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Background

Adrenal crisis is the leading cause of death in patients with adrenal insufficiency, and prevention requires immediate parenteral hydrocortisone administration. However, most patients do not receive their home emergency hydrocortisone injection. Our study aimed to investigate barriers and enablers to using emergency hydrocortisone injections in managing adrenal crises.





Methods

This mixed-methods observational study utilized an online survey distributed through two U.S.-based patient advocacy groups. A total of 688 respondents completed the survey, including 485 (70%) parents/caregivers of individuals with adrenal insufficiency and 203 (30%) adults with adrenal insufficiency. Qualitative free-text responses were analyzed using thematic content analysis, with subsequent quantification of identified barriers and enablers to administering parenteral hydrocortisone during adrenal crises.





Results

Over 60% of patients with adrenal insufficiency had required parenteral hydrocortisone for an adrenal crisis, yet fewer than 20% managed to self-inject. Thirteen barriers and nine enablers were identified across three thematic domains: device factors, external factors, and emotional factors. Key barriers included the complexity of the multi-step hydrocortisone injection process (81%), injection-related anxiety and lack of confidence (18%), challenges accessing the correct hydrocortisone formulation or equipment (38%), and inadequate support for managing adrenal crises (29%). Key enablers included the effectiveness of hydrocortisone (14%), the convenience of the combined powder-and-diluent hydrocortisone vial (36%), and patient education (4%). Notably, 97% of participants expressed a preference for a hydrocortisone autoinjector to enhance self-injection capabilities.





Conclusion

Effective adrenal crisis management requires comprehensive, evidence-based interventions across patient, healthcare, and societal levels. This should include the development of user-friendly hydrocortisone delivery devices, individualized patient education, healthcare system reforms, and public awareness.
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Introduction

Adrenal crisis is a life-threatening emergency characterized by circulatory collapse in patients with cortisol deficiency, often triggered by physiological stress, such as an infection (1). Each year, approximately 6 – 8% of patients with adrenal insufficiency experience a life-threatening adrenal crisis (2, 3). Prospective studies report an incidence rate of 8 adrenal crises per 100 patient-years (4, 5), while a retrospective study in the United States (US) found a higher rate of 24 per 100 patient-years, with 44% of patients having experienced at least one adrenal crisis since diagnosis (6). Mortality associated with adrenal crisis is 0.5 per 100 patient-years (4), indicating that 1 in 200 patients with adrenal insufficiency experiencing an adrenal crisis will die, despite its preventable nature (1). Gastroenteritis is the commonest precipitating factor for an adrenal crisis, although any physiological stressor that increases cortisol demand can precipitate a crisis (1, 2, 7).

There is no universally agreed-upon definition for adrenal crisis, though most accepted definitions emphasize acute deterioration and profound impairment of general health, with at least two of the following signs and symptoms: arterial hypotension with systolic blood pressure <100 mm Hg or relative hypotension (≥20 mm Hg lower than usual), nausea or vomiting, severe weakness or fatigue, fever, somnolence, confusion or impaired consciousness, hyponatremia (≤ 132 mmol/L), hyperkalemia, and/or hypoglycemia (more common in children), necessitating immediate parenteral glucocorticoids (1, 2, 7–12) resulting in a marked improvement in symptoms within two hours post parenteral glucocorticoid administration (2, 12).

The standard treatment for adrenal crisis is immediate parenteral hydrocortisone administration (2). In adults, the recommended initial dose is 100 mg of hydrocortisone given intramuscularly (ideally in the patient’s home setting) or intravenously, followed by 200 mg over 24 hours via continuous infusion or a 50-mg bolus every 6 hours in the hospital setting. In children, the initial bolus dose is 50 mg/m² of body-surface area, followed by 50 - 100 mg/m² over the next 24 hours (2, 8, 10, 11). Parenteral hydrocortisone is available as: 1) Hydrocortisone Sodium Phosphate 100 mg premixed liquid in an ampule (brand name Efcortesol®) and 2) Hydrocortisone Sodium Succinate 100 mg powder for solution (brand name Solu-Cortef®), either with separate diluent or combined as an Act-O-Vial®. Both formulations require approximately 15 steps to prepare and administer.

All patients/caregivers should be provided with an emergency hydrocortisone injection kit, an emergency care letter or steroid emergency card, and regular patient education, as timely administration of parenteral hydrocortisone can be lifesaving (9, 10, 13). In the case of mild or early symptoms of an impending adrenal crisis, parenteral hydrocortisone can prevent progression to a full crisis, and potentially the need for an emergency visit or hospitalization (2, 7, 13). Studies show that while over 70% of patients or caregivers possess and are trained to use hydrocortisone injection kits (14–17), fewer than 25% successfully self-inject or administer hydrocortisone during an adrenal crisis (15, 17–19), with rates as low as 12% in some cases (5, 18, 20). A recent US study reported that 41% of patients were unable to self-inject despite attempting to do so during an adrenal crisis (21). Additionally, only 20% of children with congenital adrenal hyperplasia received intramuscular hydrocortisone for stress dosing before presenting to the emergency department (19, 22).

Further significant delays in the administration of parenteral hydrocortisone by ambulance or emergency care personnel have often led to hospitalizations and intensive care admissions (14, 15, 19, 21, 23, 24). Research shows that immediate self-injection reduces hospitalization rates; 38% of patients self-injecting were hospitalized versus 73% who waited for a healthcare professional to administer their hydrocortisone (p=0.008), with 84% highlighting the complexity of the injection process as a barrier to self-injecting (25).

The hypotension and neurocognitive symptoms associated with an adrenal crisis often hinder a patient’s ability to self-inject, even if they are fully trained, thereby requiring assistance from a caregiver or healthcare professional (1, 2, 14, 26). The tragic case of an 11-year-old boy who died because ambulance personnel were not authorized to administer his personal hydrocortisone supply (11), highlights critical gaps in the current system, including the need for streamlined protocols and more user-friendly injection methods. In our study we investigated the barriers and enablers that patients with adrenal insufficiency and their caregivers report in using hydrocortisone injections for managing adrenal crises outside the hospital setting.





Materials and methods

This observational study followed the STROBE Statement (27) and utilized the STROBE Checklist for Cross-sectional Studies to guide its design and reporting of the results. Patients with adrenal insufficiency and their caregivers, including parents, partners, and friends, were invited to participate in a cross-sectional online survey distributed through two patient advocacy organizations: CARES (Congenital Adrenal Hyperplasia Research, Education, and Support) Foundation (hereafter referred to as CARES) and Adrenal Insufficiency United (AIU). These organizations represent over 4,000 members, 85% U.S.-based, and a global reach across 70 countries. Recruitment methods included targeted emails, newsletters, and social media posts. A self-reported eligibility checklist determined if participants met the inclusion criteria, before proceeding with the survey.




Inclusion criteria

	Adults older than 18 years of age diagnosed with primary, secondary, or tertiary adrenal insufficiency on glucocorticoid replacement therapy.

	Parents/caregivers of children or adults with primary, secondary, or tertiary adrenal insufficiency on glucocorticoid replacement therapy.







Exclusion criteria

	Patients on supraphysiological doses of corticosteroids (not replacement therapy).

	Participants unfamiliar with hydrocortisone injections or adrenal crisis management.



The online survey was developed in collaboration with representatives from CARES and AIU, who contributed to content validation by assessing clarity, relevance, and ease of completion to ensure a neutral, patient-centered approach. It was designed using Google Forms®, and distributed by CARES (January-March 2019) and AIU (April-December 2019). The research team included an individual with lived experience of adrenal insufficiency (JA) and four clinicians with expertise in adult endocrinology (SL, RR), pediatric endocrinology (KS, MEG), and qualitative research (SL). The survey collected clinical and sociodemographic data, including adrenal insufficiency type, gender, age, and details of adrenal crises. While participants were not asked to specify when they or their child last experienced an adrenal crisis, they were instructed to base their responses on their most recent episode. As there is no universally accepted definition of adrenal crisis, we adopted a pragmatic approach, allowing participants to describe their experiences with administering hydrocortisone injections based on their own interpretation of an adrenal crisis rather than predefined criteria. Three open-ended questions invited participants to share their experiences with administering parenteral hydrocortisone during an adrenal crisis, highlighting helpful and frustrating aspects (enablers and barriers), and offering suggestions for improvement. The inclusion of open-ended questions and anonymized data collection allowed participants to provide unprompted responses, reducing the risk of investigator-imposed assumptions.

Quantitative data were analyzed using IBM SPSS V.28 Statistics for descriptive statistics and reported as mean, median, range, and standard deviation (SD) where applicable. Qualitative data from open-ended questions underwent inductive thematic analysis in NVivo® version 13, with themes (barriers and enablers) subsequently quantified using SPSS. We applied Bengtsson’s four-stage Content Analysis Approach – decontextualization, recontextualization, categorization, and compilation – using manifest analysis to capture participants’ experiences with hydrocortisone injections (28). Blind coding of the qualitative data was conducted by SL and JA using an agreed coding guideline, to minimize bias in data interpretation. Reliability was assessed through theme concordance, with discussions to reach consensus. Data presentation and manuscript preparation underwent iterative review by KS, MEG, and RR to ensure accuracy and balance in reporting.






Results

A total of 688 participants completed the survey: 248 (36%) from AIU and 440 (64%) from CARES (Table 1). The majority of participants were parents of children with adrenal insufficiency (N = 433; 62.9%), and over 80% of patients had primary adrenal insufficiency, which aligns with the main demographic served by these patient organizations. The mean patient age was 20.8 years (SD = 18.0), with 29.5% being children aged 7 years or younger (Figure 1). Most participants were U.S.-based and primarily used the Solu-Cortef Act-O-Vial®, referred to as the “hydrocortisone injection” in this study, unless specifically referencing the powder and vial (Solu-Cortef®) or the premixed (Efcortesol®) hydrocortisone formulation.


Table 1 | Demographic and condition-specific characteristics (N = 688).
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Figure 1 | Age categories in children and adults with adrenal insufficiency (N = 687).    



Among AIU participants, 87% (N = 215/248) required a hydrocortisone injection at some point to manage an adrenal crisis, but only 19% self-injected (Figure 2). In CARES group, where 81% of participants were parents of children with adrenal insufficiency, 63% (N = 277/440) reported having administered a hydrocortisone injection either to themselves or their child. The question for CARES participants differed slightly, focusing on whether participants had injected or if their child had self-injected. Among parents, only 14% (N = 60) indicated that their child had self-injected during an adrenal crisis.


[image: A pie chart showing the distribution of individuals administering hydrocortisone during an adrenal crisis among AIU respondents. The proportions are as follows: 19% (47) self-injected, 23% (57) were injected by a parent or guardian, 14% (35) by a family member, caregiver, partner, or significant other, and 27% (68) by a medical professional, ambulance, or ER personnel. Additionally, 4% (10) reported that the injector varied depending on the circumstances of the adrenal crisis, while 13% (31) indicated they did not receive a hydrocortisone injection. Each segment is represented by a distinct color.]

Figure 2 | Who injected hydrocortisone in an adrenal crisis (N = 248; AIU respondents). AIU, Adrenal Insufficiency United patient organization; AC, adrenal crisis; HDC, hydrocortisone; ER, emergency room.



Participants reported on circumstances surrounding their adrenal crises, with vomiting [39.5% (N = 206/522)] and gastroenteritis [14.2% (N = 74/522)] being the most common known precipitating factors. Of note, 22.2% could not identify any precipitating factors (Figure 3). Accessing hydrocortisone injections posed challenges for 38% (N = 262) of respondents, including pharmacies dispensing the wrong preparation (e.g., powder and saline instead of Act-O-Vial®) or failing to provide needles and syringes, which necessitated additional steps, such as returning to the pharmacy or obtaining new prescriptions, and in some cases, left participants unable to inject due to missing essential equipment.




Figure 3 | Precipitating circumstances that triggered adrenal crises (N = 522). AC, adrenal crisis; UTI, urinary tract infection.    



The thematic analysis identified 15 themes (factors), grouped into three overarching domains: “Device Factors”, “External Factors”, and “Emotional Factors” (Figure 4). Barriers and enablers were quantified to assess their impact on participants’ experiences with using hydrocortisone injections for an adrenal crisis (Figure 5). Seven themes emerged as both barriers and enablers, depending on individual circumstances. Of the remaining eight themes, two were exclusively enablers and six were exclusively barriers. Notably, 26% (N = 158) of respondents reported finding “no helpful aspects” in the process of administering hydrocortisone injections during an adrenal crisis, while 2% (N = 12) reported encountering no barriers.


[image: A concept map illustrating three overarching domains—Device Factors, External Factors, and Emotional Factors—that influence barriers and enablers to hydrocortisone injection use during adrenal crises. Each domain branches out into multiple themes represented as individual nodes. Red nodes indicate barriers, while blue nodes indicate enablers. The diagram visually categorizes and connects the contributing factors for better understanding of their impact on hydrocortisone injection administration.]

Figure 4 | Domains and themes explaining barriers and enablers to hydrocortisone injection use during an adrenal crisis.




[image: A bar chart summarizing barriers (red) and enablers (blue) to hydrocortisone injection use, reported by participants. Key barriers include usability and preparation of the injection (42%, N = 277), needing to use the injection during an adrenal crisis (19%, N = 126), and anxiety or fear associated with injections (10%, N = 69). Enablers include portability and convenience of the injection device (36%, N = 221) and effectiveness of hydrocortisone in treating adrenal crises (14%, N = 83).]

Figure 5 | Barriers (N = 661) and enablers (N = 612) to hydrocortisone injection use during an adrenal crisis. HDC, hydrocortisone; AC, adrenal crisis. Participants often identified multiple barriers and enablers, with individual quotes coded into one or more themes. Bar labels represent the number and percentage of respondents attributing their experiences to each specific barrier or enabler.






Device factors

Usability and preparation of the injection was the most commonly reported barrier by 42% of respondents, who highlighted that the complex multi-step process often delayed the timely administration of parenteral hydrocortisone and caused anxiety over potential errors:


“It is time consuming and difficult to complete in times of crisis. You are worried about your child and have to think through push down plunger, roll to mix, take off top, wipe with alcohol, take out needle, stick in vial, draw down, get out air, inject.”



Six percent found the hydrocortisone injection process easy, typically after receiving regular injection training, if they were healthcare practitioners, or when not in an adrenal crisis:


“Easy to do if I’m not sick and fading fast”.



The portability and convenience of the Solu-Cortef Act-O-Vial®, appreciated for its all-in-one mixing design, was identified by 36% as an enabler:


“The Act-O-Vial has everything in one, they tried to give me the other kind [Solu-Cortef® powder and diluent] once and I panicked!”



Barriers such as the fragile glass vial and bulky needles and syringes were reported by 15%:


“Carrying needles and glass vials is something I’d prefer not to do. They are fragile and make me nervous with children digging through my purse.”



Needing to inject hydrocortisone during an adrenal crisis was a significant barrier for 19% who faced challenges due to the complexity of the injection, worsened by the severely impaired health state during a crisis, as these respondents described:


“It’s impossible to mix [the hydrocortisone vial] and change end of the needle while actively dying!”




“My hands and body shake so bad I break the needle, I can’t draw the medication up and my hands are too weak to activate [press down to mix] the vial”



Respondents also described the impact that an adrenal crisis had on their family, and advocated for a simpler, more user-friendly injection device:


“I am not calm in health crisis situations, so having to go through the whole process of preparing and giving my husband an injection is horrible. We are shocked that there isn’t an easier way … like an EpiPen. So many more lives would be saved!!!”



Dosage control was cited as an enabler by 3% who valued the ease, accuracy, and reassurance of a premeasured hydrocortisone injection vial:


“I know exactly how much I’m injecting”.



Conversely, 5%, mainly parents of children with adrenal insufficiency, found measuring the correct dose in an adrenal crisis complex and stressful which acted as a barrier:


“Having to remember what volume to inject for his age. At 6 years [of age] he still does not take the full vial (100 mg) in emergencies [adrenal crisis]”



The stability of the medication was noted as an enabler by 7%. Conversely, 3% found this to be a barrier noting that hydrocortisone was not stable in extreme temperatures:


“The sensitivity to heat makes it hard to take along all the time, as we have hot summers.”



The effectiveness of hydrocortisone in treating an adrenal crisis was cited as an enabler by 14%, who highlighted its life-saving properties and rapid symptom relief despite the challenges of the complex injection process:


“It keeps my son alive - but there’s nothing easy about it!”







External factors

Training and support for injecting were reported as an enabler by 4%. This included regular training and clear step-by-step instructions, provided through pictorial or video formats, which made the injection process less intimidating. In contrast, 9% reported that inadequate training and support, compounded by the complexity of the injection, acted as a barrier to managing adrenal crises. Many parents found it challenging to teach others, such as school staff, babysitters, and grandparents, who might need to inject their child in their absence. Further barriers included legal restrictions preventing school and daycare staff from administering hydrocortisone injections, often leading to inequalities in care:


“Most non-medical professionals (schools, day area, etc.) refuse to do it, even though they DO agree to administer Epi-pens”.



This concern also extended to some emergency care personnel:


“…paramedics are also prohibited from administering patient-provided medications other than epi-pen style, and they do not carry Solu-Cortef”.



Lack of familiarity with the injection was identified as a barrier by 6%, as caregivers, school staff, and some medical personnel felt intimidated by its complexity, leading to delays in administration. Parents expressed that this reluctance discouraged others from caring for their children, resulting in anxiety and isolation:


“I constantly feel like my child’s life is placed solely in my hands and it affects me every time I leave him with someone unable to administer his shot”.



Need for assistance to inject during an adrenal crisis was reported as a barrier by 6%:


“I become incoherent and unable to move very quickly so I have to rely on someone else to inject me”.



Many parents felt compelled to stay close to their children, adding logistical, financial, and emotional strain to the whole family:


“It’s [the injection] a big source of anxiety for us, her [daughter], the school and her football coaches. She’s on tour abroad this year and I have to go with them and she has to travel with me not the squad. It impacts all our lives!”



Specific use case concerns, such as attention-deficit/hyperactivity disorder, anxiety, visual impairments, dexterity problems, or tremor, were reported as a barrier and made the hydrocortisone injection especially challenging for 5%.

Availability and cost of hydrocortisone injections was an enabler for 3%, but a barrier for 2% due to insurance issues or difficulties obtaining the Act-O-Vial® formulation. Four non-U.S. respondents reported that hydrocortisone injections were not available in their countries.

Injecting equipment issues, cited by 6%, were a barrier due to challenges in managing separate components like hydrocortisone, needles, syringes, diluent vials, and sharps boxes:


“I need two prescriptions, one for saline and one for the powder [Solu-Cortef]”.







Emotional factors

Self-confidence with injecting was an enabler for only 1% of respondents, who felt confident using hydrocortisone injections, largely due to regular use for recurrent adrenal crises. In contrast, lack of self-confidence was a barrier for 7%, who attributed this to the complexity of the injection, compounded by the compromised health state:


“…during an adrenal crisis I wouldn’t be clear headed enough to be able to go through all the steps”.



Anxiety or fear associated with injections, cited as a barrier by 10%, resulted from the complex process of hydrocortisone administration and fear of dosage or technique errors:


“An exposed needle that I have to properly inject under extreme stress and emotion [during a crisis]. Fear of doing it wrong. Fear someone else could do it wrong”.



The reluctance of inexperienced caregivers also intensified respondents’ anxiety:


“People refuse to accept my daughter in their care for fear of not being able to inject if necessary [in an adrenal crisis]”.



General appreciation for having a hydrocortisone injection was cited as an enabler by 5%, with respondents expressing gratitude for its availability and highlighting global inequalities in access to this life-saving medication:


“I’m glad to have hydrocortisone and grateful we don’t live in other places in the world where this may not be the case”.







Suggestions for improvement

Beyond the need for a simplified hydrocortisone injection device, respondents suggested enhanced training for healthcare providers, emergency services, and the general public; health insurance coverage; and legislating ambulance services to carry and administer hydrocortisone. When asked about their likelihood of using a hydrocortisone autoinjector instead of their current injection method, 93% (N = 637) responded “extremely likely,” 4% (N = 29) “likely,” 2% (N = 15) “maybe,” and only 1% (N = 7) responded “unlikely” or “extremely unlikely.”






Discussion

To our knowledge, this is the first study to offer an in-depth understanding of the barriers and enablers associated with administering hydrocortisone injections during adrenal crises. Findings highlight the need for a holistic approach across the patient/caregiver, healthcare system, and society levels to address the challenges associated with the effective management of adrenal crisis using the current treatment approaches. The inclusion of both patients and caregivers (primarily parents) enabled a thorough exploration of the practical and emotional challenges of managing these high-stress, life-threatening situations, especially as caregivers often bear the responsibility of managing an adrenal crisis.

Vomiting was a precipitating factor for an adrenal crisis in 39.5% of patients in our study, consistent across adults and children, aligning with previous research (3, 18–20, 23). Other studies have reported gastrointestinal symptoms, including vomiting, as triggers for adrenal crises in more than 70% of patients with adrenal insufficiency (5, 17). In children, viral infections are more frequent triggers for adrenal crises compared to bacterial infections (12, 19, 29, 30). Emotional stress was reported as a trigger by 3% of patients in our study, consistent with earlier European studies (3, 18), but significantly lower than the 23% prevalence found in a U.S. study of 541 adult patients with primary adrenal insufficiency (23). This difference may reflect our predominantly pediatric patient population who are less likely to be exposed to or able recognize emotional stress. Recent guidelines from the United Kingdom recommend doubling or tripling the dose of oral glucocorticoids for 1-2 days during moderate to severe psychological stress (13), though this practice varies internationally.

Notably, 22.2% of participants in our study could not specify the precipitating factor for their adrenal crisis. This figure was lower than the 53% reported in a prospective study of children with CAH (29), but higher than the 6.6% and 12.7% in adults with primary and secondary adrenal insufficiency, respectively (3). The lack of a clear definition and low awareness of adrenal crisis may have contributed to participants’ difficulty in recognizing the onset of a crisis (2, 7), or may have led to the unnecessary administration of parenteral hydrocortisone when a crisis was not actually occurring. Furthermore, for many individuals with adrenal insufficiency, an adrenal crisis can occur without apparent triggers or symptoms, making it challenging to identify, especially in young children (12, 31). These findings highlight the need for a standardized definition of adrenal crisis and improved patient and caregiver education to enhance symptom recognition and ensure appropriate management.




Device factors

Our study found that, while most patients at some point required a hydrocortisone injection to manage an adrenal crisis, less than 20% managed to self-inject. This aligns with previous studies showing self- or caregiver-administered injection success rates ranging between 12% and 24% (5, 15, 17–20), despite the fact that most patients possessed an emergency hydrocortisone kit and had been trained to use it (16, 25, 32, 33). However, no previous studies have provided an in-depth analysis of why patients and their caregivers struggle with administering hydrocortisone injections. One of the most significant barriers, identified by 42% of participants, was related to the complex multi-step process of the current hydrocortisone injection, which was more challenging in an adrenal crisis. These findings are consistent with prior research highlighting the difficulties that patients and caregivers face when administering hydrocortisone injections under duress (6, 16, 21, 25), with 84% of respondents indicating a need for a simplified user-friendly injection device such as an autoinjector (25). For instance, the outcome for the 11-year-old child described by Miller et al. may have been different with a hydrocortisone autoinjector, as his grandparents could have administered the injection and prevented the fatality (11).





External factors

Our study found that patient education and training significantly impacted the success of hydrocortisone administration during an adrenal crisis. Evidence from standardized patient education programs shows improved knowledge and confidence with self-management (4, 33–35), as well as recognizing signs of an impending adrenal crisis (33). A recent study found a negative correlation between frequency of adrenal crises and the use of stress-dosing with oral hydrocortisone (r = −0.6, P <.001) (32), highlighting the importance of empowering patients and caregivers to take preventative action to avert crisis escalation. Annual participation in education programs has been recommended for patients with adrenal insufficiency and their caregivers (1, 7, 8, 10), as only 40% retain all the information delivered during any of these educational sessions (36). However, recent data show that 58% (N = 657) of patients and caregivers have never practiced an emergency injection in a training session (21). Furthermore, a study found that significantly fewer patients felt confident to self-inject 6–9 months after a 2-hour standardized education program compared to immediately after (p < 0.001), indicating a decline in competence and self-assurance over time (33), likely due to the complexity of the injection and the infrequent occurrence of adrenal crises for most individuals, underscoring the need for ongoing education. Education should be tailored to individual patient and caregiver needs, emphasizing adrenal crisis prevention, injection training, early recognition of symptoms, and addressing adrenal crisis-related anxiety and misconceptions (2, 7, 26, 37, 38). Only 14% of patients in our study had hydrocortisone administered by significant others (e.g., friends, family, school staff), attributing this to the complexity of the injection and legal restrictions in settings such as schools, where non-medical personnel are prohibited from administering injections.

Many participants in our study encountered healthcare professionals who refused to administer hydrocortisone, possibly due to the mistaken belief that glucocorticoid risks outweigh the dangers of withholding treatment (2). These findings align with previous evidence highlighting avoidable delays in adrenal crisis treatment (1, 11, 14, 15, 23, 25, 39). Surveys in America and Europe show that there are frequently long delays in providing emergency glucocorticoid treatment in the ambulance or emergency care settings (14, 15, 24). Several studies reported that 20–68% of patients/caregivers faced delays, even after alerting emergency personnel of life-threatening adrenal crises and presenting medical identification such as a bracelet or a steroid emergency card (6, 14, 23, 24, 40). This highlights the need for continued education (41–44), implementing alert systems and ambulance protocols (8, 45, 46), and heeding advice from well-informed patients and caregivers (1, 39). Standardized steroid emergency cards for children and adults have been successfully implemented across Europe and are available in more than 25 languages (9, 13, 47). Nearly 40% of participants reported difficulties obtaining essential injecting equipment and previous studies found that only 74% had a complete kit (17).





Emotional factors

The emotional toll of managing adrenal crises was reflected in participants’ low self-confidence and anxiety about the complex injection process, even with prior training, due to fears of dosage errors, incorrect technique, or endangering their loved ones. Although patients and caregivers with experience of prior adrenal crises reported higher self-confidence in giving injections, a history of adrenal crisis increases the risk of further crises 3-fold (4) indicating that this is not always within the patient’s control. Self-confidence may also be hindered by perceived low necessity and concerns about glucocorticoid adverse effects (48, 49). Consistent with previous studies (6, 16, 18, 49), several participants found intramuscular hydrocortisone administration to be intimidating, leading to reluctance in injecting. As an alternative, subcutaneous administration of 100 mg hydrocortisone has demonstrated excellent pharmacokinetics for adrenal crisis treatment, with only an 11-minute delay in reaching target serum cortisol levels compared to intramuscular administration (50).





Study strengths and limitations

The mixed-methods approach in this study enabled quantitative analysis from a large sample, providing scope for generalization, combined with in-depth qualitative insights into the factors influencing the administration of parenteral hydrocortisone during an adrenal crisis. Collaboration with patient advocacy groups ensured that the survey was relevant and appropriately targeted, thereby enhancing the validity of the findings. However, targeting participants with prior experience of adrenal crises may have introduced selection bias, as those without injection experience were excluded, potentially overlooking barriers related to initial training or access to treatment. Recruitment through patient advocacy groups may have further contributed to selection bias, as participants were likely to be more knowledgeable about their condition and engaged in self-management.

Additionally, the predominance of US-based participants, the high proportion of individuals with primary adrenal insufficiency (80%), and the relatively young mean age (20 years) may limit the generalizability of findings to the broader patient population. However, as supported by earlier studies, the identified barriers and enablers, particularly those related to injection complexity and confidence with self-injection during an adrenal crisis, are applicable across patients with different adrenal insufficiency types, age groups, and geographical regions (6, 16, 21, 25). Variability in adrenal crisis management has been reported despite standardized patient education (25), suggesting that these challenges extend beyond specific demographic groups. Another key limitation is that the survey did not include a standardized definition of adrenal crisis, leaving it open to participant interpretation. Additionally, participants were not asked to specify when their adrenal crisis occurred, potentially introducing variability in responses due to evolving management practices or recall accuracy. However, they were asked to consider their most recent crisis when responding to this survey.





Clinical implications and recommendations

This study identified critical barriers to administering parenteral hydrocortisone during an adrenal crisis, highlighting the need for holistic interventions across patient/caregiver, healthcare system, and societal levels to address current gaps in patient care (Table 2). The need for easier-to-use, more intuitive injection devices, similar to autoinjectors used for anaphylaxis (51), is central to these interventions to minimize the cognitive and physical burden on patients and their caregivers and ensure timely treatment. However, as this study demonstrated, while a simplified injection device can positively impact user experience and promote timely treatment of adrenal crisis, it is not a standalone solution; comprehensive patient education, self-management strategies, and behavior change interventions grounded in evidence are essential for improving treatment adherence and health outcomes (38). Legislative changes, support for caregivers, healthcare professional training, education of non-medical personnel (e.g., school staff), and public awareness are also all critical.


Table 2 | Gaps in the management of adrenal crisis with current parenteral hydrocortisone treatment and recommendations for improvement.



To assess the long-term impact of these findings, future research should evaluate progress across patient/caregiver, healthcare system, and societal levels. Follow-up mixed-methods and interventional studies can measure changes in self-injection rates, emergency response practices, and the adoption of technological advancements and simplified injection devices for adrenal crisis management. Prospective research involving diverse patient populations and healthcare professionals is also needed to assess the effectiveness of patient self-management initiatives, healthcare training, and legislative reforms. Monitoring these developments will provide critical insights to inform further improvements in patient care.
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and heightened anxiety about injection errors, which impacts
effective crisis response.
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delays and potentially preventable hospitalizations.
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delayed treatment and negative patient outcomes.

Healthcare System-Level | Limited healthcare provider familiarity and perception gaps:
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threatening emergency.
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and injection equipment.
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barriers often limit access to parenteral hydrocortisone for some

patients with adrenal insufficiency, resulting in inequalities in care.

Overarching areas with identified gaps and strategies for improvement are indicated in bold font.

Recommendations
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Secondary AI 114 (16.6)
Tertiary Al 5(0.7)
Type of Al not known 13 (1.9)
Type of CAH in children with AT (CARES) 339/440 (77.0)
Classical Salt-Wasting CAH 269 (79.4)
Classical Simple-Virilizing CAH 35 (10.3)
Nonclassical or Late-Onset CAH 35 (10.3)
Type of CAH in adults with AT (CARES) 43/440 (9.8)
Classical Salt-Wasting CAH 26 (60.5)
Classical Simple-Virilizing CAH 6 (13.9)
Nonclassical or Late-Onset CAH 11 (25.6)

Al Adrenal Insufficiency; CAH, Congenital Adrenal Hyperplasia; AIU, Adrenal Insufficiency
United; CARES, Congenital Adrenal Hyperplasia Research, Education, and
Support Foundation.





