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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 4,30C – 23,80C with a median of 14,80C. This 

method of drug storage was not conducive to store all temperature sensitive anaesthetic drugs 

(requiring storage at 20C – 80C) on 235 temperature measurement (88%with a 95% Confidence 
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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 80C 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 20C – 80C 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 25,70C. 

 

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 80C...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 20C to 

80C.  

 

Room temperature 

Comfortable temperature range indoors, considered to be 200C to 250C. 

 

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.1 

 

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.2 

 

Theatre suite 

An individual operating theatre within the main theatre complex at Universitas Academic Hospital.  



 

x 
 

List of Abbreviations 

 

UAH  : Universitas Academic Hospital 

HSREC  : Health Sciences Research Ethics Committee 

DOH  : Department of Health 

WHO  : World Health Organisation 

 

  



 

xi 
 

List of Tables 
 

List of Tables in Chapter 1: Literature Research 

 

1. Succinylcholine Chloride package insert information and additional temperature storage 

recommendations by published studies. 

2. Rocuronium package insert information and additional temperature storage 

recommendations by published studies. 

3. Atracurium package insert information and additional temperature storage 

recommendations by published studies. 

4. Cis - Atracurium package insert information and additional temperature storage 

recommendations by published studies. 

5. Phenylephrine package insert information and additional temperature storage 

recommendations by published studies. 

6. Heparin package insert information and additional temperature storage recommendations 

by published studies. 

7. Oxytocin package insert information and additional temperature storage 

recommendations by published studies. 

8. Syntometrine package insert information and additional temperature storage 

recommendations by published studies. 

9. Insulin package insert information and additional temperature storage recommendations 

by published studies. 

10. World Health Organisation recommendation for out of refrigerator vaccine storage 

 

 

  



 

xii 
 

List of Tables in the Publishable Manuscript 

 

I. List of commonly used drugs and recommended storage temperatures  

 

II. Comparison of factors contributing to cold drug storage unit having a temperature below 

80C and more than 80C 

  



 

xiii 
 

List of Figures 
 

List of figures in Publishable Manuscript 

1. Cold drug storage unit  

 

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

 

3. Digital thermometer probe placed within the plastic container containing the drugs 

 

4. The temperature range of the cold drug storage unit summarised per theatre for the five 

days of data collection 

 

5. The number of temperature measurements within a temperature range of 20C – 80C, 

temperature within manufacturer’s recommendation compared to the number of 

measurements that were not within the manufacturer’s recommendation 

 

6. The temperature range of the theatre room temperature summarised per theatre for the five 

days of data collection 

 

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

 

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

eutectic gel pack(s) at the base or both on top and at the base of the drugs within the 

Styrofoam® 

 

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 

 

10. Greatest positive and negative fluctuation, amongst two consecutive temperature readings 

in the cold drug storage units for all theatres per day 

 



 

1 
 

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 16th October 1846 when WTG Morton demonstrated the use of a single agent 

anaesthesia, ether, to induce a sleep like state.3 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.4  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.5  
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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.6  

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.5 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 20C – 80C) to be 

immediately available in any setting where anaesthesia is administered.7 

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.8 

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, 
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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.9, 10   

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.10 

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 

Storage Temperature 

20C – 8 OC 
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Additional Manufacturer 

Instructions 

Protect from light 

Recommendation by other studies Room temperature (light resistant) for 2,8 months.9 

 

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 (20C – 80C), 

room temperature (200C – 250C) 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.11 

 

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 40C it was 0.3% compared 

to 8,1% at 370C.  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 
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Concentration 10 mg/ml  (5ml ampoule) 

Manufacturer / Distributor Biotech Laboratories (PTY) LTD. 

Manufacturer Recommended 

Storage Temperature 

20C – 80C 

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.12 

 

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 (200 – 290C; 

median 25,10C). 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.   
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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 

Storage Temperature 

20C – 8 0C 

Additional Manufacturer 

Instructions 

Protect from light 

Do not freeze 

Recommendation by other studies Atracurium stored at room temperature for two 

weeks does not cause clinical significant 

degradation.13 

 

The aim of this study by Frasca et al. was to compare muscle 

relaxation when atracurium stored at recommended 

refrigerated temperature (20C – 80C) and operating room 

temperature (150C – 20 0C) 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 
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Manufacturer Recommended 

Storage Temperature 

20C – 80C 

Additional Manufacturer 

Instructions 

Protect from light 

Do not freeze 

Do not remove from outer carton till administration 

Diluted solution can be stored at 50C – 250C 

Recommendation by other studies Room temperature (light resistant) for 3,8 months.9 

 

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 (20C – 

80C), room temperature (200C – 250C) 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 

Storage Temperature 

Store at or below 250C (10 mg/ml) 

20C – 80C (10% solution) 

Additional Manufacturer 

Instructions 

Protect from light 

Keep covered in carton till use 

Recommendation by other studies The National Center for Biotechnology Information 

recommends that when phenylephrine is diluted in 



 

8 
 

5% dextrose it will be stable for 48 hours at a pH of 

3,5 – 7,5.14 

It cautions against prolonged exposure of phenylephrine to 

air or strong light as it may cause oxidation and 

discolouration.14 

 

Phenylephrine when diluted in 0, 9% sodium 

chloride and stored at room temperature is 

physically and chemically stable for 60 days.15 

 

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 

Storage Temperature 

Below 250C 

Additional Manufacturer 

Instructions 

Do not freeze 

No recommendations by other studies were found. 
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Table 7:  Oxytocin package insert information and additional temperature storage 

recommendations by published studies. 

Pharmacological classification Oxytocic 

Concentration 10 IU/ml (1 ml ampoule) 

Manufacturer / Distributor Specpharm 

Manufacturer Recommended 

Storage Temperature 

20C – 80C 

Additional Manufacturer 

Instructions 

Do not freeze 

Do not remove ampoule from carton until use 

Protect from direct sunlight 

Recommendation by other studies -50C to -200C up to 7 days.14 

 

In this study by Nassata et al. oxytocin ampoules were stored 

at temperatures -50C and -200C for 7 days with a control 

stored at 40C. After five freeze-thaw cycles the amount of 

oxytocin was determined by liquid chromatography triple 

quadrupole 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 (1ml ampoule) 

Manufacturer / Distributor Adcock Ingram Critical Care (Pty) Ltd 

Manufacturer Recommended 

Storage Temperature 

20C – 80C 

Additional Manufacturer 

Instructions 

Do not freeze. Protect from light.  
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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. 17 

If no refrigerator is available the World Health Organisation 

regards storage of Syntometrine®, at room temperature to a 

maximum of 300C, for a maximum of 3 months as 

acceptable. 17 

 

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 

Storage Temperature 

20C – 80C 

Room temperature (maximum 250C) for one month 

Additional Manufacturer 

Instructions 

Do not freeze 

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. 18 

 

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 25th day insulin tolerance 

test was performed on rabbits. 

When insulin was stored at 320C and 370C there was a 14% 

– 18% decrease in potency but no significant decrease in 
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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 20C – 80C 

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 20C – 80C 

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 40C to 60C 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.20 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 
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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 PackIt Cooler Box.10 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.10  

 

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.21   



 

13 
 

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.21 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 < 100C) 

Cold Boxes Insulated 

container lined 

with frozen ice 

packs 

Two to seven days at room 

temperature of up to 430C 

Vaccine Carriers Small insulated 

containers with 

frozen ice packs 

18 to 50 hours at room temperature 

of up to 430C 

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. 10, 19  

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 -200C to 700C and the manufacturer’s assurance of an accuracy of ±10C. 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 4,30C – 23,80C with a median of 14,80C. This method of drug storage was not effective to ensure 

optimal storage temperature for all temperature-sensitive anaesthetic drugs (requiring storage at 20C – 80C) 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 

80C     . 

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 80C. With the use of two eutectic gel packs, placed above and below the drugs within a Styrofoam® 

cooler box, a desired temperature range of 20C – 80C 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 25,70C.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.1 Incorrect storage conditions may result in accelerated degradation of drugs, loss of potency 

and adverse patient outcomes.2 It is therefore imperative that drugs used in anaesthesia are stored securely while 

remaining easily accessible for anaesthetic use in daily practice.2,3   

The conditions of storing refrigerated anaesthetic drugs during theatre operating hours in individual theatre suites are 

ill defined in South African Anaesthetic guidelines.4 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  

Suxamethonium® 

(Fresenius Kabi, 

Bodene (Pty) Ltd) 

100 mg / 2ml 20C – 80C 
Room temperature for 4,8 months5 , Room temperature (light resistant) for 2,8  

months6  

Rocuronium 

Rocuronium 

(Biotech 

Laboratories (Pty) 

Ltd) 

50 mg / 5ml 20C – 80C 
Storage in room temperature for 14 days lead to unfavourable intubating 

conditions7 

Atracurium 
Atracurium 

(GlaxoSmithKline) 
10 mg / ml 20C – 80C 

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

drug degradation8 

Cis – Atracurium 
Nimbex® 

(GlaxoSmithKline) 
5 mg / 2ml 

20C – 80C  (Diluted solution 

can be stored at 5 – 250C) 
Room temperature (light resistant) for 3,8 months6  

Phenylepherine 

hydrochloride 

Phenylepherine® 

(Biomedi S.A., 

Abbott) 

10 mg / ml At or below 250C 
If diluted in 0,9% sodium chloride and stored at room temperature it is 

physically and chemically stable for 60 days9. Can be diluted in 5% dextrose 

and will be stable for 48 hours at a pH of 3,5 – 7,513. 10 
Phenylepherine 

hydrochloride 

Minims 

Phenylepherine® 

(Soflens(Pty) Ltd ) 

50 mg / 0,5ml 
20C – 80C  (2,5% solution 

store below 250C) 

Heparin 
Heparin (Fresenius 

Kabi) 

1000 U / ml, 5000 U / 

ml 
Below 250C No recommendation by other studies 

Oxytocin 

Spec Oxytocin® 

(SpecPharm (Pty) 

Ltd) 

10 U / ml 20C – 80C 
Stored at -50C to -200C for 7 days (with five freeze thaw cycles) compared 

with storage at 40C showed no difference in change on concentration11  

Ergometrine 

Maleate & 

Oxytocin 

Syntometrine® 

(Adcock Ingram 

(Pty) Ltd) 

5U Oxytocin & 0,5mg 

Ergometrine / ml 
20C – 80C 

Room temperature, exposed to light, the level of active ingredient reduces by 

21 – 27% per month. 

Storage at room temperature to a maximum of 300C for a maximum of 3 

months is acceptable12 

Insulin 
Actrapid HM® 

Novo Nordisk A/S 
1000 U / 10ml 

20C – 80C  (Room 

temperature for one month) 
Room temperature at 12 weeks13 
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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.6, 

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.15 

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 28th of October 2019 to the 1st 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 number 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 

-200C to 700C and a manufacturer’s assurance of an accuracy of ±10C was used. The thermometer has a digital display 
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(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. 

 

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 4,30C, maximum of 23,80C with a median temperature value of 14,80C. 

 

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 20C – 80C. 

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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Figure 5:  The number of temperature measurement within a temperature range of 20C – 80C, 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 ± 10C, the above temperature range of adequacy was extended to  10C – 90C (from 20C – 80C). 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 (20C – 80C). 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 6,40C, median of 6,90C and maximum of 8,50C, 

only one temperature measurement was outside of the manufacturer’s recommended temperature storage range of 20C 

– 80C.  

 

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 18,50C to 

25,70C (with a median of 22,40C).  

 

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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.  

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.  

 

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.  

250 (93,3%)

18(7,2%)

Storage Method of Drugs

Loose ampoules within plastic container

Original carton and plastic container

208 (77,9%)

11 (4,1%)

48 (18%)

Eutectic Gel Pack Usage

1 15x 15cm Base 1 10 x10cm Base 2 15 x15cm Top and Base
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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 (20C – 80C) compared to the cold drug storage unit not fulfilling the 

manufacturers’ recommended storage range is depicted in Table II. 
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Table II:  Comparison of variables contributing to cold drug storage unit having a temperature 20C – 80C 

(adequate for storage of temperature sensitive drugs) and more than 80C (inadequate for storage of 

temperature sensitive drugs) 

 

 Adequate storage 

temperature 

20C – 80C 

Inadequate storage 

temperature 

 80C 

Total cold drug temperature measurements  

   (n = 267) 

 

32 (12%) 

 

235 (88%) 

Theatre room temperature 0C 

   (Minimum – Median – Maximum) 

 

 

20,10C – 21,80C – 24,60C  

 

18,50C – 22,60C – 25,70C 

Numbers of ampoules/vials 

   (Minimum – Median – Maximum) 

 

23 – 35 – 46 

 

15 – 34 – 53 

Storage method used 

   Plastic container 

   Plastic container & original carton 

 

90,6% 

9,4% 

 

94% 

6% 

Eutectic Gel pack usage 

   One 15 cm x 15 cm placed at the base 

   One 10 cm x 10 cm placed at the base 

   Two 15 cm x 15 cm placed at the base and on top 

 

0 

0 

32 (100%) 

 

208 (88,5%) 

11 (4,7%) 

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 20C – 80C was the use of two 15cm x 15cm 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. 

 

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 4,30C – 23,80C with a median of 14,80C 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 20C – 80C.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 

±10C 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 II) 

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 80C (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 (20C  – 80C); 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 20C  – 80C 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 80C to a 

maximum decrease in 6,90C. (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.14, 16.  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.14 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.14  

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.16 In the absence 

of a refrigerator the World Health Organisation recommends the storage of these vaccines within either a cold box 

(maintaining temperature below 100C for five to seven days), vaccine box (maintain temperature below 10 0C for 18 

– 50 hours) with adjuncts such as water packs and foam packs.16 

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 80C 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 20C – 80C 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 

20C – 80C.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 guideline2, 3, 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 20C – 80C 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 80C for an average of 4 hours 

and 30 minutes, up to 9 hours and 30 minutes, in a maximum theatre temperature of 25,70C. 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. 
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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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C: Digital Thermometer 
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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 I below. 

 

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

measurements per day 

  

 

 

 

 

 

 

 

*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  

‡ 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 20C – 80C, per theatre for a total of 30 cold drug storage unit 

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

 

 

 

 

Figure 1:  The number of measurements that fulfilled the manufactures’ recommended temperature range of  

20C – 80C, per theatre for the week  
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K: Research Protocol approved by the HSREC 
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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. 

 

  



 

75 
 

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 80C. 

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 25OC 

 

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.1 

 

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.2   
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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 rooms3. 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 2-80C) to be immediately available in any anaesthetising location4. 

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 degradation5. 

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 6, 7.   

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 

40C to 60C 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 insulator9. 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 -200C to 700C. This thermometer has the manufacturers’ assurance 

of an accuracy of ±10C 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 I) 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) 

Drug Name and 

Manufacturer 

Pharmacological 

Classification 

Manufacturer 

Recommended 

storage 

temperature 

Additional 

Manufacturer 

instructions 

Recommendation 

by other studies 

Suxamethonium 

50mg/ml  

(2ml ampoule) 

 

Fresenius Kabi 

Bodene (Pty) Ltd 

Muscle Relaxant 2 – 8OC Protect from light Room temperature 

for 4.8 months 10 

 

Room temperature 

(light resistant) for 

2.8 months6 

Rocuronium 

10mg/ml 

 (5ml) ampoule) 

 

MSD (Pty) Ltd 

Muscle Relaxant 2 – 8OC Maximum storage 12 

weeks not exceeding 

30 OC 

If out of cold storage 

not to return 

 

Atracurium 

10mg/ml 

(2.5ml ampoule) 

 

GlaxoSmithKline 

Muscle Relaxant 2 – 8OC Protect from light. Do 

not freeze 

 

Cis – Atracurium 

2mg/ml  

(2.5mls ampoule) 

 

 

GlaxoSmithKline 

Muscle Relaxant 2 – 8OC Protect from light. Do 

not freeze. Do not 

remove from outer 

carton till 

administration. 

Diluted solution can 

be stored at 5 -25 OC 

Room temperature 

(light resistant) for 

3.8 months6 

Phenylephrine 

10mg/ml 

     (1ml 

ampoule)Abbott 

Vasopressor 2 – 25oC 

 

Protect from light. 

Keep covered in 

carton till use 

 



 

80 
 

Drug Name and 

Manufacturer 

Pharmacological 

Classification 

Manufacturer 

Recommended 

storage 

temperature 

Additional 

Manufacturer 

instructions 

Recommendation 

by other studies 

Heparin 

1000IU/ml 

5000IU/ml 

(4ml vial) 

 

Fresenius Kabi 

Manufacturing SA 

Anticoagulant Below 25 OC Do not freeze  

Oxytocin 

10 IU/ml  

(1ml ampoule) 

 

Specpharm 

Oxytocic 2 – 8OC Do not freeze 

Do not remove 

ampoule from carton 

until use. Protect from 

direct sunlight 

-5 0C to -20 0C for 7 

days11 

 

 

Insulin 

100u/ml 

(10ml vial) 

 

Novo Nordisk A/S 

Hypoglycaemic 

agent 

2 – 8OC 

Room 

temperature (max 

25OC)  for one 

month  

Do not freeze. Keep 

out of sunlight 

Room temperature 2 

weeks12 
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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 theatre1-5 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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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 theatre1-5 and 8-11 (old text: 

theatre1-11) will take 10-15min in total. 

09:00 Repeat the following measurements: 

- ambient theatre temperature, the temperature in the cold drug storage unit, the number 

of ampoules of each drug present 

11:00 Repeat the following measurements: 

- ambient theatre temperature, the temperature in the cold drug storage unit, the number 

of ampoules of each drug present 

13:00  Repeat the following measurements: 

- ambient theatre temperature, the temperature in the cold drug storage unit, the number 

of ampoules of each drug present 

15:00 Repeat the following measurements 

- ambient theatre temperature, the temperature in the cold drug storage unit, the number 

of ampoules of each drug present 

17:00 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  

 

  

mailto: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, I (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 

 

A. Cold drug storage unit 

B. Drug placement inside the cold drug storage unit 

C. Package insert for medications stored in Cold drug storage unit 

D. Digital Thermometer 

E. Data Capture Sheet 

F. Permission Letter: Head of Department Anaesthesiology 

G. Permission Letter: Matron Universitas Theatre Complex 

H. Study Notice on Passive Refrigerator System 

I. 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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Appendix D: Digital thermometer 
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Appendix D: Digital Thermometer 
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Appendix E: Data Capture Sheet 
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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 I 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 Zyl 

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 I 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. I will request that at the end of the 

theatre list the cooler boxes remain in theatre till 17:00, thereafter I 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 I 

 

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 10C). 

 

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. 
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M: Instructions to the Authors 
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N: Summary report: TurnitIn Plagiarism Search Engine 

 

 

 

 


