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Abstract

Background: In the face of climate change, the protection of vulnerable patients from extreme climatic conditions
is of growing interest to the healthcare sector and governments. Inpatients are especially susceptible to heat due
to acute illness and/or chronic diseases. Their condition can be aggravated by adverse environmental factors.
Installing air conditioning can be seen as an element of public health adaptation because it was shown to improve
mortality rates of hospital patients experiencing hot temperatures. Still, the mediating factors and resulting health
effects are largely unknown.

Method: The PRISMA-ScR guideline was followed for this scoping review. Available evidence on the health effects
of Heating, Ventilation, Air Conditioning (HVAC) and fans was searched in Medline, Embase and the Cochrane Library.
The focus of the search strategy was on inpatients of the hospital. Grey literature was screened on 14 relevant
websites. English and German publications were eligible without restrictions on publication date. Results were charted
according to the categories population, intervention, control and outcome together with a qualitative description.

Results: The review process yielded eleven publications of which seven were issued after 2003. Seven were clinical
trials, three cross-sectional studies and one was a case report. The publications described the installation of HVAC on
general wards and in intensive care units. Main topics were heat stress protection and support of thermoregulation,
but also the rewarming of hypothermic patients. HVAC use resulted in a recovery effect shown by improved vital signs,
reduced cardiac stress, accelerated recuperation and greater physical activity. This protective effect was demonstrated
by a shorter hospital stay for patients with respiratory disease and a reduction of mortality for heat illness patients.

Conclusion: This scoping review summarises the fragmented evidence on health effects of HVAC and fan utilisation
for inpatients. Installing HVAC has the potential to improve patients’ outcomes and to make hospital treatment more
efficient during heat waves. The application of HVAC could be a promising adaptation measure to mitigate the adverse
effects of climate change on health and healthcare systems.

Keywords: HVAC, Electrical fan, Health facility environment, Hospital design, Climate change, Temperature, Heat, Cold,
Patient comfort, Patient outcomes
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Background

As global warming has become a reality, the mitigation
of climate change and the creation of a climate change
resilient healthcare system have become essential topics
[1-4]. The World Meteorological Organization con-
firmed the continuing “long-term warming trend” based
on five independently collected global datasets [5, 6].
The increasing number of severe weather events, like
heat waves, cold spells, extreme rainfalls or storms, will
particularly negatively affect cities and hence stress the
healthcare infrastructure typically found in urban areas
[1, 2, 7]. One result is a rise in mortality and morbidity
in heat-sensitive populations. Vulnerable groups include
paediatric and adult patients with cardiovascular, renal
or pulmonary disease but also patients with geriatric
syndromes, heat-sensitive medication or bedridden indi-
viduals [1, 2, 8-13]. A meta-analysis showed that pa-
tients with chronic lung disease will have an increased
mortality of at least 1.8% due to future heat waves [9]. A
similar effect was also seen with hospital patients [14].
Additionally, reports on negative outcomes are emerging
in disciplines like surgery or psychiatry which are often
not in the centre of adaptation efforts [15, 16].

To this day, adaptation endeavours such as installing
heat-health action plans remain behind the goals of the
Paris Agreement of 2016 [2]. As infrastructure is the
cornerstone of healthcare systems, explicit focus of hos-
pitals on climate change-preparedness is necessary [2].
Installation of Heating, Ventilation, Air Conditioning
(HVAC) in medical facilities is uncommon in Central
and Northern Europe compared to Southern Europe or
North America. This impairs the ability of these health-
care systems to cope with more frequent peaks of ex-
treme weather conditions.

What is known of the health effects of heating,
ventilation and air conditioning?
The current knowledge of HVAC related effects is based
on studies on health issues in office workers [17] or on
exercise-related heat illness [18, 19]. Climatic influences
on the physiology were tested with volunteers in climatic
chambers [20, 21]. Moreover, many publications are
concerned with the spread of infections [17, 22].
Equipping hospital rooms with some form of mechan-
ical ventilation or air conditioning is one method to safe-
guard patients during heat or cold periods. The goal
hereby is to ensure the quality of medical care and ther-
mal comfort for patients and staff alike. An array of
HVAC-systems is available, ranging from air conditioners
or chillers to radiant cooling systems and fans. The pro-
tective effect of HVAC was demonstrated by a mortality
reduction in private homes and hospitals [23-25]. How-
ever, since the examined studies were incoherent, a
Cochrane review of the use of electrical fans did not yield
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conclusive results for or against the use in the general
population [26].

Opverall, studies on the effects of air conditioning on
the health of inpatients are scarce. Knowledge of the
mechanisms leading to effects on patient health when
using HVAC is particularly insufficient. Hence, the first
objective was to systematically screen the evidence on
HVAC use and associated clinical effects or health-
related outcomes in inpatients. The second objective was
to identify relevant findings to generate new hypotheses
for research on the efficacy of HVAC in climate change
adaptation.

Methods

This research project was carried out according to the
PRISMA Extension for Scoping Reviews (PRISMA-ScR)
[27]. After a first non-systematic search, study registries
were screened. One review project related to the topic
could be identified (Prospero-ID: CRD42015018970), but
progress status and email contact revealed no current ac-
tivities. The protocol of our scoping review was registered
on www.researchregistry.com (UIN: reviewregistry675).

Eligibility criteria

Literature on adult inpatients in English or German lan-
guage was considered. The aim was to identify publica-
tions which reported health effects of all types of HVAC.
Evidence on heating and cooling was included since
many systems can technically be applied for both. Above
all, through climate change different kinds of weather
extremes will become more frequent. Articles that de-
scribed direct body cooling methods such as fanning the
body from a near distance were excluded. Literature on
HVAC in the operating room or on infection rates was
not within the scope of this review. Passive cooling in-
terventions like window sunscreens were not included.
Any date of publication was eligible to obtain a thorough
overview of the published literature.

Search process

Database search

Medline, Embase and the Cochrane Library were
searched. Within the search strategy of this review, the
emphasis was put on clinically relevant parameters for
internal medicine and pulmonology. Hence, search
terms containing morbidity and mortality were not in-
cluded in the search strategy. The full search strategy
can be found in Additional file 1. The database search
was carried out in April 2019.

Grey Literature & Other Sources
14 websites of technical, medical and governmental or-
ganisations were screened (for web addresses see
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Additional file 2). The grey literature search was con-
ducted in November 2019.

Title and abstract screenings were carried out by two
reviewers with the web-based application Rayyan [28].
The full texts of potentially eligible publications were re-
trieved and screened against the inclusion criteria by
two reviewers. Upon inclusion of full texts, the reference
lists were hand-searched for further relevant literature.
The authors of articles from the year 1990 onwards were
contacted. Yet, no additional source of evidence and no
further information on the type of HVAC appliances
could be obtained. Relevant publications which were
identified outside of the systematic search and also the
primary sources of the systematic reviews were evaluated
for eligibility. Duplicates were first identified with End-
note X9 (Clarivate Analytics, Boston/USA) and in a sec-
ond step with Rayyan.

The data charting form (Additional file 3) was devel-
oped and tested with a sample of every different type of
eligible publication identified. Charted data included the
title, name of the authors, country of the first author,
year and type of the study. The content was charted with
the PICO scheme (Population, Intervention, Control,
Outcome) where applicable. Additionally, publications
were described qualitatively to capture all the relevant
information regardless of study type. In this section, the
field of application, addressed issues, problem statement
and the findings of the publications were summarized.
Data charting was performed by the first author and
checked for completeness and accuracy by a second
reviewer.

To delineate publications of HVAC use in medical
treatment from publications only associated with HVAC
use, the results are reported in two paragraphs. The first
paragraph includes publications which report health ef-
fects of HVAC when used as a supportive element in
medical treatment. Studies that reported the application
of HVAC as part of a trial intervention were also in-
cluded in this section. Publications were grouped in a
short second paragraph if the HVAC system did not
serve as intervention or no differentiation between air
conditioning of the room and direct body cooling was
made. All pieces of evidence are presented in two de-
tailed tables. Conflicts regarding the inclusion of unusual
HVAC designs or a fanning method were resolved by
discussion within the reviewing team.

Results

Database search

Database search resulted in 13,625 titles. After duplicates
were removed, 10,819 titles and abstracts were screened,
leading to the evaluation of 23 full texts. The only eli-
gible systematic review retrieved by database search was
not included because hand-searching of the primary
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sources revealed no eligible publications. Based on the
database search, nine full texts were considered for ana-
lysis in this scoping review (cf. Figure 1).

Reference lists, other sources and grey literature

Title and abstract screening of included publications and
relevant other literature [25, 26, 29] yielded 469 publica-
tions of which one eligible publication was included.
One additional abstract from our department was incor-
porated in the scoping review [30].

After searching an extensive set of websites for grey
literature, only six full text publications matched the
scope of this review and were checked for eligibility.
None of these publications was selected for the analysis.

HVAC use in the medical treatment
We identified seven publications reporting outcomes of
HVAC use on patients which were published between
1959 and 2019 (cf. Table 1). This set consisted of five
clinical trials [30—34], one cross-sectional study [35] and
one case report [36]. Two publications were abstracts
from conference proceedings [30, 34]. No study reported
concrete measures for matching or randomisation of
study participants. The studies originated from the USA
(n=3), UK (n=1), Germany (n = 2) and France (n=1).
The reported HVAC systems ranged from conven-
tional air conditioners to convection free air condition-
ing (radiant cooling) and fans. HVAC was implemented
as a supportive element in the medical treatment with
the goal of heat stress protection or as part of the
rewarming strategy. HVAC was used on the general
ward or the intensive care unit. The patient cohorts were
comprised of patients with heat-stroke, hypothyroidism,
pulmonary disease, diabetes mellitus, arthritis, goitre or
patients who underwent intra-abdominal, pelvic, ortho-
paedic, peripheral vascular or prostatic surgery.
Regarding heat stress, the reported effects of cooling
included improved blood pressure and respiratory rate
and beneficial changes in cardiac function [30-32]. Par-
ticularly positive effects were observed in patients with
chronic disease [31]. Notably, patients with congestive
heart failure, coronary heart disease and asthma profited
from the controlled room environment. Effects were de-
scribed as a form of recovery effect from experiencing
heat due to the use of air conditioning [30-32, 34]. The
studies showed that equipping patient rooms with air
conditioning led to earlier mobilisation [30, 31]. One
study indicated a reduced length of hospital stay due to
the use of radiant cooling [30]. Also, the protective effect
of HVAC use in heat illness patients resulted in a reduc-
tion of mortality [35]. Only one study reported adverse
effects [31]. Some patients perceived to get sick through
air conditioning or described a negative impact on ther-
mal comfort. However, the majority of patients and staff
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Databases

a) Reference Lists
b) Other Sources

Grey Literature

Embase (n =9,311)
Cochrane (n =2,137)

Medline (n =2,177)

Websites
(N =14)

(N =13,625)
Exclusion of
—»| duplicates
(N =2,806)
Title and abstract a) Title and abstract 8
. ; Abstract screening:
screening: screening (N=37)
(N =10,819) (n =469)
b) Evidence from
N Exclusion our department Exclusion
(N = 10,796) (n=1) > (N=31)
(N = 470)
v v
Full text screening: Full text screening: Full text screening:
(N=23) a)(n=3) (N=6)
b) (n=1)
(N=4)
Exclusion, Exclusion, Exclusion,
) full text not full text not full text not
meeting inclusion —> meeting inclusion > meeting inclusion
criteria criteria criteria
(N=14) (N=2) (N=6)
\4 A v
Full texts included Full texts included Full texts included
(N=9) (N=2) (N=0)

Fig. 1 Flowchart of literature search
A

reported that air conditioning on the hospital ward was
more beneficial to their overall well-being.

The use of HVAC in the recovery room showed no
difference concerning the rewarming rate of postoperative
patients [33]. Yet, the difference in room temperature be-
tween the two intervention groups was rather small
(0.5°C). HVAC utilisation was suggested as a supportive
element in rewarming hypothyroid patients in one case
report [36].

Studies associated with HVAC use

We identified two clinical trials [37, 38] and two cross-
sectional studies [39, 40] originating from the UK with
relation to HVAC use, published between 1991 and
2018 (cf. Table 2). In these publications, either the appli-
cation of the HVAC system could not be specified or no
concrete health effects were reported. One publication

was an abstract from a conference proceeding [40] and
the remaining studies were journal articles.

The employment of HVAC was analysed in regard to
the treatment of fever and fever combined with stroke
or traumatic brain injury [37, 39, 40]. One study ana-
lysed the skin evaporation of patients with severe burns
[39]. Fans, air conditioners, special air conditioning de-
vices (clean air unit [41]) and other unspecified cooling
methods were reported for the use in the intensive care
unit.

Discussion

This scoping review resulted in the collation of 11 eli-
gible publications from 1959 to 2019, whereof seven re-
ported the use of HVAC as part of the medical
treatment. The reported objectives were heat stress
protection, body temperature management and the
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rewarming of hypothermic patients. HVAC was used in
intensive care units and on general wards. Findings in-
cluded patients from surgery and internal medicine.
The technical specifications involved air conditioners,
radiant cooling systems, special appliances (clean air
unit) and fans. When applied while experiencing heat,
HVAC use resulted in the improvement of physiologic
parameters and greater mobility of inpatients. Health
effects were mediated by alleviation of heat stress and
an increase of the physiologic adaptive capacity of
acutely ill patients. Negative aspects that were de-
scribed included unfavourable thermal comfort or the
feeling of getting sick. Notably, a shorter duration of
hospital treatment and reduction of mortality were
reported.

There are several limitations as some studies had small
patient samples [32, 34, 36, 38], shifted patients between
intervention and control group [31], included only one
ethnic race and sex [31] or reported supplementary cool-
ing methods [35]. The risk of bias and confounding is
high owing to the absence or short description of ran-
domisation or matching. Above all, HVAC use cannot
be blinded. We are aware that the search strategy of this
scoping review has a focus on inpatients of internal
medicine. Therefore findings pertaining to other medical
disciplines might not be represented. It is plausible that
many findings are important for other specialities as
well. HVAC use could e.g. be a particularly strong con-
tributor to successful treatment in such areas as psych-
iatry, where treatment is especially influenced by
environmental factors. However, the inclusion of further
search terms was limited by the data handling capacity.
Also, omitting pediatric patients leaves out a vulnerable
group. However, the unique physiology and the diverging
medical conditions justify a separate review. Differenti-
ation between direct body cooling and air conditioning of
the room was not possible for three of the 11 publications.
In one study, an air conditioning system with an experi-
mental design was used (cf. Table 2).

Implications for research

Despite abundant epidemiological findings confirming
the adverse effects of heat on health, this scoping review
shows that research on hospital adaptation and the indi-
vidual treatment of inpatients is lacking. For future re-
search projects, we propose to analyse the effects of
HVAC

— on the physiology of inpatients experiencing heat or
cold. The goal is to better understand the
vulnerability of certain patient groups and to identify
individuals that profit the most from a climate-
controlled indoor environment.
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— to clarify the relationship between thermal comfort
and health effects. Therefore patient satisfaction
should be included as an outcome. The studies
should cover groups not considered to be at high-
risk for climate-related adverse health effects, too.

— to determine optimal technical settings for different
patient groups and various hospital areas within the
existing hospital infrastructure.

— on the health system. Costs, energy consumption,
the efficiency of the medical treatment and
ergonomics for health care workers should be
investigated.

Future trials should randomise participants to the
intervention and control group and report the extent of
exposure to HVAC. Furthermore, medical treatment has
to be standardised and HVAC specifications, as well as
the outdoor climatic conditions, should be reported.

Conclusion

This scoping review provides valuable insight into the
fields of application for HVAC and its health effects for
inpatients. Due to the paucity of systematic research to
date, no general recommendation for or against the use
of HVAC for inpatients can be made. Publications on
positive effects of heat stress protection for vulnerable
groups are encouraging but more basic research regard-
ing HVAC application is required for the development
of evidence-based guidelines. The promising potential of
HVAC to moderate climate change hazards has to be
further explored.
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