiion
is possibly the primary cause ol systemic toxicity in infants
because of the increased dermal absorption and larger
surface ares. Pransplacental isopropyl aleohol ntoxication
aceuired in a neonate whose mather had taleen polysub-
stances days before bith (13), The baby suffered from
hypotension, hypotonia and seizures. Isopropyl aleohol and
acetone weve found in his blood. Thesc neurological and
digesiive symptoms can be wrengly interpreted as prema-
furity-related complications and not as signs of isopropyl
alcobol intoxication. All the possible effects of intravenous
isopropy] alcohol injection are unkaown, in particular
the effect on nenrologie development of preferm baby.
Bopropyl aleohol toxicity is enhanced by the in zipo
metabolism that produces acetone. which has a half-life of
10-30 hours in aduls, Repeated injections may involve
aceumulations of acetone. which could not be measured in
our £ p'o model. Estimated isopropyl alcohol eritical
corcentrations were curied ont using the pharmacokinet
ics of 2 single injection. In elinical practice. intravenous
injections are repeated and isopropyl alechol is slowly
metabolised in premature babies. This coudd resuwlt in
accumulations of isopropyl alcohol i sivo that would
reach higher plasmatic concentrations than the ones
assessed in this bench test study,

Lven though the isopropyl alcohol quantitics found in the
line were different between the two tvpes of luer access
valves lested, the presence of alcohol is, in itself, of concermn.
The type of valve used did not seem to be the preblem. The
SwabCap could be as cofficient, but safer. if it contained
less isopropyl alcohol. Alse, allowing a drying time ajter
removal of the SwabCap and belore drug injection could
decrease the amount of aleghal injected in the line. This
study has some limitations. A hench test stady is not an
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it wivo study. No tests were carried oui to measure the
isopropyl alcohol doses in the urine or the hlood of NICU
paficents exposed (o the SwabCap, as it was immediafely
removed from the unit when the issues related to the luer
access valves were observed.

CONCEUSION

Although the use of isoprapyl aleohol impregnaied disin-
fection caps has proved to be beneficial in reducing central
tne associated bloodstream infections rates in the litera-
ture, the presence of significani anounis of isopropyl
alcohal i the line when the SwabCap was used, in this
study, scems unsafe for torm and preterm neonales. More
ch should be carried out on aleohol impregnated
disinfection caps in neonates. Disinfecting luey access
valves with isepropyl alechol pads remains safe, as vo
detectable isopropyl alcohol was found at the end of the
line with this methed.
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