
Degradation of Benzodiazepines after 120 Days of EMS 
Deployment

Jason T. McMullan, MD, Elizabeth Jones, MD, Bruce Barnhart, RN, CEP, Kurt Denninghoff, 
MD, Daniel Spaite, MD, Erin Zaleski, MA, Robert Silbergleit, MD, and on behalf of the 
Neurological Emergencies Treatment Trials investigators
Department of Emergency Medicine, University of Cincinnati, Cincinnati, Ohio (JTM), Department 
of Emergency Medicine, University of Texas Health Science Center at Houston, Houston, Texas 
(EJ), Arizona Emergency Medicine Research Center, University of Arizona, Tucson, Arizona (BB, 
KD, DS), and Department of Emergency Medicine, University of Michigan, Ann Arbor, Michigan 
(EZ, RS).

Abstract

Introduction—EMS treatment of status epilepticus improves outcomes, but the benzodiazepine 

best suited for EMS use is unclear, given potential high environmental temperature exposures.

Objective—To describe the degradation of diazepam, lorazepam, and midazolam as a function of 

temperature exposure and time over 120 days of storage on active EMS units.

Methods—Study boxes containing vials of diazepam, lorazepam, and midazolam were 

distributed to 4 active EMS units in each of 2 EMS systems in the southwestern United States 

during May–August 2011. The boxes logged temperature every minute and were stored in EMS 

units per local agency policy. Two vials of each drug were removed from each box at 30-day 

intervals and underwent high-performance liquid chromatography to determine drug 

concentration. Concentration was analyzed as mean (and 95%CI) percent of initial labeled 

concentration as a function of time and mean kinetic temperature (MKT).

Results—192 samples were collected (2 samples of each drug from each of 4 units per city at 4 

time-points). After 120 days, the mean relative concentration (95%CI) of diazepam was 97.0% 

(95.7–98.2%) and of midazolam was 99.0% (97.7–100.2%). Lorazepam experienced modest 

degradation by 60 days (95.6% [91.6–99.5%]) and substantial degradation at 90 days (90.3% 

[85.2-95.4%]) and 120 days (86.5% [80.7–92.3%]). Mean MKT was 31.6°C (95%CI 27.1–36.1). 

Increasing MKT was associated with greater degradation of lorazepam, but not midazolam or 

diazepam.
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Conclusions—Midazolam and diazepam experienced minimal degradation throughout 120 days 

of EMS deployment in high-heat environments. Lorazepam experienced significant degradation 

over 120 days and appeared especially sensitive to higher MKT exposure.
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Introduction

Emergency medical services (EMS) treatment of status epilepticus with benzodiazepines 

improves outcomes.1,2 Recent evidence suggests that, among the commonly used 

benzodiazepines, midazolam may be the most effective in achieving seizure cessation prior 

to hospital arrival.2,3 EMS medications are frequently stored without temperature-control 

procedures, which may negatively impact the medication through degradation, and heat 

stability is an important factor in determining which benzodiazepine to deploy in an EMS 

system.4–7 Diazepam and lorazepam experience some heat-dependent degradation while 

midazolam is heat-stable for at least 60 days.8,9 The effect of longer storage, especially in 

extreme heat conditions, is unknown.

We sought to expand on our previous work by describing the degradation of diazepam, 

lorazepam, and midazolam as a function of temperature exposure and time over a longer, 

120-day storage period on active EMS units during the summer months in the southwestern 

United States.

Methods

Study Design and Setting

This experimental pharmaco-stability study of medications stored in active EMS units was 

designed as an independent extension of our previous work that demonstrated heat-

dependant degradation of lorazepam over 60 days.9 The present study was conducted during 

the summer of 2011 (May through August) and focused on two EMS agencies in the 

southwestern United States with historically high ambient temperatures. We extended the 

period of observation to 120 days and added diazepam as a comparator to give insight on the 

behavior of all benzodiazepines currently available for prehospital use.

Vials of diazepam, lorazepam, and midazolam were distributed to 4 active EMS units in 

each of the two EMS systems. Instrumented boxes logged temperature every minute and 

were stored in EMS units per local agency policy alongside other routine medications. Use 

of temperature-control systems beyond normal vehicle air conditioning or garaging practices 

were not specified in the study protocol. Mirroring routine EMS practices, some vehicles 

were kept in station garages unless responding to an emergency call, while others were 

constantly exposed to ambient temperatures during work shifts. Two samples of each 

benzodiazepine were removed from each box after 30, 60, 90, and 120 days of deployment.

The methods of measurement, data collection, and data processing were identical to our 

previous study.9 Briefly, the instrumented study boxes measured and recorded temperature 
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every minute. Temperatures were analyzed and summarized by determination of the mean 

kinetic temperature (MKT), which is commonly used in the pharmaceutical industry to 

describe the overall effects of temperature changes on heat-sensitive materials.10 MKT 

expresses the cumulative heat stress to which a medication has been exposed over time and 

is not a simple average of ambient temperatures.

Samples were analyzed in a commercial laboratory (DynaLabs, St. Louis, MO) by high-

performance liquid chromatography (HPLC) to determine the concentration of the active 

drug. Samples were refrigerated after removal from the field, including during shipping, to 

minimize further heat-related degradation.

Data were managed within Microsoft Excel (Microsoft, Redmond, WA) and analyzed using 

SPSS version 19 (International Business Machines, Armonk, NY).

Outcome Measures

The primary outcome was the relative reduction in medication concentration from labeled 

concentration after 30–120 days of exposure.

Primary Data Analysis

Concentration was analyzed as a function of time and MKT. For each benzodiazepine, the 

mean relative concentration at 60, 90, and 120 days was compared to the 30-day 

measurement using the Student t-test. The influence of MKT and time on each medication's 

degradation was determined with linear regression and oneway analysis of covariance 

(ANCOVA), respectively.

Sample Size Determination

Sample size was estimated to provide a significance of 0.05 and a power of 0.8, assuming a 

mean difference of 7.5% between the 120-day relative concentrations of lorazepam 

compared to midazolam or diazepam. The assumed within-group sample variability 

(standard deviation) was 5%.

Results

A total of 192 samples were collected (2 samples in each of 4 units per city at 4 timepoints 

for each drug) and underwent HPLC. The cumulative mean MKT over the 120-day period 

was 31.6°C (95%CI 27.1–36.1°C) (Table 1).

Benzodiazepine concentration over time is shown in Table 1 and the impact of time on 

degradation was significantly different among the benzodiazepines (ANCOVA p < 0.01). 

Diazepam and midazolam experienced minimal degradation at each time point. At 120 days, 

the mean relative concentration (95%CI) of diazepam was 97.0% (95.7–98.2%) and of 

midazolam was 99.0% (97.7–100.2%). Lorazepam experienced significant degradation by 

60 days (95.6% [91.6–99.5]) with the concentration in half of all samples being less than 

95% of labeled concentration. Relative concentration of lorazepam was 90.3% (85.2–95.4) 

at 90 days and 86.5% (80.7–92.3) at 120 days.
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Midazolam and diazepam were stable across the range of mean kinetic temperatures, 

whereas increasing MKT was associated with greater degradation of lorazepam after 120 

days (Figure 1; lorazepam R2 = 0.98). The mean (95%CI) daily ambient temperature for 

each site was not significantly different (30.6°C [23.3–37.2°C] vs. 33.3°C [26.7–40.0°C]; p 

= 0.83). However, there was a greater than expected observed difference of MKT between 

sites over the 120 days (27.0°C [22.9–31.1°C] vs. 35.0°C [30.3–39.8°C]; p = 0.009). There 

was no significant intersite difference in the relative concentrations of midazolam or 

diazepam at any timepoint. Lorazepam experienced statistically significant degradation at 

60, 90, and 120 days (p = 0.009) at each site, and the magnitude of the temperature effect 

was different between the two sites (ANCOVA p = 0.001) (Figure 2).

DIscussion

In this study, we found that midazolam and diazepam experienced minimal degradation 

during 120 days of EMS deployment in high-heat environments. Lorazepam maintained 

acceptable concentrations of active drug for at least 30 days. However, when exposed to 

high heat stress, many samples experienced significant and progressive degradation by 60 

days.

We have previously evaluated rates of degradation for lorazepam and midazolam over 60 

days of EMS field deployment at multiple sites during the conduct of a multicenter clinical 

trial.9 In that study we found that midazolam remained stable at 60 days, but that lorazepam 

showed slight time- and temperature-dependent degradation. The current study builds upon 

this work by extending the period of observation to 120 days, by focusing on EMS systems 

with very high heat stress, and by including diazepam, the most common benzodiazepine in 

EMS use. The current study confirms the stability of midazolam for at least 120 days and 

that lorazepam is time and heat sensitive.

Gottwald et al. previously reported some experience with the degradation of diazepam and 

lorazepam deployed on two ambulances in San Francisco.8 Interestingly, despite higher 

ambient temperatures, we found that diazepam was more resilient than first reported, with 

no diazepam samples determined to have <90% of labeled concentration. Lorazepam's 

degradation was greater at 60 days and beyond, as well, reaffirming the relationship between 

heat stress and medication decomposition.

Ambient temperatures were similar between the two sites. However, there was an 

unexpected difference in the MKTs encountered at each site (27.0 vs. 35.0°C). Although 

unplanned, this difference allows additional insight into lorazepam's instability in the 

prehospital setting. Post hoc evaluation of this difference found that the agency with the 

lower MKT frequently keeps EMS units running with the vehicle's air conditioning system 

engaged, while the other agency routinely turns off the EMS units and parks them in station 

garages between calls. It is probable that a combination of operational and environmental 

factors contributed to the higher degradation rate at one site. However, it appears that 

altering the deployment and storage procedures for vehicles does not prevent lorazepam 

degradation in hot environments and further temperature-control methods, such as on-board 

refrigeration units, may be needed to extend useful shelf life.
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It is notable that ambient temperature cannot be used as a surrogate for MKT when assessing 

whether, or for how long, lorazepam can be stored in an EMS unit. MKT is a dynamic 

variable that accounts for the potential stress caused by changing temperatures, which is one 

reason that the pharmacology literature supports the use of MKT, rather than simple 

temperature means, for evaluating heat stability of drugs.10 These data support the notion 

that EMS agencies should take multiple variables into consideration, including temperature 

exposure and length of field deployment, when determining medication storage and 

restocking policies.7

Based on our findings here and previously, EMS systems choosing to deploy lorazepam 

should employ lorazepam storage methods to limit high heat exposures and maintain 

controlled room temperature (MKT < 25°C) environments. Otherwise, it may be prudent to 

limit field deployment time of lorazepam to 30 days to minimize degradation risks. In some 

systems, preferential use of midazolam or diazepam may be warranted.

Limitations And Future Research

This study has limitations. First, baseline (day 0) samples were not obtained because our 

previous work demonstrated consistent baseline concentrations for midazolam and 

lorazepam.9 Furthermore, the differences in the pair of samples taken from each EMS unit 

for testing were insignificant. This is consistent with the quality controls and USP 

specifications expected in these commercial pharmaceuticals.

Second, we did not perform duplicate measures from each sample; instead, we performed 

redundant single measurements from independent but identically stored samples. Previous 

work has demonstrated the reliability of the HPLC testing,8 and our duplicate sample testing 

reduces the bias that an outlier may cause.

Finally, this study was not designed to evaluate the impact of different vehicle deployment 

or medication storage practices on drug degradation. The impact of medication refrigerators 

and other techniques to control heat exposure and MKT may be more important for 

lorazepam than the other benzodiazepines and is a topic suitable for further study.

Evaluating the impact of heat exposure on other medications commonly used by EMS 

should be a priority.

Conclusion

Midazolam and diazepam experienced minimal degradation throughout 120 days of EMS 

deployment in high-heat environments. In contrast, lorazepam degraded significantly over 

this time and appeared especially sensitive to higher mean kinetic temperatures.
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Figure 1. 
Relative concentrations of benzodiazepines at 120 days as a function of cumulative mean 

kinetic temperatures (MKT).
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Figure 2. 
Comparison by site of relative concentration of lorazepam and cumulative mean kinetic 

temperature (MKT) at 30, 60, 90, and 120 days.

McMullan et al. Page 12

Prehosp Emerg Care. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

McMullan et al. Page 13

Table 1

Average mean kinetic temperature (MKT) and relative concentration of benzodiazepines compared to label at 

each measured timepoint.

Concentration, mean % (95% CI)

30-day 60-day 90-day 120-day

Diazepam 97.0 (96.3-97.6) 97.1 (96.6-97.6) 97.4 (96.6-98.3) 97.0 (95.7-98.2)

Lorazepam 101.0 (99.0-102.9)
95.6

*
 (91.6-99.5) 90.3

**
 (85.2-95.4) 86.5

**
 (80.7-92.3)

Midazolam 101.0 (99.8-101.4) 100.6 (99.8-101.4) 99.0 (98.0-99.9) 99.0 (98.1-100.2)

MKT 28.1 (24.9-31.2) 30.4 (26.0-34.7) 31.0 (26.8-35.1) 31.6 (27.1-36.1)

*
p = 0.014

**
p < 0.001 when compared to 30-day concentration.
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