SPECIAL SECTION

CLIMATE CHANGE and HEALTH

THEME EDITOR: WILLIAM BINDER, MD

NOVEMBER 2021 VOLUME 104 «- NUMBER 9 ISSN 2327-2228




RHODE

On the Cover:
The Fox Point Hurricane Barrier's three 40-ft gates
can be closed in 30 minutes, preventing storm

surges from inundating the low-lying areas of
downtown Providence. The barrier was built 1960-
1966, and in addition to the Providence River
gates, consists of shore dikes with vehicular gates
where roads pass through them, canal gates near
the power station, and a pumping station.

[PHOTO BY ANDREW E. BINDER]

11

13

14

20

24

29

Climate Change and Health:

A Special Edition of the Rhode Island Medical Journal
Examining the impacts of climate change on health,

health care institutions, and mitigation strategies

WILLIAM BINDER, MD
THEME EDITOR

Climate Change and Human Health
NITIN S. DAMLE, MD, MS, MACP

Medical Society Consortium on Climate
and Health Consensus Statement

Who's at Risk in a Changing Climate?
Mapping Electricity-Dependent
Patient Populations in a Coastal City
EMMA WEBB, BA

LAKSHMAN BALAJI, BDS, MPH

LARRY A. NATHANSON, MD

SATCHIT BALSARI, MD, MPH

CALEB DRESSER, MD, MPH

Asthma Exacerbations Attributable to
Ozone Air Pollution in New England
NICHOLAS J. NASSIKAS, MD

KEITH SPANGLER, PhD

GREGORY A. WELLENIUS, ScD

Increased Temperatures Are Associated with
Increased Utilization of Emergency Medical Services
in Rhode Island

KATELYN MORETTI, MD, MS

BENJAMIN GALLO MARIN, AB, MD'23

LUKE B. SOLIMAN, MTS, MD'23

NICHOLAS ASSELIN, DO

ADAM R. ALUISIO, MD, MSc, DTM&H

Potential Effects of Climate Change on
Tick-borne Diseases in Rhode Island
HOWARD S. GINSBERG, PhD

JANNELLE COURET, PhD, MEM

JASON GARRETT, BSN, MPH

THOMAS N. MATHER, PhD

ROGER A. LEBRUN, PhD



RHODE

WHAT GOES IN THE
RED BIOHAZARD BAG?

%

X

*

y.

GLoY ONTAMMNATED:
WITH BLOGD R DPIM

AMY MATEIAL SOARET
B O OFTM

WHAT DOES MOT GO 1M
THE RED BAG?

COMAIN

HCUBEHOLD TRASH
s

THESE THMNC

Injuries, fatalities,

mental health impacts cardiovascular disease

Severs
Weather

Heat-related illness

and death,

cardiovascular failure

Respiratory.
allergies, asthma

‘Water and Food Water
Supply Impacts  Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms

- Malnutrition,
diarrheal disease

34

38

43

45

49

55

60

Wasting No Time:
Implementation and the Climate Impact of a Solid Waste Stream

Process Intervention in a Large Academic Emergency Department
KATELYN MORETTI, MD, MS

REBECCA KARB, MD, PhD

ROGER DURAND

LEO KOBAYASHI, MD

ALISON S. HAYWARD, MD, MPH

Trends in Waste Production at a Community Hospital

during the COVID-19 Pandemic

KYLE DENISON MARTIN, DO, MA, MPH, DTM&H
JANE J. CHEN, BS, MD'24

JAMIE THORNDIKE, BS, MD'24

WINSTON MCCORMICK, BS, MD'23

JOHN ROTA, BA

BRIAN BERG, DO

ANNIE DULSKI, DO

Trash Talk in the ED:

Takeaways from Waste Audits at New England Hospitals
KYLE DENISON MARTIN, DO, MA, MPH, DTM&H

WINSTON MCCORMICK, BS, MD'23

JULIA CAPACCI, DO, MS

KATELYN MORETTI, MD, MS

The Rhode Island Climate Change and Health Program:

Building Knowledge and Community Resilience
RACHEL CALABRO, MS
CAROLINE HOFFMAN, MPH

Climate Change and Health in New England:
A Review of Training and Policy Initiatives at Health

Education Institutions and Professional Societies
CALEB DRESSER, MD, MPH

EMILY GENTILE, BS

RACHAEL LYONS, BS

KALI SULLIVAN, BS

SATCHIT BALSARI, MD, MPH

Beyond the Hazard Vulnerability Analysis:

Preparing Health Systems for Climate Change
JOSHUA BAUGH, MD, MPP, MHCM

KATIE KEMEN, MBA

JOHN MESSERVY, AIA

PAUL BIDDINGER, MD

Providence's Vulnerability to Floods:

Impacts of Sea Level Rise, Stronger Storms, and Heavier Rainfall
ANDREW E. BINDER, BA

SELIM SUNER, MD, MS

H. CURTIS SPALDING, MPA

ERICH OSTERBERG, PhD



Climate Change and Health:

CLIMATE CHANGE

A Special Edition of the Rhode Island Medical Journal

Examining the impacts of climate change on health, health care institutions, and mitigation strategies

WILLIAM BINDER, MD
THEME EDITOR

The impact of humans on climate has been recognized for
centuries. Eighteenth-century Scottish Enlightenment phi-
losopher David Hume postulated that the moderation of
Europe’s climate, in comparison to Roman times, was due
to the gradual advance of cultivation in Europe. He further
remarked, “Our northern colonies in America become more
temperate, in proportion as the woods are felled...”!

While Hume could not cite rigorous data as a source for
his opinion, scientists and philosophers continued to pon-
der the impact of humans on their environment. A century
after Hume, Irish physicist John Tyndall ushered in the mod-
ern era of climate science in 1859 when he discovered the
connection between atmospheric CO and the greenhouse
effect. By mid-20th century, 200 years after Hume, one scien-
tist remarked, “Human beings are now carrying out a large-
scale geophysical experiment of a kind which could not
have happened in the past, nor be reproduced in the future.
Within a few hundred years we are returning to the air
and oceans the concentrated organic carbon stored over
hundreds of millions of years.”?

Data supporting the impact of humans on atmospheric
warming continues to accumulate and this year’s Nobel
Prize in physics acknowledges the complex interaction
between humans, climate, and weather. Rising seas, extreme
weather events, and species extinction are no longer versions
of apocalyptic science fiction but instead a harsh, modern
reality with existential ramifications requiring mitigation
and adaptation.

While some skeptics continue to doubt the incontrovert-
ible data, the scientific, medical, and business communities,
as well as the US military, have moved past reactionary
arguments. In this special issue of the Rhode Island Med-
ical Journal (RIM]J), we present an array of articles devoted
to the impact of climate change on health in southern New
England. Authors from throughout New England and repre-
senting multiple health systems, medical schools, univer-
sities, primary care practices, the United States Geological
Survey, and the Rhode Island Department of Health have all
contributed to this important edition of RIM]J.

NITIN S. DAMLE frames the issue by noting that extreme
weather events and air pollution have precipitated increasing
morbidity and mortality through heat waves, and increases
in infectious and respiratory diseases. His commentary
also alludes to the societal impact of climate change, as it
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can lead to food insecurity, mental health crises, and mass
migration. The RHODE ISLAND MEDICAL SOCIETY'S con-
sensus statement, signed in March 2020, endorses the per-
spective of multiple medical societies, and recognizes the
impact of climate change on the health of every American.
EMILY WEBB ct al., NICHOLAS J. NASSIKAS et al., and
KATELYN MORETTI et al. offer supporting data on the
impact of climate change on health in New England. Webb
details the impact of extreme weather events such as hur-
ricanes and floods — think Hurricanes Sandy, Katrina, and
Ida — on electricity-dependent asthmatic patients in Mas-
sachusetts. Without electricity, asthmatic patients, as well
as others requiring electrically dependent durable medical
equipment, are at grave risk. Nassikas examines the conse-
quences of pollution on asthma and reports on thousands
of excess Emergency Department (ED) visits for summer-
time ozone-attributable asthma exacerbations across New
England. Moretti reports on the straightforward association
between higher temperatures and increasing Emergency
Medical Services’ (EMS), and de facto ED, utilization, sug-
gesting that further research may help with planning and
resource allocation during summer months. We are also
fortunate to feature an article by HOWARD S. GINSBERG
et al. from the US Geological Survey and the University of
Rhode Island (URI) on the effects of climate change on tick-
borne disease in Rhode Island and southern New England.
The authors document the increasing incidence of Lyme,
babesiosis and anaplasmosis in Rhode Island, and note that
Lone star ticks, the Gulf Coast tick, and the introduced
Asian longhorned tick have been spreading northward into
our state. The USGS/URI group presents a balanced view,
noting that climate change, as well as numerous other envi-
ronmental and socioeconomic factors, may also contribute
to the expanding range of ticks and tick-borne diseases.
The current issue of RIMJ also presents data on mitiga-
tion strategies designed to decrease hospital-based waste
and reduce emissions. Previous reports suggest that the
healthcare industry is responsible for 10% of greenhouse
gases and two million tons of waste in the US annually.?
KATELYN MORETTI et al. describe a waste mitigation proj-
ect at Rhode Island Hospital that led to a 23% reduction
in solid waste and significant reductions in greenhouse gas
emissions. KYLE DENISON MARTIN et al. similarly per-
formed a waste audit at Kent Hospital, noting the impact
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of the Covid-19 pandemic on waste and energy use in the
ED. Martin et al. also provide an accompanying commen-
tary regarding important takeaways of waste audits, offering
ideas for an environmentally responsible pathway for large
health systems.

Paraphrasing the axiom that all politics is local, it can
be said that climate change education begins at a local and
regional level. RACHEL CALABRO and CAROLINE HOFFMAN
offer an introduction to the Rhode Island Department of
Health’s Climate Change and Health Program. As part of a
US Centers for Disease Control and Prevention initiative,
the program has partnered with community groups and
state and local agencies to provide educational resources,
fund projects fostering community resilience, and offer tech-
nical assistance. CALEB DRESSER et al. assess the extent
of educational activity on a regional basis. In a first-of-its-
kind study, they report on the scale of climate and health
activities within educational institutions and professional
societies in the New England region.

Rounding out this issue is a report by JOSHUA BAUGH et
al. examining a large health system’s sophisticated approach
toward a vulnerability analysis, recognizing that previous
analyses using historical data is inadequate in an era of
rapid climate change and extreme weather events. This Har-
vard-wide review is a broadly applicable approach for other
health systems and should be a model for other institutions
moving forward. Recognizing the importance of Baugh’s dis-
cussion, ANDREW E. BINDER et al. provide data and com-
mentary on creating an accurate hazard analysis in order
to mitigate the impact of future flooding on Providence’s
critical health care facilities.

We hope readers appreciate this edition of the RIMJ and
that it piques an interest in what is arguably the most salient
and pressing issue of our time.
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Climate Change and Human Health

NITIN S. DAMLE, MD, MS, MACP

In 2015, 186 countries signed the Paris climate agreement
to limit global warming to “well below 2 degrees Celsius”
and avoid the harmful impacts on human health. Integral to
this goal was to reduce carbon emissions to near zero over
the next several decades.

Unfortunately, carbon emissions have continued to rise,
and the global average temperature has risen by 1.2 degrees
Celsius, resulting in the five hottest years on record, all
since 2015. The environmental impact is well documented
and includes sea level rise, ocean acidification, ice melt,
and loss of glacier mass. These changes have resulted in a
46% increase (since 1980) in extreme heat waves, flooding,
droughts, forest fires, and intense weather events (hurri-
canes and cyclones).

The above weather events and air pollution lead to down-
stream consequences on human health. This article will
focus on six health effects.

HEAT WAVES

The number and intensity of heat waves has increased sig-
nificantly during the past 20 years. This burden is borne
mostly by the elderly, children, those with cardiovascular
and respiratory diseases, outside laborers, the homeless, and
the poor. There has been a 53.7% increase in heat-related
mortality for people over the age of 65. Heat waves and
temperature rise increase the risk of myocardial infarction,
stroke, and acute and chronic renal injury. Studies indicate
for each day that the heat index is 95 degrees Fahrenheit
(compared to 75 degrees F), emergency department visits
increase by 6.6% over the following seven days, heat-related
emergency department visits increase by 89% for seven days
and death rates increase by 5.8% for each day.

Mitigation is essential and includes early warning sys-
tems and response plans, increased access to air condition-
ing, communication by clinical teams to reach vulnerable
populations, and education about the risk of heat illness.

PARTICULATE MATTER AND

RESPIRATORY DISEASES

The primary drivers of respiratory diseases are automo-
bile, power plant emissions and forest fires. Measured
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particulate matter includes sulfates, nitrates, black carbon,
and nitrous oxide.

Forty-three million people in the United States and 92%
of the world live in areas in excess of the World Health Orga-
nization (WHO) particulate limit, and in 2019 there were
eight million deaths worldwide attributable to air pollution.

Increased carbon dioxide production leads to increased
growth of allergen-producing weeds, grasses, and trees with
rain and floods leading to increased mold and fungal growth.
The aeroallergen season has increased from 177 days in the
1970s to 190 days today and is projected to reach 214 days by
mid-century. Allergy exacerbations lead to 11 million office
visits per year at a cost of $11.2 billion per year and asthma
and COPD exacerbations result in two million emergency
department visits, 500,000 hospitalizations, and 3,600
deaths at a cost of $56 billion per year. Clinicians will need
to educate patients about weather trends, knowledge about
air pollution, early symptoms, and prevention.

VECTOR-BORNE AND WATER-BORNE DISEASES

The primary vectors in the United States are mosquitoes,
sand flies, and ticks. There has been an increase in cases
of dengue, Chikungunya, West Nile fever, Zika, and even
malaria. The number of cases of Lyme disease has risen from
50,000 in the 1990s to over 400,000 in 2018 and is reported
in most regions of the country.

Heavy rains and flooding lead to contamination of water
systems, reservoirs, and surface water that increase risk for
E. coli, Campylobacter, Leptospira, and Salmonella infec-
tion. Vibrio parahaemolyticus infection is a significant
seafood-related public health concern. In addition, rates of
parasitic infection have increased, in particular Cryptospo-
ridium, Cyclospora, and Giardia Lamblia in contaminated
drinking water and fresh produce. Globally, there are over
one billion people that lack access to safe drinking water
and 2.5 billion lack access to adequate sanitation, with an
estimated five million deaths annually in children.

FOOD SECURITY

The food system involves a network of interactions with our
physical and biological environments as food moves from
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production to consumption, or from “farm to table.” There
has been an increase in crop losses from fungi, bacteria, and
viruses. There has been a decrease in food production by
2% per year in the face of a 14% per year increase in global
demand, with a projected further decline of 6% in global
wheat and 10% in global rice production for each one degree
rise in temperature.

The nutrient content (protein, iron, and =zinc) has
decreased from 20% to 17% with an increase in carbon diox-
ide concentration from 385 parts per million (ppm) to 450
ppm between 2008 and 2020. Carbon dioxide production is
10 times greater for the consumption of beef, lamb, and pork
versus more plant, fish, turkey, and chicken-based diets.

MENTAL HEALTH

The impact on mental health is well established. Forty-nine
percent of Hurricane Katrina victims reported increased
stress, anxiety, and depression and one in six have been
diagnosed with post traumatic stress disorder. Studies show
an increased rate of strained interpersonal relationships,
substance use disorder, interpersonal aggression, violence,
crime, and decreased community cohesion.

There also appears to be a relationship between increased
temperature and the number of suicides, and people who
meet criteria for mental illness are more vulnerable to the
effects of climate change on physical as well as mental
health. Much more research is necessary on the impact of
climate change and prioritizing mental health benefits with
mitigation efforts.

MASS MIGRATION

Extreme weather, sea-level rise, floods, food insecurity,
and drought have forced two hundred million people in
the world to migrate from their homes between 2008 and
2018. Modeling predicts that one billion people will need
to migrate by the end of the century for these same reasons.
Without climate change mitigation, this rate will signifi-
cantly outpace other causes of migration, such as interstate
conflict, failure of national governance, and unemployment
or underemployment.

CONCLUSION

The effects of climate change have been predicted since the
1970s. There were non-binding agreements in 1979, 1989,
and 1997 that did not succeed in slowing carbon dioxide
emissions. It is time for the United States to rejoin and
strengthen the Paris Agreement of 2015 and actively engage
in setting standards at the upcoming UN Climate Change
Conference (COP26) this month.

If the United States health sector were a country, it would
be the fifth largest emitter on the planet, with $9 billion
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annually in energy costs. A 30% cut in healthcare green-
house gas emissions by 2030 would prevent an estimated
4,130 premature deaths, 85,000 asthma attacks, four million
respiratory symptom events, and 3,750 hospital visit inci-
dents and save about $1.2 billion in medical costs.

As a physician you have the gravitas to make a significant
impact on your community by raising awareness through
talks in town halls and community gatherings, in addition to
educating your colleagues and patients. You can lobby your
local, state, and national representatives to make climate
change and health a high priority issue and you can engage in
climate-healthy habits, including plant-based diets, electric
cars, energy-efficient homes and work environments.

I have painted a sobering outlook with one last opportu-
nity to mitigate the effects of climate change. A recent report
by the United Nations Intergovernmental Panel on Cli-
mate Change (IPCC) stated that it is possible to limit global
warming to 1.5 degrees Celsius, but only with large-scale
reductions of all greenhouse gases immediately. If countries
move slowly, the Earth could warm by four degrees Celsius
(7.2 degrees F) by the end of the century. Experts predict that
such a rise would make the Earth uninhabitable. Therefore
climate change is the existential threat of our time and now
is the moment for all of us to educate and amplify our voices
to protect future generations and the planet.

Author
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Medical Society Consortium on Climate and Health Consensus Statement

Editor’s note: The following was adopted by the Rhode
Island Medical Society in March 2020, along with Affili-
ates of the Medical Society Consortium on Climate and
Health (medsocietiesforclimatehealth.org) regarding the
health threats of climate change and the health benefits
of solutions (decreasing fossil fuel use).

We — the undersigned medical societies — support the inter-
national scientific consensus, as established in multiple
national and international assessments, that the Earth is
rapidly warming, and that human actions (especially burn-
ing of fossil fuels) are the primary causes. As established
in the 2016 U.S. Climate and Health Assessment — The
Impacts of Climate Change on Human Health in the United
States: A Scientific Assessment — the resulting changes in
our climate are creating conditions that harm human health
through extreme weather events, reduced air and water
quality, increases in infectious and vector-borne diseases,
and other mechanisms. While climate change threatens the
health of every American, some people are more vulnera-
ble and are most likely to be harmed, including: infants and
children; pregnant women; older adults; people with dis-
abilities; people with pre-existing or chronic medical condi-
tions, including mental illnesses; people with low-income;
and indigenous peoples, some other communities of color,
and immigrants with limited English proficiency.

As medical professionals, many of our members know
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firsthand the harmful health effects of climate change on
patients. We know that addressing climate change through
reduction in fossil fuel use will lead to cleaner air and water,
to immediate health benefits for Americans, and will help to
limit global climate change.

We support educating the public and policymakers in
government and industry about the harmful human health
effects of global climate change, and about the immediate
and long-term health benefits associated with reducing
greenhouse gas emissions (i.e., heat-trapping pollution) and
taking other preventive and protective measures that con-
tribute to sustainability. We support actions by physicians
and hospitals within their workplaces to adopt sustain-
able practices and reduce the carbon footprint of the health
delivery system.

We recognize the importance of health professionals’
involvement in policymaking at the local, state, national,
and global level, and support efforts to implement compre-
hensive and economically sensitive approaches to limiting
climate change to the fullest extent possible.

Our organizations are committed to working with officials
at all levels to reduce emissions of heat-trapping pollution,
and to work with health agencies to promote research on
effective interventions and to strengthen the public health
infrastructure with the aim of protecting human health
from climate change.
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Who's at Risk in a Changing Climate?
Mapping Electricity-Dependent Patient Populations in a Coastal City

EMMA WEBB, BA; LAKSHMAN BALAIJI, BDS, MPH; LARRY A. NATHANSON, MD;

SATCHIT BALSARI, MD, MPH; CALEB DRESSER, MD, MPH

ABSTRACT

BACKGROUND: Climate change is causing increasingly
frequent extreme weather events. This pilot study
demonstrates a GIS-based approach for assessing risk
to electricity-dependent patients of a coastal academic
medical center during future hurricanes.

METHODS: A single-center retrospective chart review
was conducted and the spatial distribution of patients
with prescriptions for nebulized medications was
mapped. Census blocks at risk of flooding in future hur-
ricanes were identified; summary statistics describing
proportion of patients at risk are reported.

RESULTS: Out of a local population of 2,101 patients
with prescriptions for nebulized medications in the pre-
ceding year, 521 (24.8%) were found to live in a hurricane
flood zone.

CONCLUSIONS: Healthcare systems can assess risk to
climate-vulnerable patient populations using publicly
available data in combination with hospital medical re-
cords. The approach described here could be applied to a
variety of environmental hazards and can inform institu-
tional and individual disaster preparedness efforts.

KEYWORDS: electricity-dependent, mapping, nebulizer,
hurricane, climate change, power outage

INTRODUCTION

Climate change, an aging and medically complex popula-
tion, increasing technological dependence, and fragile public
infrastructure present mounting challenges to the health of
patients and the operation of healthcare systems.!” Health
risks from heat waves, hurricanes, flooding, fires, and other
hazards are already increasing as result of anthropogenic
climate change.* This is of particular concern because an
increasing number of patients are reliant on medical devices
and a stable supply of electricity, which can be compromised
by climate-related hazards and infrastructure failures.>’
The use of Durable Medical Equipment (DME) has been
rising in the United States with the growing prevalence of
non-communicable diseases and an aging population.®'° As
of 2016, over 2.5 million Medicare patients were dependent
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on electrically-powered DME (EDME) including ventilators,
oxygen concentrators, and home hemodialysis machines."
During power outages, EDME-dependent patients (EDPs)
may experience device failure or problems continuing their
care in the community and may seek assistance at hospi-
tals.>'>1* Many of the patients facing this situation are
elderly, have multiple chronic comorbidities, are on multi-
ple medications, or are physically disabled,'>'¢ putting them
at elevated risk of immediate or long-term health harm from
EDME dysfunction.

Sea level rise, hurricanes, severe storms, wildfires, and
heat waves are expected to intensify as a result of climate
change and are a substantial threat to power grid stability and
access to electricity.'”'®!° The frequency of power outages in
the US has risen in recent decades because of an increase
in the incidence of weather-related outages; severe weather
was responsible for 80% of major outages between 2003 and
2012.3 Extreme weather can cause power grid disruptions in
a variety of many ways, ranging from the flooding of low-ly-
ing electrical infrastructure that occurred during Hurricane
Sandy’ to increases in demand for electricity in combination
with reduced power plant efficiency and production capac-
ity, as seen during heat waves in Southern California.>6°
Power companies also sometimes initiate Public Safety
Power Shutoffs, preemptively turning off power in an effort
to reduce risk of wildfire ignition during hot, dry, and windy
conditions.?!

As increasing numbers of patients become dependent on
electricity for their healthcare, the value of proactive patient
engagement and institutional preparedness for disaster-re-
lated threats to the electricity supply will increase, particu-
larly in areas at high risk of outages and with high numbers
of EDPs. Information on this population and the hazards it
faces are crucial to these initiatives, and efforts to map EDPs
at national, state, and municipal levels using insurance
claims data, medical record searches, and geographic infor-
mation systems (GIS) are ongoing."''?*?* The most com-
prehensive existing tool is the Department of Health and
Human Services emPOWER system, which maps EDME
users at the zip code level based on Medicare claims and
can provide address-level information to EMS agencies seek-
ing to reach specific patients during a disaster.!' However,
the tool does not provide information about where patients
obtain healthcare, excludes patients covered under other

NOVEMBER 2021 RHODE ISLAND MEDICAL JOURNAL 14


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-11.asp
https://www.rimedicalsociety.org

insurance providers or who have no insurance, and does not
allow for disaggregated analysis at the municipal or institu-
tional level.!'

In this article we present a complementary, locally action-
able approach that utilizes retrospective medical records
review in combination with publicly available hazard data
to assess the vulnerability of institution-specific EDP pop-
ulations to climate-related natural hazards. For purposes of
this pilot study, we focused on home nebulizers as a repre-
sentative EDME and hurricane-related coastal flooding as a
representative climate-related hazard.

METHODS

This study consisted of a retrospective chart review followed
by spatial aggregation, mapping, and analysis of presumed
nebulizer users in relation to publicly available data describ-
ing hurricane inundation zones. Nebulizers were selected
as the representative EDME because they are commonly
used, use can be inferred from prescription information, and
device failure can contribute to adverse clinical sequelae.
Inundation zones were chosen because of the strong rela-
tionship between flooding and electrical outages which has
been demonstrated in recent hurricane events.*5’

All medical records in the hospital online medical record
(OMR) were queried for the presence of prescriptions for neb-
ulized medications within the preceding year (10/25/2019
to 10/25/2020). Duplicate records from patients with mul-
tiple prescriptions within the time period were removed.
Home addresses were converted to spatial coordinates via an
application programming interface (API), and records were
then aggregated to the level of census blocks to create the
de-identified dataset used for this analysis. Hurricane Surge
Inundation Zone data from the U.S. Army Corps of Engi-
neers was obtained from MassGIS and overlaid with the fre-
quency maps of nebulizer users.?® A clip function was used
to restrict the block-level nebulizer frequency maps to areas
of overlap with hurricane inundation zones and quantify the
population of patients with recent prescriptions for nebu-
lized medication who would be exposed to storm surge inun-
dation during a hurricane of a given Saffir-Simpson category.
Attribute tables were exported and the sum and proportion
of the total nebulizer population at risk and the increase in
number and percent of patients expected with each increase
in hurricane category were computed. Maps of nebulizer
prescription frequency were created using 2010 US Census
geographic data and are shown at the census tract level to
protect patient anonymity.

Conversion of addresses to geo-coordinates was performed
via the Google Maps API implemented in the ggmap pack-
age in R v3.6.1.20%7 Spatial analysis and mapping was per-
formed in ArcMap?; summary statistics were computed in
MS Excel.?® This study was reviewed and determined to be
exempt by the BIDMC Institutional Review Board.
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RESULTS

A total of 1,384,134 prescription entries for 185,906 patients
were screened, from which a list of 3,649 nebulizer prescrip-
tions was compiled. Of these, 1,417 duplicates (e.g. multiple
prescriptions for the same patient during the study time-
frame) were excluded, leaving 2,232 unique patient records.
Seven records could not be successfully geocoded and were
removed from the dataset, leaving 2,225 records represent-
ing presumed nebulizer users, from which the 2,101 patients
residing in Massachusetts were included in the analysis of
local vulnerability to hurricane inundation, as summarized
in Figure 1.

Figure 1. Medical records screening and inclusion process. All records
are from a single medical center during the period 10/25/2019 to
10/25/2020.

1,384,134
prescriptions during
study period

v

3,649 1,417
prescriptions for —» duplicate prescriptions
nebulized medication excluded

.

2,232 7
patients who were patients excluded due to

—>
prescribed nebulized lack of spatial residence
medication data
2,225 124

patients with spatial —
residence data

'

2,101
patients living in
Massachusetts

patients living outside
Massachusetts

A total of 30 different medications were prescribed,
including albuterol sulfate (1,237 patients), ipratropium-al-
buterol (372), budesonide (332), and other medications or
combinations of medications (284). Most patients resided
in Massachusetts (2,101), followed by New Hampshire (45),
Maine (16), Rhode Island (14), and other states (49). Within
Massachusetts, 730 lived in Suffolk County, 512 in Middle-
sex County, and 859 in other counties. See Table 1.

Within Massachusetts, 1,886 census blocks in 794 census
tracts contained at least 1 presumed nebulizer user. All cen-
sus tracts containing more than 10 patients were located in

NOVEMBER 2021 RHODE ISLAND MEDICAL JOURNAL 15


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-11.asp
https://www.rimedicalsociety.org

Table 1. Study population characteristics, including locations of residence
and nebulized prescriptions information.

Number Proportion (%)

Patients 2,225 100%
Prescription Type

Albuterol 1,237 55.6 %

Ipratropium-Albuterol 372 16.7 %

Budesonide 332 145 %

Other / Combination 284 12.8 %
State of Residence

Massachusetts 2,101 94.4 %

New Hampshire 45 2.0 %

Maine 16 0.7 %

Rhode Island 14 0.6 %

Other 49 22 %

Figure 2. Distribution of presumed nebulizer users in and around Bos-
ton, MA. Darker coloration corresponds to a larger number of presumed
nebulizer users residing within the census tract.

Dorchester, Saugus, and Revere. The spatial distribution of
nebulizer users at the census tract level is shown in Figure 2.

At the block level, 521 presumed nebulizer users resided
in census blocks that overlapped with hurricane flood zones.
This population represents 24.8% of patients who received
care at the study site during the study timeframe, were neb-
ulizer users, and lived in Massachusetts. Subsets of this
population living in each hurricane inundation zone were
computed; stratified results are presented in Table 2. A total
of 186 presumed nebulizer users (8.9%) reside in a zone
that would flood in a Category 1 hurricane, and 372 (17.7 %)
reside in a zone that would flood in a Category 2 hurricane;
the population of interest at risk of inundation in a Category
2 storm is approximately twice that at risk in a Category 1
storm. The spatial distribution of nebulizer users living in
locations at risk of hurricane-related flooding is shown in
Figure 3; data is presented at the census tract level to pre-
serve anonymity.
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Table 2. Population of presumed nebulizer users who received care at
the study site during the study period and are at risk of inundation of
their dwelling location in Category 1 through Category 4 hurricanes.

Category | Category | Category | Category
1 zone 2 zone 3 zone 4 zone

Presumed nebulizer users 186 372 456 521
at risk of flooding in this
zone (n)

Proportion of 8.9 17.7 21.7 24.8
Massachusetts nebulizer
users (n=2,101) at risk of
flooding in a storm of this
category (%)

Additional patients at risk - 186 84 65
relative to next lowest
category hurricane (n)

Proportional increase in > 100% 22.6% 14.3%
number of patients at risk
relative to next lowest

category hurricane (%)

Figure 3. Distribution of presumed nebulizer users residing in hurricane
inundation zones. Darker red indicates a larger number of presumed
nebulizers who may be at risk of inundation during a major hurricane.

DISCUSSION

This pilot study demonstrates a simple, reproducible
methodology for mapping climate-related risk to electrici-
ty-dependent patients. Our approach, which uses publicly
available hazard data in combination with internal medical
records data, is not technologically complex and, thanks to
the widespread use of electronic medical records, could be
implemented by many healthcare institutions.

Our results show that nearly one-quarter of Massachusetts
nebulizer users who received care at the study site are living
in census blocks at risk of flooding during hurricanes, and
that the number at risk approximately doubles in a Category
2 hurricane in comparison to a Category 1 hurricane. At the
institutional level, this suggests there could be an increase
in respiratory presentations in the hours or days following
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a hurricane; such information can help guide preparedness
efforts. In addition, awareness of this risk may help primary
care providers, pulmonologists, and patients make prepara-
tions so that alternative breathing treatments, sources of
electricity, or temporary accommodations are available in
the event of a major storm.

It was also noteworthy that the highest densities of pre-
sumed nebulizer users at risk of inundation in this study
were in Dorchester, Saugus, and Revere — communities with
substantial minority, historically marginalized, or finan-
cially constrained populations that may face substantial bar-
riers to climate change adaptation. Such communities may
benefit from hospital outreach efforts including collabora-
tion with local governments or civil society organizations
on community-based interventions to address these and
other health risks.

This pilot study demonstrates that individual healthcare
organizations already possess or can access the data needed
to perform basic evaluations of the risk to their high-vul-
nerability patient populations posed by climate-related
natural hazards. Practical information on the hazard expo-
sure of vulnerable populations can be obtained using freely
available datasets and analytical tools in combination with
medical records data. Improving electronic medical records
utilization, open-source statistical and geographic informa-
tion systems, and availability of free training on their use
mean that simple analyses should be within the reach of
many institutions. While true real-time translational data
readiness for disaster response remains an urgent and com-
plex challenge,® static pre-disaster risk assessments such as
the pilot results presented here can be performed at the level
of individual institutions. Availability of such information
may enhance engagement with community resilience and
climate change adaptation efforts and could be expanded to
a wide range of patient populations, hazards, and infrastruc-
ture issues.

At the organizational level, this information could contrib-
ute to forecasting patient surges and anticipating acute care
needs. For example, Emergency Department (ED) demand
forecasting is often done hour-to-hour®?4; the information
and methods outlined here could be extended to allow orga-
nizations to predict which locations could receive a higher
volume of EDME-related ED arrivals based on proximity to
high-risk areas and vulnerable populations during disaster
events. Community resilience efforts may also benefit from
information on the hazard exposure of specific high-risk
patient populations; such work may help avoid ED crowding
related to DME problems and exacerbations of chronic con-
ditions during disasters, which can lead to operational chal-
lenges, delays in care, and increased ED length of stay.?>38

Information on exposure to climate-related hazards can
also inform care in the outpatient setting. Outpatient pro-
viders may find such information useful when counseling
patients on issues such as respiratory health, heat wave
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safety, and disaster preparedness. Home Health Care (HHC)
presents another intervention opportunity®; HHC organi-
zations are uniquely positioned to assist EDME users with
disaster preparedness at home — for example, using the
National Association for Homecare and Hospice Emergency
Preparedness Checklist.*

Analyses of climate change hazards in relation to vulner-
able populations will be of growing importance in coming
decades. There is a particularly urgent need to develop meth-
ods to proactively identify populations at high risk during
disaster-related electrical outages in order to reduce suffer-
ing, avoid long-term health impacts associated with device
failure, anticipate and reduce ED surges, and ease strain on
hospital systems. Healthcare institutions have a responsi-
bility to prepare for anticipated hazards that can affect their
ability to provide care, including the risk of patient surges
during extreme events. Healthcare providers are uniquely
positioned to counsel patients on preparedness for natural
hazards as a means of protecting their health and advocate
for measures to adapt to climate change and protect health
in the community. Information on local climate-related risk
profiles can help inform such conversations.

LIMITATIONS

The population in this analysis is limited to nebulizer users
and does not include persons dependent on other forms of
EDME, which may have different spatial distributions.
This medical records review was limited to a single medi-
cal center, and provides information specific to the hospital
under assessment, rather than a portrait of the region as a
whole. Our analysis infers that inundation from a hurricane
is a predictor of electrical outage based on a variety of case
studies and other evidence,®5” but lack of recent hurricanes
means the degree of this correlation in the study region is
not definitively known. In addition, quantifying the popu-
lation at risk on the basis of residence within an inundation
zone may underestimate the true number at risk, as damage
to electrical infrastructure within flood zones may result in
power outages affecting non-inundated areas, as occurred
in large parts of Manhattan following a transformer failure
during Hurricane Sandy.®” Finally, a variety of factors may
affect whether inundation actually harms electricity-depen-
dent patients, including locations and fortifications of power
stations and transmission lines, availability of public sites
at which power is available, such as libraries or community
centers, and whether or not a household is on a priority power
restoration list or executes a pre-disaster evacuation plan.

CONCLUSION

Extreme weather related to climate change and the use of
electricity-dependent medical devices are intersecting issues
that combine to increase the risk of adverse health outcomes
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resulting from weather-related electrical outages. This pilot
study uses publicly available hazard data and internal medi-
cal records data to show that a quarter of study-site patients
who use nebulizers reside in locations that are expected to
be inundated during a major hurricane and may experience
electrical outages. Our findings suggest preparedness oppor-
tunities at both the population and institutional levels. The
methodology necessary to conduct this type of assessment
is not complex and could be reproduced in other settings to
assess a variety of hazards and patient populations.
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Asthma Exacerbations Attributable to Ozone Air Pollution in New England

NICHOLAS J. NASSIKAS, MD; KEITH SPANGLER, PhD; GREGORY A. WELLENIUS, ScD

ABSTRACT

BACKGROUND: Ground-level ozone (O,) is an air pol-
lutant and known trigger for asthma exacerbation. We
sought to estimate the number of summertime emer-
gency department (ED) visits for asthma exacerbations
attributable to ozone in each county in New England
(Rhode Island, Massachusetts, Connecticut, New Hamp-
shire, Maine, and Vermont) in 2010.

METHODS: We performed a health impact assessment
using BenMAP. We used population and incidence rates
in New England, daily maximum 8-hour O, levels, and
a concentration-response function derived from the ep-
idemiological literature to quantify ozone-attributable
asthma ED visits.

RESULTS: We estimate that in 2010 there were 4,612
(95% CI 2192, 6866) excess ED visits for asthma exac-
erbation attributable to summertime ozone across New
England. Rates of ozone-attributable asthma ED visits
were highest in Connecticut and Massachusetts.

CONCLUSIONS: There was a substantial number of
ozone-attributable asthma ED visits in New England in
2010 with geographic heterogeneity across states and
counties.

KEYWORDS: climate change, ozone, asthma, emergency
department visit

INTRODUCTION

Asthma affects 1.3 million people in the New England region
of the United States.! Exposure to pollen, dust, infections,
and air pollutants can exacerbate symptoms of the disease.
One air pollutant — tropospheric ozone (O,), or ground-level
O, - is a well-described trigger for asthma exacerbations.”
Tropospheric O, is formed by the reaction of nitrogen oxides
and volatile organic compounds in the presence of sunlight
and heat and, unlike stratospheric ozone, which provides
protection from ultraviolet radiation from the sun, ground-
level ozone is harmful to human health. Tropospheric O,
concentrations tend to be highest during the summer
months when temperatures are higher and sun exposure is
prolonged. One study estimated that approximately 8-21%
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of asthma emergency room visits in the United States are
associated with O, exposure,® although the incidence varies
geographically. Although ozone is recognized as a contrib-
utor to unhealthy air and an important trigger of asthma
exacerbations across New England,* the burden of ozone air
pollution on asthma across all states in New England has
not been established. Accordingly, we sought to estimate
the burden of disease in terms of summertime emergency
department (ED) visits for asthma exacerbations attributable
to ozone in every county in Rhode Island, Massachusetts,
Connecticut, New Hampshire, Maine, and Vermont in 2010.

METHODOLOGY

We performed a health impact assessment to estimate the
number of ozone-attributable asthma exacerbations in New
England among all ages using the United States Environ-
mental Protection Agency Benefits Mapping and Analysis
Program (BenMAP), similar to prior studies.’ This approach
requires multiple data inputs including estimates of ozone
concentrations, baseline incidence rates of asthma-related
ED visits, population counts, and a defined concentration-re-
sponse function providing estimates of the association
between ozone and asthma exacerbation. Conditional on
these inputs (described below), we then quantified ozone-at-
tributable asthma exacerbation ED visits on a county-level
as follows (Equation 1):

Y=Y, (1—eF49%). pop

where Y is the number of ozone-attributable asthma exacer-
bation ED visits, Y, is the baseline incidence rate for asthma,
AO, is the concentration of daily maximum 8-hour O,, Pop
is the population (age 0-99), and B is the risk coefficient on a
natural log scale for asthma ED visits associated with daily O,
exposure. County-level age-adjusted baseline incidence rates
for asthma ED visits in 2010 are obtained from the National
Environmental Public Health Tracking Network.®® Daily
maximum 8-hour ozone concentrations during the sum-
mertime, defined as May 1 to September 30, 2010 in New
England are based on air pollution monitor stations within
each state. BenMAP calculates an inverse-distance weighted
average of nearby monitors to determine county-level ozone
concentrations, an approach called the Voronoi Neighbor
Averaging algorithm.” County-level population numbers are
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Figure 1. Panel A: Average summertime (May 1-September 30), county-level ozone concentrations (parts per billion) in New England states in 2010.

Panel B: Age-adjusted baseline asthma emergency department visit (EDV) rates per 10,000 population in 2010 on a county-level.?

Panel C: Rates of ozone-attributable asthma ED visits per 10,000 people in New England counties in 2010.

A B C
Ozone *’ Baselme asthma & Ozone-related
concentration ~“ EDV incidence rate asthma EDV rate
(ppb) (per 10,000) (per 10,000)
47 110 59
34 25 L5

based on the 2010 U.S. Census. The risk coefficient is based
on the meta-analysis by Ji et al. (2011) that reports a 2.90%
(95% CI 1.33, 4.50) increase in risk of ED visit for asthma
exacerbation for every 10 part per billion (ppb) increase in
daily maximum 8-hour O,."°

RESULTS

In the New England states, warm season averages of daily
maximum 8-hour O, concentrations between May and Sep-
tember 2010 ranged from 34-47 ppb and were highest in
New London County and Middlesex County in Connecti-
cut (Figure 1). Aroostook County in Maine had the lowest
concentrations of O,.

We estimate that in 2010 there were 4,612

2010 and Vermont had the lowest at 2,226 (95% CI 1058,
3314) and 123 (95% CI 59, 185), respectively.

DISCUSSION

Ozone concentrations and the attributable asthma ED vis-
its varied geographically across New England. The health
effects of ozone on asthma vary in part due to differences in
baseline asthma incidence rates between counties. Indeed, a
few counties such as Washington County, Maine, have high
rates of asthma ED visits at baseline that would contribute
to relatively higher rates of ozone-related asthma ED visits
despite relatively lower summertime ozone concentrations.

Table 1. Counties in New England with the highest and lowest rates of summertime

(95% CI 2192, 6866) excess ED visits for
asthma exacerbation attributable to sum-
mertime ozone exposure in New England.
The average rate of excess asthma-related
ED visits was 3.2 (95% CI 1.52, 4.75) per
10,000 population. Connecticut and Mas-
sachusetts had the highest rates of ozone-
attributable asthma ED visits per 10,000
population, with 3.65 (95% CI 1.74, 5.41)
and 3.40 (95% CI 1.62, 5.06) respectively,
while Vermont had the lowest at 1.98 (95%
CIL: 0.94, 2.96) (Figure 1). Rates of ozone-at-
tributable asthma ED visits per 10,000 pop-
ulation varied by county, ranging from 1.5 to
5.9 (Table 1). In terms of absolute numbers
rather than rates, Massachusetts had the
highest absolute number of ozone-attrib-
utable asthma ED visits on a state-level in

ozone-attributable asthma ED visits in 2010.

Counties with highest number of
ozone-attributable asthma ED visits

Counties with lowest number of
ozone-attributable asthma ED visits

County, State

Asthma ED visit
rate per 10,000
(95% ClI)

County, State

Asthma ED visit
rate per 10,000
(95% ClI)

Nantucket County, MA

5.89 (2.8,8.76)

Chittenden County, VT

1.49(0.7,2.22)

Washington County, ME

4.79 (2.27,7.17)

Orange County, VT

1.61(0.76,2.4)

Hampden County, MA

4.41 (2.1,6.57)

Lamoille County, VT

1.62 (0.76,2.41)

Dukes County, MA

4.27 (2.03,6.35)

Washington County, VT

1.8 (0.85,2.7)

New London County, CT

4.23 (2.02,6.28)

Caledonia County, VT

1.81(0.86,2.7)

Tolland County, CT

4.17 (1.99,6.19)

Addison County, VT

1.97 (0.93,2.94)

Aroostook County, ME

4.11 (1.94,6.16)

Grand Isle County, VT

1.98 (0.94,2.96)

Somerset County, ME

3.0 (1.42,4.49)

Sagadahoc County, ME

2.16 (1.02,3.22)

Berkshire County, MA

3.92 (1.86,5.85)

Cheshire County, NH

2.17 (1.03,3.25)

Hartford County, CT

3.91(1.86,5.81)

Windsor County, VT

2.18 (1.03,3.26)
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Differences in ozone concentrations also explain the geo-
graphic heterogeneity of the health impacts on asthma and
likely stem from the distribution of precursor emissions
of nitrogen oxides and volatile organic compounds as well
as sunlight and heat. While ozone concentrations in New
England in 2010 were, on average, below the current Ozone
National Ambient Air Quality Standard, set at 70ppb!! there
remained a substantial number of ED visits attributable to
ozone. Prior studies have shown that reducing ozone con-
centrations below the national standard would lead to fewer
deaths and fewer respiratory hospitalizations.'

In the future, climate change will have significant impli-
cations for asthma in New England, in part due to the
influence of heat on ozone formation."* The Northeast is
projected to have the fastest warming in the contiguous US,
increasing 3°C by 2050 under some models.'* There is also
emerging evidence describing a synergistic effect of heat on
air pollution and human health.'> While our study estimates
ozone-attributable asthma ED visits based on ozone concen-
trations in 2010, temperature increases in the future due to
climate change will lead to more ozone formation while pre-
cursor emission levels are expected to decrease,'® and may
inform adaptation and mitigation strategies.

One of the strengths of this study is the spatial scale. We
report ozone-attributable asthma ED visits on a state and
county level. Understanding the local burden of ozone on
asthma can provide useful information for policy-makers.
Another strength is the use of local baseline incidence rates
for asthma ED visits rather than applying a national or
state level incidence rate to a county-level, since rates vary
geographically.

There are multiple limitations to this study. Ozone con-
centrations are based on monitor station data, which are not
always located in every county in this study and thus may
not reflect the ozone concentrations on finer spatial reso-
lutions. Similar to prior studies, we use an interpolation
method within BenMAP to estimate ozone concentrations
based on surrounding air pollution monitors.!” Another lim-
itation is the use of a single concentration-response function
describing the relationship between ozone concentrations
and asthma ED visits in all ages. Prior studies have reported
differences based on sex and age in the concentration
response relationship between ozone and asthma.'

Future work in this field would benefit from examining
age-specific ozone-attributable ED visits for asthma exac-
erbation especially among vulnerable populations, such
as children and elderly adults. Future research should also
examine how mitigation strategies to address climate
change affect ozone-attributable asthma ED visits.
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CONCLUSIONS

Ozone air pollution is associated with thousands of asthma
exacerbations requiring ED visit in New England. Rates of
ozone-attributable asthma ED visits in New England varied
by state and county in 2010, with the highest rates found
in Connecticut and Massachusetts. These differences across
space are likely due to a combination of varying demographic
health characteristics and pollution levels, suggesting that
efforts to reduce ozone-attributable ED visits should include
improvements both to asthma treatments and air quality.
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Increased Temperatures Are Associated with Increased Utilization
of Emergency Medical Services in Rhode Island

KATELYN MORETTI, MD, MS; BENJAMIN GALLO MARIN, AB, MD'23; LUKE B. SOLIMAN, MTS, MD'23;

NICHOLAS ASSELIN, DO; ADAM R. ALUISIO, MD, MSC, DTM&H

ABSTRACT

BACKGROUND: Increasing temperatures negatively im-
pact health and increases demands on healthcare sys-
tems. However, this has been poorly studied in Rhode
Island (RI). Here we characterize the impact of heat on
emergency medical services (EMS) utilization in RIL.

METHODS: The Rhode Island National Emergency
Services Information System V3 dataset was merged
with data from the National Center for Environmental
Information of the National Oceanic and Atmospheric
Administration from the summers of 2018 and 2019.
The outcome of daily mean EMS runs were compared
against the exposure increasing daily temperatures, mea-
sured as daily maximum, minimum and daily average °F,
using Poisson regressions. Patient characteristics were
included across temperature models.

RESULTS: Increasing daily temperatures were associat-
ed with increasing EMS encounters. The adjusted inci-
dent rate ratio (IRR) for mean daily EMS encounters by
increasing maximum daily temperature was 1.006 (95%
CI 1.004-1.007, Table 3). This resulted in a projected
17.2% increase in EMS runs on days with a maximum
temperature of 65°F compared to days with a maximum
temperature of 95°F. The adjusted IRR for mean daily
EMS encounters by the daily minimum temperature was
1.004 (1.003-1.006) and the adjusted IRR for the mean
daily EMS encounters by the daily average temperature
was 1.006 (1.005-1.008).

CONCLUSIONS: Increasing minimum, maximum, and
average daily temperatures were associated with increas-
ing EMS utilization across Rhode Island in the summers
of 2018 and 2019. Further research into these trends may
help with planning and resource allocation as summer
temperatures continue to rise.

KEYWORDS: Heat, Emergency Medical Services,
Rhode Island

INTRODUCTION

Heat detrimentally affects human health, leading to
increased morbidity and mortality.! As carbon emissions
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continue to rise, the effects of heat on health will continue
to worsen.? Specifically, increasing ambient temperature has
been linked to worsened health outcomes, including hos-
pitalizations and deaths across a range of disease-specific
causes, including pure heat-related illness to cardiovascu-
lar, respiratory and renal disease.>® Despite an international
commitment to limiting global temperature rise to 2° Cel-
sius as outlined in the Paris Climate Agreement, carbon
emissions and temperatures continue to rise.> Over the last
20 years, heat-related deaths in patients 65 years or older
have increased 53.7%. This resulted in 296,000 global heat
deaths in 2018, 19,000 of which were in the United States.?
Preparation and mitigation strategies for population health
from climate change will require a clear understanding of
the current climate change impacts on healthcare delivery.

Within the state of Rhode Island, only one study has
explored the impact of heat on Emergency Department (ED)
visits demonstrating increasing ED volume.” Logically, we
expect this strain to increase across all aspects of the care
continuum. However, no study has evaluated the impact
of heat on EMS utilization across the state. Understanding
changing demands in the summer may allow for improved
planning and resource management as summers become
hotter and longer. In this study, the correlation between
increasing daily summer temperatures and emergency
medical service utilization are described.

METHODS

Inclusion Criteria

All patient encounters with a Rhode Island agency emer-
gency medical service (EMS) occurring in the state of Rhode
Island between the months of June-August 2018 and 2019
were included for analysis.

Database Formation

The Rhode Island National Emergency Medical Services
Information System (NEMSIS) V3 dataset was merged
with the National Centers for Environmental Information
of the National Oceanic and Atmospheric Administration
(NOAA).* The NEMSIS V3 dataset is managed by the Center
of Emergency Medical Services of the State of Rhode Island
Department of Health and collects pertinent ambulance-run
data for all agencies across the state of Rhode Island. It
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includes patient level data, including demographics, pri-
mary impression as well as the date, time and city of the
encounter.

Duplicates were removed as defined by patient encoun-
ters that matched on date and time, age, race, gender, and
complete address. Given that multiple EMS agencies may
respond initially to the same call, a large number of dupli-
cates were anticipated and observed. In addition, encounters
not occurring within the state of Rhode Island were excluded.
The NOAA database provides public access to the historical
weather data and information in the United States. Daily
maximum, minimum and average daily temperatures were
extracted from the Providence, Theodore Francis Green
State Airport weather station for dates of interest: June—
August 2018 and June-August 2019 and merged by date with
the NEMSIS dataset to provide temperature data on the date
of each EMS call. Given possible effects of winter weather
on EMS utilization, analysis was limited to months June-
August. IRB approval was obtained through the RI Depart-
ment of Health for access to the NEMSIS database.

Variable classifications

Patient-level data is ascertained from forms collected on
each EMS run with each EMS agency responding completing
a form. Demographic data extracted included: age, gender,
race. Clinical dataincluded: patient acuity and initial impres-
sion by EMS providers. Location information included: date
and time of the response and address. The NOAA dataset
contains no patient information and are available publicly.
Age was categorized as <18 years, 18-65 and >65 years and
race dichotomized as white versus non-white, consistent
with previous heat research in Rhode Island.” Acuity was
classified by EMS providers within the NEMSIS database as
green, yellow, red or black (deceased) consistent with the
Simple Triage and Rapid Treatment (START) triage method.®
EMS primary impression were classified by physiologic
system or topic including cardiac, renal, gastrointestinal
disease, trauma.

Statistical Analysis
Given previous research demonstrating an increased mortal-
ity rate with maximum temperatures above 85°F in the state
of Rhode Island,” cohort characteristics including year (2018
vs 2019), age, gender, race and acuity were compared with
chi squared analysis dichotomized by encounters occurring
on days with a maximum temperature below 85°F versus
those occurring on days with a maximum temperature equal
to or above 85°F. Mean EMS runs dichotomized by daily tem-
perature at 85°F were compared with a two-sample t test.
The outcome of daily mean EMS runs was modeled against
the exposure of increasing daily temperatures using Poisson
regression. Variables for the model were chosen using for-
ward selection and a Pr=0.2. Variables considered included:
the city of the response, year, patient age, gender, acuity
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and EMS’ first impression. Patient acuity, first impression
and year were included in the maximum daily temperature
model. Patient acuity, first impression, cohort year and age
were included in the minimum daily temperature model and
year and first impression were included in the average daily
temperature model.

RESULTS

Within the NEMSIS database, 53,028 encounters were found
for June-August 2018 and June-August 2019. After removal
of duplicates and encounters not occurring within the state
of Rhode Island, a final cohort of 49,548 EMS encounters
remained (Figure 1). The majority (3,328) also matched on
primary impression. Nine encounters had differing primary
impressions (Supplemental Table 1).

Figure 1. Dataset creation with removal of duplicates from the EMS
dataset. *For a list of the differing primary impressions see Supplemental
table 1.

All Rhode Island EMS encounters for June-August 2018 and
June-August 2019 with a location within Rhode Island.
N=53,028

Dupli removed hed on date and time, age race,
gender, primary impression and complete address
N=3,328

Dupli d when hed over date and time, age, race,
gender and complete address but with differing primary
impression®
N=9

o |
Patient encounter not in Rhode Island
N=143
Final cohort
N=49,548

Supplemental table 1. Nine patients matched on date and time, age,
race, gender and primary address with differing primary impressions.
The encounter with impression 2 was removed from analysis.

Patient | Impression 1 Impression 2 (removed)
1 Traumatic injury Injury of head
2 Injury of lower leg Traumatic Injury, unspecified
3 Pain, unspecified Injury of food
4 Fever Missing
5 Injury of shoulder and Injury of head

upper arm

Injury of foot Pain, unspecified

Injury of wrist, hand
and fingers

Injury of lower back

Hypertension Headache

Injury of neck Injury of lower back.
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Table 1. EMS response and patient characteristics for days below and above 85°F

in Rhode Island, June—August 2018 and 2019.

CLIMATE CHANGE

Table 2. Daily temperature characteristics for the overall

cohort and by year for June-August.

Maximum daily Maximum daily P value Mean Mean Mean
temperature < 85 °F temperature > to 85 °F maximum average minimum
N=28,168 (%) N=21,378 (%) daily daily daily
Mean daily EMS 284.7 300.7 <0.0001 temPerature temPerature temPerature
runs (95% C1 280.3-289.0) | (95% Cl 295.9-305.5) in °F in °F in °F
(95% Cl) (95% Cl) (95% Cl)
vear Overall 82.2 726 63.9
2018 12,782 (52.0) 11,788 (48.0) <0.0001 (81.2-83.3) (71.7-73.5) (62.9-64.9)
2019 15,372 (61.6) 9,579 (38.4) 2018 82.9 73.1 64.4
Age (82.8-83.0) (71.7-74.4) (62.9-65.8)
<18 1,596 (5.7) 1,189 (5.6) 0.58 2019 81.9 722 63.5
18-65 14,892 (52.9) 11,401 (53.4) e O O I D)
>65 11,650 (41.4) 8,767 (41.1)
Gender Figure 2. Mean daily EMS Responses by the maximum,
minimum and average daily temperatures (°F) across the state
iils 1ER252 7-1) 1051158 727 s of Rhode Island for June-August 2018 and 2019
Female 14,900 (52.9) 11,177 (52.3)
Missing 10 (0.04) 10 (0.05) 2 ’ :
Race 2
White 7,072 (25.1) 5,403 (25.3 0.22 E
Non-white 1,013 (3.6) 774 (3.6) g
Missing 20,083 (71.3) 15,201 (71.1) g
Acuity 2
Green 14,789 (52.5) 11,309 (52.9) 0.30
Yellow 4,753 (16.9) 3,643 (17.0)
Red 964 (3.4) 680 (3.2)
Black 1(0.0) 3 (0.01)
Missing 7,661 (27.2) 5,743 (26.9)
Top Five Primary Impressions
Other 6,079 4,788 0.30
Cardiac 3,719 2,814
Trauma 3,687 2,682
Psychiatric 3,518 2,602
Gastrointestinal 2,478 1,879
Mean daily EMS runs were statistically higher on days with a
maximum temperature above 85°F (285 vs. 300, p=<0.0001 Table 1).
There was no statistical difference in patient characteristics: age,
gender, race or acuity between those with an EMS encounter on days
less than or greater than 85°F (Table 1).
The mean maximum, mean minimum and mean average daily g
temperatures between 2018 and 2019 were similar (Table 2). How- ;
ever, there were more days > 85°F in 2018 than 2019 (46% vs 37 %) %
and a greater percentage of EMS runs on days that were over 85°F in r
2018 versus 2019. =
Increasing daily temperatures were associated with increasing
EMS encounters for the state of Rhode Island in the summers of 2018
and 2019 (Figure 2). The adjusted incident rate ratio (IRR) for mean : pr = = P
daily EMS encounters by increasing maximum daily temperature Average Daily Temperature (Fahrenheit)
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Table 3. Maximum daily temperature model controlled for patient
acuity, first impression and year. Minimum daily temperature model
controlled for patient acuity, first impression, year and age. Average
daily temperature model controlled for year and first impression.

Unadjusted Incident
Rate Ratio Mean Daily
EMS Encounters

Adjusted Incident
Rate Ratio Mean Daily
EMS Encounters

(95% CI) (95% CI)
Maximum Daily 1.0053 1.006
Temperature (1.0052-1.0054) (1.004-1.007)
Minimum Daily 1.0037 1.004
Temperature (1.0036-1.0038) (1.003-1.006)
Average Daily 1.0053 1.006

Temperature (1.0052-1.0053) (1.005-1.008)

was 1.006 (95% CI 1.004-1.007, Table 3). Thus, according to
this model, we would expect an average of 250 EMS encoun-
ters on summer days with a maximum temperature of 65°F.
While, on days with a maximum temperature of 95°F, we
would expect an average call volume of 293, a 17.2% increase.

The adjusted IRR for mean daily EMS encounters by the
daily minimum temperature was 1.004 (1.003-1.006) and
the adjusted IRR for the mean daily EMS encounters by the
daily average temperature was 1.006 (1.005-1.008).

CONCLUSIONS

Increasing minimum, maximum and average daily tempera-
tures were associated with increasing EMS utilization across
the state of Rhode Island in the summers of 2018 and 2019.
Past literature has shown an association between increased
ambient temperature and patient morbidity and mortality
resulting in greater utilization and strain of the healthcare
system.>>!% In Rhode Island (RI), rising summer daily tem-
peratures have been linked to worsened emergency depart-
ment strain, with close to a 24% increase in Emergency
Department (ED) visits.”

Heat has been associated with increased acute diseases
as well as exacerbations of chronic illnesses. Specifically,
heat has been associated with increased incidence of cardiac
arrest,® subarachnoid hemorrhage,!* acute kidney injury,
hyponatremia,'® pulmonary arterial hypertension'* and isch-
emic heart disease!® to name a few. However, in this study,
EMS’ primary impression of the patient’s illness did not
change for days less than or greater than 85°F. In addition,
the patients demographics including age, race acuity level
did not change.

There was a greater percentage of patients seen on days
over 85°F in 2018 than in 2019 most likely because there
were more days over 85°F in 2018 as compared to 2019.

LIMITATIONS
Associations of EMS runs, heat and patient acuity or race
were limited by large amounts of missing patient data.
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However, it is most likely missing at random and therefore
represents a non-differential error. Thus, its impact on the
association observed between heat and increasing EMS uti-
lization is presumed to be minor. Given that heat impacts
vulnerable populations disproportionately (SOURCE), vul-
nerable races may demonstrate a disproportionate increase
in EMS utilization as temperature increases. However, data
were insufficient to examine this relationship and future
studies are needed to further examine this relationship.
In addition, final hospital diagnosis was not available for
patient encounters. The proxy of EMS’ primary impression
was used but may not fully capture the impacts on health
outcomes in the population. Further research linking EMS
records to hospital records including an evaluation of the
final diagnosis would be beneficial.

Heat puts strains across all strata of emergency services,
including EMS. As temperatures continue to rise, under-
standing the extent of increased demands may allow for
appropriate staffing, early warning systems and increased
public mitigation strategies such as cooling centers.

Additional heat considerations or measurements may also
be important to examine. For example urban heat islands
(UHIs) are areas of urbanization that, secondary to heat
absorptive surfaces such as concrete and asphalt, result in
surface temperatures above the average surface temperature
in that geographic area.'s Urban heat islands and heatwaves,
neither examined in this study, have also been identified as
exacerbating heat effects and may play in important role in
the increased EMS usage during hot days seen here. Heat-
wave events, or prolonged periods of abnormally high tem-
peratures, have resulted in specific negative health impacts
including an increase in heat-related mortality rates® As
our climate warms, heatwaves are increasing in frequency
and associated morbidity is worsening.> In addition, UHIs
are areas of urbanization that, secondary to heat absorp-
tive surfaces such as concrete and asphalt, result in surface
temperatures above the average surface temperature in that
geographic area.'” Patients living in UHIs are especially sus-
ceptible to heat waves and the deleterious health effects
of increasing ambient temperatures.'® Future research will
further characterize EMS utilization during heatwaves and
within UHIs. This understanding will better inform future
preparedness and mitigation strategies.
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Potential Effects of Climate Change on Tick-borne Diseases

in Rhode Island
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ABSTRACT
Human cases of tick-borne diseases have been increasing
in the United States. In particular, the incidence of Lyme
disease, the major vector-borne disease in Rhode Island,
has risen, along with cases of babesiosis and anaplasmo-
sis, all vectored by the blacklegged tick. These increases
might relate, in part, to climate change, although other
environmental changes in the northeastern U.S. (land
use as it relates to habitat; vertebrate host populations
for tick reproduction and enzootic cycling) also contrib-
ute. Lone star ticks, formerly southern in distribution,
have been spreading northward, including expanded
distributions in Rhode Island. Illnesses associated with
this species include ehrlichiosis and alpha-gal syndrome,
which are expected to increase. Ranges of other tick spe-
cies have also been expanding in southern New England,
including the Gulf Coast tick and the introduced Asian
longhorned tick. These ticks can carry human pathogens,
but the implications for human disease in Rhode Island
are unclear.

KEYWORDS: ticks, climate change, Lyme disease,
Babesiosis, Ehrlichiosis

INTRODUCTION

Ticks are major disease vectors in north temperate regions
worldwide, transmitting a wide variety of pathogen types.
Although mosquitoes are recognized as vectors of wide-
spread tropical diseases such as malaria and dengue, they are
responsible for far fewer cases of disease than ticks in North
America. In Rhode Island, mosquitoes are responsible for an
average of only about one human case of arboviral disease
per year.! In contrast, annual cases of tickborne ailments in

overall, in a poleward shift in the distributions of tick-borne
diseases.? However, numerous other environmental and
socioeconomic factors that affect vector-borne disease trans-
mission are also changing. This complicates direct predic-
tions of climate change effects on future disease distribution
patterns, and only a few examples have been demonstrated
convincingly for tick-borne pathogens.? In this brief review
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we identify the major tick-borne diseases that currently
occur in Rhode Island, describe the underlying transmission
dynamics, and consider the likely effects of climate change.
We also discuss tick species that have recently spread into
the region and the pathogens they might bring with them.

MAJOR TICK-BORNE DISEASES IN RHODE ISLAND

The major tick disease vector in Rhode Island is the black-
legged tick (sometimes called the deer tick), Ixodes scapu-
laris, which transmits the spirochete that causes Lyme
disease. Several tick-borne pathogens cause human disease
in Rhode Island, with Lyme disease being far the most com-
mon (Table 1). Reported cases of Lyme disease in the state
are in the vicinity of 1,000 per year, but this is undoubtedly
a substantial underestimate. A recent CDC estimate using
insurance claims data indicates that the annual number of
cases diagnosed in the US from 2010-2018 averaged about
476,000, compared to the average of only about 35,000 cases
per year reported to the agency.?

The blacklegged tick is concentrated in woodlands with
leaf litter and is most abundant in the southern portion of
Rhode Island, but numbers fluctuate substantially from year

Table 1. Major tick-borne diseases in Rhode Island

Tick vector Disease Pathogen Mean # cases
peryr.
(2015-2019)*
Blacklegged tick, | Lyme disease | Borrelia 1,004.2
deer tick burgdorferi
(Ixodes scapularis)
Anaplasmosis | Anaplasma 141.4
phagocytophilum
Babesiosis Babesia microti 165.8
Powassan Powassan virus, 0.8
Encephalitis | Deer tick virus
Lone star tick Ehrlichiosis Ehrlichia 57.0
(Amblyomma chaffeensis, E.
americanum) ewingi
American dog Spotted Rickettsia 6.0
tick (Dermacentor | Fever Group | rickettsii, R. spp.
variabilis) Rickettsiosis

* Data in Table 1 and Figure 1 from CDC
(https://www.cdc.gov/nndss/data-statistics/infectious-tables/index.html)
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to year such that dense populations extend throughout the
state in some years.* In addition to Lyme disease, which is
caused by a spirochete, the blacklegged tick is also the pri-
mary vector of the two other major tick-borne pathogens in
Rhode Island, the rickettsia that causes anaplasmosis and
the protozoan that causes babesiosis (Table 1). This tick can
also transmit pathogens less commonly reported in Rhode
Island, including Powassan encephalitis virus, and the
relapsing fever spirochete Borrelia miyamotoi.’

Two other tick species are important vectors of human
pathogens in Rhode Island, the lone star tick, Amblyomma
americanum, which transmits the rickettsiae that cause
ehrlichiosis and possibly those that cause Rocky Mountain
Spotted Fever, and the American dog tick, Dermacentor vari-
abilis, the primary vector of Rocky Mountain Spotted Fever
(Table 1). These two tick species can also transmit the bacte-
rium Francisella tularensis, which causes tularemia, but this
pathogen is often transmitted via infectious fluids through
handling or even breathing aerosols from infected animals
rather than from tick bite. These diseases are far less com-
mon than some of those vectored by I. scapularis, but the
distributions of these tick species are changing,® and effects
of climate change are potentially important. Resources for
identification of tick species, and information sources rele-
vant to disease transmission and status in Rhode Island are
readily available online (https://web.uri.edu/tickencounter/).

CLIMATE CHANGE AND TRANSMISSION
PATTERNS OF TICK-BORNE PATHOGENS

Lyme disease, Anaplasmosis, Babesiosis

Rhode Island is near the center of the current geographic
distribution of Lyme disease, and is likely to remain an epi-
center of Lyme and other major tick-borne diseases in the
foreseeable future. In the eastern and central U.S., Lyme dis-
ease is most common in the northern states, and relatively
uncommon in the south (https://www.cdc.gov/lyme/data-

marily from latitudinal trends in host-seeking behavior and
host associations of larval and nymphal ticks. Northern I.
scapularis wait on leaves and twigs at the leaf litter surface
and attach to passing hosts, while southern ticks remain
below the litter surface when host-seeking.” Therefore, peo-
ple frequently encounter northern ticks in their woodland
habitats, but there is relatively little human exposure in the
south.® Furthermore, northern larval and nymphal ticks feed
primarily on small mammals such as rodents and shrews,
which are excellent reservoirs for the Lyme spirochete,
while southern ticks feed mostly on lizards, which are rela-
tively poor reservoirs, so prevalence of spirochetal infection
is much lower in southern than in northern ticks.” Some of
these latitudinal differences might well be related to north-
south climatic differences,'® and so might be affected by cli-
mate change. Some modeling studies predict that climate
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change-related effects on factors such as tick development
and phenology are likely to result in increases in Lyme
disease incidence in the northeast,!'? as well as increased
spread northward into Canada. Indeed, cases of Lyme disease
have been increasing in the U.S., and northward spread into
Canada has been documented.'® However, predictions for
changes in current endemic areas vary with model assump-
tions and local complexities,'* so these effects remain uncer-
tain for Rhode Island. Human cases of Lyme disease reported
to the CDC have been increasing in Rhode Island (Figure
1A). Furthermore, evidence from various sources suggest
that populations of I. scapularis, and human cases of associ-
ated diseases, have been increasing in the northeast,®'> and
that these changes result, at least in part, from the effects of
climate change.”

Epidemiological trends in cases of anaplasmosis and babe-
siosis are expected to be similar to those for Lyme disease,
because they have the same tick vector species, I. scapu-
laris, and the same primary reservoir species, the white-
footed mouse (Peromyscus leucopus). As such, patterns of
epizootiology are similar for these pathogens, except that
transmission efficiency is apparently greater for Borrelia
burgdorferi than for Anaplasma phagocyotophila'® or Babe-
sia microti,V so infection prevalence of these pathogens
in ticks is lower than that of Lyme spirochetes, and there
are fewer human cases (Figure 1B). Thus, anaplasmosis and
babesiosis are likely to remain important in Rhode Island,

Figure 1A.
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and though cases are expected to increase, they will likely
remain less prevalent than Lyme disease.

Ehrlichiosis, alpha-gal syndrome

The lone star tick, A. americanum, is the vector of the rick-
ettsiae that cause ehrlichiosis.'® Growing evidence indicates
that lone star tick bites are also responsible for alpha-gal
syndrome (also called red meat allergy or tick bite meat
allergy), an allergic response to the carbohydrate galac-
tose-alpha-1,3-galactose, which is found in mammalian
meat."” Populations of this tick species are spreading north-
ward? and ehrlichiosis cases have been increasing in Rhode
Island (https://health.ri.gov/data/diseases/Erlichiosis pdf]. Lone
star ticks were formerly southern in distribution, with
dense populations from central New Jersey and southward,
but populations increased substantially on Long Island, N,
in the late 1980s and 1990s, and they are now established
in Connecticut.?! Climate change might contribute to the
northward spread of this species, but increasing populations
of its primary hosts, including white-tailed deer, coyotes, and
wild turkeys, are also important.?® This tick has previously
been rare on the mainland of Rhode Island, although a dense
population has existed on Prudence Island in Narragansett
Bay, at least since 1990.? Populations have increased sub-
stantially since 2016 on Conanicut Island, and established
populations (all three life stages) are now being detected
at mainland sites, especially in coastal communities on
both sides of Narragansett Bay and the south coast (TNM,
personal observation). Thus, lone star ticks are spreading
northward, likely related to changes in climate and in host
distributions. Rhode Island is within the potential range
of this species predicted by some models, but not others.?
Given the recent local increases in A. americanum popu-
lations and the persistent population on Prudence Island, it
is reasonable to expect increases in Rhode Island cases of
ehrlichiosis and alpha-gal syndrome in the future.

Spotted fever group rickettsioses

The primary vector of Rickettsia rickettsii, etiologic agent of
Rocky Mountain Spotted Fever (RMSF) in North America, is
the American dog tick, D. variabilis, which is responsible for
modest numbers of human cases in Rhode Island (Table 1).
This species is distributed widely in the eastern U.S., and
climate change might well result in larger populations in
the northern U.S. and Canada.® Most RMSF cases currently
occur in a band from the Carolinas to Oklahoma,** so cli-
mate change could result in greater numbers of cases in our
area. This pathogen is maintained vertically in D. variabilis
(passed from mother to offspring), and outbreaks tend to be
focal, with local amplification presumably resulting from
horizontal transmission by ticks among mammal hosts.?.
However, these dynamics are poorly understood, so it is dif-
ficult to predict the likely effects of a changing climate on
the epidemiology of RMSF.
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Another spotted fever group rickettsia, R. parkeri, is trans-
mitted by the Gulf Coast tick, Amblyomma maculatum.
This tick was formerly found only in the southern states,
but it has recently expanded its range into the mid-Atlan-
tic region,?® and an established population has recently been
reported in Connecticut.”’ Human infection with R. park-
eri has not yet been detected in Rhode Island, but given the
northward range expansion of the vector, this possibility is
worthy of attention in the future.

TICK SPECIES LIKELY TO SPREAD

INTO RHODE ISLAND

Northward spread of two tick species has already been dis-
cussed: A. americanum, which is already present in Rhode
Island and is likely to increase in the future, and A. macula-
tum, which has not yet been detected in the state, but which
is spreading into the region. Both species present potential
implications for human health, and their range expansion
might be related, at least in part, to climate change.

A third tick species that was introduced into the United
States, presumably from its native range in Asia, has recently
appeared in the region, and the implications for human health
are currently unclear. The Asian longhorned tick, Haema-
physalis longicornis, was first detected in North America
in 2017. Examinations of earlier collections indicate that
this species was present in the United States several years
before that detection. It has now been detected in 16 states,
and on dozens of animal species (https://www.aphis.usda.

Block Island, and H. longicornis has recently been collected
on the Rhode Island mainland (TNM, personal observation).
The North American populations are parthenogenetic and
can rapidly increase to high densities. This tick is known to
vector numerous pathogens in Asia, including Severe Fever
with Thrombocytopenia Syndrome (SFTS) virus,? and has
become an introduced pest of cattle in Australia. It serves as
a vector of the cattle pathogen Theileria orientalis Tkeda in
Virginia.?” To date, no human pathogens have been isolated
from H. longicornis in the United States, except for one B.
burgdorferi isolate from Pennsylvania.®® Lab studies suggest
that H. longicornis is not a competent vector of B. burgdor-
feri®! or of A. phagocytophilum,® but that this tick species
can acquire and transmit the RMSF pathogen R. rickettsii®.
The potential role of this species as a vector of human patho-
gens in the U.S. remains unclear. Fortunately, this species
does not readily bite humans, although cases of attachment
to humans have been reported in the United States.** Rhode
Island is within the predicted distribution of this species,*
and populations are likely to increase in the future.
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CONCLUSIONS

Incidence levels of tick-borne diseases generally respond to
changes in environmental conditions such as habitat, verte-
brate host populations, and climate, as well as to factors that
influence tick encounter by people. Human cases of several
tick-associated diseases in Rhode Island, Lyme disease chief
among them, but also anaplasmosis, babesiosis, ehrlichiosis,
and alpha-gal syndrome, are likely to increase in the future.
Northward range expansions of some tick species into Rhode
Island are likely, but the implications for human health
are unclear.

References

1.

10.

11.

12.

13.

14.

RIMJ ARCHIVES | NOVEMBER ISSUE WEBPAGE | RIMS

Ginsberg HS, Gettman A, Becker E, Bandyopadhyay A, LeBrun
RA. Environmental management of mosquito-borne viruses in
Rhode Island. RI Med ]. 2013;96(7):37-41.

Ogden NH, Beard CB, Ginsberg HS, Tsao JI. Possible effects of
climate change on ixodid ticks and the pathogens they transmit:
what has been predicted and what has been observed. ] Med
Entomol. 2021;58(4):1536-1545.

Kugeler CJ, Schwartz AM, Delorey MJ, Meade PS, Hinckley AF.
Estimating the frequency of Lyme disease diagnoses, United
States, 2010-2018. Emerg Inf Dis. 2021;27(2):616-619.

Berger KA, Ginsberg HS, Dugas KD, Hamel LH, Mather TN.
Adverse moisture events predict seasonal abundance of Lyme
disease vector ticks (Ixodes scapularis). Parasites e Vectors.
2014;7:181.

Fiorito TM, Reece R, Flanigan TP, Silverblatt FJ. Borrelia mi-
yamotoi polymerase chain reaction positivity on a tick-borne
disease panel in an endemic region of Rhode Island. Inf Dis Clin
Practice. 2017;25(5):250-254.

Sonenshine DE. Range expansion of tick disease vectors in
North America: Implications for spread of tick-borne disease.
Int ] Env Res Pub HIth. 2018;15:478.

Arsnoe I, Tsao JI, Hickling GJ. Nymphal Ixodes scapularis
questing behavior explains geographic variation in Lyme bor-
reliosis risk in the eastern United States. Ticks Tick-borne Dis.
2019;10:553-563.

Stromdahl EH, Hickling GJ. Beyond Lyme: aetiology of tick-
borne human diseases with emphasis on the southeastern Unit-
ed States. Zoon Pub HIth. 2012;59:48-64.

Ginsberg HS, Hickling GJ, Burke RL, Ogden NH, Beati L, LeB-
run RA, Arsnoe IM, Gerhold R, et al. Why Lyme disease is com-
mon in the northern U.S., but rare in the south: the roles of
host choice, host-seeking behavior, and tick density. PLoS Biol.
2021;19(1):e3001066.

Ginsberg HS, Albert M, Acevedo L, Dyer MC, Arsnoe IM, Tsao
JI, Mather TN, LeBrun RA. Environmental factors affecting sur-
vival of immature Ixodes scapularis and implications for geo-
graphical distribution of Lyme disease: the climate/behavior
hypothesis. PLoS ONE 2017;12(1):e0168723.

Levi T, Keesing F, Oggenfuss K, Ostfeld RS. Accelerated phenol-
ogy of blacklegged ticks under climate warming. Phil Trans R
Soc B. 2015;370:20130556.

Couper LI, MacDonald AJ, Mordecai EA. Impact of prior and
projected climate change on US Lyme disease incidence. Glob
Change Biol. 2021;27:738-754.

Kulkarni MA, Narula I, Slatculescu AM, Russell C. Lyme
disease emergence after invasion of the blacklegged tick, Ixo-
des scapularis, Ontario, Canada, 2010-2016. Emerg Inf Dis.
2019;25(2):328-332.

Ostfeld RS, Brunner JL. Climate change and Ixodes tick-borne
diseases of humans. Phil Trans R Soc B. 2015;370:20140051

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Y7977 | 2027

CLIMATE CHANGE

Menis M, Whitaker BI, Wernecke M, Jiao Y, Eder A, Kumar S,
Xu W, Wei Y, et al. Babesiosis occurrence among United States
Medicare beneficiaries, ages 65 and older, during 20006-2017:
overall and by state and county of residence. Open Forum Inf
Dis. 2021;8(2).0faa608. https://doi.org/10.1093/0fid/ofaa608.
Levin ML, Ross DE. Acquisition of different isolates of Anaplas-
ma phagocytophilum by Ixodes scapularis from a model ani-
mal. Vector-borne Zoon Dis. 2004;4:53-59.

Mather TN, Telford SR, Moore SI, Spielman A. Borrelia burg-
dorferi and Babesia microti: efficiency of transmission from
reservoirs to vector ticks (Ixodes dammini). Exp Parasitol
1990;70(1):55-61.

Mixson TR, Campbell SR, Gill JS, Ginsberg HS, Reichard MV,
Schulze TL, Dasch GA. Prevalence of Ehrlichia, Borrelia, and
rickettsial agents in Amblyomma americanum (Acari: Ixodi-
dae) collected from nine states. ] Med Entomol. 2006;43(6):1261-
1268.

Young I, Prematunge C, Pussegoda K, Corrin T, Waddell L. Tick
exposures and alpha-gal syndrome: a systematic review of the
evidence. Ticks Tick-borne Dis. 2021;12:101674

Molaei G, Little EAH, Williams SC, Stafford KC. Bracing for the
worst — range expansion of the lone star tick in the northeastern
United States. N Engl ] Med. 2019;381(23):2189-2192..

Stafford KC, Molaei G, Little EAH, Paddock CD, Karpathy SE,
Labonte AM. Distribution and establishment of the lone star
tick in Connecticut and implications for range expansion and
public health. ] Med Entomol. 2018;55(6):1561-1568.

Mather TN, Mather ME. Intrinsic competence of three ixodid
ticks (Acari) as vectors of the Lyme disease spirochete. | Med
Entomol. 1990,27(4):646-650.

Springer YP, Jarnevich CS, Barnett DT, Monaghan AJ, Eisen
RJ. Modeling the present and future geographic distribution
of the lone star tick, Amblyomma americanum (Ixodida: Ixo-
didae) in the continental United States. Am | Trop Med Hysg.
2015;93(4):875-890.

Biggs HM, Behravesh CB, Bradley KK, Dahlgrren FS, Drexler
MA, Dumler JS, Folk SM, Kato CY, et al. Diagnosis and manage-
ment of tickborne rickettsial diseases: Rocky Mountain Spot-
ted Fever and other spotted fever group rickettsioses, ehrlichi-
osis, and anaplasmosis — United States. Morb Mort Wkly Rept.
2016;65(2):1-45.

Macaluso KR, Paddock CD. Tick-borne spotted fever group rick-
ettsioses and Rickettsia species. Pp. 211-250. In Sonenshine DE,
Roe RM (eds.)., Biology of Ticks, vol. 2, 2" edition. 2014. Oxford
University Press, NY.

Nadolny RM, Gaff HD. Natural history of Amblyomma macu-
latum in Virginia. Ticks Tick-borne Dis. 2018;9:188-195.
Molaei G, Little EAH, Khalil N, Ayres BN, Nicholson WL, Pad-
dock CD. Established population of the Gulf coast tick, Ambly-
omma maculatum (Acari: Ixodidae), infected with Rickettsia
parkeri (Rickettsiales: Rickettsiaceae), in Connecticut. | Med
Entomol. 2021,58(3);1459-1462.

Zhao L, Li J, Cui X, Jia N, Wei J, Xia L, Wang H, Zhou Y, et
al. Distribution of Haemaphysalis longicornis and associated
pathogens: analysis of pooled data from a Chinese field survey
and global published data. Lancet Planet HIth. 2020;4:€320-29.
Dinkel KD, Herndon DR, Noh SM, Lahmers KK, Todd SM, Ueti
MW, Scoles GA, Mason KL, et al. A U.S. isolate of Theileria ori-
entalis, Tkeda genotype, is transmitted to cattle by the invasive
Asian longhorned tick, Haemaphysalis longicornis. Parasites e
Vectors. 2021;14:157.

Price KJ, Graham CB, Witmier BJ, Chapman HA, Coder BL,
Boyer CN, Foster E, Maes SE, et al. Borrelia burgdorferi sensu
stricto DNA in field-collected Haemaphysalis longicornis ticks,
Pennsylvania, United States. Emerg Inf Dis. 2021;27(2):608-611.
Breuner NE, Ford SL, Hojgaard A, Osikowicz LM, Parise CM,
Rizzo MFR, Bai Y, Levin ML, et al. Failure of the Asian long-
horned tick, Haemaphysalis longicornis, to serve as an experi-

NOVEMBER 2021 RHODE ISLAND MEDICAL JOURNAL 32


https://doi.org/10.1093/ofid/ofaa608
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-11.asp
https://www.rimedicalsociety.org

mental vector of the Lyme disease spirochete, Borrelia burgdor-
feri sensu stricto. Ticks Tick-borne Dis. 2020;11:101311.

32. Levin ML, Stanley HM, Hartzer K, Snellgrove AN. Incompe-
tence of the Asian longhorned tick (Acari: Ixodidae) in trans-
mitting the agent of human granulocytic anaplasmosis in the
United States. ] Med Entomol. 2021;58(3):1419-1423.

33. Stanley HM, Ford SL, Snellgrove AN, Hartzer K, Smith EB,
Krapiunaya I, Levin ML. The ability of the invasive Asian long-
horned tick Haemaphysalis longicornis (Acari: Ixodidae) to
acquire and transmit Rickettsia rickettsii (Rickettsiales: Rick-
ettsiaceae), the agent of Rocky Mountain Spotted Fever, under
laboratory conditions. | Med Entomol. 2020;57(5):1635-1639.

34. Wormser GP, McKenna D, Piedmonte N, Vinci V, Egizi AM,
Backenson B, Falco RC. First recognized human bite in the Unit-
ed States by the Asian Longhorned tick, Haemaphysalis longi-
cornis. Clin Inf Dis. 2020;70:314-316.

35. Rochlin I. Modeling the Asian longhorned tick (Acari: Ixo-
didae) suitable habitat in North America. ] Med Entomol.
2019;56(2):384-391.

Acknowledgments

The authors thank Michael Gosciminski, MT, MPH, and Utpala
Bandy, MD, MPH, for constructive comments on an early draft of
the manuscript. This work was supported by the US Geological Sur-
vey, RI Department of Health, and the University of Rhode Island.
Thank you to all the RIDOH Center for Acute Infectious Disease
Epidemiology (CAIDE) staff and CAIDE scholars who participated
in the RI tick-borne surveillance systems, contributing to the 2015-
2019 surveillance data presented in this article. This publication
was supported by the Cooperative Agreement NOFO number CDC-
RFA-CK19-1904 entitled 2019 Epidemiology and Laboratory Ca-
pacity for Prevention and Control of Emerging Infectious Diseases
(ELC), funded by the Centers for Disease Control and Prevention. Its
contents are solely the responsibility of the authors and do not neces-
sarily represent the official views of the Centers for Disease Control
and Prevention or the Department of Health and Human Services.
Any use of trade, firm, or product names is for descriptive purpos-
es only and does not imply endorsement by the US government.

RIMJ ARCHIVES | NOVEMBER ISSUE WEBPAGE | RIMS

Y7977 | 2027

CLIMATE CHANGE

Authors

Howard S. Ginsberg, PhD, is a Research Ecologist with the U.S.
Geological Survey, Eastern Ecological Science Center. He
serves as Unit Leader of the USGS Rhode Island Field Station,
and Professor in Residence at the University of Rhode Island.

Jannelle Couret, PhD, MEM, is an Assistant Professor in the
Department of Biological Sciences, University of Rhode Island.

Jason Garrett, BSN, MPH, is a Public Health Epidemiologist with
the Rhode Island Department of Health.

Thomas N. Mather, PhD, is a Professor in the Department of Plant
Sciences & Entomology, University of Rhode Island.

Roger A. LeBrun, PhD, is Carnegie Professor of Life Sciences
Emeritus, Department of Plant Sciences & Entomology,
University of Rhode Island.

Correspondence

Howard S. Ginsberg, PhD

U.S. Geological Survey, Eastern Ecological Science Center
University of Rhode Island, Woodward Hall — PSE
Kingston, RI 02881

hginsberg@usgs.gov

NOVEMBER 2021 RHODE ISLAND MEDICAL JOURNAL 33


mailto:hginsberg%40usgs.gov?subject=
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-11.asp
https://www.rimedicalsociety.org

Wasting No Time:

CLIMATE CHANGE

Implementation and the Climate Impact of a Solid Waste Stream Process
Intervention in a Large Academic Emergency Department

KATELYN MORETTI, MD, MS; REBECCA KARB, MD, PhD; ROGER DURAND; LEO KOBAYASHI, MD; ALISON S. HAYWARD, MD, MPH

INTRODUCTION

Climate change is one of the most critical issues facing our
planet, and healthcare systems play a major role in gener-
ating the greenhouse gases that lead to accelerated climate
change.! In fact, healthcare is responsible for 10% of all
greenhouse gas emission in the United States® and generates
4.3 million tons of waste annually.? Moreover, the emergence
of the COVID-19 pandemic has created myriad challenges
including the increased production of biomedical waste.*

Meaningful solutions to reduce the impact of human
activity on climate change must include efforts by health-
care systems to reduce waste and decrease the production of
greenhouse gases. In particular, biohazard waste, also known
as regulated medical waste (RMW), requires autoclaving and
shredding and results in up to fifteen times as much green-
house gas equivalents emitted as compared to regular solid
waste.>® In addition, RMW processing is seven times more
costly to healthcare systems as compared to regular solid
waste processing.

RMW is typically defined as items saturated in blood or
potentially infectious bodily fluids, sharps, and syringes and
is generally collected in red biohazard bags and sharps con-
tainers. RMW comprises just a fraction of all waste produced
within a medical system, yet idiosyncratic institutional
practices (such as the sole use of red bags for all medical
waste disposal) can adversely affect the environment at a
disproportionate level. In order to mitigate this particular
problem in the Emergency Department (ED) at Rhode Island
Hospital (RIH), a multi-disciplinary departmental “Green
Team” planned and implemented a pilot intervention, i.e.,
the introduction of a regular solid waste disposal “clear bag”
option with accompanying educational efforts and materials
on proper waste sorting.

Similar efforts have been successful in other healthcare
settings: Inova Fairfax Hospital saved nearly $200,000 in
annual waste disposal fees through better segregation of
waste and a concerted effort to educate and engage staff;” a
study by Garcia et al. reported a 2-million pound decrease in
biohazard waste with a corresponding savings of $696,000
in annual costs through a similar hospital-wide initiative at
Brookdale University Hospital and Medical Center.® How-
ever, we are not aware of initiatives that have been specific
to the ED - this may be due to the positioning of the ED as
a unique and high-risk environment with respect to waste
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Figure 1. Regulated medical waste and tan regular solid waste bins.

disposal, given the nature of its clinical operations and asso-
ciated challenges.

In this context, the Green Team aimed to decrease its
ED greenhouse gas footprint as well as operational costs by
introducing new tan waste bins with clear bags for regular
solid waste disposal (alongside the existing red waste bins
and red bags for biohazard waste, Figure 1). In addition, edu-
cational materials were created and disseminated to ED staff
by the Green Team to promote proper waste disposal one
month prior to rollout of the project. In parallel with these
processes, the team planned and conducted an objective
analysis of the environmental impact and fiscal savings of
this change within the ED. This manuscript describes the
project’s design, conduct, findings, and measured impact.

METHODS

Baseline Analysis

Green Team members met with institutional personnel,
including environmental service staff to understand the
existing waste stream processes. After meetings and direct
observation, the project team conducted a baseline anal-
ysis by weighing the ED waste stream (comprising RMW
and regular solid waste) over 7 days and then 14 days at two
time points prior to implementation of the project’s pilot
intervention.

Education

To ensure that all ED technicians, nurses, advanced prac-
tice providers (APPs) and physicians understood proper dis-
posal processes as well as the implications of correct waste
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disposal, the Green Team created educational materials for
distribution. The Green Team developed posters to be placed
on waste bins and in utility rooms, as well as slide shows
with a brief overview of the planned intervention to dis-
play at education sessions. All materials were reviewed and
approved by the institution’s department of infection con-
trol. In-person education sessions were held at faculty meet-
ings, resident conferences, APP meetings, and nursing and
technician huddles; emails detailing the project were sent
to all staff. Education sessions were also held with all envi-
ronmental services staff who were briefed on waste disposal
process updates as well as how to report RMW that was erro-
neously discarded in the regular solid waste stream (solid
waste within the RMW stream was not reported). Instances
of incorrect disposal of RMW were reported via an online
reporting form for review by the Green Team and the insti-
tutional safety officer.

The multi-disciplinary composition of the Green Team
facilitated staff buy-in and adherence to the new waste
stream process. Dissemination of project goals and new
waste disposal guidelines to staff began one month prior to
implementation of the new process.

Project Solid Waste Stream Process Intervention

One month following the second baseline weighing, 105 tan
bins with clear bags were added to ED patient rooms and
areas (Figure 1). (Pre-existing tan bins which had been lined
with red bags received clear bags.) Laminated signs remind-
ing staff of appropriate waste disposal guidelines were affixed
to the lids of the tan bins within patient rooms (Figure 2).
A third ED waste stream weighing (for
RMW only) was completed over a 3-week
intervention period. (Figure 3)

CLIMATE CHANGE

Figure 2. Educational poster attached to tan bins placed in the ED for
regular solid waste handling.

WHAT GOES IM THE
RED BIOHAZARD BAG?

N

¥

ONTAMBMATED:
1 BLOOD of ST

AT MATENAL SOARED
o LSS O OPTN

WHAT DOES MOT GO IM
THE RED BAGT
a M
. .L._- 1‘. :
ﬂll 1--*'-1-

Cuairns anp
A

FECES. LmmNE. C
O ANY ITER
THESE Tk

Figure 3. ED waste weights (Ibs) per patient before and during introduction of a solid waste
stream process intervention.
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Data Analysis 3
Daily ED red bag weights for the pre-in-

. . . g 25
tervention period (RMW and regular solid 3,
waste) and for the intervention period £
(RMW only) were calculated with correc- g15
tion for ED census (patients who left prior 1
to full medical evaluation were excluded 0.5
from the census). Given that no interven- o'

tions were implemented to change pro-
vider behaviors or institutional processes
with respect to medical care and the resul-

Pre-intervention period

Intervention period

B Regulated medical waste 0 Regular solid waste

tant waste, the quantity of overall, total
census-adjusted ED daily waste was presumed to remain
the same, such that any red bag weight reductions in the
intervention period were ascribed to the diversion of regular
solid waste into the new clear bags and tan bins. A one-sided
t-test was employed to compare the pre-intervention and
intervention periods’ red bag weights.

Greenhouse gas equivalents were calculated using the
M+WasteCare Calculator.’ The calculator used the amounts
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of pollutants in each step of the disposal process and con-
verted them to carbon dioxide equivalents (greenhouse
gas equivalents). Emissions factors were used for all cal-
culations, including waste transportation to landfill and
emissions associated with the landfill. The difference in
greenhouse gas equivalent tons per year (TPY) for autoclaved
RMW vs regular solid waste was calculated and applied to
the observed and annual projected reductions (based on the
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2020 ED census) in RMW production. RMW was classified
as autoclaved on-site prior to being landfilled. Cost savings
were estimated using the reduction in daily ED red bag
waste weights between the two periods and with adjustment
for accompanying increase in solid waste processing costs.

RESULTS

During the pre-intervention measurement periods, the aver-
age red bag waste produced per ED patient was 3.0 Ibs (95%
CI 2.5-3.5). Over the intervention period, the average red bag
waste produced per ED patient was 2.3 lbs (95% CI 1.8-2.8,
p=0.02), resulting in a net 0.7 Ib reduction in biohazard waste
per ED patient. Assuming no change in overall waste pro-
duction per patient, regular solid waste constituted 23.3%
of all waste generated during the intervention period. Using
the 2020 ED census of 84,221 encounters, the projected
annual RTIH ED diversion of biohazard waste for 2021 will be
62,323 Ibs (31.2 tons). The projected reduction in ED waste
greenhouse gas equivalents is 942 TPY; the projected savings
in ED waste processing costs is $11,841 per year. As of three
months after the intervention period, there were no reported
incidents of RMW within the regular solid waste stream.

DISCUSSION

Institution of a regular solid waste stream within a large
academic ED resulted in significant reductions in green-
house gas emissions. Projections indicate that in just the

Figure 4. Educational poster distributed after institution of the solid waste
stream process intervention to inform employees of the project’s impact.

WE WILL SAVE 942 TONS OF CO2
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subsequent year, emissions prevented will be equivalent to
over 2 million miles driven by a passenger car, 1,980 barrels
of oil, or over 11 tanker trucks worth of gas (Figures 4).1
Furthermore, the project’s pilot intervention was found to
be fiscally beneficial for the hospital system, with return on
investment from start-up costs reached within nine months.

While the 23% reduction in actual RMW by the inter-
vention represents a significant decrease for our ED, waste
audits of other EDs suggest room for improvement. For
example, a recent waste audit of a large academic ED in Bos-
ton demonstrated RMW was 10.7% total waste®, and a simi-
lar audit of a community ED in Rhode Island found just 3%
RMW. We expect greenhouse gas savings to improve over
time with continued education and institutional adoption of
eco-friendly waste disposal practices.

Limitations
Given the process by which hospital waste is measured at
our institution, it was not possible to isolate and weigh
only the regular solid waste component. Thus, calculations
assumed the same total generation of waste on a per-patient
basis. A formal waste audit was not performed to calculate
the proportions of appropriate waste versus inappropriate
waste within the RMW stream — a formal audit of the RMW
stream in the future would allow for tailored education and
further interventions to continue to reduce RMW generated.
Due to the architectural configuration and operational lay-
out of the ED, certain patient care areas such as the 12-bed
critical care patient space were not included in the proj-
ect — there is significant healthcare waste produced in this
area, and there exists the potential for substantial additional
greenhouse gas reductions and cost savings. Future research
will examine the amount and type of waste generated from
this area as well as potential interventions to reduce impact.
The M+WasteCare calculator® uses known formulas for
carbon and other pollutant generation from medical waste.
Variables added to the calculator include distance to land-
fills, type and frequency of waste transport. There may be
slight variations in the actual amount of greenhouse gases
produced based on these variables. However, because the
variables were constant across the measured periods, the
impact of the intervention should not have been affected.

CONCLUSIONS

Proper sorting of RMW and regular solid waste within EDs
represents a straightforward, economical, and impactful
environmental intervention. While risk to the healthcare
system exists in the form of waste misclassification, from
this intervention, this appears to be minimal and outweighed
by the advantages. In light of the COVID-19 pandemic and
the related increase in biomedical waste, conscientious dis-
posal practices will be even more important to the environ-
mental sustainability of our healthcare systems.
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Trends in Waste Production at a Community Hospital

during the COVID-19 Pandemic

KYLE DENISON MARTIN, DO, MA, MPH, DTM&H; JANE J. CHEN, BS, MD'24; JAMIE THORNDIKE, BS, MD'24;
WINSTON MCCORMICK, BS, MD'23; JOHN ROTA, BA; BRIAN BERG, DO; ANNIE DULSKI, DO

ABSTRACT

INTRODUCTION: As of September 2021, the COVID-19
pandemic has led to 42,500,000 cases and 680,000 deaths
in the United States. In Rhode Island, there have been
170,000 cases and 2,820 deaths. Investigating resource
utilization and waste production during disease out-
breaks can inform efforts at disaster preparedness. The
purpose of this study was to examine trends in waste
production during the COVID-19 pandemic.

METHODS: This is a descriptive study examining trends
in waste production during the COVID-19 pandemic. The
study was conducted at a suburban community hospital
in Rhode Island. Data was collected on regulated medi-
cal waste (RMW) and linen use from October 2019-July
2021. Adjusted patient days (APD) values were calculated
using hospital census and revenue data. Total weight and
weight/APD were calculated for each month of the study
period. Data was then compared with overall COVID-19
cases and hospitalizations in Rhode Island. This data was
gathered from the Rhode Island Department of Health
(RIDOH) COVID Response Data Hub.

RESULTS: Regulated Medical Waste (RMW) by total
weight was lowest in April 2020, when the hospital cen-
sus and adjusted patient days (APD) were at their lowest.
In contrast, linen use remained largely consistent with
pre-pandemic levels during the initial months of the pan-
demic despite a decrease in hospital census. The highest
linen weight/APD value (23.32 Ibs/APD) was in April 2020.
Both RMW and linen use (weight/APD) decreased during
the study period. Linen use was highest during months
with increased COVID-19 cases and hospitalizations.

CONCLUSIONS: This study examined trends in waste
production at a community hospital during the COVID-19
pandemic. Linen use was highest during months of in-
creased COVID-19 cases and hospitalizations, while
RMW production decreased. There was a particular in-
crease in linen use in April 2020, when the pandemic was
in its initial phases.

KEYWORDS: COVID-19, waste, medical waste, pandemic,
disaster preparedness
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INTRODUCTION

As of September 2021, the COVID-19 pandemic has led to
42,500,000 cases and 680,000 deaths in the United States.!
In Rhode Island, there have been 170,000 cases and 2,820
deaths.?? Sophisticated hospital based patient care requires
an enormous investment in resources, but results in waste
production. Understanding how waste is produced can
inform disaster preparedness efforts for future pandemics.

Most waste from the ED is considered municipal solid
waste (MSW) and can be disposed in a landfill. It requires
no additional treatment prior to transport. Disposal of regu-
lated medical waste (RMW), which includes most bodily flu-
ids such as blood and sputum suspected to carry infectious
pathogens, may potentially increase when a new and unfa-
miliar disease emerges. The disposal of RMW requires strict
adherence to specific procedures and, as such, is expensive
and burdensome to the environment. Variables that affect
the carbon footprint of waste production and removal
include the type of waste, the method and site of disposal,
and the means of conveyance.

The global response to waste production underscores the
necessity of planning during a pandemic. In Romania, gov-
ernment-imposed restrictions on the disposal of waste from
health care and designated quarantine facilities led to ille-
gal dumping of medical waste.* In Indonesia, medical waste
increased during the initial months of the pandemic; how-
ever, there was a lack of appropriate facilities for the disposal
of this waste.’

Understanding trends in RMW during outbreaks of novel
disease can guide preparation among health systems and
government officials and can inform disaster preparedness
efforts for future pandemics. As such, the purpose of this
study was to examine trends in waste production at a sub-
urban community hospital during the COVID-19 pandemic.
Investigators focused particularly on RMW and linen use
during the study period.

METHODS

This is a descriptive study examining trends in waste pro-
duction during the COVID-19 pandemic. The study was
conducted at a suburban community hospital in Rhode
Island with 346 inpatient beds and an annual Emergency
Department (ED) volume of approximately 70,000 patient
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encounters. The hospital has an Intensive Care
Unit (ICU) and Progressive Care Unit (PRG) that
provide services for critically ill patients. During
the COVID-19 pandemic, the number of beds in
these units varied based upon patient volume,
infection control policies and care requirements.
The hospital is home to several graduate medical
training programs, including residencies in Fam-
ily Medicine, Internal Medicine and Emergency
Medicine.

CLIMATE CHANGE

Figure 1. Total Weight (Ibs) of Regulated Medical Waste (RMW) by Month
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months prior to the beginning of the COVID-19
pandemic. RMW and linen were selected as cate-

Figure 2. Adjusted Patient Days (APD) by Month

gories for analysis because of their pertinence to
infectious control. RMW included all items placed
in red biohazard bags. This did not include sharps.
It did not include waste that could be categorized
as RMW inappropriately placed in non-RMW con-
tainers. Linens included patient gowns and bedding
as well as reusable isolation gowns. The hospital
in this study utilizes reusable isolation gowns
for patients who meet certain infection control
criteria. These gowns are laundered after use and
subsequently returned into circulation.
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Figure 3. Trend in Linen Weight Per Adjusted Patient Day (Ibs/APD)
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RESULTS

RMW reached its lowest total weight (5,726 1bs) in April
2020 and highest total weight (14,052 lbs) in June 2020.
RMW weight/APD hit its low in January 2021 (0.71 lbs/
APD) and high in June 2020 (1.54 1bs/APD). The overall
trend of RMW weight mirrored that of APD during the study
period (Figures 1 & 2).

By total weight, RMW was at its lowest levels during April
and May 2020 when the hospital census was lowest. In fact,
RMW decreased by about 50% from pre-pandemic levels
during these months. RMW increased as hospital volumes
grew during the COVID-19 pandemic.

Linen reached its lowest total weight (119,078 1bs) in May
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2020 and its highest total weight (205,563 1bs) in December
2020. Linen weight/APD hit a low (11.91 Ibs/APD) in May
2021 and peaked (23.32 1bs/APD) in April 2020 (Figure 3).
When averaged over three-month periods from Oct 2019-
June 2021, RMW weight per APD showed a steady decline
while linen weight per APD increased during the period of
April-June 2020 followed by a steady decline (Table 1).
Rhode Island has experienced several waves of COVID-19
infection, with total cases reaching their peak in April 2020,
December 2020 and March 2021 (Figure 4). Hospitalizations
due to COVID-19 reached their highest levels in April 2020,
December 2020 and April 2021 (Figure 5). The largest num-
ber of patients hospitalized in the ICU was in April 2020.
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Table 1. Average RMW and Linen Weight per APD (Ibs/APD) DISCUSSION
by Three-Month Period This study identified several trends in RMW and linen use
RMW (Ibs/APD) Linen (Ibs/APD) during .the CQVID pandemic. RMW by total weigh.t was
lowest in April 2020, when the hospital census and adjusted
Oct-Dec 2019 1.20 14.99 . . .
patient days (APD) were at their lowest. In contrast, linen
Jan-March 2020 e 52 use remained largely consistent with pre-pandemic levels
April-June 2020 1.11 17.53 during the initial months of the pandemic despite a decrease
July-Sept 2020 1.10 15.71 in hospital census. This led to higher weight/APD val-
Oct-Dec 2020 1.02 15.08 ues, including the highest linen weight/APD value (23.32
Jan—March 2021 0.96 1457 Ibs/APD) in April 2020. However, linen use (weight/APD)
R —— 0.95 12.00 decreased after this initial rise.
P - - Linen use was highest during months with increased

Figure 4. Number of Daily New Positive Cases of COVID-19 in Rhode Island, ' April 1, 2020-September 15, 2021.
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COVID-19 cases and hospitalizations. This is most pro-
nounced in April 2020 at the beginning of the pandemic.
This was also when ICU hospitalizations due to COVID-19
were at their highest level in Rhode Island. Overall linen
use (by total weight) was highest in December 2020, when
COVID-19 cases and hospitalizations reached their highest
levels in Rhode Island.

Findings from this study are similar to those from other
sites, including Wuhan, China, where the COVID-19 pan-
demic originated. During the initial phase of outbreak in
Wuhan (January-April 2020), health care waste per 1,000
persons increased from 3.64 kg/day to 27.32 kg/day. To
accommodate this increase in waste production, disposal
capacity in the region was increased from 50 tons/day to
280 tons/day. Researchers in Malaysia found that clinical
waste (which includes any item potentially contaminated
with infectious material) increased by 27% during the ini-
tial months of the COVID-19 pandemic.” This increase was
mainly attributed to the disposal of PPE, such as gloves,
facemasks and gowns. In Romania, waste from medical
facilities peaked in the early months of the pandemic and
then tapered over the following months.?

Several studies from Taiwan have examined waste use
during 2003 SARS outbreak. A 2,000-bed hospital in north-
ern Taiwan found that daily infectious waste generation tri-
pled during the outbreak.® Interestingly, due to a decrease
in hospital census, the mean daily overall waste production
decreased 19.2%-25.3%. Taiwan saw an overall increase in
infectious waste of about 4,000 tons (from 14,648 to 19,350
tons) following SARS.’

There are several limitations to this study, most nota-
bly that it was conducted at a single site. Data from this
study came from a suburban community hospital in Rhode
Island. Resource utilization might be different at a rural or
urban hospital site. This is notably important in the case
of COVID-19 since the pandemic affected different regions
of the United States in very different ways. Some hospitals
might have only had a few overall cases of disease, whereas
others might have been overwhelmed to the point where
they needed to transfer patients requiring ICU level-of-care
to another facility. Hospital infection control policies likely
also influenced resource utilization. A hospital that uses
disposable gowns for PPE might have different patterns of
use when compared to a hospital that uses reusable gowns.
Another limitation of this study is aggregate data on COVID-
19 hospitalizations on a state level was used for comparison.
Hospital-level data and department-level data (particularly
from the ED and ICU) would be more useful. Finally, a field
hospital provided care to patients with mild-to-moderate
cases of COVID-19 during the study period. Resource uti-
lization at the field hospital was not included in this study.

This study examined the overall trends of RMW and
linen use during the COVID-19 pandemic. The dramatic
increase in linen use (weight/APD) during April 2020 is of
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particular interest. Several factors could have played a role
in this occurrence, including infection control policies, staff
compliance with isolation precautions, lack of knowledge
of disease transmission, or fear amongst hospital employees
of a new and unknown disease. Trends suggest that there
may be an association with increased linen use and ICU
hospitalizations. However, further investigation is needed
to clarify this association. The gradual decrease in linen use
(weight/APD) since April 2020 is also of interest. Are hos-
pitals becoming more efficient with resource utilization or
have staff developed noncompliance with infection control
protocols as the COVID-19 pandemic drags on? Qualitative
studies could provide insight. Overall, while this study high-
lighted trends that hint at correlation and causation, further
research is needed to clarify these relationships.

CONCLUSION

This study examined trends in waste and resource utiliza-
tion at a community hospital during the COVID-19 pan-
demic. While largely hypothesis-generating, it hints at
several conclusions, including a relationship between linen
use and ICU hospitalizations. Findings from this study can
contribute to further understanding of resource utilization
during outbreaks of disease and inform health system and
government protocols for pandemic preparedness.
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Trash Talk in the ED:

CLIMATE CHANGE - COMMENTARY

Takeaways from Waste Audits at New England Hospitals

KYLE DENISON MARTIN, DO, MA, MPH, DTM&H; WINSTON MCCORMICK, BS, MD'23;

JULIA CAPACCI, DO, MS; KATELYN MORETTI, MD, MS

KEYWORDS: sustainability, environment, climate change
& health, waste

Recent investigations at Kent Hospital, a suburban com-
munity hospital in Rhode Island, and Massachusetts Gen-
eral Hospital (MGH), a Level 1 trauma center, highlight the
importance of health care waste.!? These investigations
involve a simple concept: sorting through trash can help
identify ways to cut costs and reduce environmental impact.

The waste audits — both conducted in the Emergency
Department (ED) - followed a similar protocol. Environmen-
tal Services staff collected waste from the ED for a 24-hour
period. Waste was then sorted into various categories,
including paper, plastic, food waste, glass, metal, electronic
material and unused items. Most waste from the ED is con-
sidered municipal solid waste (MSW) and requires no addi-
tional treatment and can be disposed in a landfill. Regulated
Medical Waste (RMW), on the other hand, requires specific
protocols prior to disposal. It is expensive and often requires
energy intensive processes such as autoclave sterilization or
incineration.

Attention was given to whether Regulated Medical Waste
(RMW) and sharps were appropriately disposed (i.e., in desig-
nated containers). Investigators also examined if non-RMW
was inappropriately placed in RMW containers. All categories
of waste were weighed and direct pollutant emissions were
calculated using the M+ WasteCare Calculator.’? The waste
audits at the two facilities revealed some important takeaways:

(1) Inappropriate disposal of Regulated Medical Waste
(RMW) is expensive and inefficient

While the amount of waste generated per-patient encounter
was similar at Kent and MGH, estimated carbon emissions
were 10 times higher at MGH. The difference in emissions
was driven by differences in RMW. The waste audits iden-
tified 71.67 kg in RMW containers at MGH compared with
4.67 kg at Kent. Disposing of this waste accounted for 70%
of overall waste emissions at MGH. This is because there
are specific requirements for disposing of RMW that tend to
be energy intensive. RMW needs to be rendered safe prior to
disposal in a landfill. Hospitals can perform on-site steril-
ization or utilize a specialized hauling service to have waste
processed off-site.
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Only 15% of waste disposed in RMW containers at MGH
met criteria for RMW. Eighty-five percent of material in
RMW containers could have been transported to a landfill
but, instead, was processed using the energy-intensive dis-
posal methods reserved for RMW. Behavioral characteris-
tics are partly responsible for inappropriate use of the RMW
containers. Improvements in ED staff knowledge regarding
RMW criteria and ED design simplifying RMW bin location
could lead to more appropriate disposal.

(2) ED waste is filled with unused items

Audits at Kent and MGH demonstrated that unused items
tossed in the garbage are a significant issue in the ED. More
than 170 unused items were identified in the Kent audit,
consisting of 5.2% of total waste. These items included
unused boxes of gloves, surgical face masks, suture mate-
rial and medications (Table 1). The audit at MGH identified
201 unused items, including 76 bundled and unused tour-
niquets. Both audits revealed resuscitation supplies still in
storage packaging. Unused items tossed in the garbage are
pure waste. There are monetary and environmental costs
to producing these items, transporting them to the hospital
and then disposing of them in a landfill.

It is unclear as to why there are so many unused items in
ED waste. Infection control policies may play a role. Unused
items may be considered “contaminated” if present in a
room under isolation precautions. In addition, procedure
kits often contain redundant or useless items, leading to the
disposal of unused items. Evidence of unused resuscitation
supplies in the Kent and MGH audits suggests that resus-
citation scenarios are particularly prone to waste. There is
likely also a behavioral component to the disposal of unused
items. In a busy ED, it is easier to toss unused supplies into
the garbage rather than placing them back in a drawer or
supply closet.

Potential solutions for the problem of unused items
include only bringing necessary supplies into the room when
caring for patients on isolation precautions and designing
“in-house” procedure kits with items pre-approved by ED
staff. Kits for certain procedures (such as laceration repairs)
could be sterilized in-house and then returned into circu-
lation. ED administration could incentivize re-stocking of
unused supplies. Specific ED staff could also be tasked with
a re-stocking role. As with RMW disposal, ED design should
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Table 1. A List of Unused Items Identified during the Kent ED
Waste Audit

2 unopened boxes of non-sterile gloves
2 partially finished boxes of non-sterile gloves
3 unopened sets of sterile gloves

8 unopened female catheterization kits
6 unopened Yankauer suction handles
8 unopened suction tubing sets

1 unopened sterile drape

2 unopened 4x4 sponges

4 unused (and folded) adult diapers

7 unopened urine sample collection kits
13 unused bedpans

1 unopened Tegaderm

1 unopened C-collar

2 unused bags of IV fluids

12 unopened normal saline flushes

3 unopened IV catheters

10 unopened pairs of socks

1 partially finished box of procedural masks
2 sterile large cotton swap applicators

1 sterile solution bowl

4 unopened electrode sets

1 unused suction container

1 unopened ambu-bag

34 unopened alcohol prep pads

6 unopened small gauze packets

6 unopened ChloroPrep swab kits

1 unopened pill of Lorazepam

13 unused emesis basins

2 unopened lodine prep pads

6 unused large pink irrigation containers
26 unused Castille soap towelettes

1 unused bag of IV antibiotics

Multiple unopened food items

also be taken into account. The layout of patient rooms and
the ED should make it as easy as possible for staff to restock
unused items instead of tossing them in the trash.

(3) How and where we process waste matters

Waste disposal sites and their proximity to the hospital are
important to consider. Gunderson Health System in Wis-
consin treats 90% of RMW through an in-house steriliza-
tion system powered by steam from the heating and cooling
system at one of its buildings.*® After sterilization, waste
is transported just four miles to a waste-to-energy facility.
Previously, waste was shipped to a landfill 1,250 miles away.

CONCLUSION

Waste audits can help make EDs and health systems more
cost-efficient and environmentally friendly. While health-
care providers pledge primum non nocere — do no harm - pol-
lutants and wasteful practices adversely affect our patients.
We need to continue to examine hospital waste habits and
embrace solutions that provide healthcare without harm.
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The Rhode Island Climate Change and Health Program:
Building Knowledge and Community Resilience

RACHEL CALABRO, MS; CAROLINE HOFFMAN, MPH

ABSTRACT
Climate change acts as a risk multiplier, meaning vul-
nerable populations bear a disproportionate burden of
its effects. Improving climate resiliency is a key strategy
to help the Rhode Island Department of Health meet its
overarching goals of addressing the socio-economic and
environmental determinants of health for all Rhode Is-
landers. The Climate Change and Health Program focuses
on both the immediate health impacts of climate change
and building resiliency. Part of the US Centers for Dis-
ease Control and Prevention’s Climate Ready States and
Cities Initiative, the Program has partnered with com-
munity groups and other state and local agencies to bring
technical assistance, educational resources, and funding
to support community resilience to the challenges pre-
sented by the already changing climate. Specific projects
discussed include the extreme heat communications plan
and outdoor worker campaign; community-driven resil-
iency projects in response to flooding and natural haz-
ards, and improving resilience in senior citizen housing.

KEYWORDS: climate change, resilience, public health,
extreme heat, climate mitigation

INTRODUCTION

Climate change, health, and equity are inherently inter-
twined.! The impact of race and socio-economic status on
health has been evident in the disparate outcomes seen
across populations during the COVID-19 pandemic.> These
same communities bear a disproportionate burden of the
effects of climate change.! Because climate change is a risk
multiplier, improving climate resiliency is a key strategy
to help the Rhode Island Department of Health (RIDOH)
meet its overarching goals of addressing the socio-economic
and environmental determinants of health for all Rhode
Islanders, especially those from the most vulnerable demo-
graphics. As incidences of heatwaves and flooding increase,
RIDOH focuses on addressing immediate health impacts
and building resiliency among Rhode Islanders.?
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MAKING RHODE ISLAND
A CLIMATE READY STATE

The RIDOH Climate Change and Health Program began as
part of the US Centers for Disease Control and Prevention’s
(CDC) Climate Ready States and Cities Initiative. This ini-
tiative is part of the CDC'’s efforts to train medical and pub-
lic health professionals to better understand the impact of
climate change on health.* The CDC provides resources for
the professional community that include research papers,
maps, and links to webinars from the American Public
Health Association covering climate-related topics such as
heart and lung health, children’s health, mental health, and
allergies and asthma.

Two notable data resources include the Heat and Health
Tracker and localized climate change and health data. The
Heat and Health Tracker is an online tool to help emer-
gency and public health planners prepare for and respond to
extreme heat events by providing local-level heat and health
data.’ Localized data for climate change and health, includ-
ing future scenarios for heat and precipitation to the year
2099, can be found on the CDC’s National Environmental
Public Health Tracking Network portal.¢

The Rhode Island Climate Change and Health Program
began in 2013 and continues to focus on health effects from
urban heat, flooding, severe weather and sea level rise, food
and water borne diseases, vector-borne diseases, and poor air
quality. (See Figure 1 for more information about the health
effects of climate change.) The program has partnered with
community groups and other state and local agencies to
bring technical assistance, educational resources, and fund-
ing to support community resilience to these challenges.

ADDRESSING EXTREME HEAT IN RHODE ISLAND
Extreme heat has become an increasing threat across Rhode
Island as the average temperature has already risen three
degrees in the last century.? During the climate normal
period (1981 to 2010), there was an average of 9.3 days equal
to or above 90 degrees Fahrenheit (F) in the Providence Metro
Area each year.” There is variability in this number year-
to-year. While there was an average of 11 such days each
year from 2010 to 2014, there were 19 such days in 2021 (see
Figure 2). It could increase to as many as 27 days at or above
90 degrees F per year by mid-century with slow action to
reduce greenhouse gas emissions.®
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Figure 1. Climate change causes a range of direct and indirect impacts

on human health. This figure depicts the most significant climate change

impacts (rising temperatures, more extreme weather, rising sea levels,

and increasing carbon dioxide levels), their effect on exposures, and the

subsequent health outcomes that can result from these changes.

(US Centers for Disease Control and Prevention, 2021.)
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Figure 2. In the Providence Metro Area, there are an average of five
more days per year above 90 degrees than there were in 1970.
(Image provided by Climate Central.)

Extreme heat events are a leading cause of weather-related
injury and can result in the worsening of existing illnesses.
Extreme heat can cause increases in cardiovascular events
leading to hospitalization’ When Rhode Island sees multiple
days of temperatures above 80 degrees F, emergency room
visits begin to rise.!°

Alarmingly, a recent study shows that one quarter of
the US population had heat-related symptoms during the
summer 2020."! This was largely due to a lack of cool-
ing resources and the social isolation that was part of the
COVID-19 pandemic. The interaction between the two
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health crises expanded the scope and range of vulnerability
to heat across the country. This research showed that when
COVID-19 disrupted social networks, people were less able
to seek comfort and suffered more from the symptoms of
heat stress.

The effects of heat are not felt evenly across communi-
ties. Evidence shows that low-income communities with
little tree cover and those that were formerly redlined are up
to 12.6 degrees F hotter than surrounding neighborhoods.'
Redlined areas are those that were coded as “high risk” by
the Federal Housing Administration starting in the 1930s.
Often based on race, these neighborhoods were denied gov-
ernment loans and services due to land use and other con-
cerns. In Rhode Island, we see similar disparities across
neighborhoods in Providence and surrounding urban areas,
especially when it comes to heat and tree cover.

To create and implement more effective interventions,
the neighborhoods and communities with the highest vul-
nerability and exposure need to be identified. Collaborating
with researchers at CAPA Strategies, based at Portland State
University, the Program in partnership with the Department
of Environmental Management’s Division of Forest Environ-
ment and American Forests mapped ambient air tempera-
tures and humidity in Providence, Pawtucket, Central Falls,
and East Providence in July 2020.'* See Figure 3. The results
showed that many Providence neighborhoods warmed by 10
degrees F more than others, indicating substantially higher
exposure to heat. Many areas also stayed warm at night,
maintaining temperatures above 70 degrees F and depriving
residents of critically important time for the body to recover
from heat stress experienced during the day.

To combat the effects of extreme heat in Rhode Island, the
Program developed a heat communications plan and out-
reach for specific vulnerable populations. Implementation

Figure 3. Modeled afternoon temperatures in Providence, Pawtucket,
Central Falls, and East Providence, based on data from CAPA Strategies
Heat Watch Rhode Island Program, July 29, 2020.

Modeled Afternoon Temperature in Select Rhode Island Cities

Cefitral Falls.

Pawtucket

Provittence  East Providence
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of the extreme heat communications plan includes sending
email notices to primary care providers before heat events
and using social media to inform the public about heat
safety and heat alerts issued by the National Weather Ser-
vice. Other interventions have included trainings for out-
door workers about the dangers of heat exposure and a Beat
the Heat campaign with both television and radio adver-
tisements. Grants have been provided to local emergency
management officials for portable misting stations; to the
Providence Housing Authority and the Town of Barrington
for educating seniors about the dangers of heat and natu-
ral disasters, and to youth groups for heat-related outreach
campaigns.

COMMUNITY-DRIVEN RESILIENCE FRAMEWORK
One way that the Program works to build overall resilience
in a community is by building up program supports and
social networks. These networks help to create social cohe-
sion and places for residents to turn during an emergency.'*'?
It is important to empower the communities most affected
by climate change to design resiliency programs that address
the realities of their lived experience. One way that RIDOH
builds community support is through the Health Equity
Zone (HEZ) initiative. The HEZ initiative is a place-based
approach that brings communities together to address sys-
temic changes at the local level. Each HEZ identifies the
unique social, economic, and environmental factors that are
preventing people from being as healthy as possible.'¢

The Climate Change and Health Program worked with
HEZs in Providence, Pawtucket, Central Falls, and New-
port to support community resilience to the effects of cli-
mate change. Through community workshops, the Program
helped residents assess their strengths and vulnerabilities
associated with climate change and identify strategies to
reduce climate hazards. After the workshops, each team
surveyed their own communities to identify strategies and
develop a community-led intervention.

The HEZ in the Olneyville neighborhood of Providence
chose to create a film about the historic 2010 floods.
(The film is available to view at: https://vimeo.com/3598
88817/6¢75fdddfe). The film aims to raise awareness of the
dangers presented by the increasing frequency of natural
disasters. It works to transform the threat of a major disaster
into a tangible reality so that residents feel a greater sense
of urgency regarding emergency preparation. The film was
screened at multiple events and will continue to be used in
schools and with community groups.

BUILDING RESILIENCE IN RESPONSE

TO NATURAL GAS OUTAGE

During a gas outage in January 2019, National Grid was
forced to shut down a portion of its gas distribution system
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to over 7,000 customers in Newport for more than one week.
Evacuations forced people from their homes, and infor-
mation was limited and inconsistent. This led to a feeling
within the community that their needs were not being met
by the established emergency management procedures and
was fueled by underlying inequities that are often revealed
in times of crisis.

During this time, the Newport HEZ became an important
part of the effort to share information and reach vulnerable
community members. The HEZ leaders realized that there
was not a well-defined emergency response plan, nor was
there the capacity locally to carry a plan out.

After the event, community conversations about climate
change provided opportunities for residents to receive disas-
ter-preparedness training and supplies and to establish rela-
tionships with public officials. Creating connections between
agencies, officials, and communities increased cohesion and
will hopefully lead, both directly and indirectly, to better
health outcomes by ensuring that local needs are addressed
and plans are in place before disaster strikes.

EMPOWERING COMMUNITY PARTNERS

FOR RESILIENT CLIMATE MITIGATION

In Pawtucket and Central Falls, the nonprofit group Ground-
work RI partnered with Southside Community Land Trust
and Farm Fresh RI’s Harvest Kitchen for a six-week summer
youth program. These community partners employed and
trained 24 youth on how to grow, process, and cook their
own local produce. The youth also worked to engage res-
idents and gather data regarding resilient climate mitiga-
tion strategies. By the end of the summer, they completed
25 green home assessments, planted 21 trees at Baldwin
Elementary school in Pawtucket, installed nine raised gar-
den beds at resident homes, and collaborated with the City
of Pawtucket to install and deliver seven residential rain
barrels to reduce flooding and utility bills.

IMPROVING EXTREME WEATHER RESILIENCY
IN SENIOR HOUSING

Older adults are vulnerable to extreme weather because they
often have limited mobility and must shelter in place. This
is especially true for those who live in independent senior
housing or assisted living. To help make these spaces more
resilient to natural disasters and other emergencies such as
power loss, the Program partnered with the Yale New Haven
Health System Center for Emergency Preparedness and
Disaster Response to support long-term care, assisted living,
and independent living senior housing facilities in prepar-
ing for climate-related disasters through energy resiliency
audits and the development of all-hazards emergency plans
that emphasize sheltering in place. These important emer-
gency preparedness actions reduce risk to senior citizens
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by limiting disruptions like power outages or flooding that
can force the evacuation of medically vulnerable people. By
increasing the overall emergency preparedness levels of the
facilities that serve them and allowing them to shelter in
place, seniors are safer. Resources from the project include a
facility self-assessment tool, shelter-in-place plan templates,
staff trainings, and webinars.!”

PROGRAM RESOURCES AND WEBSITE

Resources are available from the Program for a variety of
topics, including extreme heat, air quality, and climate lit-
eracy. Partnerships with other RIDOH programs such as
the Center for Acute and Infectious Disease Epidemiology
have allowed the development of educational tools related
to vector-borne diseases like Lyme disease, Eastern equine
encephalitis (EEE), and West Nile virus, along with emerging
diseases like Zika virus. Links to our reports, brochures, and
videos are available on the Program webpage.

The Program has also focused on providing resources
to help teachers bring environmental health and climate
change into their classrooms. Partnering with school nurse
teachers, the two programs have provided thousands of
copies of the Tick Workbook for Kids to classrooms across
the state.

CONCLUSION

The effects of the changing climate in Rhode Island are
far-reaching in terms of the scope of the systems impacted,
types of impacts, and people who are impacted. At RIDOH,
we are continuing these efforts and remain committed to
supporting climate change mitigation strategies, prepar-
ing for the human health effects, and working closely with
community partners to help improve the resilience of all
Rhode Islanders.
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Climate Change and Health in New England:
A Review of Training and Policy Initiatives at Health Education
Institutions and Professional Societies

CALEB DRESSER, MD, MPH; EMILY GENTILE, BS; RACHAEL LYONS, BS; KALI SULLIVAN, BS; SATCHIT BALSARI, MD, MPH

ABSTRACT

BACKGROUND: There has been increasing interest in cli-
mate change among healthcare professionals, but it is un-
clear to what extent resources on this topic are available
to students and clinicians in New England.

METHODS: Structured review of publicly available infor-
mation regarding climate change and health activity at
schools of medicine, public health, and physician assis-
tant studies and in state medical and physician assistant
societies in New England.

RESULTS: Of 39 programs reviewed, 18 (46%) had at least
one climate-related initiative. Six universities account-
ed for 87% of climate change and health initiatives in
the region. Three out of 12 state professional associa-
tions had committees or position statements addressing
climate change.

CONCLUSION: There is substantial activity related to
climate change and health in New England, but it is con-
centrated in a small number of locations. Opportunities
exist to improve access to education on this topic and
increase involvement of health professional associations.

KEYWORDS: climate change, health education, organized
medicine, physician assistant, public health

INTRODUCTION

Climate change is a threat to health in New England. Cli-
mate-related hazards include heat, extreme rainfall, flood-
ing, vector-borne disease, hurricanes, and sea level rise.!
Rising awareness of climate change has been accompanied
by increased recognition of its implications for patients and
healthcare institutions.?

The past decade has seen increasing engagement with cli-
mate change issues in the regional healthcare community.
Multiple academic institutions host centers working at
the intersection of human health, healthcare, and climate
change.>*> There have also been efforts to address health-
care-related greenhouse gas emissions®” and medical waste,?
improve resilience to climate health hazards,” and commu-
nicate climate change and health issues to clinicians, policy-
makers and the general public.??
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There is increasing interest in curricula, courses, and train-
ing programs on climate change and health education.!'%!213
Medical Students for a Sustainable Future, a student-driven
organization founded in 2019, advocates for action and edu-
cation on climate change and health; in the two years since
its creation, it has expanded to 105 medical schools, includ-
ing chapters in five of the six New England states.'* New
England now has free online climate and health courses,'5'¢
a physician fellowship in Climate and Human Health,'” and
a steady stream of lectures and symposia on the topic.'®?

However, many health care workers remain unaware of
how healthcare systems contribute to climate change and
how climate change threatens their patients and healthcare
institutions, or have difficulty engaging with this issue.?0?!
While it is clear that study of the intersection of climate
change and health is increasingly prioritized at major aca-
demic centers in the region, it is less clear how available
resources on this topic are to the bulk of students and prac-
ticing clinicians in the region.

The purpose of this review was to assess the extent of
climate and health activities including educational offer-
ings and policy statements at medical, physician assistant,
and public health education institutions and within health
professional societies in the New England region.

METHODS

This was a structured review of publicly available material
describing educational offerings, academic centers, student
organizations or committees, and position statements from
educational institutions offering graduate degrees in med-
icine, public health, and physician assistant studies, state
medical societies, and state physician assistant societies
in New England. All institutions granting graduate degrees
in Medicine, Public Health, or Physician Assistant Studies
within the six New England states (Maine, New Hampshire,
Vermont, Massachusetts, Connecticut, Rhode Island) were
included. State medical associations and physician assistant
associations for each of the six New England states were
also included. Lists of institutions were obtained from the
Association of American Medical Colleges (AAMC), the
American Association of Colleges of Osteopathic Medicine
(AACOM), the Accreditation Review Commission on Edu-
cation for the Physician Assistant (ARC-PA), the Physician
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Assistant Education Association (PAEA), and the Council on
Education for Public Health (CEPH).

Due to the wide variety of website designs and online plat-
forms, ascertainment of the presence of publicly available
information on items of interest could not be performed
reliably via institutional website navigation. Instead, a
methodology employing standardized search terms was
implemented via internet search engine. Search terms con-
sisted of “[Name of Institution]” + “climate” + “class” OR
“course” OR “elective” OR “center” OR “curriculum” OR
“statement” OR “student organization” OR “student group”
for educational institutions, and “[Name of Association]”
“climate” + “committee” OR “position” OR “statement”
OR “policy” for state associations. The first 30 results were
reviewed for relevance to these climate and health activity
areas. For educational institutions, activity areas included
the following categories: an elective course in climate
change and health, the inclusion of climate change topics in
the core curriculum, an institutionally-recognized student
organization focused on climate change, a center focused
on climate change and health, and the existence of an insti-
tutional position statement on climate change and health.
For associations, activity areas included the existence of a
committee or sub-committee focused on climate change and
health and the existence of a formal position statement or
other policy statement regarding climate change.

Results were tabulated, and summary statistics regard-
ing specific areas of activity, institutional subsets, and geo-
graphic regions were computed. All searches were performed
in the standard public Google search engine, and reflect the
top results displayed via Google search engine prioritization
as of July 2021.2 Analysis was performed in R v3.1.0.2% All
materials reviewed in this study were publicly available and
were accessed remotely via public-facing websites. This
study was exempt from IRB review as it did not involve
human subjects research.

RESULTS

A total of 51 separate institutions or associations were
included in the analysis. These consisted of 11 institutions
offering degrees in medicine, 13 institutions offering grad-
uate degrees in public health, and 15 institutions offering
degrees in physician assistant studies within the six New
England states, as well as 6 state medical associations and 6
state physician assistant associations (Table 1).

Of the 39 degree granting institutions, 18 (46%) had
at least one climate change and health initiative, 9 (23%)
had two or more, and 21 (54%) had none. Institutions with
education or advocacy activities related to climate change
and human health were located in Massachusetts (n=8),
Connecticut (n=5), New Hampshire (n=3) and Rhode Island
(n=2), principally in coastal cities (Figure 1).
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Table 1. Climate and health activities at educational programs in New

England
Medical Physician Public Health
Schools Assistant Programs
Programs
Elective 2 0 4
Position Statement 0 1 1
Core Curriculum 1 0 4
Student Group 7 1 4
Center 2 2 2
None of the Above B 12 6
Total Programs 11 15 13

Figure 1. Climate Change and Health Initiatives in New England
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Table 2. Climate and health initiatives at educational programs in New England

Institution Degree Climate Change and Health Initiatives
Program

Boston University Medicine | The Climate Action Group, a student, staff, and faculty organization engaged in “environmental advocacy

School of Medicine through a variety of climate initiatives including climate change education for health professionals, improving
campus sustainability and reducing the University's use of nonrenewable energy, and exploring the role of
climate change in impacting human health and wellbeing."”

Frank H. Netter MD Medicine | Human Health and Climate Change medical student group.

School of Medicine at

Quinnipiac University

Geisel School of Medicine Medicine | Chapter of Medical Student for a Sustainable Future whose goal is to “integrate climate change competencies

at Dartmouth into the medical education curriculum.”

Harvard Medical School Medicine | In addition to an active student group, an academic center focused on climate change and health activities hosts
workshops and training programs, a physician fellowship that includes research and public communication, and
courses on climate change and health. Additional climate and health initiatives at the university level and at
individual teaching hospitals exist but did not meet inclusion criteria. A course on climate change and health is
known to the authors but was not identified via structured search methodology.

The Warren Alpert Medical Medicine | Students can take an elective on Climate Change and Health that provides “an overview of the wide-ranging

School of Brown University health impacts of climate change as well as the impact of healthcare on the environment.”

UMass Chan Medical School | Medicine | A chapter of Medical Students for a Sustainable Future is active. Students created a Climate Change and
Medicine elective. The core curriculum is being updated to include climate change topics.

University of Connecticut Medicine | Active student group; Medical Students for a Sustainable Future has been active on sustainability at UConn

School of Medicine Health organization meetings

Yale School of Medicine Medicine | There is an active student group, and students have access to an academic center on climate change and health
that houses a wide range of initiatives including courses, a student associate program, and a certificate program
in climate and health.

Boston University Physician | The Climate Action Group, a student, staff, and faculty organization engaged in “environmental advocacy

Assistant | through a variety of climate initiatives including climate change education for health professionals, improving
campus sustainability and reducing the University's use of nonrenewable energy, and exploring the role of
climate change in impacting human health and wellbeing."”

MGH Institute of Health Physician Students have access to a Center for Climate Change, Climate Justice, and Health; the core curriculum may

Professions Assistant | include climate change in future years. Official Institute materials describe climate change as “a threat to the
health of individuals, families, communities, and populations worldwide."

Yale School of Medicine Physician | Students have access to an academic center on climate change and health that houses a wide range of

Assistant | initiatives including courses, a student associate program, and a certificate program in climate and health.

Boston University School Public In addition to student involvement in the Climate Action Group (above), the BU School of Public Health offers

of Public Health Health an MS in Climate and Health, a Program on Climate and Health, a climate change elective course, and includes
climate change topics in the core curriculum.

Brown University School Public Students have the opportunity to take an elective titled “Climate Change and Human Health", which is also a

of Public Health Health substantial content area in other courses and faculty research. The School of Public Health urges “policy action
to mitigate the negative health impacts of climate change.”

Dartmouth Geisel School Public A course on “Public Health Impacts of Climate Change" is included in the second-year curriculum and student

of Medicine MPH Program Health organization is active on climate change issues.

Harvard T.H. Chan School Public An academic center focused on climate change and health activities hosts workshops and training programs,

of Public Health Health a physician fellowship that include research and public communication, and courses on climate change and
health. There is also organized student activity. Additional climate and health initiatives at the university level
did not meet inclusion criteria. A course on climate change and health is known to the authors but was not
identified via structured search methodology.

Simmons University Public Public Core curriculum includes climate change topics as part of an Environmental Health & Justice course.

Health Program Health

University of New Hampshire | Public Curriculum includes a Climate Change and Health course that teaches “an environmental

Health epidemiology framework for analyzing the direct and indirect impacts of climate variability to public health as
well as appropriate public policies.”

Yale School of Public Health Public A degree concentration in climate change and health is offered. There is an active student group, and students

Health have access to an academic center on climate change and health that houses a wide range of initiatives

including courses, a student associate program, and a certificate program in climate and health.
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Table 3. Number of climate and health activities aggregated by
academic affiliation of educational institutions.

Institutional Academic Affiliation Total Climate and Health
Activities
Yale University 6
Harvard University 6
Boston University 5
Dartmouth 4
University of Massachusetts 3
Brown University 3
All Others 4

A total of 31 climate change and health initiatives were
identified, of which 12 (39%) were student groups, 6 (19%)
were electives, 6 (19%) were climate change and health
centers, 5 (16%) involved inclusion of climate change in
the core curriculum, and 2 (6%) were position statements
(Figure 2). These initiatives are summarized in Table 2. A
total of 27 (87 %) of the climate change and health initiatives
were located at sites affiliated with one of six large research
universities (Harvard University, Yale University, Boston
University, Dartmouth, the University of Massachusetts,
and Brown University), each of which hosted at least three
initiatives; the remaining 4 initiatives were located at Sim-
mons University, the University of New Hampshire, Quin-
nipiac, and the University of Connecticut (Table 3).

Climate change and health initiatives varied substantially
across the programs reviewed. At several sites, the sole
on-campus offering was a chapter of Medical Students for a
Sustainable Future'* or another student organization; these
were typically set up by students with limited institutional
support and were focused on advocacy including requests for
inclusion of climate change topics in the core or elective
curriculum. In some cases, these efforts were successful;
for example, at the UMass Chan Medical School, students
recruited external lecturers to create an elective in Cli-
mate Change and Medicine,** and efforts to include climate
change in the core curriculum are ongoing.?® Academic cen-
ters dedicated to climate change and human health tended
to offer a range of activities that included research programs,
CME courses, elective courses, fellowships in Climate and
Human Health for physicians, and a range of climate change
and health policy and advocacy material 35151719

Of the 12 state-level medical and physician assistant asso-
ciations reviewed, three medical associations (Maine, Mas-
sachusetts, and Vermont) had position statements regarding
climate change. Two statements included language on the
implications of climate change for the health of patient
populations, one called for reductions in greenhouse gas
emissions, and one called for investment in climate change
adaptation as a means to protect health. All three position
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statements were issued in 2017 or later. Two state medical
associations (Maine and Massachusetts) had committees
whose goals included addressing climate change issues.

DISCUSSION

This review describes climate change and health activity
in a set of health education institutions and professional
societies in New England. The burgeoning number of edu-
cational offerings, their uneven distribution, and the lack
of public action from most regional medical and physician
assistant societies are of significance to educators, students,
advocates, and policymakers.

Climate change and health has clearly gained attention as
an educational topic and object of organized student and pro-
fessional activity. While this subject was largely absent from
discussion outside specialist circles for many years, nearly
half of the educational institutions assessed in this review
now host some form of climate change and health education
or advocacy activity, and the past four years have witnessed
the first statements on climate change from medical societ-
ies in the region.

However, most climate change and health activity identi-
fied in this review was concentrated at large research univer-
sities; the majority of medical, public health, and physician
assistant education institutions in the region do not publicly
describe any climate-related activities. The concentration of
initiatives at coastal, urban institutions may impede clini-
cians and students in rural or interior locations from access-
ing these resources and presents an important opportunity
for growth. Climate change will have substantial effects
on health throughout New England during the decades in
which clinicians who are being trained today can expect to
practice,! and it is important that opportunities for climate
change education and action reach clinicians training and
practicing in communities throughout the region.

Students, faculty, and administrators interested in imple-
menting climate change and health curricula or other offer-
ings at their institutions now have access to a wide variety
of materials to support their efforts. Organizations includ-
ing Medical Students for a Sustainable Future,?® Healthcare
Without Harm,? several academic centers,>* and the Medi-
cal Society Consortium on Climate and Health?® offer model
curricula, educational content, templates for action, net-
working opportunities, remote courses, and other resources.
Recent academic work provides needs assessments, guide-
lines on program design, and case studies of climate change
and health education and advocacy in action.>!'!"132%2 For res-
idents, fellows, and practicing clinicians, resources ranging
from career planning tools® to federal guidance on the spe-
cific health impacts of climate change are also available.!3*

There are abundant opportunities for professional societies
to increase their engagement; only three of the twelve pro-
fessional societies reviewed were active on climate change
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issues. Policy statements can provide an authoritative voice
in support of climate and health education, climate smart
healthcare systems, and climate resilient communities.
Affiliation with national organizations such as the Medical
Society Consortium on Climate and Health is another ave-
nue for action — one that the medical societies in Vermont,
Rhode Island, and Massachusetts have already taken.?

While uneven, the overall trajectory of climate change and
health activity in New England is one of rapid expansion
and improving capabilities. In the brief period since com-
pletion of data collection for this review, a new regional fel-
lowship program focused on climate and health advocacy
has become available.?® In addition, the climate and health
activity of nursing programs, hospitals, and other organi-
zations that were not reviewed in this study is substantial;
examples include the Nurse’s Climate Challenge,®” hospital
programs,®® state government programs,®>*° the launch of the
Journal of Climate Change and Health*, the inclusion of
the climate crisis as key topic area in the New England Jour-
nal of Medicine,” and special issues of regional publications
focused on climate change.*** While many of these initia-
tives are associated with large research universities that are
already active in this area, they provide a model for future
engagement with this issue throughout New England.

Students, trainees, and healthcare professionals now
have access to an increasing variety of education and pol-
icy materials related to climate change and health. As New
Englanders face escalating health risks from hurricanes,
extreme rainfall, heat waves, vector-borne disease, sea level
rise, and other hazards, it is important that these education
and policy resources be extended to benefit health profes-
sionals and patients throughout the region.

LIMITATIONS

As a review of publicly available material rather than a
survey of educators and administrators, our methodology
assesses information that is accessible to the general public
and intentionally mimics the approach students, prospec-
tive students, and healthcare workers may take when seek-
ing information on offerings at their institutions, but also
has several limitations. All information was gathered from
public internet sources, and as such may have missed initia-
tives that were not described on the internet or were behind
firewalls, password protection, or other barriers. Some rel-
evant programs may not have been prioritized by search
engines using our search criteria; the term “environment”
was not used in structured searches as it led to a large num-
ber of results unrelated to climate change. As searches were
restricted to health education institutions, some potentially
relevant initiatives did not meet inclusion criteria. As a
result, initiatives including an elective course on climate
change and health,'s a chapter of Medical Students for a Sus-
tainable Future,'* and a university-level center working on
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environmental issues including health impacts of climate
change* were not identified by structured searches or
included in our analysis.

CONCLUSION

Climate change threatens patients, healthcare systems,
and future clinicians. This review reveals uneven access
to education and policy guidance on the subject of climate
change and health; while some academic centers have many
climate-related initiatives, the majority of the institutions
reviewed do not publicly describe any offerings at all, and
only a quarter of the medical and physician assistant associ-
ations reviewed are publicly engaged with this issue. Health
professionals, administrators, and students have an oppor-
tunity to make education on this topic more accessible and
to advocate for climate change action through state medical
and physician assistant associations.
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Beyond the Hazard Vulnerability Analysis:
Preparing Health Systems for Climate Change

JOSHUA BAUGH, MD, MPP, MHCM; KATIE KEMEN, MBA; JOHN MESSERVY, AlA; PAUL BIDDINGER, MD

ABSTRACT
INTRODUCTION: Climate change is heightening both
long-term adverse risks to human health and the im-
mediate-term risk of injuries and illness following cli-
mate-related disaster events that are becoming more fre-
quent and severe. In addition to its direct health effects,
climate change poses new threats to the nation’s health
care infrastructure — with potential to negatively impact
healthcare capacity amidst increasing demand — through
risks of flooding, wind damage, heat stress, power outag-
es, and other physical harm to facilities. The typical Haz-
ard Vulnerability Analyses conducted annually by hos-
pitals use historical data to assess risks; these analyses
are likely now inadequate for future preparation due to
the impact of climate change. This article describes one
approach to how healthcare leaders can better assess both
near-term and long-term risks due to climate change, to
mitigate against unprecedented but foreseeable threats.

METHODS: In our large health system in the US North-
east, a process was undertaken to gather updated data
and expert projections to forecast threats faced by each
of our facilities in different climate-related disaster sce-
narios. Hazards examined in our setting included precipi-
tation-based and coastal flooding events, heat waves, and
high wind events, in addition to seismic events. Proba-
bilities of occurrence and extents of different hazards
were projected for the near term (2030) and the long term
(2070). We then performed detailed vulnerability analy-
ses for each facility with the predicted amount of rainfall,
storm surge, heat stress, and windspeed, in collaboration
with leaders at each facility. This was followed by a pro-
cess to understand what would be needed to mitigate each
vulnerability along with the associated costs. Ultimately,
a cost/benefit analysis was performed — incorporating the
relative likelihood and impact of different scenarios — to
decide which improvement projects to embark on imme-
diately, and what to defer and/or incorporate into future
building plans.

RESULTS: In our system, all facilities were vulnerable to
the effects of increased temperatures, and multiple hospi-
tals were noted to be vulnerable to extreme precipitation,
storm surge, and high winds. Specific damaging scenarios
identified included flooding of basements and building in-
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frastructure spaces, water entry through windows during
high winds, and overheating of power systems during
heat waves. Potential solutions included improved pow-
er redundancy for cooling systems, enhancements to roof
and window systems, and the acquisition of deployable
flood barriers. We identified four categories for prioritiza-
tion of action based on projected impact: 1) priorities in
need of urgent mitigation, 2) priorities in need of investi-
gative study for medium-term mitigation, 3) priorities for
planned capital improvement projects, and 4) priorities to
integrate into new facility construction.

DISCUSSION: While the specific risks and vulnerabilities
for each facility will differ according to its location and
structural features, the approach we describe is broadly
applicable. By forecasting specific risks, diagnosing vul-
nerabilities, developing potential solutions, and using a
risk/benefit approach to decision making, hospitals can
work toward protecting facilities and patients in the
face of potential climate related natural disasters in an
economically sound manner.

KEYWORDS: climate change, climate resilience, disaster
medicine, hazard analysis, emergency preparedness

INTRODUCTION

Due to climate change, the frequency and intensity of dan-
gerous weather patterns and natural disasters are known
to be increasing throughout the world. These trends pose
significant threats to human health both in the immedi-
ate and long term. The impact of climate-related changes
on patient health include both direct injury and illness
from discrete events such as hurricanes and fires, as well
as exacerbation of chronic conditions like asthma and heart
disease from increased levels of atmospheric carbon and
higher average temperatures.! In addition to the increased
demand on healthcare services that these trends will bring,
there is another particularly difficult challenge for hospitals
and other care facilities: at precisely the moment a weather
event makes more patients ill or injured, that event may
also directly interfere with the ability of healthcare facilities
to function effectively.

This is, of course, the focus of most hospital-based
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emergency preparedness initiatives and the rationale behind
standard Hazard Vulnerability Analyses (HVA). The problem
is, in the era of climate change, HVAs based on historical
data often underestimate the true level of risk for health-
care facilities. For example, hospitals in New York had,
in fact, built flood barriers as part of their preparedness
plans for extreme precipitation prior to 2012; yet, the flood
depths produced by Hurricane Sandy were higher than those
planned for and unfortunately overwhelmed these physical
barriers, necessitating the evacuation of multiple facilities
and resulting in extensive damage.? Similarly, multiple hos-
pitals in Louisiana very recently required evacuation due to
damage from high winds and precipitation during Hurricane
Ida, a particularly challenging task amidst the power grid
failures resulting from the storms.? These types of events are
harmful to patient care, harrowing for staff, and ultimately
very expensive for the facilities involved.

The unprecedented weather patterns created by climate
change require a new approach to emergency preparedness
for healthcare systems, as risks previously thought impos-
sible are likely to become reality in coming years. Yet, each
healthcare entity cannot reasonably prepare for every possi-
ble extreme scenario; the cost would be overwhelming and
would compromise other important hospital missions. An
approach is therefore needed that accounts for the rapid pace
of climate change and prepares facilities appropriately with-
out bankrupting health systems. In this article, we describe
the strategy that our large health system in the US North-
east undertook to increase the climate change resilience of
our facilities.

METHODS

Setting

Our large integrated health system is located in New England
in the United States, and includes facilities in urban, sub-
urban, rural, and island locations. There are 10 individual
hospitals in our system along with many other associated
facilities, including rehabilitation centers, administrative
buildings, and research complexes. Some of the hospitals are
high volume quaternary care academic centers, while others
are relatively small community hospitals with limited num-
bers of service lines. In total, our process included resilience
analyses for over 30 individual buildings across the system.

Climate Projections

Our first step involved an assessment of climate change
projections for each of our locations over short-term and
longer-term time horizons (for the years 2030 and 2070,
respectively). To do this, we engaged a consultant group with
climate change expertise and leveraged recent city and state
level reports on projected changes in weather patterns over
time. For our locations, we focused on three climate-related
threats: 1) Extreme heat (higher temperatures and prolonged
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duration) 2) flooding (due to storm surge and/or high pre-
cipitation), and 3) high winds (likely in the setting of severe
storms). We also decided to include a seismic assessment,
although this is not known to be climate related. Fire and
drought were not included as likely threats in our location,
but these would certainly be necessary to plan for in other
parts of the US.

For heat projections, we used a report commissioned by
the city of Cambridge, Massachusetts with extrapolations
for our various locations. To assess flood risk, we created
probabilistic and consequence-based flood maps for each
location. Probabilistic flood maps showed us flood extents
and depths for 100-year and 500-year storms at our two
future time horizons. Probabilistic maps were useful in
assessing risk tolerance; for example, we might tolerate
flooding that extended into a parking lot but not a building
or we might tolerate a 5% annual chance of flooding in a
garage but not a 1% annual chance of flooding in a clinical
building. Consequence-based flood maps modeled worst-
case scenario storms, which provided insight into the max-
imum level of protection our health system might need, or
if that wasn’t feasible, what kind of emergency preparedness
plans we needed. This modeling was possible through use of
the Boston-Harbor Flood Risk Model, commissioned by the
Massachusetts Department of Transportation.*

Previous studies predict that wind speeds are expected to
increase 5% for each 1 degree increase in sea surface tem-
perature.’ Applying this principle to climatology and storm
surge models, high level estimates of potential wind speed
increases through 2070 were prepared. These projections
were compared with the wind speed design criteria specified
by the Massachusetts Building Code for the location and use
at the time of construction.

To evaluate seismic risk, we used historical building codes
for each of the facilities evaluated, assuming that each build-
ing had been constructed with only the seismic resiliency
required by local code for its primary use. The probability
of earthquakes was calculated based on historic data and
an understanding of the geological conditions which help
to predict epicenters, drivers, and propagation of seismic
events.

Ultimately, we produced a series of scenarios categorized
by likelihood and projected consequence, which could sub-
sequently be applied to each facility.

Vulnerability Analysis

Next, we sought to examine the potential impact of various
climate scenarios on each of our facilities, to discover vul-
nerabilities to different types and levels of threat. To do this,
members of our project team met with structural engineers,
facility managers, research, operations, and emergency pre-
paredness leaders, as well as clinical leaders from every site.
At these meetings, these local leaders were given the pro-
jections for various levels of heat, flooding, wind speed, and
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seismic disturbance, and asked to assess the potential con-
sequences of each for their respective areas of responsibil-
ity. At each site, the following specific structural/systems
features were explicitly discussed:

Main grid power, emergency power, natural gas, medical gas-
ses, fuel oil, HVAC system, potable water, non-potable water,
storm water removal, waste water removal, medical waste,
information technology, communications, among others.

In addition, the following operational functions were also
each discussed:

Patient transfers, staff availability, on-site accommodations
for staff, capacity for patient surges, medical supply chain,
lab and pharmacy operations, and food and nutrition avail-
ability, among others.

Multiple conversations occurred with each set of local
leaders to quantify potential disruptions to each of these
functions due to the various projected climate threats. Ulti-
mately, a comprehensive list of vulnerabilities for all sites
was generated, organized by likelihood of an event and the
potential consequences of that event based on our models.
Consequences from a vulnerability were organized into
three categories: Major, Severe, and Catastrophic (See Table 1
for definitions of these criteria by facility type).

Table 1. Facility Damage Assessment Criteria

CLIMATE CHANGE

Developing Interventions

Once a comprehensive list of vulnerabilities was created, we
then worked with a team of facility engineers along with
operational and emergency preparedness leaders to develop
plans for what would be needed to reduce or eliminate each
vulnerability. Some solutions involved structural changes,
while others involved primarily operational changes. Com-
mon interventions included moving equipment from a
basement to a location higher in the building and install-
ing cooling mechanisms for backup power systems. These
projects ranged widely in complexity and estimated cost.
Through this process, an exhaustive list of over 300 poten-
tial projects was generated, with a description of the work
requirements and estimated costs for each.

Assessing Interventions
The list of potential interventions was far too long and expen-
sive for every project to be carried out in the near term, so
a prioritization scheme was needed. Elements of the scoring
system included whether failure to fix an issue would create
a regulatory violation, which type of clinical area would be
affected (e.g. emergency departments and operating rooms
vs. outpatient clinic spaces), and how severe the disruption
would be to local operations. Weighed against the costs of
each project, the team chose to prioritize interventions
into four categories:

1) Immediate priorities for urgent mitigation

Major Severe Catastrophic
2) Projects in need of investigative study
Outpatient | Interruption of Interruption of Interruption of for medium-term mitigation
clinical clinical activities clinical activities clinical activities s & ; .
operations | for 1 week or less | for 1 month or less | for greater than 3) Prlqutles for planned capital improvement
OR inability to 1 month OR projects
provide essential complete loss of an 4) Priorities for integration into new facility
services outpatient care site construction
Inpatient | Evacuation or Evacuation or Evacuation of This rational blended approach facilitated a plan that
clinical closure of some closure of some all inpatient care would increase preparedness in the short term while
operations | major inpatient major inpatient areas OR closure also ensuring that climate resiliency would improve
care areas (but not | care areas (but not | of some major . 1 1 .
o . A over time — in line with increasing levels of threat over
the whole facility) | the whole facility) | inpatient care areas . . .
for < 3 days for < 14 days for > 14 days time — as new construction projects were undertaken
: : : across the system. Where physical plant improvements
Research Evacuation or Evacuation or Evacuation of all .
. . : were not feasible or would be delayed for later phases
operations | closure of major closure of major research areas OR ) .
research labs/ research labs/ complete loss of a of implementation, emergency preparedness and oper-
areas (but notall | areas (but not all | research facility ational leaders were tasked with developing emergency
research areas) for | research areas) plans for the relevant climate-driven events.
< 3 days for < 14 days OR
loss of unique
anlmals, cell lines, RESULTS
specimens, data, R . .
. Our systematic approach to risk assessment and inter-
5 5 5 vention development identified over 300 potential
Support amage or amage or amage or vulnerabilities in our health system, with a range of
services/ destruction destruction of a destruction of a . -
— of a support support area that | support area that consequences from moderate to catastrophic. We iden-
area that will will cause major will cause severe tified that climate change adjusted projections for heat,
cause moderate impact to facility | impact to facility flooding, and wind would all strain our current facilities
impact to facility | operations operations if improvements were not undertaken. See Table 2 for
operations
examples.
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Table 2. Examples of vulnerabilities created by each type of climate-related disaster in our settings, along with potential solutions in the near and

longer terms.

Threats Examples of Vulnerabilities Examples of Solutions
Heat Waves | - Lack of cooling for back-up power sources - Adding chillers to emergency power
- Lack of back-up power for cooling mechanisms - Creating street connections for supplemental emergency power
- Potential regional brownouts & chillers
- Potential need for hospital as shelter for the community - Energy efficiency initiatives to reduce burden on power sources,
in current and future facilities
Flooding - Critical infrastructure interruptions (transit, energy, telecom) | - Business continuity planning
- Supply chain disruptions - Flood barriers
- Personal impact to workforce - Utility hardening
- Loss of critical services on lower levels (utilities, pharmacy, | - Storm water management systems
food services) - Advocate and partner for public utility improvements
- Water contamination - Incorporate flood projections into new building designs/relocations
High Winds | - Hazards from slate and ballasted roofs - Roofing repairs and replacements
- Wind-driven rain entering through windows, under - Wind resiliency improvements to current facades
cladding and roofs - Stronger equipment tie-downs
- Equipment blowing off roofs - New facilities built to codes of areas with higher wind speeds

Nearly all facilities faced vulnerabilities amidst pro-
jected extended heat waves, particularly during summer
months when a majority of days could be expected to exceed
90-degree temperatures by 2070. The most common prob-
lem encountered was how to keep buildings cool if local
power systems or the grid were to fail, as most buildings
did not have emergency power for cooling. Most buildings
also faced vulnerabilities if wind speeds were to increase
markedly, with particular risks to older slate and ballasted
roofs. In addition, some equipment on building exteriors
was deemed at risk due to inadequate strength of tie-downs,
and many buildings faced risk of wind-driven water entry
through windows and under roofs.

Flooding was also projected to be a major risk for many
sites. Flooding on-site could directly damage critical services
on buildings’ lower levels including utilities, pharmacy, food
services, and water supply. Flooding of surrounding areas
could disrupt critical infrastructure (e.g. local transit, energy
lines, and telecommunications), and interrupt usual supply
chain routes. Such flooding could also impede the ability of
staff to come to work (and return home). Most facilities were
not fully prepared for the flood depths that could occur in
future climate-adjusted models.

Some of the more immediate interventions undertaken
in response to these vulnerabilities included adding chillers
to emergency power, creating connections to the street for
accessing supplemental emergency power, replacing roofs
and windows, increasing wind resiliency of existing struc-
tures, strengthening equipment tie-downs, creating higher
flood barriers, improving storm water management systems,
and hardening of utilities against water damage. Longer-term
interventions included considering flood projections into
new building site choices, incorporating wind resilience
into new building plans far beyond local code requirements,
and advocating for improvements to local public utility
infrastructure.
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DISCUSSION

In this article, we present a systematic approach to
assessing healthcare system vulnerabilities and prioritizing
preparedness interventions in the setting of increasingly
severe weather events resulting from climate change.
Utilizing climate projections that largely already existed
for our local area, we were able to create realistic scenarios
for what each of our facilities could expect in coming years,
and plan for levels of threat that would not be accounted for
by usual Hazard Vulnerability Analyses based on historical
data. Some of the projections were startling and resulted
in construction principles we would otherwise have never
employed; one of our Massachusetts hospitals now has a
building enclosure, roof, and walls designed to the building
code for wind levels in Miami, for example. Without a clear-
eyed assessment of climate change scenarios, our health-
care systems risk more events like those seen in Hurricanes
Katrina and Sandy. However, by using data often already
available, health systems can plan for these types of severe
events and become better prepared for when they occur
more frequently in coming decades.

A key feature of our strategy was the blending of short-
and long-term projections with a mix of time horizons for
improvements. Not all projects could feasibly be completed
immediately, but not all needed to be; some could safely
wait a decade or two based on climate projections. This
allowed many strategies to be built into future construction
plans, which is more cost effective than renovating current
structures. Plans created now can therefore help to ensure
increased climate resiliency for many decades.

One important lesson from our experience was the need
to engage local leaders across disciplines at each facility.
Assembling climate projections and flood maps can be done
in a conference room or behind a desk, but the vulnerability
analysis cannot. Without engaging the people who under-
stand the structure and operational processes of each facility
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in depth, a vulnerability analysis cannot effectively reveal
the most pertinent issues to be addressed. In addition, involv-
ing local leaders — including CFOs — helps to ensure buy-in
for projects once improvement possibilities are identified.

While our analysis focused only on facility structures and
day-to-day operations, there are certainly broader impacts
of climate change that hospitals should consider moving
forward. One major challenge will involve accommodating
increasing healthcare demand due to the impact of climate
change on patients. Others have discussed how both dis-
crete weather events and overall climate trends are likely
to increase the burden of both acute injury and vector-borne
illness as well as many chronic diseases.! Many American
hospitals already lack reserve capacity and struggle with
overcrowding on a daily basis; future health system design
must account for yet further increases in the number of
patients requiring care in coming decades.¢

Another important consideration is the impact of climate
change on facilities beyond traditional hospitals. In our set-
ting, we included research facilities as medical research is
core to the mission of our health system; with extra-cold
freezers and other unique needs, protecting research capa-
bility can necessitate additional types of strategies. We also
assessed rehabilitation centers, and future work at local and
broader levels should include skilled nursing and long-term
care facilities. If these types of facilities are rendered unsafe
during a disaster, their residents will end up in hospitals,
only further stressing the healthcare system. For example,
Florida hospitals received many patients during Hurricane
Irma in 2017 after cooling systems in nursing homes failed.”
Helping to ensure that lower level of care settings have pre-
paredness plans can help alleviate burdens on hospitals at
times of great stress.

CONCLUSION

The potential impacts of climate change on our hospitals
and health systems are daunting but must be faced head-on
to ensure that patients can receive life-saving care when they
need it most. While the specific risks and vulnerabilities for
each hospital will differ according to location and structural
features, the rational blended approach we describe here is
broadly applicable. By forecasting specific risks, diagnosing
vulnerabilities, developing potential solutions, and using
a risk/benefit approach to decision making, hospitals can
work toward protecting themselves and their patients in
the face of potential climate-related natural disasters in an
economically sound manner.
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Providence’s Vulnerability to Floods:

CLIMATE CHANGE - COMMENTARY

Impacts of Sea Level Rise, Stronger Storms, and Heavier Rainfall

ANDREW E. BINDER, BA; SELIM SUNER, MD, MS; H. CURTIS SPALDING, MPA; ERICH OSTERBERG, PhD

KEYWORDS: climate change, climate resilience,
disaster medicine, hazard analysis, emergency
preparedness, flooding

INTRODUCTION

The City of Providence, RI, and its healthcare infrastruc-
ture face growing risks from climate change. Environmen-
tal stressors including higher temperatures and atmospheric
changes increase pressure on the existing social-environ-
mental system. In a 2019 report, the Providence Emergency
Management Agency (PEMA) and Local Hazard Mitigation
Committee (LHMC) identified flood-related hazards as a
major risk to Providence’s built and natural environments
and community health.! Hazard Vulnerability Analyses,
(HVAs), conducted annually as part of each acute care hos-
pitals’ emergency preparedness, also consider the impact
of flooding, hurricanes, and winter storms in their danger
assessments.

Providence is located on the lowland shore of the northern
fringe of Narragansett Bay, a coastal estuary environment
with a 4-foot tidal range.> The city area also includes four
river systems that are tidally affected. Providence’s north-
ern region is drained by the Moshassuck River, and the
western-central region is drained by the Woonasquatucket
River. Their confluence at downtown’s Waterplace Park
forms the tidal Providence River, which flows southward
to join the Seekonk River at the head of Narragansett Bay.
The city’s coastal floodplain from the port area along Allens
Avenue and river floodplains through the downtown Fox
Point Hurricane Barrier (FPHB) and up the Moshassuck
and Woonasquatucket River corridors, face risk of hazards
related to inland, riverine, tidal, and storm-surge flooding.>

Since the establishment of the Providence Colony in 1636,
centuries of industrial and residential development have
modified the coastal landscape. Dense urbanization, river
engineering, and waterfront barriers replaced the region’s
salt marshes, swamps, and river floodplains with impervi-
ous surface cover (>37% of the city), which has decreased
the city’s ability to infiltrate excess water into soil.>® This
development pattern has compounded the magnitude and
frequency of flooding events, especially urban flooding
caused by stormwater runoff.?
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The causes of flooding are multifactorial. Global surface
temperatures have risen over the past 150 years, with a rapid
change since 1970, due to increasing atmospheric concentra-
tions of carbon dioxide (CO,), methane (CH,), nitrous oxide
(N,0), and fluorinated gases.* Warming is certain to continue
until at least mid-century under even the most aggressive
emissions reduction scenarios, with significantly different
temperature ranges beyond 2050, depending on the emis-
sions path.* Together with changing physical conditions,
three major climatic impact drivers (CIDs) — rising sea lev-
els, intensifying storms, and increasing precipitation rates —
increase the likelihood of hazardous flooding in Providence.?

RISING SEA LEVELS

Thermal expansion of oceans, mass loss from glaciers and
ice sheets, and transfer of water from terrestrial aquifers to
the ocean have led to a global mean sea level (GMSL) rise of
7.9 inches between 1901-2018.* Rhode Island’s tide gauges
have risen even higher.>®” Observations from the National
Oceanic and Atmospheric Administration’s (NOAA) Prov-
idence Tidal Station show that Relative Sea Level (RSL)
rose 9 inches from 1938-2020, a higher rate than the global
average due, in part, to local land subsidence and ocean
circulation.>® The rate will likely accelerate non-linearly
through the 21st century. Under a high emissions scenario,
Narragansett Bay’s RSL is projected to rise an additional 3.7
inches by 2030, 8.3 inches by 2040, 13.8 inches by 2050, 2.5
feet by 2070, and 4 feet by 2100, according to the United
States Army Corps of Engineers (USACE) and NOAA.® The
rising high tide level will cause the city’s coastal floodplain
to encroach inland toward downtown, expanding the area
prone to flood events.

STORM INTENSITY

The Northeast is experiencing intensification of tropical
cyclones and extratropical storms due to warmer sea surface
temperatures and the poleward shift of North Atlantic storm
tracks.>*® These storms temporarily raise sea level — called
‘storm surge’ — due to several factors, including changes in
atmospheric pressure, high winds and wave activity that
push water up against a coastline. According to storm mod-
elers at the University of Rhode Island, Narragansett Bay’s
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funnel-like shape further amplifies the height of a storm
surge as it moves up the bay.> Examples of storm surges in
Narragansett Bay include the Great New England Hurricane
of 1938 (Category 3), Hurricane Carol (1954, Category 3),
Hurricane Diane (1955, Category 1), Hurricane Bob (1991,
Category 2), Superstorm Sandy (2012), and Tropical Storm
Henri (2021). More intense coastal storms coupled with a
significant rise in the RSL will generate greater storm surges
surpassing historical benchmarks and extending further
inland. Importantly, a future storm-driven 1-in-20 year flood
on top of a two-foot SLR will have the same water level and
depth as today’s 100-year flood.”

PRECIPITATION RATES
The warming atmosphere

CLIMATE CHANGE - COMMENTARY

IMPACT ON PROVIDENCE

Taken together, the climatic impact drivers make sections
of Providence vulnerable as seen in the flood map (see Fig-
ure 1).! Even one additional foot of sea level rise, predicted
by mid-century, would multiply the impact of flooding, and
thereby affect numerous facilities in an expanded flood zone.
Critically affected infrastructural assets include commercial
and industrial port facilities, drinking water supply systems,
wastewater treatment plants and stormwater systems, along
with roadways, the FPHB, and some residential neighbor-
hoods. Healthcare facilities located south of the FPHB, near
the port area, are particularly vulnerable to inundation or
access disruption. These include Hasbro Children’s Hospi-
tal, Rhode Island Hospital, and Women & Infants Hospital,

Figure 1. FEMA Flood Zones in Providence, RI.
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as well as several smaller facilities.! PEMA’s 2019 assess-
ment of flood-related hazards show that these three hospi-
tals/healthcare facilities would be significantly impacted
by the storm surge of a Category 1 hurricane, while numer-
ous additional facilities would be devastated by a Category
3 hurricane storm surge.'” As seen in Hurricanes Katrina
and Harvey, flooding and associated storm winds and rain
can also cause havoc from above by damaging protective
structures such as roofing, and damage hospitals outside the
flood zone. Destruction of critical hospital infrastructure,
including generators, HVAC systems, water supply, and the
medical supply chain can lead to additional downstream
emergencies.'>!3

CONCLUSION

The risk of flooding in Providence will become more severe
in the coming decades. HVAs are constructed using histori-
cal data, but as Baugh et al. emphasize, we live in an era of
climate change, making past data unreliable in estimating
an accurate level of risk for Providence’s critical healthcare
facilities.'* Coalitions including the Providence Resilience
Partnership (PRP) have emphasized the need for a predictive
flood model incorporating climate change, land-cover types,
hurricane barrier dynamics, and diverse stakeholder needs,
but a common resilience strategy does not yet exist.> It is
important that the city of Providence, the Rhode Island Sea
Grant, the RI Department of Health, RI Emergency Man-
agement Agency (RIEMA) and the city’s hospitals develop
a plan based on future projections, as the natural hazard
of flooding poses a significant risk of harm to the city, its
hospitals, and the frontline communities they serve.
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A Case of Heat Stroke in the Era of Climate Change

FRED VARONE, MD; WILLIAM BINDER, MD

From the Case Records of the Alpert Medical School
Residency in Emergency Medicine

DR. FRED VARONE: Today’s patient is an elderly male of
unknown age (later found out to be 68 years old) who was
brought into the Emergency Department (ED) by Emergency
Medical Services (EMS) after being found unresponsive in a
park. The patient was fully dressed and wearing a coat, lying
face down, despite outside temperatures hovering at 99°F
and > 90% humidity.

Initial vital signs were notable for a systolic blood pressure
of 70 mm Hg, pulse 130s, and a rectal temperature of 43.3°C
(110°F). The patient was noted to be unresponsive to painful
stimuli and his skin was dry and warm to touch. Pupils were
3 millimeters bilaterally and sluggishly reactive. His cardiac
exam revealed tachycardia with a regular rhythm. Breath
sounds were clear although he was noted to have sonorous
respirations.

The patient was given a bolus of crystalloid IV fluids and
push dose phenylephrine for hypotension. He was intubated
for airway protection via rapid sequence intubation using
ketamine and rocuronium.

DR. AMY MATSON: What laboratory and imaging studies
were obtained?

DR. VARONE: Notable labs are seen in Table 1. The patient’s
laboratory abnormalities are not unusual in heat stroke.
Rhabdomyolysis and injury to the kidneys and liver are often
noted by elevations in the creatinine phosphokinase (CPK),
creatinine and liver function tests. Thrombocytopenia is also

Table 1. Heat Stroke Criteria

common. Troponin is frequently elevated as well, reflecting
a type 2 myocardial infarction.!>3%3

There are no specific findings on radiographic imaging
suggestive of heat stroke. When acute lung injury and ARDS
are suspected, chest X-ray will show the typical bilateral
infiltrates. In our patient, a chest X-ray after intubation
showed the endotracheal tube in good position and no acute
cardiopulmonary abnormalities. CT imaging of the brain
and cervical spine without IV contrast was unremarkable for
acute changes. CT imaging of the abdomen and pelvis with
intravenous contrast revealed diffuse thickening of bowel
loops with enhancing walls concerning for bowel ischemia,
as well as bibasilar airspace disease.

DR. JOSEPH LAURO: With a temperature of 110°F, this
patient has heat stroke. Is it unusual for a temperature to
rise so high without exertion? Can you review the different
types of heat stroke?

DR. VARONE: Heat-related illness exists on a spectrum
of disease severity, with heat stroke being the most severe
manifestation. Other classifications for heat-related ill-
nesses include heat stress, heat injury, heat exhaustion,
heat syncope, and heat cramps. The loss of fluid and salt
in sweat can lead to muscle cramping and intravascular
volume depletion leading to syncope. Heat exhaustion can
be considered the precursor to heat stroke, with symptoms
such as headache, dizziness, nausea, weakness, and a tem-
perature that is typically between 36 and 40°C. While these
are all readily reversible clinical conditions with cooling and
hydration, they can progress into organ failure if untreated,
leading to the syndrome of heat stroke.

Our patient has heat stroke, classically defined
as high environmental heat exposure combined

Lab Initial Day 1 of Day 3 of
presentation hospitalization | hospitalization
Hemoglobin/Hematocrit 10.9/33 11.8/34
Platelets 64 x 10°/L 21 x 10°/L 74 x 10°/L
Creatinine 1.80 mg/dl 2.51 mg/dl 5.43 mg/dl
Troponin | 0.166 ng/ml 68.194 ng/ml 65.271 ng/ml
AST/ALT 125/36 IU/L 4,060/354 1U/L | 949/302 IU/L
CPK 243 1U/L 6,638 |U/L 4,555 |U/L
Lactate 9.3 mEQ/L 4.6 mEQ/L
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with CNS dysfunction and elevated core body
temperature > 40°C (104°F).¢ Additional defini-
tions have been proposed which do not include
temperature criteria (See Table 2).”

Heat stroke can be divided into classic heat
stroke (CHS) and exertional heat stroke (EHS).
CHS occurs more often in vulnerable popula-
tions, such as the elderly, as their ability to com-
pensate is often impaired by comorbidities and
medications. EHS, on the other hand, occurs in

NOVEMBER 2021 RHODE ISLAND MEDICAL JOURNAL 63


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-11.asp
https://www.rimedicalsociety.org

CLIMATE CHANGE - EMERGENCY MEDICINE RESIDENCY CPC

Table 2. Comparison of different criteria for diagnosis of heat stroke

All definitions e High Environmental Heat Exposure

Bouchama e Core temperature > 40°C

e CNS effects (coma, delirium, seizures)

JAAM e CNS symptoms (Japan Coma Scale score of > 2,
cerebellar symptoms, convulsions seizures)
¢ Hepatic or renal dysfunction

e DIC by JAAM criteria

e GCS<14
* JAAM DIC score > 4
e Creatinine or bilirubin sym 1.2 mg/dl

JAAM-HS-WG

Glasgow Coma Scale, Japanese Association of Acute Medicine (JAAM), Japanese
Association of Acute Medicine heat stroke committee working group JAAM-HS-WG)

young, healthy individuals during strenuous physical activ-
ities (athletes, military personnel).”® Temperatures can rise
substantially in both forms of heat stroke.

In patients with heat-related illness, heat loss is mediated
by several different mechanisms. These include radiation,
conduction, convection, and evaporation. In cool tempera-
tures, the majority of body heat (55%-65%) is lost by radi-
ation, or the emission of energy from the skin. Convection
occurs through the transfer of heat from the body to a gas
(air), while conduction occurs by the transfer of heat between
two surfaces with different temperatures. In warm tempera-
tures, evaporation is the primary means to dissipate heat,
but it has limited efficacy when humidity rises above 60%.!
Unfortunately, our patient was unable to dissipate heat due
to his clothing and the high heat index (a combination of air
temperature and relative humidity).

DR. ELIZABETH SUTTON: This patient’s temperature
reached 110°F. Is that usually survivable? What happens to
the patient’s organs?

DR. VARONE: While organ systems may start to exhibit
dysfunction at 40°C (104°F), higher temperatures are sur-
vivable, and patients may have temperatures up to 43.3°C
(109.9°F) and survive with good neurologic outcome.” Some
studies suggest that time to cooling may be more important
than maximum temperature.®'%!!

The cause of an elevated temperature is important. Fever
is created when pyrogens (such as bacterial endotoxins or
cytokines produced from cell damage) act on the hypothal-
amus to increase the natural temperature set point through
increased prostaglandin production.’

In heat stroke, however, temperatures rise without an
adjustment in the hypothalamic set point. In heat injury,
cell membrane physiology is disrupted, leading to endo-
thelial and organ cell death.>'>!3 Proteins start to denature
around 40°C, leading to enzyme disruption, mitochondrial
failure, and loss of oxidative phosphorylation. In response to
injury, cells produce heat-shock proteins, which are protec-
tive against heat, hypoxia, and ischemia, but these quickly
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can become overwhelmed in severe heat stroke.! The end
result is cell death across multiple systems.'

The impact of hyperthermia on organ systems is signifi-
cant. In the CNS, thermal injury can lead to cellular dena-
turing, neuronal death, and excitotoxicity. Cytokine release
and resultant vascular damage, as well as local ischemia
and systemic changes in blood flow can result in cognitive
impairment, seizures, and cerebral injury.'

Gastrointestinal tract physiology is altered by hyperther-
mia and contributes to mortality. To dissipate heat, blood
flow shunts from the GI tract to the skin, resulting in bowel
ischemia, mucosal barrier disruption, and bacterial trans-
location. Bacteremia, circulating endotoxin and sepsis can
ensue.'3' Additional inflammatory mediators, including
IL-1 and IL-6, are released from injured cells, causing a sys-
temic inflammatory syndrome response (SIRS)."” Vascular
endothelial cells also sustain damage, which can lead to a
consumptive coagulopathy and systemic microthrombi.>!3

Other organ systems are impacted. Myocardial infarc-
tion has been reported in up to 7% of admitted heat stroke
patients.* Multi-organ dysfunction and systemic manifes-
tations including disseminated intravascular coagulation,
rhabdomyolysis, hepatic necrosis, and acute kidney injury
have all been reported.>'¢

DR. OTIS WARREN: Are heat-related illness occurring
with greater frequency?

DR. WILLIAM BINDER: There has been an increase in the
frequency of extreme heat events (EHEs) over the last sev-
eral decades. Data analyzed between 1961 and 2019 for 50
metropolitan areas in the US shows an increase in heat wave
frequency, duration, intensity, and an increase in the length
of the heat wave season (see Figure 1)."7

Heat related mortality has risen concordantly. While it is
reported that approximately 700 individuals die annually
in the US due to heat, it is felt that this number is grossly
underestimated as comorbid diseases are often reported as
a primary cause of death, thereby concealing environmen-
tal heat’s role."'® The recent Lancet countdown on health
and climate change suggests that in 2018, 19,000 deaths in
the US were related to high environmental temperatures.”
Underscoring this, our patient’s problem list and discharge
summary in the electronic health record acknowledges
NSTEMI, encephalopathy, and acute kidney injury, but
makes no mention of heat stroke.

While data on heat-related mortality in Rhode Island is
not available, average temperatures have risen over the past
several decades. Between 1981-2010 there were an average
of 9 days > 90°F in the Providence Metro area; this number
increased between 2010 to 2014, and in 2021 there were 19
days > 90°F. Rising summer daily temperatures have been
linked to increased EMS utilization and ED visits.?%?!
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Figure 1. Heat-wave frequency, duration, intensity, and length of season between 1961-2019

for 50 metropolitan areas in the US.

Rapid cooling is the mainstay
of treatment for heat stroke and
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improved outcomes are related
to early recognition and treat-
ment.®*101112 Patients should be
cooled at a rate of 0.1-0.2°C per
minute until evidence of clinical
improvement, with careful atten-
tion paid to preventing overcool-
ing.®?¢ While there is no specific
temperature goal and the patient’s
clinical picture should guide
cooling, some studies have used
specific temperature cutoffs to
prevent overcooling (38-39°C).610
Techniques used for cooling in
the ED include cold packs and
ice (conduction), and evaporative
cooling using cold water and fans.
Cold-water immersion, frequently
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DR. VARONE: Anthropogenic climate change from increas-
ing urbanization has resulted in heat islands, areas where
the average temperature is higher than surrounding areas.
Developed cities tend to have higher day and nighttime tem-
peratures due to increased heat production, replacement of
vegetation by concrete and other manmade materials, and
disruption of natural airflow by large buildings, streets,
and city geometry.”> Higher evening temperatures prevent
humans from recovering from daytime heat exposure and
injury. Analysis of the 2003 Paris heat wave shows a clear
association between increased nighttime surface tempera-
ture in heat islands and risk of death, particularly in elderly
people.?

While cities only make up around 2% of the Earth’s sur-
face, they are responsible for 75% of the world’s emissions.>
In 2007 there were 19 cities with 10 million or more inhabi-
tants; by 2018 there were 33 “mega-cities.” Increasing urban-
ization will lead to more heat islands and more heat-related
illness, particularly in developing countries where popula-
tions and urbanization are still accelerating.?*?*

DR. CATHERINE CUMMINGS: What was your manage-
ment of this patient with hyperthermia?

DR. VARONE: Rectal temperatures should be checked
in patients with suspected heat stroke. External measure-
ments have been shown to correlate poorly with rectal tem-
perature and underestimate the degree of hyperthermia.®!!
In one study of collapsed marathon runners, only two of
17 collapsed runners with true hyperthermia (rectal tem-
perature > 39.4°C) were identified correctly by temporal
measurement.?
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used in the pre-hospital setting for
patients with EHS, is often imprac-
tical in the ED and potentially harmful in older patients with
CHS requiring monitoring. Invasive methods for cooling
include bladder, gastric and peritoneal lavage, and cardio-
pulmonary bypass methods such as ECMO-based cooling.>

Our patient received intravenous fluids, cold packs and
ice, and evaporative cooling with fans. His temperature
decreased to 39°C within 45 minutes of arrival to the ED.

Of note, antipyretics have no utility in hyperthermia due
to environmental exposure, and some studies suggest they
may be harmful in heat-related injury.?

DR. NICK MUSISCA: What happened to this patient?

DR. VARONE: After intubation, orogastric and rectal tubes
were placed. His ED course was complicated by runs of
atrial fibrillation with rapid ventricular response, and car-
dioversion was attempted but was unsuccessful. His rate
decreased with fluid administration and temperature con-
trol. He received benzodiazepines, to prevent shivering and
agitation, piperacillin-tazobactam for ischemic bowel, and
anti-epileptic medications (AEDs).

The patient was admitted to the medical intensive care
unit and multiple medical services were consulted. Contin-
uous electroencephalography was performed for 24 hours,
and the patient did not demonstrate seizure activity. On
hospital day 4 he was extubated, although he was confused
and encephalopathic. On hospital day 10 he was able to pro-
vide health care workers his name, and social work was able
to locate his daughter. She reported a history of chronic alco-
hol abuse and dementia - known risk factors for heat stroke.
The patient improved to his baseline and was discharged to
a skilled nursing facility on hospital day 19.
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CLIMATE CHANGE - SPOTLIGHT

Image 1. Swedish icebreaker Oden.

Frozen Obsession documentary follows URI team studying climate change in the Arctic

MARY KORR
RIMJ MANAGING EDITOR

Frozen Obsession captures a once-pris-
tine Polar ecosystem eroding at an
alarming and accelerating rate. The PBS
documentary by Emmy Award-winning
filmmaker DAVID CLARK chronicles
the Northwest Passage Project (NPP) ex-
pedition studying the effects of climate
change in the Canadian Arctic. A team
at the University of Rhode Island (URI)
Graduate School of Oceanography (GSO)
and its Inner Space Center, an internation-
al research and education hub, developed
the project.

Aboard the Swedish icebreaker Oden,
(Image 1), the expedition departed from
the U.S. Thule Air Base in Greenland in
July 2019, on a 2,000-mile voyage through
the Northwest Passage (Figure 1). During
a pre-release viewing of the film, followed
by a ZOOM panel discussion, planners
and participants shared their experiences
during the 18-day mission.

URI Associate Professor of Oceanog-
raphy BRICE LOOSE, PhD, the project’s
chief scientist, described the Arctic as “a
melting pot. The old Arctic is disappear-
ing. I feel like we are watching a tragedy
unfolding.” He noted the dramatic shifts
in the climate record. “Humans were not

on the planet the last time there was a
major change in the climactic pattern
like the one we are experiencing today.
Previously it has been over the course of
several thousand to a hundred thousand
years. What we are seeing today is a pro-
found change because of the speed with
which it is unfolding. It is not even a mat-
ter of decades now, but years.”

Loose described the NPP research as
“basic science, data collection. It was an

opportunity to peer into a complex sys-
tem and start to understand it for the
first time.” Clark’s documentary offers
fascinating glimpses into this; one scene
depicts Loose and a small group helicop-
tered to sea ice floes, where they drilled
into six-foot thick ice to collect core sam-
ples (Image 2). What they found was dis-
turbing — plastics of different types, sizes
and colors. “There was so much plastic
that you could look at it with your naked

Figure 1. Map of the Northwest Passage Project Expedition.
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Q&A with oceanographer Brice Loose, PhD,
NPP project lead scientist

MARY KORR
RIMJ MANAGING EDITOR

Q. What kind of routine medical screenings were done for the pre-COVID Northwest
Passage Project (NPP) and what is taking place now on research expeditions?

A. Participants have to go through a fairly rigorous medical screening with certification from
their physician and dentist that the likelihood of needing emergent care is low within the next
3-6 months. People are sometimes disqualified for heart and eye conditions, for example.

Q. Was the medical team on the ship from New England?
A. Typically, the medical personnel are employed by the ship operator. In this case, the Swedish
Polar Research Secretariat had a staff physician aboard.

Q. It did not sound like there were any medical emergencies, but if there were, would a
patient be helicoptered out?

A. Yes, the helicopters are critical in this respect. They can rapidly transfer someone to a town
with a hospital or with airline service to larger towns. In the Northwest Passage, we were often
less than one day away from a community that was accessible by helicopter. These townships
are serviced by two Canadian airlines, so the field setting was not as remote as it can be.

Q. Are there research findings from the Project you would like to highlight?

A. For NPP, the other results are preliminary and still in progress, but we see the influence
of terrestrial glaciers affecting the distribution of plankton and microbes, and potentially even
the production and degradation of greenhouse gases. Despite the extended daylight, we found
very little exchange of nutrients between land and sea. That, combined with the enhanced
freshwater on top of seawa-

CLIMATE CHANGE - SPOTLIGHT

eye and see all of the beads, fibers and
filaments just sitting there in the bottom
of the containers,” Loose said.

Previous European research has shown
the trajectory of plastics, determining
it lofts through air masses, descends on
Arctic islands, and flows with ocean cur-
rents. Some of the sea ice collected during
the 2019 expedition is believed to have
started in the Central Arctic, moved east
through the Nares Strait by Greenland,
and then into the Northwest Passage’s
Lancaster Sound.

Analyses into the data collected during
the NPP project is ongoing; for example,
identifying the state of weathering on the
ice samples and trying to determine the
degradation of the plastics, and potential-
ly tracing its source to the manufacturer.

“It is important for people everywhere
on Earth to see and understand how this
region affects all of us,” said NPP princi-
pal investigator and project director GAIL
SCOWCROFT. “The region’s meltwater,
water circulation, and exchange of green-
house gases between the ocean and the

ter, meant that very little plant
nutrient was available in the
surface ocean to fuel plankton
growth by primary production.
In these respects, extended
summer melt is really trans-
forming the region.

I'd also like to make you
aware of the MOSAIC project:
https://mosaic-expedition.

URI members who participated
in MOSAIC during the course
of the year-long drift. We had
some serious logistical hurdles
to transfer personnel during
the spring crew changes, but a
protocol was developed so that
COVID never made it out to

the vessel.

Q. Is there follow-up research to the NPP taking place in the Canadian Arctic?

A. We are in collaboration with Canadian Dept. of Fisheries and Wildlife that have long-term
monitoring in this area. Their work is ongoing. One of our graduate students has been journey-
ing to the Canadian Arctic and the NWP almost every summer for several years. <*
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Image 2. Dr. Brice Loose, at right, chief expedi-
tion scientist with the Northwest Passage Proj-
ect and research team collecting samples from
ice cores in the Arctic.

[COURTESY NORTHWEST PASSAGE PROJECT/
CAMERA: DUNCAN CLARK]
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Image 3, 4. Polar bear and iceberg in the Canadian Arctic waters.

[COURTESY OF THE NORTHWEST PASSAGE PROJECT.]

atmosphere are causing wide-scale envi-
ronmental and climatic changes, which
increasingly affects people and wildlife
diversity around the world.” (Images 3, 4)

However, she pointed to encouraging
signs, with the United States rejoining
the Paris climate agreement this year,
and also stressed the urgency for individ-
uals to act. “We can, as citizens, reduce

RIMJ ARCHIVES | NOVEMBER ISSUE WEBPAGE | RIMS

our own carbon footprint and encourage
our governments to move towards a zero-
emissions economy.”

On the voyage, GSO microbiology
graduate student JACOB STROCK su-
pervised the observation and collection
of plankton samples, “to understand
what is in the water and how suscepti-
ble these ‘small but mighty’ microscopic

Y7977 2027(

organisms might be to climate change.
Many small organisms can have a large
effect. What impact will it have on the

21

Arctic as a whole?” he pondered during
the panel discussion.

Filmmaker Clark said he hoped the
film’s takeaway for viewers would be
to “believe the science, and see that cli-
mate change is real. We look to the next
generation of young scientists and deci-
sion-makers; they are the ones who are
going to save us.”

Frozen Obsession also explores the
maritime history of the Northwest Pas-
sage, and the history and effects of cli-
mate change on indigenous populations.
The latter perspective was
ling, given by student participant MIA

compel-

OTOKIAK, Inuit scientist and commu-
nity liaison.

The NPP was supported with major
funding from the U.S. National Science
Foundation and additional support from
the Heising-Simons Foundation.

For further information on the project

and how to view the documentary, visit
https: thw ject.
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