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Human activity existentially threatens the earth’s ecosys-
tems, on which economic prosperity and human health
depend. The most severe consequences of jeopardizing
these ecosystems are the multifactorial loss of biodiver-
sity and the climate crisis, the latter being an effect of
anthropogenic greenhouse gas emissions [1]. The health
sector plays two pivotal roles in dealing with these funda-
mental challenges: first, it must become resilient against
the effects of climate change (extreme weather events,
heat waves, pandemics or spread of various infectious
(zoonotic) diseases) [2]. Secondly, as the health care sec-
tor is responsible for almost 5% of global greenhouse gas
emissions and due to the high social standing and cred-
ibility of health care professionals, the sector has a key
role in the mitigation of climate change—by getting our
own house in order (Maria Neira, Director, Department
of Public Health and Environment, World Health Organ-
ization [3]). This accounts for hospitals and is especially
true for critical resources such as intensive care units.

The contribution of critical care to the carbon
footprint
The precise contribution of critical care medicine prod-
ucts, processes, and systems to carbon dioxide emissions
(CO,e) and other aspects of environmental harm (energy
and water consumption, single-use devices and waste
production, global warming potential of drugs or medical
items) have not been analyzed in detail so far, but a few
studies provide valuable insights into them.

A study from England calculated an average daily con-
sumption of 15 kWh of electric energy per intensive care

*Correspondence: thomas.bein@klinik.uni-regensburg.de

! Faculty of Medicine, University of Regensburg, 93042 Regensburg,
Germany

Full author information is available at the end of the article

@ Springer

=

Check for
updates

unit (ICU) patient, mostly for delivering care to patients
and monitoring their condition, which is similar to that of
an average 4-person household [4]. Several studies have
conducted bottom-up ‘life cycle assessments’ (LCAs) for
an analysis of the carbon footprint of natural resource
extraction, manufacturing, packaging, transport, use/
reuse, and recycling/waste disposal of certain products or
processes [5], but such analyses are always influenced by
regional factors (e.g. local costs of energy or transporta-
tion, level of wages and salaries, etc.). The administration
of drugs is a core element in intensive care; and LCA’s
of drugs begin with the extraction of raw material over
the manufacturing and packaging up to the transport to
the ICU. MacAlister et al. [6] performed an LCA-study
of morphine ‘from opium poppy to the packaged drug,
and they assessed a carbon footprint for a standard infu-
sion bag (100 mg morphine) of 204 g CO,e, correspond-
ing to driving a car 1 km. In an audit of recyclable waste
in a 10-bed Australian ICU [7], the total waste for the
week was 540 kg, of which 60% could be recycled with
appropriate processes (safeguard, education, or training).
Based on a prospective observational LCA analysis in the
United States, the carbon footprint related to the treat-
ment of ten septic shock patients [8] (energy for heat-
ing, ventilation, air conditioning, lighting, machines, all
consumables and waste) revealed an average one-patient
energy consumption of 272 kWh/day and consumption
of 3.4 kg/day of single-use material. All this sums up to
an average CO,e footprint of 178 kg per day (equivalent
to the total daily carbon footprint for 3.5 Americans).

ICU sustainability: how can we get our own house
in order?

Intensive care medicine is—evidently—one of the high-
est carbon footprint relevant sectors in health care.
Given the urgency to reduce carbon footprint and based
on LCAs, it is imperative to start with a shift to practical
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measures (conversion to renewable energies, reduction
of energy consumption, avoiding direct greenhouse gas
emissions whenever equivalent alternatives are avail-
able). Several publications have analysed specific meas-
ures to consistently reduce CO,-emissions in critical
care [4, 8—10]. These recommendations refer mainly to
carefully performed LCAs of frequently used medical
items (and in consequence possible changes to daily rou-
tine), the management of consumables and waste, and a
vigilant check of possible reductions in energy use. They
also refer to the avoidance of futile treatment in criti-
cal care (a treatment that never reaches patient’s goals,
or where death is imminent, or where the patient would
never be able to survive outside an ICU [11]) which
implies not only ethical but also environmental aspects.
The general prevention of overtreatment is possibly the
best current contribution to environmental sustainabil-
ity (Fig. 1).

However, for many procedures or items, LCA-results
are missing or contradictory, especially for the com-
parison between single-use and re- or multi-use items.
For example, McGain et al. [12] found out in Australia
that the environmental costs for reusable central venous
catheter insertion kits were considerably greater than
those for single-use kits, even under the condition of
careful waste management. For the multifaceted sector
of high-level intensive care, more LCAs like McGain’s
are needed (e.g. for face masks, breathing circuits, lin-
ens, sterile cover, plastic or glas bags, blood pressure
cuffs), or for many other drugs used frequently in the
ICU (antibiotics, analgesics, sedation). For sustainable
management of consumables, a critical analysis of the
frequent usage of single-use material should be given a

DRUGS:

-life cycle assessments
-production, package
and transport
-pharmaceutical waste

FUTILE TREATMENT:
-avoid inappropriate
interventions \

CONSUMABLES:
-critical analysis of
single-use material
and package

«5R” concept:
-reduce

-reuse
-recycle
-rethink
-research

ENERGY and WATER:
-renewable energy resources
-water consumption control

Fig. 1 Components of a concept of environmental sustainability in
intensive care medicine

push in a dialogue with manufacturers, medical industry,
and ‘consumers.

While currently waste generation is inevitable in criti-
cal care, adopting waste programmes for the rational
use of resources and participation of intensivists in-hos-
pital product evaluation comitees are important ways
to reduce carbon footprint [6]. For the “5R-concept”
(reduce, reuse, recycle, rethink, and research) several
aspects, from plastic packaging to handling of dangerous
wastes, are currently under critical discussion or consti-
tute research projects [10]. Additionally, the use of tele-
medicine [13], the promotion of online meetings, and the
streaming of regional or global conferences may prove
to be efficient alternatives to reducing carbon footprint-
associated flight, car or railway travels.

The Hippocratic Oath “First do not harm” refers not
only to the interaction with individual patients, but also
to the responsibility of maintaining a healthy ecosys-
tem as a prerequisite for human health. Thus, health
care professionals are required to adapt their daily rou-
tine and supporting efforts to reducing global warming.
Furthermore, in global critical care supply, there is a
marked variation representing disparities between devel-
oped countries with a (too) large chunk of intensive care
spending (and consequently high carbon footprint) and
developing countries with a greater burden of critical
illness, but little infrastructure to provide care [14]. The
dissolution of such inequality may be another precondi-
tion to aiming long-term sustainability. Such engage-
ment requires new models of collective leadership [15],
critical reflections, inclusivity and motivated action on
all levels of healthcare stakeholders, policy, professional
societies, hospital administration and ICU staff. Financial
and social incentives may enhance the efforts to stop the
deleterious effects of deteriorating ecosystems on public
health [16]. Time is pressing and critical care medicine
must participate in the race to zero-emission health care
systems.
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