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Conclusions

*

• Our study demonstrated that emergency drugs remained stable during extreme cold conditions, including repeated freeze-

thaw cycles, when stored in sealed Ampullarium bags.

• This evidence suggests that, with optimized storage protocols, medications used in pre-hospital rescue operations may

remain effective even in environments that exceed standard storage recommendations.
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• Ensuring the stability of emergency medications during extreme environmental conditions is critical for patient safety in prehospital settings such

as helicopter emergency medical services (HEMS) and alpine rescue, where temperatures may fall far below recommended storage ranges.

• Our overarching goal is to determine whether emergency medications retain ≥90 % of their labeled concentrations when exposed to conditions

that challenge standard storage recommendations.

Study aims and background

• A controlled environmental study was conducted at the terraXcube, a high-fidelity climate simulation facility at Eurac Research in Bolzano, Italy.

Medications—Dexamethasone, Ketamine, Rocuronium, Epinephrine, Norepinephrine, Naloxone, Amiodarone, and Acetazolamide—were stored

within an Ampullarium placed in mountain rescue backpacks. The ampoules remained sealed throughout the experiment. The drugs underwent

six cycles of exposure, consisting of 45 minutes at –15°C followed by 15 minutes at +18°C, to mimic temperature fluctuations encountered

during extended rescue operations. Stability was assessed through visual inspection for physical changes (e.g., crystallization, phase

separation) and chemical analysis using mass spectrometry, with results expressed as a percentage of the reference concentration.

Methods


