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Abstract

Background

Temperature sensitive anaesthetic drugs require storage within individual theatre suites in order to
be easily accessible to the anaesthetist for immediate use. This easy accessibility of drugs poses a
risk of drug degradation due to incorrect temperature storage range. The method of storing
refrigerated anaesthetic drugs in theatre suites, within a cooler box with a frozen eutectic gel pack
(referred to as a cold drug storage unit) is well recognised and practiced. Yet, this method is poorly

supported by literature and ill-defined in practice guidelines.

The aim of this study is to determine whether refrigerated drugs in the operating theatre suites at
Universitas Academic Hospital (UAH), during working weekdays, are stored according to the

manufacturer’s temperature storage recommendation.

Method

A descriptive observational study was done on the cold drug storage units in nine theatres suites
at Universitas Academic Hospital, at six fixed time slots from 07:30 to 17:00, on five consecutive
weekdays. The cold drug storage unit temperatures were measured and was assessed for adequacy
of storage of refrigerated anaesthetic drugs according to the manufacturer’s recommendation on
the package leaflet. The factors that could influence the internal environment of the cooler box
were investigated; theatre room temperature, storage method of drugs within the cold drug storage
unit, number, size and placement of the gel packs, the number of ampoules/vials and the utilisation

of the operating theatre.

Results

Five hundred and forty five temperature measurements were taken of which 268 were theatre room
temperature with an accompanying 267 cold drug storage unit temperature measurements and ten
main storage refrigerator temperature measurements. The cold drug storage unit temperature, for
all theatres for the five days, was in the range of 4,3°C — 23,8°C with a median of 14,8°C. This
method of drug storage was not conducive to store all temperature sensitive anaesthetic drugs
(requiring storage at 2°C — 8°C) on 235 temperature measurement (88%with a 95% Confidence

Vi



Interval of 83,6% to 91,4%). The statistically significant factor (p <0,001) determining the cold
drug storage unit temperature to fulfil the manufacturers recommendation to maintain temperatures
below 8°C was the number, size and placement of the eutectic gel packs within the cold drug
storage unit. With the use of two eutectic gel packs, placed above and below the drugs within a
Styrofoam® cooler box, a desired temperature range of 2°C — 8°C can be maintained for an average
of 4 hours and 30 minutes, to a maximum time frame of 9 hours and 30 minutes, in a theatre suite

with a maximum room temperature of 25,7°C.

Conclusion

The current method of storing temperature sensitive drugs, in operating theatre suites at
Universitas Academic Hospital does not fulfil the temperature storage requirements as set out by
the drug manufacturer’s most of the time. This method of passive refrigeration should not be
abandoned as this study highlights the potential to maintain temperature below 8°C...This potential
success demonstrated in the study can be utilised to further research in determining the optimal
storage conditions to store temperature sensitive anaesthetic drugs in an operating theatre suite

within a resource limited environment.

Abstract Word Count: 508
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Glossary of Terms

Cold drug storage unit

This is a temporary cold storage unit consisting of a Styrofoam® cooler box. Inside the box is a
frozen eutectic gel pack and placed on top of this gel pack are the refrigerator drugs, packaged in
plastic container with a lid, in its original carton or loosely inserted. (Appendix A)

Refrigerator drugs

Medications, which according to the manufacturers’ recommendations, should be stored at 2°C to
8°C.

Room temperature

Comfortable temperature range indoors, considered to be 20°C to 25°C.

Stability

Capacity of a particular formulation, in a specific container/closure system to remain within its
physical, chemical, microbiological, therapeutic, toxicological, protective and informational
specifications. The extent to which a product remains, within specified limits, and throughout its
period of storage and use (i.e. its shelf life), the same properties and characteristics that it possessed

at the time of manufacture.!

Degradation products

Degradation products are impurities resulting from chemical changes that can occur during drug
manufacturing, storage and transportation in response to changes in light, temperature, pH and

humidity. The presence of these can affect pharmaceutical safety.?

Theatre suite

An individual operating theatre within the main theatre complex at Universitas Academic Hospital.
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Chapter 1: Literature Review

Critical and Synthesized Research of Literature

Introduction

A subset of drugs essential for anaesthesia practice are temperature sensitive and require storage
in a temperature regulated environment. This environment, adhering to the manufacturer’s
recommended storage temperature, is essential to ensure reliable pharmacologic action. In a
resource-limited setting these drugs are stored within a non-temperature regulated cooler box
containing a frozen gel pack or packs in individual operating theatre suites during the time when
the theatre is in use. This well-practised method of storage of refrigerated drugs in theatre suites
has not been verified by published studies that actually measured the temperature in these storage
units within real-life settings and assessed whether it adheres to the manufacturer’s temperature

storage recommendations.

Anaesthesia history: Single agent anaesthesia to balanced anaesthesia

The concept of modern anaesthesia originated in Massachusetts General Hospital in the United
States of America on 16" October 1846 when WTG Morton demonstrated the use of a single agent
anaesthesia, ether, to induce a sleep like state.®> This form of anaesthesia was refined with the
introduction of “balanced anaesthesia”, consisting of premedication, inhalational anaesthesia and
the use of muscle relaxants. In modern anaesthesia practice the pillars and conventional goals of
general anaesthesia are autonomic nervous system control, unconsciousness, amnesia and
immobility.* These goals are achieved with a range of anaesthetic agents, as oppose to a single
agent, as previously practiced.. Each of these agents require secure storage according to set

guidelines and recommendations to ensure safe drug delivery to the patient.®



Anaesthesia guidelines for drug storage

South African Society of Anaesthesia (SASA) in their Practice Guidelines of 2018 do not have
prescribed recommendations for the storage of refrigerator drugs within individual theatre suites.®

The Royal College of Anaesthetists and the Association of Anaesthetists of Great Britain and
Ireland (AAGBI) have set out guidelines on best practice regarding the storage of drugs in
Anaesthetic rooms.> These guidelines reiterate the importance of secure drug storage, the
contribution it makes to patient safety and the recognition that even short delays in accessing drugs

may result in adverse patient outcomes.

The Australian and New Zealand College of Anaesthetists share this sentiment and have specified,
amongst other drugs, the need for muscle relaxants (which require storage at 2°C — 8°C) to be

immediately available in any setting where anaesthesia is administered.’

As a result of the above guideline requirements a standard of practice exists that allows for
anaesthetic drugs to be stored within a cooler box in theatre suites to be within easy access to the
anaesthetist when providing anaesthesia (Appendix A). This is a well-recognised and widely
practised method of non-temperature regulated drug storage within theatre suites but is poorly

supported by an existing body of literature.

Unfortunately these guidelines do not specify the manner or storage method that should be
employed to store refrigerated drugs in individual theatre suites (without a refrigerator) during

theatre lists.

Drug degradation due to incorrect temperature storage

Manufacturers determine the adequate temperature storage conditions for pharmaceutical products
needed to maintain the efficacy and safety until the expiration date. These conditions are based on
results from stability testing under a range of temperatures and therefore it is important that storage

conditions be in compliance with package labelling information to prevent their degradation.®

The degradation of drugs are caused by chemical reactions (e.g. hydrolysis due to water exposure,
oxidation due to oxygen exposure) and physical reactions (e.g. alteration of particle size,



disintegration of a suspension, absorption of water). Temperature is recognised as the most
important factor driving these reactions and therefore if drugs are stored at conditions that exceed

the recommended temperature it can lead to degradation and loss of potency.® 1

It is important to note that it is not only storage of drugs above recommended temperatures that is
a risk factor for accelerated degradation and risk of failure or unpredictable therapeutic response
but that storage in temperatures below manufacturers’ recommendation may lead to the denaturing
of proteinaceous products. This poses a challenge in emergency situations requiring immediate

drug administration by the anaesthetist.°

Our cold drug storage units in theatre suites are not temperature regulated and one can question
whether these storage conditions are compliant with the manufacturers’ storage recommendations

to ensure the stability of the pharmaceutical products they contain.

Temperature sensitive drugs stored within the cold drug storage unit at Universitas
Academic Hospital

Summarised in the tables below is a list of commonly stored drugs in the cold drug storage units

in theatre suites at Universitas Academic Hospital.

Although the manufacturers of the individual drugs have a recommended temperature range for
storage of these temperature sensitive drugs (Appendix B), it is noted that various studies have
made additional recommendations to extend the prescribed temperature range. These studies,
summarised below, use either clinical endpoints for potency of drugs or various assays measuring

drug degradation products, to determine the extended temperature range storage and shelf life.

Table 1: Succinylcholine chloride (Suxamethonium®) package insert information and additional

temperature storage recommendations by published studies.

Pharmacological classification Muscle relaxant

Concentration 50 mg/ml (2ml ampoule)
Manufacturer / Distributor Fresenius Kabi, Bodene (Pty) Ltd
Manufacturer Recommended 2°c-8°cC

Storage Temperature




Additional Manufacturer Protect from light

Instructions

Recommendation by other studies | Room temperature (light resistant) for 2,8 months.®

The aim of a study by De Winter et al. was to determine the
content of five critically important drugs after being stored
at the recommended refrigerated temperature (2°C — 8°C),
room temperature (20°C — 25°C) and in an emergency
transport vehicle (variable ambient temperature due to
climate zone and season) at various intervals up to 12
months. The samples were analysed with liquid
chromatography assay to determine drug stability. De
Winter et al. concluded that succinylcholine chloride was
stable for 2, 8 months at room temperature and only 1 month
in an emergency physician transport vehicle due to factors

such as sunlight, vibration and extremes of temperature.

Room temperature for 4,8 months.!

The aim of a study by Adnet et al. was to evaluate the effect
of storage temperature on the stability of succinylcholine
chloride solutions 20 mg/ml and 50mg/ml. Nuclear
magnetic resonance spectroscopy was used to analyse the
molecular composition. When assessing the monthly
degradation rate for 50 mg/ml at 4°C it was 0.3% compared
to 8,1% at 37°C. Adnet et al. concluded that when taking a
loss of 10% potency as acceptable then the 20 mg/ml can be
stored in emergency trolley carts at room temperature for 8,3
months and the 50 mg/ml can be stored under the same

conditions for 4,8 months only.

Table 2. Rocuronium package insert information and additional temperature storage

recommendations by published studies.

Pharmacological classification Muscle relaxant




Concentration

10 mg/ml (5ml ampoule)

Manufacturer / Distributor

Biotech Laboratories (PTY) LTD.

Manufacturer Recommended

Storage Temperature

2°C -8°C

Additional Manufacturer

Instructions

Protect from light. Do not freeze. Keep vial in outer
carton until use required. Use immediately after first

opening.

Recommendation by other studies

Rocuronium stored at room temperature for 14
days can be expected to result in unfavourable
intubating conditions.!2

The aim of this study by Kim et al. was to determine whether
the storage temperature of rocuronium could have an

influence on the pharmacodynamics of the rocuronium.

50 patients received rocuronium (0,45 mg/kg) stored in the
refrigerator and 50 patients received rocuronium (0,45
mg/kg) stored at room temperature for 14 days (20° — 29°C;
median 25,1°C). Each group received a standard induction
regimen and intubation was performed at 90 seconds after
rocuronium administration with a 0,1 Hz single twitch
applied. The intubation conditions were evaluated as

excellent, good, poor and impossible.

Kim et al. concluded that a statistically significant difference
in intubating conditions occurred at 90 seconds between the
two groups with the rocuronium stored at room temperature
for 14 days resulting in unfavourable intubating conditions,
namely a shortened clinical duration and prolonged time to

twitch depression.




Table 3: Atracurium package insert information and additional temperature storage

recommendations by published studies.

Pharmacological classification Muscle relaxant
Concentration 10 mg/ml (2.5 ml ampoule)
Manufacturer / Distributor GlaxoSmithKline
Manufacturer Recommended 20c-8°C

Storage Temperature

Additional Manufacturer Protect from light

Instructions Do not freeze

Recommendation by other studies | Atracurium stored at room temperature for two
weeks does not cause clinical significant
degradation.®®

The aim of this study by Frasca et al. was to compare muscle
relaxation when atracurium stored at recommended
refrigerated temperature (2°C — 8°C) and operating room
temperature (15°C — 20 °C) for 6 to 15 days were used.

Patients were randomised into these two groups, received
0,5 mg/kg actual body weight of atracurium and muscle
relaxation was assessed by neuromuscular transmission,

train of four, vocal cord opening and Cormack grades.

Frasca et al. concluded that when atracurium was exposed to
room temperature for up to two weeks, this exposure did not

cause enough degradation to be clinically significant.

Table 4: Cis — Atracurium package insert information and additional temperature storage
recommendations by published studies.

Pharmacological classification Muscle relaxant
Concentration 2 mg/ml (2.5ml ampoule)
Manufacturer / Distributor GlaxoSmithKline




Manufacturer Recommended 2°C - 8°C

Storage Temperature

Additional Manufacturer Protect from light

Instructions Do not freeze

Do not remove from outer carton till administration
Diluted solution can be stored at 5°C — 25°C

Recommendation by other studies | Room temperature (light resistant) for 3,8 months.®

The aim of this study by De Winter et al. was to determine
the content of five critically important drugs after being
stored at the recommended refrigerated temperature (2°C —
8°C), room temperature (20°C — 25°C) and in an emergency
transport vehicle (variable ambient temperature due to
climate zone and season) at various intervals up to 12
months. The samples were analysed with liquid
chromatography assay to determine drug stability.

De Winter et al. concluded that cis-atracurium was stable for
3,8 months at room temperature and 4,7 months in an

emergency physician transport vehicle.

Table 5: Phenylephrine hydrochloride package insert information and additional temperature

storage recommendations by published studies.

Pharmacological classification Vasopressor

Concentration 10 mg/ml (1 ml ampoule)

100 mg/ml (0,5 ml ampoule, 10% solution)
Manufacturer / Distributor Biomedi, S.A. Abbott (10 mg/ml)

Soflens (PTY) Ltd (10% solution)

Manufacturer Recommended Store at or below 25°C (10 mg/ml)
Storage Temperature 20C — 8°C (10% solution)
Additional Manufacturer Protect from light

Instructions Keep covered in carton till use

Recommendation by other studies | The National Center for Biotechnology Information

recommends that when phenylephrine is diluted in




5% dextrose it will be stable for 48 hours at a pH of
35-75M

It cautions against prolonged exposure of phenylephrine to
air or strong light as it may cause oxidation and

discolouration.*

Phenylephrine when diluted in 0, 9% sodium
chloride and stored at room temperature is
physically and chemically stable for 60 days.%®

In this study by Jansen et al. the physical and chemical
stability of phenylephrine, once diluted in polyvinyl chloride
bags were evaluated. The stability was measured by high
performance liquid chromatography over a period of 60
days. Jansen et al. concluded that when phenylephrine
hydrochloride was diluted to 200 ug/ml and 400 ug/ml with
0, 9% sodium chloride, stored at room temperature with
fluorescent lighting over a period of 60 days that it was both

physically as well as chemically stable with less than 5%

degradation.

Table 6:  Heparin package insert information and additional temperature storage

recommendations by published studies.

Pharmacological classification Anticoagulant

Concentration 1000 U/ml, 5000 U/ml (4ml ampoule)
Manufacturer / Distributor Fresenius Kabi

Manufacturer Recommended Below 25°C

Storage Temperature

Additional Manufacturer Do not freeze

Instructions

No recommendations by other studies were found.



Table 7:  Oxytocin package

insert

information and additional temperature

recommendations by published studies.

Pharmacological classification

Oxytocic

Concentration

10 1U/ml (1 ml ampoule)

Manufacturer / Distributor

Specpharm

Manufacturer Recommended

Storage Temperature

20Cc -8°C

Additional Manufacturer

Instructions

Do not freeze
Do not remove ampoule from carton until use

Protect from direct sunlight

Recommendation by other studies

-50C to -20°C up to 7 days.'

In this study by Nassata et al. oxytocin ampoules were stored
at temperatures -5°C and -20°C for 7 days with a control
stored at 4°C. After five freeze-thaw cycles the amount of
oxytocin was determined by liquid chromatography triple
guadrupole mass spectrometry assay. Nassata et al.
concluded that no significant difference in change in

concentration was found between the groups and the control.

Table 8: Syntometrine® package insert information and additional temperature storage

recommendations by published studies.

Pharmacological classification

Oxytocic

Ergometrine maleate and oxytocin

Concentration

Syntometrine® 500 micrograms/ml and oxytocin 5

IU/ml (Iml ampoule)

Manufacturer / Distributor

Adcock Ingram Critical Care (Pty) Ltd

Manufacturer Recommended

Storage Temperature

2°C - 8°C

Additional Manufacturer

Instructions

Do not freeze. Protect from light.

storage




Do not remove from the outer container until required

for use

Recommendation by other studies | World Health Organisation’s Essential Medicine
and Health Products guideline states that when
ampoules of Syntometrine® are left at room
temperature, exposed to light, the level of active
ingredient reduces by 21% — 27% per month. %’

If no refrigerator is available the World Health Organisation

regards storage of Syntometrine®, at room temperature to a

maximum of 30°C, for a maximum of 3 months as

acceptable. '

Table 9: Insulin package insert information and additional temperature storage recommendations

by published studies.

Pharmacological classification Hypoglycaemic agent

Concentration 100 U/ml (10ml vial)

Manufacturer / Distributor Novo Nordisk A/S

Manufacturer Recommended | 2°C — 8°C

Storage Temperature Room temperature (maximum 25°C) for one month
Additional Manufacturer Do not freeze

Instructions Keep out of sunlight

Recommendation by other studies | If no refrigerator is available then insulin can be

stored at room temperature for up to 2 weeks.

The aim of this study by Vimalavathini et al. was to
determine how improper temperature storage affects the
potency of insulin

Two insulin formulations were stored at five different
temperatures and potency tested by liquid chromatography
every 7 days for 28 days. On the 25" day insulin tolerance
test was performed on rabbits.

When insulin was stored at 32°C and 37°C there was a 14%

— 18% decrease in potency but no significant decrease in

10



blood glucose level when the insulin tolerance test was
performed.

Vimalavathini et al. therefore showed that insulin can be
stored safely at room temperature for a maximum of two

weeks.

This data summarises the manufacturers’ storage temperature recommendations. If a passive
refrigerator system (i.e. cold drug storage unit) maintains a storage temperature range of 2°C — 8°C
all the temperature sensitive drugs will adhere to the manufacturers’ recommendations when stored
in these units. It has been demonstrated by additional studies conducted that indicate optimal drug
pharmacokinetics or pharmacodynamics when the drugs are stored in temperatures outside the
manufacturer’s recommended temperature range. These can merely be viewed as hypotheses and
therefore have not been incorporated by the manufacturer to include it within their
recommendations. It can be concluded that in a theatre suite, within a resource limited
environment, the ideal cold drug storage unit should maintain an internal temperature of 2°C — 8°C

in order to store all temperature sensitive anaesthetic drugs.

Solution to storage of temperature sensitive medication in anaesthetic practice

The current standard of practice at Universitas Academic Hospital regarding the handling of
refrigerator drugs and maintaining adequate storage are as follows. At 07:00 the anaesthetic nurse
of a particular theatre suite collects the refrigerator drugs from a refrigerator where drugs are stored
at 4°C to 6°C in the theatre medication stock room. The anaesthetic nurse places the drugs in a
Styrofoam® cooler box with eutectic gel pack/s which can be seen as the “annexe” to the

controlled storage refrigerator (Appendix A).

Styrofoam® is a plastic polystyrene, a non-metallic solid with low thermal conductivity making it
a good thermal insulator.?® The iced gel pack decreases the Styrofoam® cooler box’s interior
temperature and the insulation property of the Stryrofoam® limits the heat that enters the cooler
box. The manner of placement of the drugs within this Styrofoam® cooler box is not standardised
— it is either placed in a plastic container, in the original carton or loosely placed. This cold drug
storage unit is placed on the anaesthetic drug trolley in each theatre suite and subsequently exposed

11



to ambient theatre temperatures. The current practice requires return of drugs to the controlled
temperature unit (refrigerator) to the theatre medication stock room at the end of the theatre list
and permits reuse if the medication if unopened. The duration of use of a particular theatre
determines the time that the drugs are out of a controlled temperature environment; on average 3

hours to 10 hours per day.

The lack of “annexe” temperature display, regulation and monitoring pose the risk for drugs being
exposed to temperatures deviating from the manufacturers’ recommendations. Currently it is
unclear what the temperature is that the drugs are stored at in these cold drug storage units. It is
unclear whether the room temperature, storage method of drugs within cold drug storage unit, the
number and size of ice pack usage and the number of ampoules affect the temperature within the

cold drug storage unit to a significant extent or not.

Solution to storage of temperature sensitive medication in other scopes of medicine

The challenge of maintaining drugs at the recommended temperature range is not unique to
anaesthetic practice but is also encountered by critical care transport teams and in the maintenance

of a vaccine cold chain during off-site immunisation outreach.

Critical care transport teams transport temperature sensitive medication (e.g., succinylcholine and
rocuronium) in environments that potentially exceed the manufacturers’ recommended
temperature threshold. The strategies that have been employed to optimise temperature control for
storage of these drugs in critical care transport include high technology coolers, small portable
refrigerators and placement within a Packlt Cooler Box.X® The latter method is similar to our
current practice in theatre suites at Universitas Hospital. When the effectiveness of this medication
storage strategy was tested in the critical care transport industry by conducting a simple trial it was
concluded that this industry accepted strategy was not able to maintain the drugs at manufacturers’

recommended temperature for trip durations lasting longer than 3 hours.°

During the transport of immunisations the cold chain; a system needed to ensure storage of
vaccines in temperature regulated conditions, is critical to ensure the required potency of these

sensitive biological products.?

12



The World Health Organisation (WHO) recommends the storage of these vaccines in various
storage units for transport, short term usage when no electricity is available or the refrigerator is
not in working condition.?! The methods recommended by WHO are summarised in the table

below.

Table 12: WHO recommendation for out-of-refrigerator vaccine storage

Name of Unit Description Cold life
(Temperature < 10°C)

Cold Boxes Insulated Two to seven days at room
container  lined | temperature of up to 43°C
with frozen ice

packs

Vaccine Carriers Small insulated | 18 to 50 hours at room temperature

containers  with | of up to 43°C

frozen ice packs

Adjuncts

Water-packs Leak proof, flat plastic containers filled with tap water.
Lines the inside of cold boxes or vaccine carriers. Correct
size and number of water packs to be used is instructed

on the inside of lid container.

Foam pads Sponge like, soft material placed on top of water packs

inside a vaccine carrier allowing full closure of carrier lid.

The purpose of this study

In daily anaesthetic practice it is essential for drugs to be easily accessible to the anaesthetist —
this is achieved by the storage of temperature sensitive drugs placed within a non-temperature
regulated cooler box in a theatre suite. If this environment is not within the manufacturers’
recommended temperature storage range this could lead to the degradation of drugs, loss of

potency and adverse patient outcome. 019

When searching for literature to support our daily practice it was noted that no publication to date
exists to define the various methods employed in individual theatre suites to store refrigerator
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anaesthetic drugs and the effectiveness of such methods to maintain an adequate manufacturer

recommended temperature throughout the operating day.

This led to the following research question: Are we storing refrigerated anaesthetic drugs in
operating theatre suites at Universitas Academic Hospital according to the drug manufacturers’

temperature recommendations?

The aim of this descriptive observational study was to assess whether the current temperature
storage of refrigerator drugs in operating theatre suites during the work day week are compliant

with the manufacturers’ temperature storage recommendations.

The primary outcome of this study was to measure the temperature in the cold drug storage units
used in theatre suites during daytime working hours and to compare this to the manufacturers’
storage temperature recommendations stated on the package information leaflets (Appendix B).
This outcome was achieved by placing a digital thermometer (Appendix C) within the plastic
container housing the drugs within the cooler box. This thermometer has a temperature measuring
range of -20°C to 70°C and the manufacturer’s assurance of an accuracy of +1°C. The temperature
measurements were taken of the cold drug storage units placed in nine theatre suites at Universitas
Academic Hospital over 5 consecutive workdays on six fixed time slots from 07h30 to 17h00.

The temperatures measured in the cold drug storage unit were directly compared to with the
manufacturers’ temperature recommendations. These comparisons allowed us to assess the
effectiveness of the current storage method for ensuring optimal storage of temperature sensitive

anaesthetic drugs in theatre operating suites.

A secondary outcome was to assess whether additional variables; room temperature, storage
method of drugs, eutectic ice pack usage, number of ampoules and theatre suite usage had any
relationship with the measured temperatures within the cold drug storage unit. This outcome was
achieved by measuring the room temperature on each occasion when the temperature reading of
the cold drug storage unit was measured, noting the way the drugs were stored within the cod drug
storage unit, noting the size, amount and placement of the eutectic ice packs used, counting the
ampoules/vial within the cold drug storage unit and noting the time that the theatre suite (in which

a cold drug storage unit was located in) was used for a particular day.

An analysis was performed between the groups in which the cold drug storage unit was adequate

to store all the temperature sensitive medication and the group in which the cold drug storage units
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were inadequate to store temperature sensitive drugs. The variables contributing to the cold drug

storage units’ maintenance of manufacturer’s temperature recommendation range were identified.

An additional secondary outcome was to assess whether the aforementioned variables had any
relationship with the changes in cold drug storage unit temperature. This outcome was achieved
by analysing the data collected of the cold drug storage unit with the greatest increase in
temperature and the greatest decrease in temperature fluctuation between two consecutive

temperature measurements per day.

With this information a recommendation can be made to improve the cold drug storage unit’s

maintenance of temperature within operating theatre suites.

Implementations of study results

The knowledge gained from this study can be implemented in daily anaesthetic practice in the
following manner: educating the anaesthetic personnel on the storage method of refrigerator drugs
that allow a temperature range recommended by the manufacturer and minimising the number of
ampoules/ vials placed in the cold drug storage unit therefore exposing less drugs to temperature

fluctuations.

This study can contribute to further research to provide a recommended standard of practice by
guidelines for the storage of refrigerator drugs outside of a refrigerator for a period of time in an
anaesthetic practice or can be used as motivation to substantiate the need for permanent mini drug
storage refrigerators in each operating theatre suite.

Recommendations for further research

Further research is needed regarding the actual degradation of anaesthetic drugs due to incorrect
temperature storage conditions in operating theatre suites and the exposure to daily fluctuations of
temperature caused by daily cycling between the main storage refrigerator and theatre operating

suites. The clinical significance of such degradation also requires investigation.

Chapter 1 word count without references: 3940
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Abstract

Background

Temperature sensitive anaesthetic drugs require storage within individual theatre suites in order to be easily accessible
to the anaesthetist for immediate use. This easy accessibility of drugs poses a risk of drug degradation due to incorrect
temperature storage range. The method of storing refrigerated anaesthetic drugs in theatre suites, within a cooler box
with a frozen eutectic gel pack (referred to as a cold drug storage unit) is well recognised and practiced. Yet this
method is poorly supported by literature and ill-defined in practice guidelines. The aim of this study is to determine
whether refrigerated drugs in the operating theatre suites at Universitas Academic Hospital (UAH), during working

weekdays, are stored according to the manufacturer’s temperature storage recommendation.

Method

A descriptive observational study was done on the cold drug storage units in nine theatres suites at Universitas
Academic Hospital, at six fixed time slots from 07:30 to 17:00, on five consecutive weekdays. The cold drug storage
unit temperatures were measured and was assessed for adequacy of storage of refrigerated anaesthetic drugs according
to the manufacturer’s recommendation on the package leaflet. The factors that could influence the internal
environment of the cooler box were investigated; theatre room temperature, storage method of drugs within the cold
drug storage unit, number, size and placement of the gel packs, the number of ampoules/vials and the of utilisation of

the operating theatre.

Results

Five hundred and forty five temperature measurements were taken of which 268 were theatre room temperature
measurements with an accompanying 267 cold drug storage unit temperature measurements and ten main storage
refrigerator temperature measurements. The cold drug storage unit temperature for all theatres for the five days was
in the range of 4,3°C — 23,8°C with a median of 14,8°C. This method of drug storage was not effective to ensure
optimal storage temperature for all temperature-sensitive anaesthetic drugs (requiring storage at 2°C — 8°C) on 235
temperature measurements (88% with a 95% Confidence Interval of 83,6% to 91,4%). The number and placement of

the of the eutectic gel packs within the cold storage units was a statistically significant factor (p <0,001) determining
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the cold drug storage unit temperature to fulfil the manufacturers’ recommendation to maintain temperatures below

8°C

Conclusion

The current method of storing temperature sensitive drugs, in operating theatre suites at Universitas Academic
Hospital does not fulfil the temperature storage requirements as set out by the drug manufacturer’s most of the time.
This method of passive refrigeration should not be abandoned as this study highlights the potential to maintain
temperature below 8°C. With the use of two eutectic gel packs, placed above and below the drugs within a Styrofoam®
cooler box, a desired temperature range of 2°C — 8°C can be maintained for an average of 4 hours and 30 minutes, to
a maximum time frame of 9 hours and 30 minutes, in a theatre suite with a maximum room temperature of 25,7°C.This
potential success demonstrated in the study can be utilised to further research in determining the optimal storage

conditions to store temperature sensitive anaesthetic drugs in an operating theatre suite within a resource limited

environment.
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Introduction

The drugs used in anaesthesia require storage according to manufacturer’s recommendation to ensure reliable
pharmacological action.! Incorrect storage conditions may result in accelerated degradation of drugs, loss of potency
and adverse patient outcomes.? It is therefore imperative that drugs used in anaesthesia are stored securely while

remaining easily accessible for anaesthetic use in daily practice.??

The conditions of storing refrigerated anaesthetic drugs during theatre operating hours in individual theatre suites are
ill defined in South African Anaesthetic guidelines.* There is a lack of published literature on the effectiveness of the
current cooler box units used in theatre suites to create optimal storage according to manufacturers’ recommended
temperature thresholds. A comprehensive list of drugs regularly contained within these cold drug storage units, the
manufacturer’s recommended storage temperature and the recommendations by published literature are shown in

Table 1.
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Table I: List of commonly used drugs and the recommended storage temperatures

Drug name

Brand name
(Manufacturer)

Concentration

Manufacturer
recommendation

Published literature recommendation

Succinylcholine
chloride

Rocuronium

Atracurium

Cis — Atracurium

Phenylepherine
hydrochloride

Phenylepherine
hydrochloride

Heparin

Oxytocin

Ergometrine
Maleate &
Oxytocin

Insulin

Suxamethonium®
(Fresenius Kabi,
Bodene (Pty) Ltd)

Rocuronium
(Biotech
Laboratories (Pty)
Ltd)

Atracurium
(GlaxoSmithKline)

Nimbex®
(GlaxoSmithKline)

Phenylepherine®
(Biomedi S.A.,
Abbott)

Minims
Phenylepherine®
(Soflens(Pty) Ltd )

Heparin (Fresenius
Kabi)

Spec Oxytocin®
(SpecPharm (Pty)
Ltd)

Syntometrine®
(Adcock Ingram
(Pty) Ltd)

Actrapid HM®
Novo Nordisk A/S

100 mg / 2ml

50 mg / 5ml

10 mg/ ml

5mg/2ml

10 mg/ ml

50 mg / 0,5ml

1000 U / ml, 5000 U /
ml

10 U/ ml

5U Oxytocin & 0,5mg
Ergometrine / ml

1000 U / 10ml

2°C -8°C

20C - 8°C

20C - 8°C

2°C — 8°C (Diluted solution
can be stored at 5 — 25°C)

At or below 25°C

2°C — 8°C (2,5% solution

store below 25°C)

Below 25°C

20C - 8°C

20C - 8°C

2°C — 8°C (Room

temperature for one month)

Room temperature for 4,8 months® , Room temperature (light resistant) for 2,8
months®

Storage in room temperature for 14 days lead to unfavourable intubating
conditions’

Storage at room temperature for two weeks does not cause clinical significant
drug degradation®

Room temperature (light resistant) for 3,8 months®

If diluted in 0,9% sodium chloride and stored at room temperature it is
physically and chemically stable for 60 days®. Can be diluted in 5% dextrose
and will be stable for 48 hours at a pH of 3,5 — 7,513. 1°

No recommendation by other studies

Stored at -5°C to -20°C for 7 days (with five freeze thaw cycles) compared
with storage at 4°C showed no difference in change on concentration®*

Room temperature, exposed to light, the level of active ingredient reduces by
21 — 27% per month.

Storage at room temperature to a maximum of 30°C for a maximum of 3
months is acceptable!?

Room temperature at 12 weeks'®
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To maintain a cold chain and thereby ensure pharmaceutical stability, the refrigerated anaesthetic drugs are stored in
a temperature regulated main storage fridge, prior and after a working theatre day. When removed from this
temperature regulated environment, the drugs are placed within a cooler box (Styrofoam®) containing an eutectic gel
pack (referred to as a “cold drug storage unit”) and exposed to environmental temperature for the duration of the

working theatre day.

Figure 1: Cold drug storage unit

Temperature is recognised as the most consistent factor driving both the chemical and physical degradation of drugs.®
14 Inadequate storage of these anaesthetic drugs; whether not easily accessible for the anaesthetist or incorrect
temperature storage, can result in delay of drug administration and unpredictable therapeutic response. This has the

potential to compromise timely emergency patient treatment in an anaesthetic environment.*®

The purpose of this study is to investigate whether the temperature storage conditions of anaesthetic refrigerated drugs
in operating theatre suites at UAH are maintained according to the manufacturer’s temperature recommendations

during typical work days.

A descriptive observational study was done, measuring the temperatures that refrigerator drugs were exposed to when
stored in cooler box units in operating suites. Storage temperatures were compared to the manufacturer’s temperature
recommendations for individual drug storage to determine whether the storage method adhered to adequate
temperature storage requirements. Factors that could influence the internal environment of the cooler box were
investigated; theatre room temperature, storage method of drugs within the cold drug storage unit, number, size and

placement of the gel packs, the number of ampoules/vials and utilisation of the operating theatre.
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Methodology

A descriptive observational study design was used in this study. The ethics clearance was obtained from the Health

Sciences Research Ethics Committee (HSREC) of the University of the Free State in Bloemfontein, South Africa.

The study population consisted of the nine cold drug storage units containing the refrigerated drugs in nine theatre
suites at UAH. Data was collected on 28" of October 2019 to the 1% of November 2019 (Monday to Friday) at six
fixed time slots per day. An initial pilot study was performed, which highlighted the need for minor amendments to

be made, resubmitted to the HSREC with approval granted.

The theatre suites included in this study were the nine theatre suites (Theatre 1 — 5 and 8 — 11) within the main theatre
complex at UAH from 07h30 — 17h00. This study excluded cardiothoracic theatres within the main theatre complex
due to the large fluctuation in the theatre room temperature required by the surgical procedure and all UAH Annex

theatres due to logistical reasons.

The cold drug storage unit consisted of a Styrofoam® cooler box containing an eutectic gel pack at the base. The
refrigerator drugs are placed on top of the gel pack within a plastic container; loosely or within their original packaging
as illustrated in Figure 2. The packaging of the drugs and the position, size and humber of eutectic gel packs were

placed at the discretion of the anaesthetic nurse (as per standard daily practice).

Figure 2: Drugs placed within a plastic container in the cold drug storage unit

A digital thermometer, Lasec SA (Pty) Ltd stock code: H3THE006Z-000002, with a temperature measuring range of

-20°C to 70°C and a manufacturer’s assurance of an accuracy of +1°C was used. The thermometer has a digital display

27



(placed on the outside of the cold drug storage unit) and a 1.5 meter cord with the measuring probe that was placed in
a standard position within the plastic drug container within the cooler box ( as noted in Figure 3). A synchronization
reading procedure was done on the day of the pilot study and the first day of data collection. (Synchronization reading
procedure: personal communication with Professor W Rae, Previous Head of Department of Medical Physics at
University of the Free State, South Africa). The participants in this study was not blinded to the temperature display

of the cold drug storage unit.

Z

Figure 3: Digital thermometer probe placed within the plastic container containing the drugs

At 07h00 the temperature measurement of the main drug storage refrigerator was taken and placement of two

thermometers in nine theatres — one within the cold drug storage unit and one to measure ambient temperature.

The following procedure occurred at six time slots 07:30, 09:00, 11:00, 13:00, 15:00, and 17:00:

Temperature measurement: Ambient theatre and Cold Drug Storage Unit

Storage method of drugs within the cold drug storage unit was noted

Gel pack size, number and position within the cold drug storage unit

Number of ampoules/vials in the cold drug storage unit

Start and end of anaesthetic time for the theatre day in each theatre

At 17h30 the temperature reading of the main drug storage refrigerator, where the drugs in the cold drug storage unit

was returned after 17h00, was noted.
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The aim of this study was to assess whether the current temperature storage of refrigerator drugs in operating theatre
suites at Universitas Academic Hospital during daytime working hours are compliant with the drug manufacturers’

storage recommendations.

The primary objective in this study was to measure the temperature in the cold drug storage unit used in theatre suites
for the storage of drugs during daytime working hours and to compare this to the manufacturers’ storage temperature

recommendations stated on the package information leaflets.

The secondary objective was to assess whether variables such as; theatre room temperature, the storage method of
drugs within the unit, , the eutectic gel pack usage and the number of drug ampoules or vials in the cold drug storage

unit and theatre utilisation held any relationship with the temperature measured within the cold drug storage unit.

An additional secondary outcome was to assess whether the aforementioned variables had any relationship with the

fluctuations noted in cold drug storage unit temperature.

To minimise bias, the Hawthorne effect and the effect of confounders on the study results, the nursing staff were
instructed not to change their practice in the packaging of the cold drug storage units. Observational bias was reduced
by using standardized digital thermometers with accurate continuous display of temperature. The temperature display
of the thermometer was visible to the nursing staff, anaesthetist and the data collector, Temperature readings might
have been affected by the number of times the Styrofoam® cooler box and plastic container or carton was opened and
whether the lid of either or both is placed securely when closed to prevent excessive influx of heat once anaesthetic

drugs have been removed. These confounders however could not be accounted for in this study.

Statistical Methods: Analysis of Data

Analysis of the data collected was performed by the Department of Biostatistics of the University of the Free State.
Descriptive statistics namely maximum, minimum and median values were calculated for continuous data.

Frequencies and percentages were calculated for categorical data. Fisher’s exact test and Chi-square tests were used

for non-parametric comparative data and a p value < 0,05 was used as the cut-off for statistical significance.
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Results

Primary outcome results

A total of 565 temperature measurements were scheduled to occur in the data collection period but 20 (3,5%) could
not be recorded due to the unavailability of the cold drug storage units for particular theatres. Therefore 545
temperature measurements were recorded in total, with 268 theatre room temperature measurements, 267 cold drug

storage unit temperature measurements and ten main storage refrigerator temperature measurements.

The minimum, median and maximum cold drug storage units temperature (n = 267) for each theatre for the week is
summarised in Figure 4. The overall combined cold drug storage unit temperature for the period of data collection

was a minimum of 4,3°C, maximum of 23,8°C with a median temperature value of 14,8°C.

Cold drug storage unit temperature per

theatre for the week
T1 T2 T3 T4 T5 T9 T10 T11
# Min Temperature @ Median Temperature B Max Temperature

Cooler box temperature °C
PRERRERENNNN
ONDBODOONDBOOONS O

T8

Theatre suite number

Figure 4: The temperature range of the cold drug storage unit summarised per theatre for the five days of

data collection

In order for the all the temperature sensitive drugs to be stored within the cold drug storage unit according to
manufacturers’ recommendations, the temperature within the cold drug storage unit would have to be 2°C — 8°C.
Figure 5 shows the proportion of readings that complied with the manufacturer’s recommendations compared to the

proportion that didn’t.
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Adequacy of cold drug storage unit to maintain a
temperature sufficient for all drug storage
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Figure 5: The number of temperature measurement within a temperature range of 2°C — 8°C, temperature

within manufacturer’s recommendation compared to the number of measurements that were not

within the manufacturer’s recommendation

Figure 5 illustrates that only 32 readings of the 267 cold drug storage temperature readings (12 % with a Confidence
Interval of 8.65% to 16,4%) were conducive to store all the temperature sensitive anaesthetic drugs according to the
manufacturer’s recommendation. In this study this method was ineffective to store temperature sensitive drugs on 235
reading of 267 cold drug storage temperature readings (88% with a 95% Confidence Interval of 83,6% to 91,4%).
When taking into consideration the limitation of the measuring instrument, the digital thermometer with an accuracy
of + 1°C, the above temperature range of adequacy was extended to 1°C — 9°C (from 2°C — 8°C). With this limitation
being accounted for the number of temperature measurements that were conducive to store all refrigerated anaesthetic
drugs increased, with an additional 9 temperature measurement readings to a total of 41 (15,4%) adequate temperature

measurements, within the manufacturer’s recommendation range.

In the cold drug storage units that had a temperature comparable to the manufacture’s recommended temperature range
for all the refrigerated anaesthetic drugs (2°C — 8°C). The time intervals that this temperature range was maintained

was a minimum of one temperature measurement and a maximum of 9 hours and 30 minutes with an average time of
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4 hours and 30 minutes. (The number of measurements that fulfilled the manufacturers’ recommended temperature

range is summarised per theatre in Appendix E)

The temperature at which the refrigerated drugs were stored within the main storage refrigerator before and after
packaged in the cold drug storage unit for each theatre were recorded at 07:00 and 17:30 for the five days of data
collection. Of the ten temperature measurements, with a minimum of 6,4°C, median of 6,9°C and maximum of 8,5°C,

only one temperature measurement was outside of the manufacturer’s recommended temperature storage range of 2°C

- 8°C.

Secondary outcome results

The theatre room temperatures, taken at the same fixed time slots as the cold drug storage unit temperature readings
are displayed in the Figure 6. The room temperatures of the theatre suites had an overall combined range of 18,5°C to

25,7°C (with a median of 22,4°C).

Theatre Room Temperature
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# Min Temperature EMedian Temperature B Max Temperature

Figure 6: The temperature range of the theatre room temperature summarised per theatre for the five days of

data collection

The storage method the anaesthetic personnel used to place the drugs within the cold drug storage unit is displayed in

Figure 7
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Storage Method of Drugs
18(7,2%)

\

250 (93,3%)

= Loose ampoules within plastic container

= Original carton and plastic container

Figure 7: The storage method of placing drugs within the cold drug storage unit

The eutectic gel packs; the number, size and position within the Styrofoam® Box was noted to not be placed in a

standardised manner by the anaesthetic personnel. The various options used are illustrated in Figure 8.

Eutectic Gel Pack Usage

48 (18%)

11 (4,1%)_.

> 208 (77,9%)
= 1 15x 15cm Base m 1 10x10cm Base = 2 15 x15cm Top and Base

Figure 8: The number of eutectic gel packs use, the size of the gel pack, and the placement of the eutectic gel

pack at the base or both on top and at the base of the drugs within the Styrofoam®

The number of ampoules/vials were counted after a cold drug storage unit temperature measurement was taken for an
individual theatre per time slot for each day of data collection. Figure 9 depicts the median number of ampoules/vials
placed within the cold drug storage unit for each theatre for the five days of the week and the median number of

ampoules/vials used in a particular theatre for the five days of the week.
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Median number of ampoules/ vials stored in cold
drug storage unit per day and number of
ampoules/vials used per day
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Figure 9: The median number of ampoules/ vials stored in cold drug storage unit per day and absolute number

of ampoules/vials used per day per theatre

The data displayed in figure 9 illustrates that a larger proportion of ampoules/vials is removed from the regulated main
storage refrigerator and placed within the cold drug storage unit within theatre suites than what is utilised by the

anaesthetist on a daily basis.

The contribution of the aforementioned variables contribute to the cold drug storage unit in achieving a temperature
range recommended by the manufacturer’s (2°C — 8°C) compared to the cold drug storage unit not fulfilling the

manufacturers’ recommended storage range is depicted in Table I1.
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Table II: Comparison of variables contributing to cold drug storage unit having a temperature 2°C — 8°C

(adequate for storage of temperature sensitive drugs) and more than 8°C (inadequate for storage of

temperature sensitive drugs)

Adequate storage

Inadequate storage

temperature temperature
2°C -8°C > 8°C
Total cold drug temperature measurements
(n = 267) 32 (12%) 235 (88%)

Theatre room temperature °C

(Minimum — Median — Maximum)

20,1°C - 21,8°C - 24,6°C

18,5°C - 22,6°C - 25,7°C

Numbers of ampoules/vials

(Minimum — Median — Maximum) 23-35-46 15-34-53
Storage method used

Plastic container 90,6% 94%

Plastic container & original carton 9,4% 6%
Eutectic Gel pack usage

One 15 cm x 15 cm placed at the base 0 208 (88,5%)

One 10 cm x 10 cm placed at the base 0 11 (4,7%)

Two 15 cm x 15 cm placed at the base and on top 32 (100%) 16 (6,8%)
Theatre in use 48,4% 38,7%

The theatre room temperature and the amount of ampoules or vials within the cold drugs storage units were not remarkable

different. When the Chi-square Test and Fischer’s Exact Test analysis was applied to the variables presented in the table,

the storage method used (p < 0,49) and the theatre utilization (p < 0,44) was not a statistically significant factor

contributing to the cold drug storage unit achieving an adequate temperature range to store all the temperature sensitive

drugs. The statistical significant factor contributing to the cold drug storage unit maintaining an adequate temperature
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range of 2°C — 8°C was the use of two 15¢cm x 15¢cm eutectic gel pack placed on the base and the top of the plastic container

housing the drugs within the cold drug storage unit (p < 0.001)

The fluctuations in two consecutive cold drug storage temperature measurement were analysed for the greatest increase
and the greatest decrease in temperature amongst all nine theatres per day. This fluctuations in temperature is illustrated

in Figure 10.

Greatest positive and negative fluctuation in cold

drug storage units per day for all theatre Suites
10

o N B OO

. = b
, L] L1
-4

Monday Tuesday Wednesday Thursday Friday

Change in cooler box temperature °C

H Greatest positive fluctuation in temperature ® Greatest negative fluctuation in temperature

Figure 10: Greatest positive and negative fluctuation, amongst two consecutive temperature readings in the cold drug

storage units for all theatres per day

The accompanying factors that could affect these temperature fluctuation are noted in Appendix D.

Discussion

In this descriptive observational study we set out to investigate whether the refrigerated anaesthetic drugs stored in
operating theatre suites at UAH, during the workday, are stored at the recommended manufacturer’s storage
temperature. The importance of access to these refrigerator drugs for the anaesthetist in the individual operating

theatres has led to a well-recognised practice of placing these drugs in a non-temperature regulated cold drug storage
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unit. With this study we demonstrate that 88% (235 of the 267) of the cold drug storage unit temperature measurements

were inadequate to store all the refrigerated drugs according to the manufacturer’s recommendations.

The primary objective in this study was to measure the temperature within the cold drug storage units and to assess
whether the measured temperature adhered to the manufacturers’ temperature storage recommendation. . When
analysing the cold drug storage unit temperature measurements taken on 267 occasions during the data collection
period an overall temperature range of 4,3°C — 23,8°C with a median of 14,8°C was recorded. The package leaflets of
the temperature sensitive anaesthetic drugs were reviewed for the manufacturer’s storage temperature
recommendation and it was determined that in order to store all these drugs within the same cold storage drug unit
within theatre suits the temperature within this cold drug storage unit should be 2°C — 8°C.This storage temperature
measured was found to only adhere to the manufacturer’s recommendation to store all the refrigerated anaesthetic
drugs on 32 of 267 measurements (12%), therefore 88% (95% Confidence Interval of 83,6% to 91,4%) of the
temperature measurement did not comply with recommendation set by the manufacturer. When correcting for the
+1°C accuracy of the digital thermometer used, only 41 (15, 4%) measurements adhere to the manufacturers’

temperature storage range.

The secondary objective was to explore whether the following variables; theatre room temperature, the method of
storing drugs within the cold drug storage, the size, amount and placement of the eutectic gel packs within the cold
drug storage unit, the number of ampoule/vials placed within the cold drug storage unit and theatre utilisation
contributed to the measured cold drug storage unit temperature When exploring the factors that could contribute to
this cold drug storage units temperature adhering to the manufacturers recommendation the following factors seem to
have no significant influence; theatre room temperature, the number of ampoule/vials placed within the cold drug
storage unit, the method of storing drugs within the cold drug storage unit and whether theatre was utilised or not.

(Refer to Table 1)

The size, number and placement of the eutectic gel packs within the cooler box was the main contributor to ensuring
a cold drug storage unit temperature below 8°C (p < 0,001). It was observed that in all 32 occasions that the cold drug
storage unit maintained a temperature range conducive for storing all refrigerated anaesthetic drugs (2°C - 8°C); two
15cm x15cm gel packs were used, one placed at the base inside the cooler box (at the bottom of the plastic container
housing the drugs) and one placed on top of the plastic container. With this eutectic gel pack configuration the
temperature can be maintained at 2°C — 8°C for an average of 4 hours 30 minutes to a maximum of 9 hour 30 minutes

during the theatre work day.
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An additional secondary outcome was to assess whether the aforementioned variables had any relationship or
correlation to the fluctuations in cold drug storage unit temperature noted. The maximum fluctuations between
consecutive temperature readings, in all theatres throughout the five days, were a maximum increase in 8°C to a
maximum decrease in 6,9°C. (Refer to Figure 10). No clear factor was strongly identified with these large fluctuations
noted in consecutive temperature measurements of the cold drug storage unit with regards to the time of day of the
greatest fluctuation, the theatre temperature change, the number of ampoules/vials removed, the storage method of the
drugs within the cold drug storage unit. A trend was noted in the cold drug storage units amongst an increase in
temperature fluctuation when a change in eutectic ice pack from two to one took place. An opposite decrease trend in
temperature measurements was noted when an eutectic ice pack was added (from one to two eutectic ice packs) within

the cold drug storage unit.

The need to store refrigerated drugs in a non-refrigerated environment in the medical sphere is not unique to
anaesthetic practice.!* ¢, The strategies that have been employed to optimise temperature control for storage of these
drugs in critical care transport and aviation teams include high technology coolers, small portable refrigerators and
placement within a Packit cooler.!* The latter method is similar to our current practice in theatre suites at Universitas
Academic Hospital. When the effectiveness of this medication storage strategy was tested in the critical care transport
industry it was concluded that this industry accepted strategy was not able to maintain the drugs at manufacturer

recommended temperature for trip durations lasting longer than 3 hours.*

Another component of medical practice requiring storage of temperature sensitive medications outside of a refrigerator
is during the transport of immunisations. The cold chain; a system needed to ensure storage of vaccines in temperature
regulated conditions, is critical to ensure the required potency of these sensitive biological products.'® In the absence
of a refrigerator the World Health Organisation recommends the storage of these vaccines within either a cold box
(maintaining temperature below 10°C for five to seven days), vaccine box (maintain temperature below 10 °C for 18

— 50 hours) with adjuncts such as water packs and foam packs.*®

As the temperature of the cold drug storage unit was inadequate to store all refrigerated drugs 88% of temperature
reading, with large fluctuations in temperature on a daily basis, an important practical application is to expose as
minimal number of drugs to these non-conducive storage temperatures. From this study it was noted that a median
number of ampoule/vials packaged in theatre operating suites were 34 ampoules/vials per theatre per day with the

absolute number of ampoules/vials used ranging from 0 — 14, with a median of two.
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This study can now add to the existing literature on practical ways in which temperature sensitive drugs required for
anaesthesia can be stored during the workday in operating theatre suites that do not have a refrigerator. The suggestion
can be made to use two standardised (15cm x15cm) frozen eutectic gel pack placed at the bottom and on top of a
plastic container housing the drugs within a Styrofoam® cooler box. As this maintains an internal environment of
below 8°C for an average of 4 hours and 30 minutes and maximum time of 9 hours and 30 minutes, a recommendation
can be made to replenish the eutectic gel packs every 4 hours and 30 minutes. This study results and the suggested
configuration to maintain and cold drug storage unit temperature of 2°C — 8°C can be utilised and implemented as part

of an audit assessing the temperature at which temperature sensitive anaesthetic drugs are stored within theatre suites.

With this study we could advocate cold drug storage units in individual operating suites have a temperature display
that will alert the nursing staff and anaesthetist when the temperature exceeds the manufacturer’s recommendation of
2°C — 8°C.This would encourage staff to ensure adequate closure of the cold drug storage unit thereby limiting its

exposure to room air and to replenish or add the eutectic gel packs as required..

This study has only focused on drug storage temperature as a main determinant for degradation, but other factors such
as light exposure, rotation from exposure to fluctuation in temperature during the course of the day can also result in
drug degradation. For this reason future degradation studies can be performed on the refrigerated drugs stored in this

manner to determine whether the degree of degradation could be sufficient to result in a loss of potency.

The limitations of this study is that it is a observational study and therefore the Hawthorne effect on nursing practice
when packaging the anaesthetic drugs in the cold drug storage unit could influenced the results obtained. The nursing
staff, anaesthetist and the participants were not blinded to the temperature display indicating the cold drug storage unit
temperature. Additional factors possibly influencing cold drug storage unit temperature could not be accounted for;
the number of times a cooler box is opened and whether on closing it was completely sealed. The temperature readings
of the cold drug storage unit, although of display on the digital thermometer screen throughout the five consecutive
days, were only documented at six time slots from 07:30 — 17:00. The body of supporting literature on the use of a
cooler box and ice packs as a means of passive refrigeration in theatre operating suites to store refrigerated anaesthetic
drugs are minimal and therefore there are a number of sources used to supplement this study which are older than 5

years.
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To ensure that the anaesthetist has easy access to all anaesthetic agents the storage of temperature sensitive anaesthetic
drugs are placed within a cooler box with a eutectic gel pack within the operating theatre suites. In this study this well
practised, yet ill-defined method in anaesthetic practice guideline® >4, was used to determine whether the storage of
refrigerated anaesthetic drugs are stored according to manufactures temperature storage recommendation in operating
theatres suites at Universitas Academic Hospital. Eight-eight percent of temperature measurements did not maintain
a temperature range of 2°C — 8°C required to store all required temperature sensitive drugs according to the
manufacturer’s recommendation. When this storage method adhered to the prescribed temperature range, it contained
two eutectic gel packs, above and below the drugs, and maintained a temperature below 8°C for an average of 4 hours
and 30 minutes, up to 9 hours and 30 minutes, in a maximum theatre temperature of 25,7°C. These findings can The
potential success of the specific configuration of the two eutectic gel packs to maintain a temperature conducive with
the manufacturer’s recommendations highlights the potential for further research in order to implement a local
standard operating procedure and support recommendation in anaesthetic practice guidelines in a resource limited

environment.

Publishable Manuscript word count without references: 5060

Publishable Manuscript word count including references: 5431
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Appendices

A: Cold drug storage unit (Cooler Box and Eutectic Gel pack)
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B: Drug Package Information Leaflet

Please note that within the time frame of protocol submission and data collection a few anaesthetic
drugs have been purchased by other manufacturers as originally name in the protocol. Attached

are the package information leaflet of the drugs available during the time of data collection

Additional drugs stored in the cold drug storage units were Syntometrine®, Phenytoin (the latter

is not conventionally placed in the cold drug storage units for individual theatre suites).
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Where 2 small vein i selected as the injection site,

TRACRIUM® TRAGRIUM should be flushed through the vein with
x physiological saline after injection. Where other anaesthetic
SCHEDULING STATUS: HOOOMNSE  mediines are administered through the same in-dwelling
@ needle or cannula as TRACRIUM, it is impoctant that each
medicine is flushed through with physiciogical saline.
The dosage range recommended for adults 503 to
T AN D DO O oy s Seering co dunof ori
TRACRIUM® Injection 5,0 mi {sclution for injection) muscle relaxation for 15 to 35 minutes.

COMPOSITION: mwmmmmmw
Each ampoule of 2,5 mi contains 25 mg atracurium besylate.  accumulation. Endotraches! intubation can usuaily be
Each ampoude of 5,0 mi contains 50 mg atracurium besylate:  accomplished within 90 seconds from the intravenous

injection of 0.5 1o 9,6 mg/kg. The neuromuscular block

PHARMACOLOGICAL CLASSIFICATION: produced by TRACRIUM can be rapidly reversed by
A 17.1 Penpherally-acting muscle relaxants standard doses of anti-cholinesterase agents such 25
neostigmine and edrophonium preceded or accompanied
PHARMACOLOGICAL ACTION: by atropine, with no evidence of recurarization. Recovery
Pharmacodynamic properties: from the end of complete necromascular block (full block)
TRACRIUM is 3 selective, competitive (non-depolarising) without use of neostigmine occurs in about 35 minutes as
neuromuscular blocking agent. 3 mqmdmmmuxud
Pharmacokinetic properties:
TRACRIUM & degraded mainly by spontaneous Use in infusion:
non-enzymatic decompesition (Hafmann elimination) After an initial bolus dose 0f 03 10 0,6 mokg. TRACRIUM can
which occurs at body pH and temperature into inactive be used to maimtsin neuromscular block during long surgical
metabolites, The termination of the neuromuscular procedures by administration 25 3 continuous infusion at
blocking action of TRACRIUM & not dependent on rates of 0.3 to 0,6 mg/kghr (0,005 to 0,01 mokgiminute).
mwtabolism and excretion by the liver or kidneyr The mmmawmmu

in the blood pH and body temperature of the patient surgery at the infusion rates: Induced
within the pathological range may alter the duration hypothermia to 3 body temperature of 25-26 *C reduces the
of action of TRACRIUM. 1t is possibie that some rate of inacth full seuromuscutar biock may
decomposition may ocour by nom-specific plasma esterases.  be maintained by approximately half the original infusion
Tests with plasma from patients with low levels of rate 2t these low TRACRIUM i compatibie with
show that the inactivation of the foliowing infusion solutions for the times stated below:
TRACRIUM proceeds unaffected TRACRIUM has no effect
intra-oculer presaure Infusion Solution Period of Stability
mmwmuummmmmm v o
Laudancsine, 8 metabolite of atracurwm, has been g et g i
associated with transient hypotension and, in some wpades Ningers
cerebral excitatory effects. Although seizures have beeny :':“"m” "l ':m“m““’*’ .
mammmmwmaw R =4 hours
to leudanosine has not been establighed (see c"""‘""m‘"l““"'“""m"‘"‘" -
WARNINGS AND SPECIAL . SEN S M. = hours
; When diluted in these solutions to give atracuriuam
INDICATIONS: WmmMDMMMd
Wuwmmmmwm m" "w“w"w
and 10 faciltate controfied ventilation. TRACRIUM .
MMWMMM Dosage in children:
subsequent muscie refaxation i reguired. The dosage requitements in children agad one month and
over are similar 20 thowe In sdults on & mokg Sasis
CONTRA-INDICATIONS:
v Dosage in Elderly and High risk Patients:
Keicwsy hypersemitivty 1o Strsas ki besytste. mqumawwqm
D patients and in those with cardiag, 1
Mubmm% _ W\omm«mmum
TRACHIIM PARALYSES THE RESFIRA patients it is recommended, however that the inaial dowe
MUSCLES AS WELL AS OTHER SKELETAL be at the lower and of the fange and that it be
MUSCLES, BUT HAS NO EFFECTON pge  Sministered siowly. Patients with clinically significant
THEREFORE IT SHOULD cardiovascular disease may be more susceptibie 1o the
ADMINISTERED ONLY WATH ADEQUATE effects of transient hypotension. in These patients siow
ANAESTHESIA AND ONLY BY OR UNDER THE. intravenous injection in divided doses over a petiod of
CLOSE SUPERVISION OF AN AN/ a 1-2 minutes is recommended. TRACRIUM should be
AND ADEQUATE FACILITIES MUST BE . administered over 3 peniod of 60 seconds 10 patents who
wmm may be unusually sensitive to falks in artatial blood
ARTIFICIAL e pressure. for example those who ate hypovolaemic
BLOCKADE 15 RECOMMENDED DURING THE Long-term use in Intensive Care Units (CU):
USE OF TRACRIUM IN ORDER TO TRACRIUM has been used to faciitate mechanical
INDIVIDUALISE DOSAGE REQUIREMENTS. ventilation in ICU patients. When there s 2 need for
The potential exists for histamine reisase 1N susrenTible Torg-term mechanical ventilation, the risk-benefit ratio of
patients. Caution should be exercised in administering . neuromuscutar blodkade must be considered. Avaiisble
TRACRIUM to patients with a history suggestive of an evidence suggests that there is wide interpatient variability
increased sensitivity to the effects of histamine, in dosage requirements and that these raquirements may
TRACRIUM should be used with caution in patients with change with time. Limited data suggest that TRACRIUM
severs alectrolyte disorders in which potentiation of other.  adminstration in the ICU. The effects of haemodialyssy,
agents has been noted. 2 erfus nd haemofiltration on plasma levels of
Resistance to blocking atracurium 3nd its metabolites are unknown,

hmdmmmwn cwmmm |
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malignant hyperthermia, TRACRIUM has not triggered this

TRACRIUM is hypotonic 2nd must not be administered into
the infusion line of a blood transfusion.

Intensive Care Unit (ICU) Patients:
mmmmammmmm
have been recelving atracurium concurrently with several
mwnmwmmﬁyhﬁmam
medical conditions predisposing to seizures (e.g. cranial
trauma, Cerebral cedema, viral encephalitis, hypoxic
encephalopathy, uraemia). A causal refationship 1o
laudanosine has not been established. In clinical trials,

rwmummb«m
~§Tdancosne

mnmwmocmofm

‘weakness
myopathy mwmdmmm
mmnmmmm Most patients were

. furosemide and possibly mannitol, thiazide
diuretics and acetazolamide

* magnesium sulphate

e ketamine -~

* |ithium saits

can bé difficult to reverse with antl-cholinesterase drugs.

PREGNANCY AND LACTATION:

Use in pregnancy and obstetrics:

Safety during the course of pregnancy has not been
established. TRACRIUM is suitable for maintenance of
muscle relaxation during Caesarean section as it does not
cross the placenta ip dinically significant amounts
following recommended doses. It is not known whether
TRACRIUM is excreted into human milk.

DOSAGE AND DIRECTIONS FOR USE:

Use by Injection:

TRACRIUM is administared by intravenous injection. it must
not be miaed with thiopentane or any alkaline agents as
the high pH would cause inactivation of the TRACRIUM.

— - —

effects on heart rate In the recommended dosage range
mnummnmmmw

2,5 m! and 5.0 mi ampoules containing a clear faint yeliow
solution for intravenous administration

PRESENTATION:
Box of 5 x Ampoules of 25 miL
Baxof 5 x Ampoules of 50 ml.

STORAGE INSTRUCTIONS:

Keop out of reach of children.

Store at Z to 8 °C. Do not freeze.
Protect from light.

Open ampoulss of TRACRIUM should be discarded
immediately after use.

REGISTRATION NUMBER:
TRACRILM Injection 2.5 mi: RA7.1/203
TRACRIUM Injection 5,0 mk: RA17.1/210

mmmmwmmwm

WMMW)W
39 Hawkins Averiue
Emismuh,t

mqmwmmm
27 August 1998 —

TRACRIUM is 2 registered trade mark of the GSK group of
msmmdmumm
Botswana

TRACRIUM® Injection 2.5 mi: Reg No. 83316845
TRACRIUMS Injection 5,0 mi: Reg No. 89316850

Namibia

TRACRIUM® Injection 2,5 ml

: Reg No: 9017, 100585
TRACRIUM® Injection 5,0 mi: fieg No_ 90/17.100585

TRACRIUMS injection 2.5 mi: Aieg No. S4/1 311848 PP
TRACRIUM® Injection 5,0 mi- Reg No. 84/1 /1548 PP
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PHARMACOLOGICAL AGTION
Phwmacodynamic properses

Prorydmpheine bs an alpha 3 D receptor agornest
A phwimdaphing prody

o ncreass 1 srieriel preasune; & o producea reflax
oy Bota 1 ackerienglc oTucts an i
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metabolised by the Buer with only 12 % of the (oss escruted
2ed I the wrine. O by oxidane & the
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i) which
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b
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PHENYLEPHRING HYDROCHLORIOE INJECTION & indicated for
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o e S e

sple: $ock o prassthesa

mmumhm-mmwmw
are froquently recured,

CONTRAINDICATIONS

10 of any of the corrpanants of
SLENYL EPHIE NYOROCHLOMOE MIECTE o
Poedatric use,

WARNINGS AND SPECIAL

Mwmmmmmnm
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wparing & 50 mcgimi of Bolus

Adminsiration

For Dolus infravenoun adminiyiation, acd 10 11 mi of & 10 mgené
of LEPHIUNE

mmww-wmumm
Wilhdamw an sppropriate dose Nwmmwn
bols travencus ackriisdration of the diuted

Prepuring a Sokstion for cummmm
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anMHSKde
0.0 % Bodium Chiorido Iy CLALLY
dmm

mmnm

-mmwlo mmmm
0.6 mehmmamm
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SIOE EFFECTS
PHENYLEPHRINE HYDRCCHLORIDI INJECTION can cose side

effects.
PHENYLEFHRINE HYDROCHLORIDE INJECTION may causo 2

Tansistl tinghng arwd cociness of the skin and a inmporsry sansason
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PRESENTATION
8 x 1 il arnposdes pecking In & iy and cadboand carton.

STORAGE
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C: Digital Thermometer

TL80018B

TEMPERATURE

Quick Detalls
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Ma AN Memory
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D: Supplementary Table

The accompanying factors that could affect the temperature fluctuations noted in Figure 10 of the Publishable

manuscript are noted in Table | below.

Table I: Details of the greatest increase and greatest decrease in consecutive cold drug storage unit temperature

measurements per day

Change Number of
Day of the | Temperature | Fluctation |  room ) Theatre | Theatre
\i’eek cl?;ge ‘e temperature Storage el Packs Ampoules Time number | in Use
"o change
Monday __Increase 81 05 | Phstic contames | *2ABT to {1AB 0 11:00 -13:00 10 Y
Deerease 49 03 | Plste Contamer 2ABT 1 0730 0900 10 Y
Tuesday [ncrease 12 03 Cartoon/Plastic 2ABT 0 13:00 - 15:00 3 Y
Decrease 5.3 07 CartoonPlastic | 1AB to 2ABT 1 11:00 -13:00 4 Y
Wednesd [ncrease 1 0.5 Phstic contamer 2ABT 0 0900 - 1100 8§ Y
Decrease 69 03 | Phstic contamer | 1ABto 2ABT 0 0730 09:00 8 N
: Desreses -26 05 Phstic contamer 1AB 4 07:30 - 0900 5 Y
i [ncrease 6 0.6 Plastic Contamer | 2ABT to |1AB 1 07:30 - 09:00 10 N
. Decrease 21 01 Plste Contamer 2ABT 0 1500 - 17.00 4 Y

*Two 15cm x 15 cm gel packs placed bottom and top of plastic container

+ One 15cm x 15cm gel pack placed bottom of plastic container

1 One 10cm x 10cm gel pack placed bottom of plastic container
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E: Supplementary Figure

Each theatre was investigated for the number of measurements the cold drug storage unit was adequate to store all the
anaesthetic refrigerated drugs for the week. Figure 1 illustrates the number of measurements that fulfilled
manufacturer’s recommended drug storage range of 2°C — 8°C, per theatre for a total of 30 cold drug storage unit

temperature measurements taken in each theatre over the course of the week

Number of temperature measurements adequate (2°C —
8°C) to store all drugs in cold drug storage unit per week

30
28
26
8 24
c 22
£ 20
1] 18
5 16
© 14
g 1 —
« 10
S 8
g 3 f
] i L I
= (2) ﬁ e
=2
T1 T2 T3 T4 T5 T8 T9 T10 T11
Theatre Suite numbers
Figure 1: The number of measurements that fulfilled the manufactures’ recommended temperature range of

2°C — 8°C, per theatre for the week
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F: Letter of approval from HSREC

UNIVERSITY OF THL
FREE STATE UFS'UV
UNIVERSITEIT VAN DN
VRYSTARY WEALTW SCRNCES
YUNIVESITHI YA GELONDMEDAWE TTNSKAPPT

Health Sciences Research Ethics Committee
08-Oct-2018
Dear Dr Nadia Cloete
Ethics Clearance: A deseriptive study of the temperature af which anaesthetic refrigerated drugs are stored in operating
theatre sultes at Universitas Hospital
Principnt ivessigator: Dr Nadia Cloete
Depastment: Anaesthesiology Department (Bloemfontein Campas)
APPLICATION APPROVED

Please ensure that you read the whole document

With reference to your application for ethical clearance with the Faculty of Health Sciences, | am pleased to inform you on
behalf of the Health Sciences Research Ethics Committee that you have been granted ethical clearance for your project.

Your ethical clearance number. 1o be used in all corespondence is: UFS-HSD2018/0254/3010

The cthical clearance number i valid for research canducted for ane year from Issuance. Should you require mose thme to
complete this research, please apply for an extension.

We request that any changes that may take: place during the coarse of your research peoject be submitted to the HSREC for
approval to ersure we are kept up to date with your progress and any ethical implications that may arise. This includes any
serious adverse events and/or termination of the study.

A progress report should be submitted within one year of approval, and annually for Joag teem studies, A fisal report should be
submitted at the completion of the study.

The HSREC functions in compliance with, but not limited to, the following documents and gukdedines: The SA Natlonal
Health Act. No. 61 of 2003: Ethics in Health Research: Principles, Structures and Processes (2015); SA GCP(2006);
Declaration of Helsinki: The Belmont Repart: The US Office of Human Research Protections 45 CFR 461 (for non-exempt
rescarch with human participants conducted or suppoeted by the US Drpnnmrm nf Health -nd Human Services- (HHS), 21
CFR 50, 21 CFR 56; CIOMS: ICH-CCP-E6 Sections 1-4: The Inter e on Har ization and Technical
Requirements for Registration of Pharmssceuticals for Human Use (ICH T npmne). Guidelines of the SA Medicines Coatrol
Council as well as Laws and Regulations with regard (o the Control of Medicines, Canstitution of the HSREC of the Faculty
of Health Sciences.

For any questions ar concems, please feel free o contact HSREC Administration: 051-4017794/5 o emall
EthicsFHS@ufs ac za,

Thank you for submitting this proposal for ethical clearance and we wish you every success with your research,
Yours Sincerely

TN &‘wwl |
VN

N\

Dr. SM Le Crange
Chair - Health Sclences R h Ethles C |

Health S e Ethies €

Office of the Dean: Health Sclences -
T +27 {051 401 TISSTI0 | eddendon®uly e 20
IRB 00006200 REC ZNMOS-01 1 FORGOMSIRT: FWALOOT 2784

Block D, Desm's Diviston. Room DHM | 1.0, BooPosbus 239 (memal Post Box G40) | #loemiomein 300 | Soath Africa

64



. Letter of approval from HSREC after minor amendments

UNIVERSITY OF ThE
FREE STATE UFS-UV
URIVERSITEIT VAN DIE
VRYSTAAT WEALTH SCIENCES

YUNIVESITHI YA GESONONEIDSWETENSKAPPE

Health Sciences Research Ethics Committee
03-0ct-2019

Dear Dr Nadia Cloete

Ethics Number: UFS-HSD2018/0254/3010

Ethics Clearance: A descriptive study of the temperature at which anaesthetic refrigerated drugs are stored in operating theatre
sultes at Universitas Hospital

Principal Investigator: Dr Nadia Cloete
Department: Anaesthesiology Department (Bloemfontein Campus)

SUBSEQUENT SUBMISSION APPROVED

With reference to your recent submission for ethical clearance from the Health Sciences Research Ethics Committee. [ am pleased to
Inform you on behalf of the HSREC that you have been granted ethical clearance for your request as stipulated below,

1. Theatre 6 and Theatre 7 {Cardiothoracic theatres) will not be included in the researcher's MMED research study
2, Placement of the temperature probe tip will be within the plastic contalner contalning the refrigerated drugs

The HSREC functlons in compliance with, but not limited to, the following documents and guldelines: The SA Natlonal Health Act.
No. 61 of 2003; Ethics In Health Research: Principles, Structures and Processes (2015); SA GCP(2006); Declaration of Helsinki: The
Belmont Report; The US Office of Human Research Protections 45 CFR 461 (for non-exempt research with humnan participants
conducted or supported by the US Department of Health and Human Services- (HHS), 21 CFR 50, 21 CFR 56; CIOMS; ICH-GCP-E6
Sections 1-4; The International Conference on Harmonization and Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH Tripartite), Guidelines of the SA Medicines Control Council as well as Laws and Regulations with regard to the
Control of Medicines, Constitution of the HSREC of the Faculty of Health Sclences.

For any questions or concerns, please feel free to contact HSREC Administration: 051-4017794/5 or email EthicsFHS@ufs ac za.

Thank you for submitting this request for ethical clearance and we wish you continued success with your research.
Yours Sincerely

AL ;'%m\;:\\

Dr. SM Le Grange
Chair : Health Sciences Research Ethics Committee

Health Scences Research Ethics Committee

Office of the Dean: Health Sciences
T +27 (0)5) 401 77957794 | E: ethicsfhs@ufs.ac.za {

IRB 00006240; REC 230408.011; IORGO005187; FWADNOI2784
Block D, Dean's Division, Room D104 | P.O. Box/Posbus 339 (Internal Post Box G40) | Bloemfontein 9300 | South Africa
www.ufs.ac.za
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H: Permission from Department of Health

health

Departmont of
Health

FREE STATE PROVINCE

26 July 2018

Dr N Cloete
Dept. of Anaesthesiology

UFS

Dear Dr N Cloete

Subject: A deseriptive stindy of the temperntore at which unsesthetic refrigerated drags are stored in operating thentre suites at

Universitas Hospital

Plesse conurye thar you read the whole document, Permission o hereby gransed for the above -~ mentioned rescargh on the
Fidlow ing comditions

Serious Adverse events 10 be reported 10 the Froe State dopartisent of heatth and’ o termination of the study

Ascertiin et your duta colloction exerclse nesther interters with the day 1o dey ranning of Universitas Hospital mse ihe
performance of dutics by the respondents o hesith care workens

Confidentinlity of information will be 1wl phemse do et abrtadn information regurding the ientity of ihe panicipurms

Research resulty and n complete report shoubd be made available to the Free State Department of Health an completion
of the sty (4 hard copy plus & soft capy ).

Progress sepon must be prescated son luter than ooe year afler approvad of the peoject 1o the Filics Commitsoe of the Undvenity
af Froe Suate and 1o Free State Departmant of Heealth.

Any Iments, exd o uther modifl W ibep 1 or investigators must be submitsed 10 the Fibies Commitiee of
the University of Froe State and fo Froe Stte Depantment of Health

Conditions stated ln your Ethical Approval better shoubl be silbered to and o final copy of the Ethies Clearance
Certificate should be submitted 1o Lthekom bl goy 2o or sehectals o shealih gov 2o before you commence with the
sudy

~
No financial Dability will be placed on the Free State Department of Hiealth

Pleuse discuss yoar studdy wish the snstituth ger/CT O on ¢ ement foe logistical srmanpemonts

Department of Health 1o bhe fully indemnified trom sny harm that parucipants and staff experiences in the stisdy

Renearchers will be requirest s enter i to o formal agroement with ihe Free State depanment of health regulating sed
formalizing the rosearch relutiombip (Bocument will foliow)

You are encoaraged 10 peesert your study fndings/sesidts ut the Free State Provinciol health research day

Future rescarch) will only be granted permission if correct procedures are followed see htp. bl hist wrg s

vou find the aberc w nrder

Dr D Motan

HEA

D: ﬁj;" [

Date:

0 B 227, Bverriten. U300

4" Floer,

Eraciftve Sule. Bophety tause av Maand st torvry Rosd Bioemtoter

Vel 254] A0S 1648 Fan (257) 408 1555 sty
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I: Permission letter from the Head of Department of Anaesthesiology
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J: Permission letter from Theatre Manager

health

Department of
Health

FREE STATE PROVINCE

Main Theatre
Universitas Hospital
11/09/2018

Dr Nadia Cloete

Re: Research study to be performed in theatre

| hereby grant you permission to carry on with your study of the temperature at which
anaesthetic refrigerated drugs are stored in operating theatre suites at Universitas
Hospital

Yours truly

: Yebs T TUR.-
1$; ‘l Y
(\ 4 2 g \/ | i o

rp
S

MP Seekoei (PNB4)
Assistant Manager
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K: Research Protocol approved by the HSREC

MMed Research Protocol

Nadia Cloete
Anaesthesiology Registrar
University of Free State
UFS 2004008310
March 2018

A descriptive study of the temperature at which
anaesthetic refrigerated drugs are stored in operating

theatre suites at Universitas Hospital
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15/04/2018

THE CHAIR: HEALTH SCIENCES RESEARCH ETHICS COMMITTEE
FACULTY OF HEALTH SCIENCES

UNIVERSITY OF THE FREE STATE

Dear Chair

Title: A descriptive study of the temperature at which anaesthetic refrigerated drugs

are stored in operating theatre suites at Universitas Hospital

Enclosed please find the above research protocol for your evaluation and approval

Kind regards

M

Dr Nadia Cloete

Principal Investigator
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Title

A descriptive study of the temperature at which anaesthetic refrigerated drugs are stored in

operating theatre suites at Universitas Hospital

Declaration of own work

I, Nadia Cloete, hereby declare that the work for the following thesis with the title:

A descriptive study of the temperature at which anaesthetic refrigerated drugs are stored in
operating theatre suites at Universitas Hospital

Was solely undertaken by myself and that no help was provided from other sources as those
allowed. All relevant sections of this paper that use quotes or described an argument or concept
developed by another author have been referenced to show that this material has been adopted to

support my thesis.
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Researchers

Principal Researcher

Dr Nadia Cloete

MB ChB (US), DA (SA)

Registrar in Anaesthesiology
Department of Anaesthesiology
University of Free State

UFS Student number: 2004008310
Cell number: 082 483 3637

Email: nadiagantana@gmail.com

Supervisor

Dr Paulina Maria van Zyl

MB ChB, MMedSc.(Clinical Pharmacology); Ph.D. (Clinical Pharmacology)
Senior Lecturer/ Clinical Pharmacologist

Department of Pharmacology

University of the Free State

UFS Staff number: 0789347

Contact number: 051 401 3096

Email: vzylpm@ufs.ac.za
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Summary of the Study (in lay man’s terms)

In each theatre suite it is imperative that drugs need to be stored in a manner that allows easy and
quick access to the anaesthetist during procedures. This situation poses a problem for drugs that
require storage below room temperature, according to manufacturer recommendations, as theatre
suites are not equipped with a refrigerator. Storage of drugs in environments exceeding the
recommended temperature have, according to drug degradation studies, led to physical and
chemical breakdown.

To ensure easy accessibility to these “refrigerator drugs” the standard of practice is to remove them
from a central refrigerator storage unit in the morning prior to commencing the first anaesthetic
for the day and placing them in a temporary cold drug storage unit in each theatre suite. These
units consist of a Styrofoam® cooler box with a frozen gel pack with a low melting point inside
(Appendix A). The drugs are stored, either within a plastic container, loosely placed or in their

original cartons, inside the cooler box (Appendix B).

The dilemma that arises with these cold drug storage units is that their temperature is neither
displayed, recorded nor regulated. Although the cold drug storage unit ensures easy accessibility
of refrigerator drugs to the anaesthetist, it could it be at the risk of hastening drug degradation due

to incorrect storage conditions.

In this study, the researcher aims to measure the temperature in these cold drug storage units over
the course of the day, on a number of days, to determine whether the cold drug storage unit

complies with the drug manufacturer’s storage temperature recommendations.
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Definitions

Cold drug storage unit

This is a temporary cold storage unit consisting of a Styrofoam® cooler box. Inside the box is a
frozen eutectic gel pack and placed on top of this gel pack are the refrigerator drugs, packaged in
plastic container with a lid, in its original carton or loosely inserted. (Appendix A and Appendix
B)

Refrigerator Drugs

Medications, which according to the manufacturers’ recommendation, should be stored at 2 to 8°C.
The refrigerator drugs commonly used in by the anaesthetist in theatre are the following:
Suxamethonium, Rocuronium, Cis-Atracurium, Atracurium, Phenylephrine, Heparin, Insulin and
Oxytocin_(Appendix C)

Room temperature

Comfortable temperature range indoors, usually considered to be 20 to 25°C

Stability

Capacity of a particular formulation, in a specific container/closure system to remain within its
physical, chemical, microbiological, therapeutic, toxicological, protective and informational
specifications. The extent to which a product remains, within specified limits, and throughout its
period of storage and use (i.e. its shelf life), the same properties and characteristics that it possessed

at the time of manufacture.!

Degradation products

Degradation products are impurities resulting from chemical changes that can occur during drug
manufacturing, storage and transportation in response to changes in light, temperature, pH and

humidity. The presence of these can affect pharmaceutical safety.?
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Introduction

The Royal College of Anaesthetists and the Association of Anaesthetists of Great Britain and
Ireland (AAGBI) have set out guidelines on best practice regarding the storage of drugs in
Anaesthetic rooms®. These guidelines reiterate the importance of secure drug storage, the
contribution it makes to patient safety and the recognition that even short delays in accessing drugs
may result in adverse patient outcomes. The Australian and New Zealand College of Anaesthetists
share this sentiment and have specified, amongst other drugs, the need for muscle relaxants (which

require storage at 2-8°C) to be immediately available in any anaesthetising location®.

The above reasoning ensues that a standard of practice exists that allow for anaesthetic drugs to be
within easy access to the anaesthetist within the theatre suite. This poses a challenge for refrigerator
drugs - which in our setting gets stored in a cooler box with a eutectic gel pack in the theatre suite
for the duration of theatre time (Appendix A). Unfortunately these containers are not temperature
regulated and one can question whether these storage conditions are compliant with the
manufacturers’ storage recommendations to ensure the stability of the pharmaceutical products

they contain.

Manufacturers determine the adequate temperature storage conditions for pharmaceutical products
needed to maintain the efficacy and safety until expiration date. These conditions are based on
results from stability testing under a range of temperatures and therefore it is important that storage

conditions be in compliance with package labelling to prevent their degradation®.

The degradation of drugs are caused by chemical reactions (e.g. hydrolysis due to water exposure,
oxidation due to oxygen exposure) and physical reactions (e.g. alteration of particle size,
disintegration of a suspension, absorption of water). Temperature is recognised as the most
important dependable factor for these reactions and therefore if drugs are stored at conditions that

exceed the recommended temperature it can lead to degradation and loss of potency © .

It is important to note that it is not only storage of drugs above recommended temperatures that is
a risk factor for accelerated degradation and risk of failure or unpredictable therapeutic response
but that storage in temperature below recommendation may lead to the denaturing of proteinaceous
products. This poses a challenge in emergency situations requiring immediate drug administration

by the anaesthetist 8.
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The current standard of practice at our institution regarding the handling of refrigerator drugs and
maintaining adequate storage are as follows. At 7am the anaesthetic nurse of a theatre suite (theatre
1 to 11) collects refrigerator drugs from a food grade commercial fridge where drugs are stored at
4°C to 6°C in the theatre medication stock room. The anaesthetic nurse places the drugs in a
Styrofoam® cooler box with one eutectic gel pack which can be seen as the “annexe” to the
controlled storage refrigerator (Appendix A). Styrofoam® is a plastic polystyrene, a non-metallic
solid with low thermal conductivity making it a good thermal insulator®. The iced gel pack
decreases the Styrofoam® cooler box’s interior temperature and limits the heat that enters the
cooler box. The manner of placement of the drugs within this Styrofoam® cooler box is not
standardised — it is either placed in a plastic container, in the original carton or loosely placed
(Appendix B).

This cold drug storage unit is placed on the anaesthetic drug trolley in each theatre suite and
subsequently exposed to ambient theatre temperatures. The current practice requires return of
drugs to the controlled temperature unit (refrigerator) at theatre medication stock room at the end
of the theatre list and permits the reuse if the medication is unopened. The duration of use of a
particular theatre determines the time the drugs are out of a controlled temperature environment;
on average 5 to 10 hours per day. The lack of “annexe” temperature display, regulation and
monitoring poses the risk for drugs being exposed to temperatures deviating from the

manufacturers recommendations.

The current system of passive refrigeration in theatre suites needs to be examined to determine
whether it complies with manufacturer recommendation of storage temperature for

pharmaceuticals or whether it is a source or condition potentially contributing to drug degradation.

The measuring instrument that will be used in this study will be a digital thermometer with a
temperature measuring range of -20°C to 70°C. This thermometer has the manufacturers’ assurance
of an accuracy of £1°C with a recording of the minimum and maximum temperature it is exposed
to. The thermometer has a digital display (that will be placed on the outside of the cold drug storage
unit) and a 1.5m cord with the measuring probe (that will be placed in a standard position within
the cooler box). This thermometer will be purchased from Lasec SA (Pty) Ltd with the stock code:
H3THE006Z-000002. (Appendix D).

Nine (old text: Twelve identical) thermometers will be used — one attached to each theatre’s cold
drug storage unit and the temperature probe to the anaesthetic workstation will be used to monitor

ambient theatre temperature (old text: one to measure the ambient theatre temperature). A
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synchronization reading procedure (Appendix 1) will be performed by the researcher, with all

thermometers used in this research, prior to initiation of the pilot study.
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Below is a list of commonly stored drugs in the cold drug storage unit in the theatre suite with the

manufacturers’ recommendation regarding storage conditions. (Appendix C)

ampoule)Abbott

Drug Name and | Pharmacological | Manufacturer Additional Recommendation
Manufacturer Classification Recommended Manufacturer by other studies
storage instructions
temperature
Suxamethonium | Muscle Relaxant | 2 —8°C Protect from light Room temperature
50mg/ml for 4.8 months *°
(2ml ampoule)
Room temperature

Fresenius Kabi (light resistant) for
Bodene (Pty) Ltd 2.8 months®
Rocuronium Muscle Relaxant | 2 —8°C Maximum storage 12
10mg/ml weeks not exceeding
(5ml) ampoule) 30°C

If out of cold storage
MSD (Pty) Ltd not to return
Atracurium Muscle Relaxant | 2 —8°C Protect from light. Do
10mg/ml not freeze
(2.5ml ampoule)
GlaxoSmithKline
Cis — Atracurium | Muscle Relaxant | 2 —8°C Protect from light. Do | Room temperature
2mg/ml not freeze. Do not | (light resistant) for
(2.5mls ampoule) remove from outer | 3.8 months®

carton till

administration.
GlaxoSmithKline Diluted solution can

be stored at 5 -25°C
Phenylephrine Vasopressor 2-25°C Protect from light.
10mg/ml Keep covered in

(Aml carton till use
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Drug Name and | Pharmacological | Manufacturer Additional Recommendation
Manufacturer Classification Recommended Manufacturer by other studies
storage instructions
temperature
Heparin Anticoagulant Below 25°C Do not freeze
10001U/ml
50001U/ml
(4ml vial)
Fresenius  Kabi
Manufacturing SA
Oxytocin Oxytocic 2-8°C Do not freeze -59C to -20°C for 7
10 1U/ml Do not remove | dayst
(Iml ampoule) ampoule from carton
until use. Protect from
Specpharm direct sunlight
Insulin Hypoglycaemic 2-8°C Do not freeze. Keep | Room temperature 2
100u/ml agent Room out of sunlight weeks!?
(10ml vial) temperature (max

Novo Nordisk A/S

250C)

month

for one
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Aim and Objectives of the Study

Aim:

To assess whether the current temperature storage of refrigerator drugs in operating theatre suites

are compliant with the manufacturers’ storage recommendations.

Objectives:

Primary Outcome

To measure the temperature in the cold drug storage unit used in theatre suites for the storage of

drugs during daytime working hours.

Secondary Outcome

To assess compliance of the storage temperatures of the refrigerator drugs within the cold drug
storage unit with the manufacturer’s storage temperature recommendations.TO assess whether
additional variables such as; the number of drugampoules or vials in the cold drug storage unit,
the packaging of drugs within the cooler box (in a plastic container, in their original cartons or

loosely placed) hold any relationship or correlation with the change in temperature measured.
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Methodology

A: Study Design

An observational descriptive study design

B: Study Population / Participants

Nine (old text:11) Cold drug storage units (Styrofoam® cooler box with eutectic gel pack at the
base inside. On top of the gel pack would be the refrigerator drugs placed either loosely, in a plastic

container are their original packaging within the cooler box.) Appendix A, Appendix B

Nine (old text: 11) Theatres suites at Universitas Hospital where the above cold drug storage units

are kept.

Time frame

5 consecutive days: Monday, Tuesday, Wednesday, Thursday, Friday

6 times each day: 07:30, 09:00, 11:00, 13:00, 15:00, 17:00

Inclusion Criteria

Nine (old text: All 11) cold drug storage units at Universitas Hospital Main Theatre (Theatre 1-
11) on Monday, Tuesday, Wednesday, Thursday and Friday, between 07:30 and 17:00

Exclusion Criteria
Cold drug storage units in Cardiothoracic theatre (Theatre 6 & Theatre 7)

All cold drug storage units at Universitas Hospital theatre (Theatre 1-11) between 17:00 and 07:30
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Cold drugs storage units at Universitas Annex Theatre i.e. theatre rooms separate from the main

theatre complex

C: Measurements

Measuring instruments

The cold drug storage units in theatre suites (Appendix A)

Styrofoam® cooler box with eutectic gel pack at the base inside. On top of the gel pack would be
the refrigerator drugs placed either loosely, in a plastic container or their original packaging within

the cooler box.

A digital thermometer (Appendix D)
Display: On the outside of Styrofoam® cooler box.

Probe: On the inside of the Styrofoam® cooler box, within the plastic container
(old text: at half the height of the cooler box)

9 (old text 11) Thermometers: 9 (old text 11) to measurement temperature in the cold drug
storage units and the temperature probe attached to the
anaesthetic workstation to measure ambient theatre
temperature (old text: 1 to measure ambient theatre

temperature)

Measuring Procedure

Measurements will be taken over 5 consecutive days (Monday, Tuesday, Wednesday, Thursday,
Friday) from 07:30 to 17:00 in theatrel-5 and 8-11 (old text: 1-11) by the researcher.

07:30: The ambient temperature of theatre1-5 and 8-11 (old text: theatre 1-11 will be recorded and
noted on the data sheet (Appendix E)
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09:00

11:00

13:00

15:00

17:00

Digital thermometers will be identically placed in each cold drug storage unit as described
and left attached for the day.

The temperature of the cold drug storage unit will be measured
The researcher will then record the following on the data sheet:

- the way in which the drugs are placed within the cold drug storage unit; in a plastic
container, in their original packaging or placed loosely

- the number of ampoules of each drug in the cold storage unit

Collection of all the temperature measurements in the theatrel-5 and 8-11 (old text:

theatrel-11) will take 10-15min in total.

Repeat the following measurements:

- ambient theatre temperature, the temperature in the cold drug storage unit, the number
of ampoules of each drug present

Repeat the following measurements:

- ambient theatre temperature, the temperature in the cold drug storage unit, the number
of ampoules of each drug present

Repeat the following measurements:

- ambient theatre temperature, the temperature in the cold drug storage unit, the number
of ampoules of each drug present

Repeat the following measurements

- ambient theatre temperature, the temperature in the cold drug storage unit, the number
of ampoules of each drug present

Repeat the following measurements

- ambient theatre temperature, the temperature in the cold drug storage unit, the number
of ampoules of each drug present
- Temperature of the stock room refrigerator when returning drugs to the medication

stock room.

If theatre finishes prior to 17:00, the theatre staff will be requested to leave the cold drug
storage unit within the theatre suite. The researcher will place a sign next to the cold drug

storage unit in the morning as a reminder to the nursing staff (Appendix H). In this manner,
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more temperature fluctuation trends can be recorded. The start and end of anaesthesia time
for the day will be documented on the data sheet and the researcher will return the cold
drug storage unit and its content to the main storage cool grade commercial refrigerator in
the medication stock room. The researcher will remove the digital thermometer from the

cold drug storage unit and reattach it the following morning between 07:15 and 07h30.

The recorded temperatures measurements will be collected on the data sheet attached (Appendix

E) and then transferred to an Excel spreadsheet for analysis.
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D: Methodological and measurement errors

Nursing staff practice might be affected due to the study done. This will try to be minimised as
anaesthetic nursing staff will be asked not to tamper with the contents of the cold drug storage
units once installed in the morning (from 07:30 — 17:00) besides when needing to remove or

replace the drugs.

Temperature readings might be affected by the number of times the Styrofoam® cooler box and
plastic container or carton is opened and whether the lid of either or both is placed securely to
prevent excessive influx of heat. The manner in which drugs are packaged within the cold drug
storage unit will be captured on the data sheet, but no specific documentation will be made

regarding number of times the unit was opened.

Whether the drugs are placed in the plastic containers, or whether they are inserted in their paper
cartons, and the number of drugs placed in each plastic containers might affect the temperature
within the cold drug storage unit. As each theatre number of drug requirements differ the number
of individual drugs (ampoules or vials) will be documented with each temperature reading (07:30
—17:00). The number of ampoules documented will assist in deducing the volume of drugs in the

cold drug storage unit.

As the researcher will be recording the temperature measurements on the data sheet it could lead
to observational bias. This factor has been reduced by using standardized digital thermometers
with accurate display that will allow recording of temperature easily without needing interpretation
or rounding off of figures as in the case of a mercury thermometer being used. The measuring of
ambient theatre temperature too will be done with a digital thermometer as currently temperature
Is measured with a probe attached to the anaesthetic machine to display a digital reading — this
might be attached to the patient at the time of measurement therefore it would be conducive to

have a separate thermometer to prevent interference with patient care and anaesthetic management
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Pilot Study

After ethics approval has been granted and this protocol accepted, the researcher intends on

conducting a pilot study.
The reasons for conducting the pilot study are as follows:

- To identify potential problem areas and shortcomings in the protocol prior to
implementing the full study

- To test the measuring instrument

- To test the data collection process

- To familiarise myself with the data entry, coding of items and the analysis

The pilot study will take place on a Monday in one theatre suite at Universitas Hospital Main
theatre. The data collection will adhere to the procedure documented in ‘Methodology’ of this

protocol from 07:30 till 17:00.

The measurements collected will be captured on the data sheet, transferred onto an Excel

spreadsheet and presented to the Department of Biostatistics of the University of the Free State.
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Analysis of Data

Analysis of the data collected will be done by the Department of Biostatistics of the University of
the Free State

Descriptive statistics namely means and standard deviations or medians and percentiles will be
calculated for continuous data. Frequencies and percentages will be calculated for categorical data.
The analysis of the data collected will be done by the Department of Biostatistics of the University
of the Free State.

Cornel Van Rooyen
Researcher: Biostatistics
Faculty Health Sciences
University of the Free State
Contact number: 051 401 3114

Email: VanRooyenFC@ufs.ac.za
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Implementation of findings

The data and information collected will be used for submission as a mini-dissertation in partial
fulfilment of the requirements for an M.Med in Anaesthesiology and if granted, an article

publication.

The study will help to determine whether the temperature of the cold drug storage unit in theatre
is adequate for storage of refrigerator drugs in theatre suites during day theatre lists (07:30 -17:00)

as specified by the manufacturer.

If the temperature in the cold drug storage unit complies with manufacture storage
recommendations, then the current system can be used as a standard of practice conducive to
prevent hastening drug degradation secondary to incorrect temperature storage conditions outside

of a monitored unit for day time storage.

If the temperature in the cold drug storage unit does not comply with manufacture

recommendations for storage, the current standard of practice can be adapted as follows:

1. Replace eutectic gel pack at a certain time of the day (according to temperature trends
collected)

2. Have a cold drug storage unit with a temperature display visible to the anaesthetist and
anaesthetic assistant

3. Motivate the need for small refrigerator in each theatre suite

This research project can contribute to future studies to determine degradation and potency of each
drug stored in a cold drug storage unit in the theatre suite.
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Time schedule

Protocol to Ethics Committee: March 2018
Pilot study: May 2018

Data Collection: June 2018

Data Processing: July 2018

Article writing: August - September 2018

Submission: October 2018
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Budget

After ethics approval has been granted and my protocol accepted, | (the principal researcher) will

fund this research at my own expense.

Stationary Cost:

R 800

Digital thermometer:

Reason for purchase: To adequately measure temperature inside the cold drug storage unit and

ambient theatre temperature.
Amount: R127.00 each

12 units in total

(11 for theatre 1 to theatre 11 and an additional thermometer to measure
theatre temperature)

=R127 x 12 =R 1524 (VAT R213.36)

= Total including VAT R1737.36 (See attached Appendix D)

Total Cost:

R 2537.36
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Ethical Considerations

This study protocol will be submitted to the Health Sciences Research Ethics Committee,
University of the Free State. A progress report will be submitted biannually and a report on

conclusion of the research with also be submitted to the Ethics Committee.

Permission for the research will be obtained from the Acting Head of Department of the
Department of Anaesthesiology, Prof G Lamacraft (Appendix F); Acting assistant manager of
Universitas theatre complex, Matron P Seekoei (Appendix G) and the Department of Health

Research Committee.

As this is an observational descriptive study involving no patients, ethical considerations are
minimal. However, if the temperatures within the cold drug storage unit in theatre suites exceed
recommended temperatures the Matron of theatre will be informed so that preventative measures

can be put in place in an attempt to mitigate this risk.

The data file will be stored by the researcher in the Department of Anaesthesia in the University
of the Free State.
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Appendices of the research protocol as approved by the Health Sciences Research
Ethics Committee

I &G mmoow>

Cold drug storage unit

Drug placement inside the cold drug storage unit

Package insert for medications stored in Cold drug storage unit
Digital Thermometer

Data Capture Sheet

Permission Letter: Head of Department Anaesthesiology
Permission Letter: Matron Universitas Theatre Complex
Study Notice on Passive Refrigerator System

Synchronization Reading procedure
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Appendix A: Cold drug storage unit and drug storage packaging
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Appendix B: Drug placement inside the Cold drug storage unit
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Appendix C: Package insert of the refrigerator drugs stored in the cold drug storage

unit
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Where 2 small vein i selected as the injection site,

TRACRIUM® TRAGRIUM should be flushed through the vein with
x physiological saline after injection. Where other anaesthetic
SCHEDULING STATUS: HOOOMNSE  mediines are administered through the same in-dwelling
@ needle or cannula as TRACRIUM, it is impoctant that each
medicine is flushed through with physiciogical saline.
The dosage range recommended for adults 503 to
T AN D DO O oy s Seering co dunof ori
TRACRIUM® Injection 5,0 mi {sclution for injection) muscle relaxation for 15 to 35 minutes.

COMPOSITION: mwmmmmmw
Each ampoule of 2,5 mi contains 25 mg atracurium besylate.  accumulation. Endotraches! intubation can usuaily be
Each ampoude of 5,0 mi contains 50 mg atracurium besylate:  accomplished within 90 seconds from the intravenous

injection of 0.5 1o 9,6 mg/kg. The neuromuscular block

PHARMACOLOGICAL CLASSIFICATION: produced by TRACRIUM can be rapidly reversed by
A 17.1 Penpherally-acting muscle relaxants standard doses of anti-cholinesterase agents such 25
neostigmine and edrophonium preceded or accompanied
PHARMACOLOGICAL ACTION: by atropine, with no evidence of recurarization. Recovery
Pharmacodynamic properties: from the end of complete necromascular block (full block)
TRACRIUM is 3 selective, competitive (non-depolarising) without use of neostigmine occurs in about 35 minutes as
neuromuscular blocking agent. 3 mqmdmmmuxud
Pharmacokinetic properties:
TRACRIUM & degraded mainly by spontaneous Use in infusion:
non-enzymatic decompesition (Hafmann elimination) After an initial bolus dose 0f 03 10 0,6 mokg. TRACRIUM can
which occurs at body pH and temperature into inactive be used to maimtsin neuromscular block during long surgical
metabolites, The termination of the neuromuscular procedures by administration 25 3 continuous infusion at
blocking action of TRACRIUM & not dependent on rates of 0.3 to 0,6 mg/kghr (0,005 to 0,01 mokgiminute).
mwtabolism and excretion by the liver or kidneyr The mmmawmmu

in the blood pH and body temperature of the patient surgery at the infusion rates: Induced
within the pathological range may alter the duration hypothermia to 3 body temperature of 25-26 *C reduces the
of action of TRACRIUM. 1t is possibie that some rate of inacth full seuromuscutar biock may
decomposition may ocour by nom-specific plasma esterases.  be maintained by approximately half the original infusion
Tests with plasma from patients with low levels of rate 2t these low TRACRIUM i compatibie with
show that the inactivation of the foliowing infusion solutions for the times stated below:
TRACRIUM proceeds unaffected TRACRIUM has no effect
intra-oculer presaure Infusion Solution Period of Stability
mmwmuummmmmm v o
Laudancsine, 8 metabolite of atracurwm, has been g et g i
associated with transient hypotension and, in some wpades Ningers
cerebral excitatory effects. Although seizures have beeny :':“"m” "l ':m“m““’*’ .
mammmmwmaw R =4 hours
to leudanosine has not been establighed (see c"""‘""m‘"l““"'“""m"‘"‘" -
WARNINGS AND SPECIAL . SEN S M. = hours
; When diluted in these solutions to give atracuriuam
INDICATIONS: WmmMDMMMd
Wuwmmmmwm m" "w“w"w
and 10 faciltate controfied ventilation. TRACRIUM .
MMWMMM Dosage in children:
subsequent muscie refaxation i reguired. The dosage requitements in children agad one month and
over are similar 20 thowe In sdults on & mokg Sasis
CONTRA-INDICATIONS:
v Dosage in Elderly and High risk Patients:
Keicwsy hypersemitivty 1o Strsas ki besytste. mqumawwqm
D patients and in those with cardiag, 1
Mubmm% _ W\omm«mmum
TRACHIIM PARALYSES THE RESFIRA patients it is recommended, however that the inaial dowe
MUSCLES AS WELL AS OTHER SKELETAL be at the lower and of the fange and that it be
MUSCLES, BUT HAS NO EFFECTON pge  Sministered siowly. Patients with clinically significant
THEREFORE IT SHOULD cardiovascular disease may be more susceptibie 1o the
ADMINISTERED ONLY WATH ADEQUATE effects of transient hypotension. in These patients siow
ANAESTHESIA AND ONLY BY OR UNDER THE. intravenous injection in divided doses over a petiod of
CLOSE SUPERVISION OF AN AN/ a 1-2 minutes is recommended. TRACRIUM should be
AND ADEQUATE FACILITIES MUST BE . administered over 3 peniod of 60 seconds 10 patents who
wmm may be unusually sensitive to falks in artatial blood
ARTIFICIAL e pressure. for example those who ate hypovolaemic
BLOCKADE 15 RECOMMENDED DURING THE Long-term use in Intensive Care Units (CU):
USE OF TRACRIUM IN ORDER TO TRACRIUM has been used to faciitate mechanical
INDIVIDUALISE DOSAGE REQUIREMENTS. ventilation in ICU patients. When there s 2 need for
The potential exists for histamine reisase 1N susrenTible Torg-term mechanical ventilation, the risk-benefit ratio of
patients. Caution should be exercised in administering . neuromuscutar blodkade must be considered. Avaiisble
TRACRIUM to patients with a history suggestive of an evidence suggests that there is wide interpatient variability
increased sensitivity to the effects of histamine, in dosage requirements and that these raquirements may
TRACRIUM should be used with caution in patients with change with time. Limited data suggest that TRACRIUM
severs alectrolyte disorders in which potentiation of other.  adminstration in the ICU. The effects of haemodialyssy,
agents has been noted. 2 erfus nd haemofiltration on plasma levels of
Resistance to blocking atracurium 3nd its metabolites are unknown,

hmdmmmwn cwmmm |
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malignant hyperthermia, TRACRIUM has not triggered this

TRACRIUM is hypotonic 2nd must not be administered into
the infusion line of a blood transfusion.

Intensive Care Unit (ICU) Patients:
mmmmammmmm
have been recelving atracurium concurrently with several
mwnmwmmﬁyhﬁmam
medical conditions predisposing to seizures (e.g. cranial
trauma, Cerebral cedema, viral encephalitis, hypoxic
encephalopathy, uraemia). A causal refationship 1o
laudanosine has not been established. In clinical trials,

rwmummb«m
~§Tdancosne

mnmwmocmofm

‘weakness
myopathy mwmdmmm
mmnmmmm Most patients were

. furosemide and possibly mannitol, thiazide
diuretics and acetazolamide

* magnesium sulphate

e ketamine -~

* |ithium saits

can bé difficult to reverse with antl-cholinesterase drugs.

PREGNANCY AND LACTATION:

Use in pregnancy and obstetrics:

Safety during the course of pregnancy has not been
established. TRACRIUM is suitable for maintenance of
muscle relaxation during Caesarean section as it does not
cross the placenta ip dinically significant amounts
following recommended doses. It is not known whether
TRACRIUM is excreted into human milk.

DOSAGE AND DIRECTIONS FOR USE:

Use by Injection:

TRACRIUM is administared by intravenous injection. it must
not be miaed with thiopentane or any alkaline agents as
the high pH would cause inactivation of the TRACRIUM.

—_— —_— — - - — - —

effects on heart rate In the recommended dosage range
and it will not counteract the bradycardia

2,5 m! and 5.0 mi ampoules containing a clear faint yeliow
solution for intravenous administration

PRESENTATION:
Box of 5 x Ampoules of 25 miL
Baxof 5 x Ampoules of 50 ml.

STORAGE INSTRUCTIONS:

Keop out of reach of children.

Store at Z to 8 °C. Do not freeze.
Protect from light.

Open ampoulss of TRACRIUM should be discarded
immediately after use.

REGISTRATION NUMBER:
TRACRILM Injection 2.5 mi: RA7.1/203
TRACRIUM Injection 5,0 mk: RA17.1/210

mmmmwmmwm

WMMW)W
39 Hawkins Averiue
Emismuh,t

mqmwmmm
27 August 1998 —

TRACRIUM is 2 registered trade mark of the GSK group of
msmmdmumm
Botswana

TRACRIUM® Injection 2.5 mi: Reg No. 83316845
TRACRIUMS Injection 5,0 mi: Reg No. 89316850

Namibia

TRACRIUM® Injection 2,5 ml

: Reg No: 9017, 100585
TRACRIUM® Injection 5,0 mi: fieg No_ 90/17.100585

TRACRIUMS injection 2.5 mi: Aieg No. S4/1 311848 PP
TRACRIUM® Injection 5,0 mi- Reg No. 84/1 /1548 PP
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N430 HB30 (Act 101 of 1965)

(51 2
Phenylephrine Injection B.P

Phenylephrine Hydrochloride

5 x Tmi ampoules
For subcutaneous or intramuscular injection or slow Intravenous

Infusion.
NI 433X
= S
1 1
Eah arrptule corsang o 1% wiv ssiutcn of
Phanylegrrine Mydrochionde 87 | Bctzwana | BI301910
For use as directed by a practitiones KRambls - S1 |
| S 1 2-25 *C. Pratect fom igit 0.
For the Information of the Mca]pfm K.D;:.M;df‘m?mum 20127824
PHE ﬁE
INJECTION B.P. 1% =
10 mg per mi

Phenylephrine Injection B.P, Is a sterile solution of Phenylephrine Hydrochlocide, B.F
ne rochloride {s a sympathomimetic amine with an action similar to

that of noradrenaline, but with a greater duration of action and weaker pressor activity.

It does not produce the adverse cardiac and central effects of adrenaiine, and Is less
— l0Xic. Phenylephrine is probably the safest of the vasoconstrictors to use with those
=—— anaesthetics which ara liable to cause cardiac irregularities, and for this reason Is
S used to combat hypotension during spinal anaesthesia. Since phenylephrine is not
= a central stimulant it does not cause the nervousness or apprehension often
associatsd with the use of ephedrine or amphetamine. After Injection phenyleﬁhﬂne
produces peripheral vasoconstriction and an increase In arterial pressure; It also
produces refiex bradycardia, an effect which is sometimes employsd. Lo arest.
paroxysmatl atrial tachycardia.

INDICATIONS
Phenyiephrine Injaction Is indicated in the treatment of shock due to impaired
vasomotor activ t?/ or following myocardial infarction. It is used to combat
hypotemsion during spinal anaesthesia, or following sympathectomy or
overdosage of hypotensive drugs (ganglion-blocking a?aents etc.) Phenylephrine
is Indicated in the treatment of paroxysmai atrial tachycardfa.

CONTRA-INDICATIONS
Phenylephrine Injection is contra-indicated in the presence of severe hypertension,
hyperthyroidism, partial heart-block, myocarditis, bradycardia, or seriously impaired
coronary circulation. Depending upon the degree, senility may be a
contra-indication to phenylephrine. It should not be given to patients being treated
with a Monoarnine Oxidase Inhibitor or within 2 weaks of stopping such traatment.

DOSAGE AND
METHOD OF ADMINISTRATION

Dose:

By subcutaneous or intramuscular Injection, Phenylephrine Injection equivalent to
5 mg of phenylephrine hydrochlciride. By intravenous injection, Phenylephrine
Injection equlvalem to 0.5 mg of phenylephrine hydrochiorids. In the treatment of
paroxysmal tachycardia phenylephrine may ba administered intravenously as a
0.2% solution, tzg initial dose not exceeding 0.5 mg of phenylephrine arI\d.
depending upon the blood pressure response, subsequent doses not exceeding
0.2 mg. In peripheral vascular collapse phenylephrine may be given intramuscularly
in a dose of 5 mg. Intravenausly, phenylephrine can be given by tha siow injection
of 2.5 ml of a 0.02% solution. To combat tension during spinal anaasthesia the
usual initial dose is 5 mg of phenylephrine by intramuscular or subcutaneous
Injection followed, If necessary, by supplementary doses of from 1 to 10 ma
depending upon the response of the patient.

SIDE-EFFECTS
Pherylephrine Injaction may cause a transient tingling and coolness of the skin and
& temporary sensation of fuliness in the head. Extravasation of the injection may
occasionally causa local necrosis.

Further information is available on request, Botswane: 89301910 (Nov. '83)
PL/D014/5513 Namibia 81 e
| 2012-7824 a S
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Appendix D: Digital thermometer

1L8001B

TEMPERATURE

HUMIDITY

Quick Details

Place of Origin: Guangdong, China Brand Name: TLX Model Number: TLE001B
(Mainland) =

Usage: Household Theory: Temperature Sensar
Measuring temperatura range: -20 *t~7T0 "t Measuring humidity range; 10%-~99%TH Accuracy: £1°clor £2°F), 25%RH
(-58°F~158"F) 2

Resolution: 0.1 "¢{01"F&1%RH Display comfort level comifort, wet or dry
Selectable temperature unit CiF Key feature: Max/Min memary Dimensions; 110*100°20mm
Fower supply: 1.5V Netweight 1379

111



Appendix D: Digital Thermometer

LASEC 8A (FTY) LTOD JOHAMNESBURG ConEaasnn o o0
- HEAD OFFICE! CAPE TOWN BURSAN ‘- 03) 7026001 & O3 702 300E
B O MW Momct. N, PORT ELLZARRT™ Lo YINTS s o4 aTames
Cupe Towry, IS, Bouth Alvos BLOEMFONTIIN L0947 0200 M D51 447 100
7O Sue 2110, Capse Towy, 8000
 +IT21 63 7SD4 8 37 37 531 2zAD B coma@Qtomaa oz @ wwwlanes oo re
Saree SA Pry L Magubration N 2000/BT0302007 - VAT 1 4330100404
Goneral Cash Account
Noda Cloete, 35 Elizabeth Eybers Street
Langen|

SUB Total k1,520.00
VAT 18 % RN336
Total incl, VAT - R1,737.36
BANXING DETAILS )

Att; Nadia Ooete ACCOUNT ROLDER: Lasec SA (Pty) Ltd
BANK: First Natonal Bank

Tek: 051 405 3307 B/0C0DE: 200109

= ACC. NO.- 62283934406

Ploasa soe attached for the Special Turms and Conditions, and a link to LasecSA's Standard Terms and Conditions.

Duwctors DA Dumng N Gulitwmorwy

Regwamtion Ma JO0UTCICRTT | VAT Na 43010834 | Lusec A W W lewel & SHAEE Cuwytritnine
3509001 2008 certtiod opopany | | SSOATOIE 2006 SANAS imitie] cadtirmtion letotatary

- —
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Appendix E: Data Capture Sheet

Data Capture Sheet

Date: Theatre number:
Drug packaged |:| Plastic t:on'cal;|hI Original carton |:| Loose
Anaesthetic time Start: End:

07:30 09:00 11:00 13:00 15:00 17:00

Theatra Temp °c

Cooler Box Temp UC

Suxamethonium

Rocuronium

Atracurium

Cis-Atracurium

Phenylephrine

55 OSSO 155 ToCToe

Heparin 1000U

Heparin 5000U

Insulin

Oﬂtocin
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Appendix F: Permission Letter Head of Department Anaesthesiology

Department of Anaesthesiology
University of the Free State
Bloemfontein

10 April 2018

Prof G Lamacraft
Acting Head of Department Anaesthesiology
University of Free State

Bloemfontein

Re: Permission for research study

I, Nadia Cloete, am a registrar in Anaesthesiology at University of Free State. To ensure the
completion of my training | plan to conduct an observational descriptive study to determine
whether the temperatures in our cold drug storage unit in the theatre suites at Universities Hospital

Theatre comply with manufacture storage temperature recommendations.

I hereby request permission to test the temperature of the cooler boxes housing refrigerator drugs
in the theatre suite 1-11 during the day time theatre list at the following time: 07:30, 09:00, and
11:00, 13:00; 15:00 and 17:00 for five consecutive days.

No patient data will be required for my research and the data analysis will be done by the

Department of Statistics, University of Free State.

Regards

Nadia Cloete Dr P Van zZyl

Registrar Anaesthesiology Consultant Department of Pharmacology
University of the Free State University of the Free State
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Appendix G: Permission Letter — Matron of Universitas Theatre Complex

Department of Anaesthesiology
University of the Free State
Bloemfontein

10 April 2018

Matron P Seekoei
Matron Universities Hospital Theatre

Bloemfontein

Re: Permission for research study

I, Nadia Cloete, am a registrar in Anaesthesiology at University of Free State. To ensure the
completion of my training | plan to conduct an observational descriptive study to determine
whether the temperatures in our old drug storage units in the theatre suites at Universities Hospital

Theatre comply with manufacture storage temperature recommendations.

I hereby request permission to test the ambient theatre temperature and the temperature of the
cooler boxes housing refrigerator drugs in the theatre suite 1-11, on five consecutive days, during
the day time theatre list at the following time: 07:30, 09:00, and 11:00, 13:00; 15:00 and 17:00.

For the five days of data collection nursing staff will be required to package the cooler boxes as
per standard of practice for the theatres they are allocated too. | will request that at the end of the
theatre list the cooler boxes remain in theatre till 17:00, thereafter | will personally collect and

return it to the central storage medication refrigerator.

No patient data will be required for my research and the data analysis will be done by the

Department of Statistics, University of Free State.

Regards

Nadia Cloete Dr P Van zyl

Registrar Anaesthesiology Consultant Department of Pharmacology
University of the Free State University of the Free State
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Appendix H: Study Notice on the Cold Drug Storage Unit

ATTENTION

Please note that this cooler box is part of a study. Do not
tamper with the contents unless to remove or replenish
drugs as per anaesthetic requirement.

Please DO NOT REMOVE this cooler box at the end of
the theatre list

Thank you
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Appendix |

Synchronization reading procedure

Aim
To ensure that all 12 thermometers used in this study measure the same temperature

(taking into account the manufacturers accuracy of 1°C).

Procedure
The measuring probe of the thermometer will be placed in a constant temperature

environment and allow to equilibrate for 5mins. This will be done at two temperatures:

Close to zero centigrade: The Styrofoam® cooler box will be filled with water and ice
cubes floating it in. The thermometers measuring probe will be placed inside and after 5

mins of equilibration the reading will be noted and recorded for reference purposes.

Close to room temperature: The thermometers measuring probe will be placed in a closed
Styrofoam® cooler box in a room with the air conditioner off and door closed (to limit
the effect of air movement), allowed 5 minutes to equilibrate. This reading will be noted

and recorded for reference purposes.

This will be performed on the on the day of the pilot study prior to data collection.
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L: Data collection form

Please note that a row was inserted on the Data Capture Sheet to document the size, number

and position of eutectic gel pack placement within the cooler box.

Data Capture Sheet

Date:

Theatre number:

]

Drug packaged |:| Plastic container :] On'ginal carton Loose
Anaesthetic time Start: End:
07: 09:00 11: 13:00 15:00 17:04

Theatre Temp C

Cooler Box Temp °C

Amount of Drug Ampoules

Suxamethonium

Rocuronium

Atracurium

Cis-Atracurium

Phenylephrine

Heparin 1000V

Heparin 5000U

Insulin

Oxytocin
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N: Summary report: Turnitln Plagiarism Search Engine

-

UNIVERSITY OF THE
P UFS-UV
) 1 1
MEALT™ SORMLEY
VRYSTAAT
YUNIVESITIY YA CLRONDMEOAWE TEVIRAPSY

FREISTATA

Dr PM van Zyl
Department of Pharmacology

14th January 2020
TO WHOM IT MAY CONCERN
DECLARATION ON PLAGIARISM

According to the University of the Free State’s Policy on the Prevention of Plagiarism and
Dealing with Academic Writing Misconduct definition:

Plagiarism implies direct duplication of the formulation and insights of a source text with the
Intention of presenting it as one’s own work. Plagiarism cannot be confirmed as a result of
mere similarities of words between the source text and the borrowed text as in the case of
terminology, commonly used phrases and known facts. If plagiarism is suspected it must also
be provabie. The source text and borrowed text must therefore be placed side by side. The
mere suspicion of plagiarism cannot form the basis of an accusation. Plagiarism is
distinguished from forms of academic writing misconduct such as:

cribbing in tests and examinations;

collusion and fabrication or falsification of data;

deliberate dishonesty;

purchasing assignments, dissertations and/or theses on the Internet and presenting
such documents as one’s own work;

presenting the same work for more than one course or in consecutive years; and
the submission of another person’s work as one's own original work.

To check for plaglarism the UFS uses software programmes like TURNITIN. The programme
does not show plagiarism but rather focus on similarity in text against certain criteria,

The TURNITIN report on the mini-dissertation submitted by the candidate Nadia Cloete
shows a 10% similarity, I am satisfied that when comparing the texts with the source
documents It is evident that there is no plagiarism. Where text are similar it is properly
referenced or quoted and referenced.

l/' A | \ A

W AR/

HAA

Regards
Dr PM van Zyl (supervisor)
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