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Abstract

Aim To examine the implementation and feasibility of heat protection measures in German hospitals and to assess gaps
between recommended heat action plans and routine practice.

Subject and methods A qualitative study combined a comparative analysis of four model heat action plans for hospitals and
five institution-specific plans with semi-structured expert interviews with hospital representatives responsible for heat protec-
tion (n=7). Selected literature on the effectiveness of heat protection measures was additionally reviewed to contextualize
the qualitative findings. Interview data were analyzed using thematic analysis.

Results Substantial gaps were identified between recommended measures, their inclusion in institutional plans, and their
actual implementation. Existing heat action plans covered technical, organizational, and personal measures but placed greater
emphasis on patient protection than employee protection. Across hospitals, implementation was incomplete and often lim-
ited to low-threshold interventions. Frequently implemented measures included drinking water provision, ventilation, and
adaptation of food supply, whereas resource-intensive technical measures were less common. Major barriers were financial
constraints, staff shortages, and limited awareness of heat-related risks. Facilitating factors included internal cooperation,
exchange between institutions, and occupational safety regulations.

Conclusion The main challenge of hospital heat protection appears to lie less in generating further recommendations than in
implementing existing ones. Low-cost organizational measures, such as heat warning communication, hydration strategies,
flexible clothing rules, and adapted workflows, may offer feasible starting points for immediate adaptation and should be
complemented by long-term investments in climate-resilient infrastructure.

Keywords Heat action plans - Hospitals - Climate adaptation - Heat protection - Implementation

Introduction

Climate change is increasingly recognized as one of the
most significant threats to human health, with rising ambi-
ent temperatures contributing to a growing burden of heat-
related morbidity and mortality worldwide (World Health
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Organization 2008; Intergovernmental Panel on Climate
Change 2021). In Germany, both the average air tempera-
ture and the frequency of hot days have increased over recent
decades and are projected to rise further under all climate
scenarios (Brasseur et al. 2023). These developments
are associated with substantial health impacts, including
increased mortality, exacerbation of chronic diseases, and
rising healthcare demand. In 2023 alone, heat was estimated
to cause more than 47,000 premature deaths in Europe, with
Germany ranking among the most affected countries (An der
Heiden et al. 2019; Gallo et al. 2024).

Beyond its direct health effects, heat also poses signifi-
cant challenges to working conditions and occupational
health. Elevated temperatures are associated with reduced
work performance, increased risk of accidents, and higher
rates of sick leave (Lancet Countdown 2023; Deutsche
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Gesetzliche Unfallversicherung 2024). In Germany, heat
exposure has been linked to a substantial increase in lost
labor hours and a growing number of heat-related health
complaints among employees (Dehl et al. 2024). Health-
care workers represent a particularly vulnerable group,
as they are exposed to physically demanding tasks, often
wear protective clothing, and cannot shift to remote work.
At the same time, heat events increase hospital admissions
and place additional strain on already burdened healthcare
systems (Steul et al. 2018; Ebi and Hess 2024).

In response to these challenges, heat action plans
(HAPs) have been developed at international and national
levels to guide adaptation measures. The World Health
Organization has outlined core elements of HAPs, includ-
ing early warning systems, protection of vulnerable popu-
lations, and coordinated response strategies (Matthies
et al. 2008). In Germany, national recommendations for
HAPs were introduced in 2017 (Straff and Miicke 2017),
and a national model HAP specifically targeting hospi-
tals was published by the Federal Ministry of Health in
2024 (Bundesministerium fiir Gesundheit 2024). These
frameworks provide a range of technical, organizational,
and behavioral measures intended to mitigate heat-related
risks.

However, despite the increasing availability of guidance,
the implementation of heat protection measures in hospitals
remains limited. Previous studies indicate that many health-
care facilities are still at an early stage of developing and
applying structured heat adaptation strategies, and evalu-
ations of hospital-specific HAPs are largely lacking (Blum
et al. 2023; Krol et al. 2023). Moreover, existing recommen-
dations tend to focus primarily on patient protection, while
comparatively little attention has been paid to the working
conditions and health of hospital staff.

Against this background, there is a need to better under-
stand not only which heat protection measures are rec-
ommended but also to what extent they are feasible and
implemented in practice. In particular, insights into imple-
mentation barriers and facilitating factors are essential for
translating existing guidance into effective action within
healthcare settings.

Therefore, this study aims to assess the feasibility of
implementing recommended heat protection measures
in hospitals. Combining a comparative analysis of model
HAPs, institution-specific plans, and qualitative expert inter-
views, the study investigates three sequential levels of adap-
tation: recommended measures, their translation into formal
institutional planning, and their practical implementation in
routine hospital settings. Furthermore, it recognizes imple-
mentation gaps, barriers, and facilitating factors, and iden-
tifies measures that appear most feasible for implementa-
tion under real-world conditions, particularly with regard to
protecting healthcare workers. The findings are intended to
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support hospital management and policymakers in strength-
ening climate adaptation and healthcare resilience.

Methods
Study design

This study employed a qualitative research design combining
document analysis and expert interviews to assess the feasi-
bility of heat protection measures in hospitals. The approach
aimed to integrate insights from existing recommendations
with practical experiences from healthcare institutions.

Analysis of HAPs and heat protection measures

A non-systematic literature review was conducted to identify
recommended heat protection measures relevant to inpatient
healthcare settings. The primary document analysis included
four model HAPs specifically developed for hospitals in
Germany (Aktionsbiindnis Hitzeschutz Berlin 2023; Hanses-
tadt Liibeck 2023b; Landeszentrum Gesundheit Nordrhein-
Westfalen 2023a; Bundesministerium fiir Gesundheit 2024).

In addition, nine German-language guidance documents
addressing heat protection in nursing and long-term care
settings were included as complementary sources (Aktions-
biindnis Hitzeschutz Berlin 2022; Bayerisches Landesamt
fiir Gesundheit und Lebensmittelsicherheit 2023; Betreu-
ungs- und Pflegeaufsicht Hessen 2018; Hansestadt Liibeck
2023a; Landessanititsdirektion Wien 2018; Landeszentrum
Gesundheit Nordrhein-Westfalen 2023b; LMU Klinikum
Institut und Poliklinik fiir Arbeits-, Sozial- und Umwelt-
medizin 2021; Qualitidtsausschuss Pflege 2024; Rocker n.d.).
Detailed information on all guidance documents included in
the analysis is provided in Supplementary Table S1.

The available hospital-specific model HAPs showed sub-
stantial overlap in their reccommended measures, while heat
protection guidance for nursing and long-term care settings
has been available for a longer period and provides a broader
range of recommendations. The additional guidance docu-
ments were considered because hospitals and inpatient nurs-
ing facilities share several heat-related challenges relevant
to the identification of protective measures, including the
care of vulnerable individuals, heat exposure in indoor envi-
ronments, hydration management, ventilation and cooling,
adaptation of care routines, and occupational heat exposure
among staff. These documents were used to broaden the
identification of potentially relevant heat protection meas-
ures and were not treated as hospital-specific standards or
used to assess hospital compliance.

Recommended measures identified across the docu-
ments were compiled and grouped according to their con-
tent. To structure the analysis, heat protection measures
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were categorized according to the established framework
of technical, organizational, and personal measures (TOP
principle), which is commonly applied in occupational
health (Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin
2022; Aktionsbiindnis Hitzeschutz Berlin 2023). Personal
measures were further differentiated into measures targeting
employees and those targeting patients.

In a subsequent analytical step, five institution-specific
HAPs from participating hospitals (hospitals 1, 2, 3, 4, and
6) were analyzed and compared with the measures identified
from the model HAPs. Hospitals without a formalized HAP
(hospitals 5 and 7) were excluded from this part of the anal-
ysis. Selected literature on the effectiveness of individual
heat protection measures was reviewed to contextualize the
qualitative findings. Studies were selected if they addressed
measures identified in the model HAPs and investigated
these interventions in healthcare or occupational settings
considered relevant to hospital environments. The review
was non-systematic; no comprehensive search strategy or
formal quality assessment was undertaken, and the literature
was not used to derive a formal ranking of measures accord-
ing to effectiveness. Any prioritization of measures in this
study therefore primarily reflects implementation feasibil-
ity identified in the qualitative data rather than comparative
effectiveness. Figure 1 provides an overview of the docu-
ments included in the analysis and the sequential analytical
steps from recommended measures to institution-specific
planning and implementation in practice.

Semi-structured expert interviews and thematic
analysis

To gain practical insights into the implementation of heat
protection measures, semi-structured expert interviews
were conducted with representatives from seven hospi-
tals in Germany. Hospitals were selected on the basis of
their engagement with systematic heat protection, includ-
ing the implementation of institution-specific HAPs or a
comparatively high number of heat protection measures.
Participants were identified through professional net-
works, including contacts from the German Alliance on
Climate Change and Health (KLUG), as well as targeted
online research. In total, 18 hospitals were contacted. Three
declined participation, while eight reported that they had
not yet implemented systematic heat protection measures
to an extent that would allow them to provide sufficiently
detailed information on implementation experiences. Seven
hospitals with relevant experience in systematic heat pro-
tection were therefore included in the study. The purposive
sampling strategy focused on hospitals already engaged
in heat adaptation activities because the study aimed to
assess the practical feasibility of heat protection measures

based on implementation experience. This allowed for an
in-depth exploration of implementation experiences and
good practices. At the same time, this approach may have
resulted in a positive selection bias, as participating institu-
tions likely exhibited above-average awareness, resources,
and organizational commitment regarding heat protection.
The findings should therefore be interpreted as exploratory
and not representative of the broader hospital sector.

An interview guide was developed on the basis of the
research objectives and existing literature, following
established methodological recommendations for qualita-
tive interviews (Glédser and Laudel 2010; Misoch 2019;
Doring 2023). The guide included thematic blocks cover-
ing implemented measures, evaluation of measures, organ-
izational aspects, barriers and facilitators, and planned
future actions.

Interviews were conducted online via Microsoft Teams,
recorded, and automatically transcribed. Each interview
lasted approximately 60 to 90 min. To ensure ethical stand-
ards, all participants received detailed study information in
advance and provided informed consent. Participation was
voluntary, and all data were treated confidentially (Glaser
and Laudel 2010).

Transcripts were manually reviewed and edited to
ensure accuracy. Standard orthography was applied, and
nonessential verbal elements were removed to improve
readability, while preserving the original meaning of state-
ments (Glaser and Laudel 2010; Mayring 2023). Identi-
fiable information was anonymized, and hospitals were
assigned numerical identifiers (hospitals 1-7).

Interview data were analyzed using thematic analysis
according to Braun and Clarke (2006, 2022), which allows
for an inductive identification of patterns and themes with-
out requiring a predefined theoretical framework. This
approach was considered appropriate given the limited
existing research on heat protection in hospitals.

The analysis followed established steps: familiarization
with the data, initial coding, identification of candidate
themes, and iterative refinement of themes (Braun and
Clarke 2006). Coding was conducted using MAXQDA
software (VERBI GmbH), using a combined deduc-
tive—inductive approach. Initial coding was guided by
predefined thematic domains related to hospital heat pro-
tection, while additional themes were iteratively refined
from the data.

Six overarching themes were identified (Table 1),
including hospital characteristics, implemented measures,
evaluation of measures, implementation barriers, facili-
tating factors, and planned future actions. Both qualita-
tive comparisons and quantitative assessments of code
frequencies were performed to identify patterns across
interviews (Glaser and Laudel 2010).

@ Springer



Journal of Public Health

Overview of document selection and analytical steps

Non-systematic literature review to identify recommended
heat protection measures relevant to inpatient healthcare settings

|
v v

4 model heat action plans (HAPs) 9 complementary guidance documents
for hospitals in Germany for nursing and long-term care settings
Primary reference set Additional source set

Aktionsbiindnis Hitzeschutz Berlin (2022)

Aktionsbiindnis Hitzeschutz Berlin (2023) Bayerisches Landesamt fiir Gesundheit und

Hansestadt Liibeck (2023b) Lebensmittelsicherheit (2023)
LZG NRW (2023a) Betreuungs- und Pflegeaufsicht Hessen (2018)
Bundesministerium fiir Gesundheit (2024) Hansestadt Liibeck (2023a)
Landessanitatsdirektion Wien (2018)
LZG NRW (2023b)

LMU Klinikum (2021)
Qualitatsausschuss Pflege (2024)
Rocker (n.d.)

Y

Compilation of recommended heat protection measures

Y

Grouping and categorization of measures according to content and the TOP principle
(technical, organizational, and personal measures; personal measures
differentiated into employees and patients)

!

Comparison with 5 institution-specific hospital HAPs
(hospitals 1, 2, 3, 4, and 6)

v

Assessment of implementation in practice based on
expert interviews with 7 hospitals

,

Comparison across levels:
recommended measures — institution-specific planning — implementation in practice

Hospitals 5 and 7 did not have a formalized HAP and were therefore
excluded from the comparison of institution-specific HAPs.

Fig.1 Overview of document selection and analytical steps from recommended heat protection measures to institution-specific planning and
implementation in practice
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Table 1 Definition of identified themes

Theme Definition

Hospital characteristics

This theme captures introductory information about the hospitals that the interviewees work in. It captures informa-

tion on the location, age and size of the hospitals as well as their status as a university hospital. Additionally, it
includes the stakeholders that are engaged in the core heat protection working group of the respective hospital

Implemented measures

This theme includes data on measures that have been implemented in the interviewed hospitals. These measures are

categorized into technical and organizational interventions as well as those specifically aimed at hospital employees

or patients
Evaluation

This theme includes evaluations of implemented measures as well as the heat burden within the hospitals. The evalu-

ations are subdivided into the implemented measures and feedback from personnel and patients

Implementation barriers

This theme contains information on factors that hinder the implementation of heat protection measures in hospitals.

The barriers are subdivided into external, internal, and financial barriers

Support for the imple-
mentation of measures

Next steps

This theme contains information on factors that support the implementation of heat protection measures in hospitals.
The factors are subdivided into those originating from outside or inside the hospital

This theme includes heat protection measures that have not yet been implemented in the respective hospitals but are

planned for the near future. These measures are categorized into technical and organizational interventions as well
as those specifically aimed at reducing the heat burden on employees or patients

The table gives an overview of the six identified themes of the interview material as well as their definitions. The definitions of the themes also
give insights into subthemes. Themes were coded according to these definitions of the themes

Results

Heat protection measures recommended in model
HAPs

The analysis of model HAPs for hospitals revealed a broad
spectrum of recommended heat protection measures across
technical, organizational, and personal categories. However,
the distribution of these measures was uneven. Across the
analyzed model HAPs, 76 distinct measures were identi-
fied. Organizational measures accounted for the largest share
(32%), followed by care and treatment practice measures for
patients (29%), structural and technical measures (23%), and
personnel and occupational safety measures (16%). Thus,
measures specifically targeting hospital staff represented the
smallest category, whereas measures related to patient care
and treatment as well as organizational adaptation together
accounted for more than half of all identified recommenda-
tions. Overall, the findings indicate a stronger emphasis on
patient protection and operational continuity than on occu-
pational heat stress among healthcare workers.

Uptake of reccommended measures
in institution-specific HAPs

To assess how far these recommendations are translated
into formal planning, model HAPs were compared with
institution-specific HAPs from five hospitals. Overall, only
41% of the measures recommended in model HAPs were
included in the institution-specific HAPs across all cat-
egories. The degree of uptake varied substantially between
measure types. Measures related to care and treatment

practice were most frequently adopted, whereas measures
addressing personnel and occupational safety were least
often included. Differences between hospitals were also
pronounced (Table 2). Hospitals 3 and 6 incorporated the
largest share of recommended measures (65% and 64%,
respectively), while hospitals 1 and 4 showed particularly
low uptake (18% and 29%). Notably, hospitals 1 and 4 did
not include any measures related to personnel and occupa-
tional safety. A substantial gap between recommended and
adopted measures was observed, with a continued focus on
patient-related interventions.

Implementation of heat protection measures
in practice

While institution-specific HAPs reflect planned measures,
the analysis of interview data provides insights into their
actual implementation.

Figure 2 illustrates the relationship between measures
included in institution-specific HAPs and their implemen-
tation status across five hospitals. Across all categories, the
number of implemented measures is substantially lower than
the number of measures included in HAPs.

This gap is particularly pronounced for personnel-related
and technical measures, where only a small fraction of
planned interventions has been realized. Organizational
measures show comparatively higher implementation lev-
els, although a discrepancy between planning and execution
remains evident. Measures planned for future implementa-
tion represent only a minor share.

Across hospitals, implemented measures varied by cat-
egory. For personnel, the most frequently reported measures
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Table 2 Uptake of measures

from model HAPs in HAPs of Hospital Personnel & occupational Care '& treatment Organizational — Technical/ Average
. safety practice structural

selected hospitals
Hospital 1 0% 33% 29% 11% 18%
Hospital 2 33% 52% 33% 5% 31%
Hospital 3 58% 76% 67% 58% 65%
Hospital 4 0% 43% 46% 26% 29%
Hospital 6 75% 52% 58% 68% 64%
Average 33% 51% 47% 34%
Total measures 12 21 24 19

per category

The table displays the percentages by which the HAPs of the interviewed hospitals 1, 2, 3, 4, and 6 have
included the measures of the model HAPs into their institution-specific HAPs

80 -

70 1

60 -

wv
o
1

Number of measures
B
o
!

10 1

Care and treatment
practice

Personnel and
occupational safety

=3 In HAP

Fig.2 Comparison of measures included in institution-specific HAPs
with their implementation status across hospital 1, 2, 3, 4, and 6. The
bars show the number of measures included in the respective HAP

included the provision of drinking water, cooling vests, fans,
and cooling pads. Patient-related measures most commonly
comprised the provision of drinks, adjustments to food, and
the distribution of informational material on self-protection.
Technical measures that had already been implemented
included air conditioning, exterior shading, and window
films, while commonly reported organizational measures
included subscription to heat warnings issued by the Ger-
man Meteorological Service (DWD) and increased ventila-
tion practices.

More resource-intensive or structurally demanding meas-
ures were implemented less frequently and often only in
individual hospitals. These included the provision of cooled
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B Implemented

Structural/
technical

Organizational

[ Will be addressed next

(light gray), measures already implemented (dark gray), and measures
identified as next implementation steps (gray)

break rooms, identification and monitoring of particularly
vulnerable patients, postponement of surgeries, designation
of heat protection representatives, and the installation of
drinking water fountains. Hospitals without a written HAP
reported the lowest number of implemented measures. Gaps
were observed both between recommended and planned
measures and between planned and implemented measures.

Implementation barriers
The seven expert interviews identified structural, regulatory,

and perception-based barriers that limit the implementation
of heat protection measures in hospitals. The most frequently
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reported barriers were limited financial resources, staff
shortages, and a lack of awareness regarding the necessity
of heat adaptation (see Fig. 3).

Financial constraints were particularly relevant for tech-
nical and structural measures, such as air conditioning or
building modifications, which require substantial invest-
ments (Fig. 4a). At the same time, staffing shortages limit the
feasibility of organizational measures, including adjustments
to work schedules or additional breaks, particularly under
conditions of high workload. In addition, a lack of institu-
tional awareness and prioritization of heat-related risks was
described as a key barrier, contributing to delays in plan-
ning and implementation. Hygienic concerns and regulatory
requirements were also reported to restrict the use of certain
measures, particularly in clinical environments. Figure 4B
illustrates that these concerns were most frequently associ-
ated with personal cooling strategies, such as cooling vests,
but also affected ventilation-related measures, including the
use of fans or air conditioning in patient areas.

Facilitating factors for implementation

Despite the identified barriers, several factors were reported
to support the implementation of heat protection measures.

These facilitating factors were mentioned with varying fre-
quency across the participating hospitals, with both widely
shared and more context-specific drivers (Table 3).

Within hospitals, comprehensive internal cooperation was
the most consistently reported factor, as it was mentioned by
all participating hospitals (n="7). In addition, the need for
occupational safety as a driver for action was highlighted
by several hospitals (n=3). Other internal facilitating fac-
tors were reported less frequently and included the ability
to demonstrate successfully implemented measures to staff
(n=2), the use of heat maps to support prioritization (n=1),
and forwarding of heat warnings to staff (n=1). Further fac-
tors mentioned by individual hospitals included sufficient
staffing, the formalization of heat protection concepts, as
well as the perception of heat during the summer months.

Factors outside the hospital were also identified as impor-
tant facilitators. Exchange with other hospitals was among
the most frequently mentioned external factors (n=>5), high-
lighting the relevance of inter-institutional learning. In addi-
tion, regulatory and structural drivers played a role, such as
making heat protection mandatory in hospitals through the
German Technical Regulation for Workplaces (ASR) A3.5
“Room Temperature” (Bundesanstalt fiir Arbeitsschutz
und Arbeitsmedizin 2022) (n=3). Other external factors

Main implementation barriers

(n=92)

Lack of personnel

Monetary limits

Hygienic concerns

Low interest of personnel
towards the topic

Heat protection vs climate/
environmental protection

Monument protection | 7

Lack of support by patients | 6

Occupational safety 3
T T

0 5 10

T T T 1

15 20 25 30

Number of mentions

Fig. 3 Main implementation barriers reported in expert interviews. Bars indicate the frequency with which barriers were mentioned across seven

interviews (multiple responses possible)
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Measures with monetary limitations Measures with hygienic concerns

A (n = 22) B (n = 25)
Technical / structural | 12 Cooling vests - 10
measures
Setting up fans | 5
New clothing 2 around patients
Air conditioning | 4
d patient:
Cooling vests - 2 around patients
Facade greening - 2
Pressure to do surgeries 2 I
Use of water | 1
atomizers

Extra heat protection |
personnel Airing rooms with | 1
isolated patients

Poster - 1 Drinking of personnel
under special 1 1

|

circumstances ||

Staff welfare 4 1 Drinking of tap water 4 1

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
Number of mentions Number of mentions

Fig.4 Reported implementation barriers in expert interviews. (a) Measures limited by financial constraints. (b) Measures associated with
hygienic concerns. Bars indicate frequency of mentions across seven interviews

Table 3 Recommendations for heat protection by the interviewees

Named by Supportive factor

Factors inside the hospital

All hospitals Comprehensive cooperation inside the hospital
Hospitals 3, 4, & 5 Need for occupational safety
Hospitals 4 & 7 Being able to show employees successfully implemented measures
Hospital 3 Binding personnel to the hospital to increase motivation for work and additional tasks
Hospital 4 Forwarding information about heat warnings
Hospital 3 Heatmap to be able to explain prioritization of measures
Hospital 3 Improve the welfare of personnel
Hospital 5 Objective, neutral approach to the topic of heat protection
Hospital 4 Perception of heat burden during summer increases the willingness to adapt
Hospital 1 Provision of enough personnel
Hospital 4 Writing down a heat concept
Factors outside the hospital
Hospitals 2, 3,4, 6, & 7 Exchange with other hospitals regarding heat protection measures
Hospitals 2, 4, & 6 Heat protection being mandatory in hospitals
Hospitals 2 & 3 Change in media coverage on the topic of heat
Hospital 7 Better accessible funding options
Hospital 3 Change in federal health policy
Hospital 2 Increased awareness of heat as a problem in the society
Hospital 2 Use of model HAPs as templates for development of institution-specific HAP

The table shows the hospitals that stated the respective organizational recommendations for the establishment of heat protection. The list is
ordered with descending frequency of hospitals that recommended the supportive factor and in alphabetical order

@ Springer
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included changes in media coverage (n=2), increased
societal awareness of heat-related risks (n=1), and the use
of model HAPs as templates for institution-specific plans
(n=1).

Feasibility of heat protection measures

The feasibility of heat protection measures varied substan-
tially depending on their type and resource requirements.
Organizational measures requiring limited financial and
administrative resources were most often identified by inter-
viewees as particularly feasible. These included the use and
communication of heat warnings, relaxation of clothing
regulations, and the provision of drinking water. Many of
these measures were already implemented or could be intro-
duced with relatively low effort. Organizational measures
also showed a comparatively high uptake into institution-
specific HAPs (47%) compared with technical and structural
measures (34%) (Table 2). Technical and structural measures
were generally described as less feasible in the short term
because of high investment costs, infrastructural constraints,
and long planning and implementation timelines. Some of
these measures were nevertheless perceived by interview-
ees as potentially effective in reducing heat exposure. The
uptake of patient-related measures into institution-specific
HAPs ranged from 33% to 76%, while the uptake of person-
nel-related measures ranged from 0% to 75%. This variation
may reflect differences in local organizational conditions,
particularly staffing levels and internal prioritization. Over-
all, the findings suggest that feasibility is closely linked to
resource requirements, with low-cost, flexible organizational
measures being prioritized over resource-intensive technical
interventions. Feasibility and effectiveness were therefore
treated as distinct dimensions: the feasibility assessment
reflects practical implementation conditions reported by
the participating hospitals, whereas no formal ranking of
measures according to effectiveness was undertaken.

Discussion

A multi-level implementation gap and limitations
of formal HAPs

This study reveals substantial multi-level implementation
gaps in hospital heat protection, spanning from recom-
mended measures in model HAPs to their inclusion in insti-
tutional plans and their actual implementation in practice.
While model HAPs provide a comprehensive set of recom-
mended measures (Matthies et al. 2008; Straff and Miicke
2017; Bundesministerium fiir Gesundheit 2024), only part
of these are adopted into institution-specific HAPs, and even
fewer are implemented in routine practice. This is consistent

with previous findings suggesting that healthcare systems
are still at an early stage of adapting to climate-related risks
(Blum et al. 2023; Krol et al. 2023; Kammerer 2026). This
is particularly relevant since evidence from other settings
suggests that heat action plans can contribute to measurable
reductions in heat-related mortality when effectively opera-
tionalized (Benmarhnia et al. 2016).

The results further show that formal planning alone does
not guarantee implementation. Although institution-specific
HAPs can help structure and prioritize adaptation, barriers
also arise during operationalization, when measures must
be integrated into existing workflows, responsibilities,
and resource constraints, consistent with implementation
science frameworks emphasizing the importance of con-
text and organizational capacity (Nilsen 2015). Hospitals
without a formalized HAP reported fewer implemented
measures, indicating that plans may facilitate action while
they remain insufficient on their own. Given the purposive
selection of hospitals already engaged in heat protection, the
observed level of implementation may represent a compara-
tively advanced segment of the German hospital sector. The
implementation gaps identified in this study may therefore
be at least as pronounced, and potentially greater, in hospi-
tals with less experience or organizational commitment to
heat adaptation.

Overall, the observed gaps appear to reflect structural and
organizational constraints rather than a lack of knowledge
or guidance. Similar challenges have been described in the
broader climate and health literature, where the translation
of evidence into practice is often hindered by institutional
inertia and fragmented responsibilities (Matthies et al. 2008;
Ebi and Hess 2024).

Implementation barriers and adaptive capacity

A central finding of this study is the dominant role of struc-
tural and resource-related barriers in shaping hospital heat
adaptation. Financial constraints were consistently identified
as a key obstacle, particularly for technical and infrastruc-
tural measures such as air conditioning or building modifica-
tions, which require substantial investments and long plan-
ning horizons (Krol et al. 2023). At the same time, staffing
shortages and high workload limited the implementation
of even low-threshold organizational measures, including
schedule adjustments or additional breaks. Given the already
high occupational burden in healthcare settings, additional
adaptation requirements may exceed the operational flex-
ibility of many hospitals (Dehl et al. 2024).

These findings point to a broader trade-off between
effectiveness and feasibility. Evidence from building-
related heat adaptation research indicates that structural
modifications can reduce indoor temperatures (Das et al.
2025), while hospital-specific evidence suggests potential
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benefits of cooling and heating, ventilation, and air-con-
ditioning (HVAC) systems for reducing heat stress and
improving patient outcomes (Lenzer et al. 2020). However,
such measures are often difficult to realize in the short
term because of financial, infrastructural, and regulatory
constraints. In contrast, organizational measures such as
adapted work-rest schedules, hydration strategies, and
room ventilation practices are generally less resource-
intensive and may therefore be easier to implement in
the short term. Evidence from occupational settings indi-
cates that hydration and adapted work—rest strategies can
reduce physiological heat strain (Ioannou et al. 2021; Maté
et al. 2016). However, their effectiveness depends on the
specific intervention and context, and evidence cannot
be directly transferred to hospital settings. Accordingly,
the prioritization of these measures in this study reflects
implementation feasibility rather than an assessment of
their comparative effectiveness.

In addition, insufficient awareness and prioritization of
heat-related risks within hospital management emerged as an
important barrier. Despite growing evidence on heat-related
morbidity and mortality (Lancet Countdown 2023; Gallo
et al. 2024), heat protection is often not yet embedded in
strategic planning processes.

Overall, current adaptation patterns appear to be driven
primarily by feasibility considerations rather than by poten-
tial effectiveness alone. Hospitals may therefore benefit from
combining low-cost organizational measures as immediate
responses with long-term infrastructural investments that
address underlying structural vulnerabilities (Ibbetson et al.
2025).

Perceived versus actual barriers: the role of hygiene
concerns

An additional aspect highlighted in this study is the role of
hygiene requirements as a perceived barrier to the imple-
mentation of certain heat protection measures, particularly
personal cooling strategies such as cooling vests. Inter-
viewees expressed concerns that such measures may con-
flict with existing hygiene standards in clinical settings.
However, available evidence suggests that personal cooling
strategies may help reduce thermal strain among healthcare
workers wearing protective equipment (Bonell et al. 2021).
This discrepancy suggests that barriers to implementation
may not solely arise from objective constraints but also from
uncertainty or lack of guidance regarding the compatibility
of heat protection measures with established hygiene proto-
cols. Clearer guidance, evidence-based recommendations,
and closer integration of infection control and occupational
health perspectives in the development of HAPs may help
address this issue.

@ Springer

Underrepresentation of occupational heat
protection

Another important finding is the consistent underrepresenta-
tion of measures targeting healthcare workers in both model
HAPs and their practical implementation. While more than
half of the recommended measures focus on patient protec-
tion, comparatively few address occupational heat exposure.
This imbalance is particularly noteworthy given the multi-
ple heat-related risks faced by healthcare workers, including
physically demanding tasks, the use of personal protective
equipment, and increased patient loads during heat events
(Messeri et al. 2021; Dehl et al. 2024). Heat exposure has
been associated with fatigue, impaired concentration, and
reduced work performance, particularly when protective
clothing is required (Messeri et al. 2021). Recent evidence
further suggests that the needs and well-being of health-
care professionals are at risk of being overlooked within
current heat adaptation efforts, as research and mitigation
strategies in healthcare settings remain limited and largely
focused on individual-level measures rather than organi-
zational or structural interventions (Freire et al. 2025).
Neglecting occupational heat protection may therefore have
wider consequences for staff well-being, care delivery, and
healthcare system resilience (Morrissey et al. 2021). The
observed prioritization of patient-centered measures may
reflect a structural bias within healthcare systems, where
staff well-being is not yet fully integrated into climate adap-
tation strategies. Addressing this imbalance will be essential
to protect healthcare workers and sustain care quality during
extreme heat events.

Governance and implementation strategies of heat
adaptation

The identification of internal cooperation and exchange
between hospitals as key facilitating factors underscores the
importance of governance and knowledge-sharing mecha-
nisms for successful heat adaptation. Internal coordination
structures, such as interdisciplinary working groups, may
support the integration of heat protection into existing work-
flows, while inter-institutional exchange can accelerate the
dissemination of practical solutions and best practices. In
addition, regulatory frameworks, including occupational
health and safety regulations (Bundesanstalt fiir Arbeitss-
chutz und Arbeitsmedizin 2022), were perceived as impor-
tant drivers of implementation. This is consistent with recent
findings from German healthcare facilities, where 43% of
respondents expressed a need for stronger political support
and 29% for binding legal requirements for heat protection
implementation (Kammerer 2026). It suggests that voluntary
recommendations alone may be insufficient to ensure wide-
spread adoption of heat protection measures.
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At the same time, the findings indicate that adaptation
strategies must account for substantial differences between
hospitals in terms of resources, infrastructure, and organi-
zational capacity. Rather than aiming for the immediate
implementation of comprehensive HAPs, hospitals may
benefit from prioritizing measures that are feasible within
their specific context. Low-resource organizational measures
can serve as practical entry points, helping institutions build
experience, awareness, and internal support. These short-
term measures should, however, be embedded within longer-
term strategies that include structural and technical inter-
ventions to address more fundamental vulnerabilities. This
perspective aligns with incremental approaches to climate
adaptation, which emphasize stepwise implementation and
continuous learning rather than one-size-fits-all solutions.

However, the need for context-specific adaptation should
not be interpreted as an argument against stronger regula-
tion. In Germany, the implementation of HAPs is largely
assigned to the municipal level and is not supported by
nationwide mandatory requirements (Krol et al. 2023; Bun-
desministerium fiir Gesundheit 2024). Effective adaptation
may therefore require a combination of flexible, context-sen-
sitive implementation at the institutional level and stronger
regulatory frameworks at higher governance levels.

From a policy perspective, this includes dedicated fund-
ing for infrastructural adaptation, stronger integration of heat
protection into regulatory frameworks, and greater aware-
ness among decision-makers. Similar needs have also been
highlighted by Blum et al. (2023). In addition, future HAPs
should explicitly address occupational heat exposure as a
key component of health system resilience. Strengthening
the adaptive capacity of hospitals will be increasingly impor-
tant in light of projected future heat burdens (Brasseur et al.
2023).

Limitations

Several limitations should be considered when interpret-
ing the findings. The qualitative design and relatively small
sample size limit the generalizability of the results. In addi-
tion, participating hospitals were already engaged in heat
protection activities, which may lead to an overestimation
of implementation compared to less active institutions. Fur-
thermore, conclusions regarding the relative effectiveness
of heat protection measures are based on selected literature
rather than a systematic review. Consequently, this study
cannot determine which measures are most effective, nor
does it provide a formal ranking of interventions based on
effectiveness. Instead, the recommendations presented pri-
marily reflect implementation feasibility identified in the
qualitative data, interpreted alongside available evidence
from the literature. Future research should aim to provide

a more comprehensive evaluation of the effectiveness and
cost-effectiveness of different interventions.

Conclusion

This study demonstrates that the main challenge of hos-
pital heat protection lies not in generating further recom-
mendations, but in implementing existing ones. While gaps
persist between guidance, planning, and practice, the find-
ings suggest that low-cost organizational measures, such as
heat warning communication, hydration strategies, flexible
clothing rules, and adapted workflows, offer feasible starting
points for immediate adaptation. However, their feasibility
should not be interpreted as evidence of greater effectiveness
in reducing heat exposure. Structural and technical interven-
tions, such as building modifications or cooling systems,
may provide substantial reductions in heat exposure but
often require considerably greater financial resources, plan-
ning, and implementation time. At the same time, systematic
evidence on the effectiveness of individual heat protection
measures in hospitals remains limited, making it difficult to
assess whether the resources required for implementation
are proportionate to their actual benefits. Future implemen-
tation strategies should therefore be accompanied by robust
evaluation frameworks. In addition, heat protection measures
should be informed by context-specific climate and risk anal-
yses to adequately assess local hazards and enable targeted
adaptation planning. Embedding heat protection into routine
hospital management will be essential to protect patients,
support healthcare workers, and strengthen healthcare sys-
tem resilience under climate change.
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