Background
During the months of October through April, low temperatures can increase the risk for adverse cold-related health illnesses like hypothermia and frostbite. In some parts of the country, especially in the northern latitudes and higher elevations, this season can extend to a year round hazard. Although in warmer climates, cold-related illnesses can be an issue when swimming or diving at temperatures of near 50 degrees F. (1) In addition, hypothermia can occur among older and very health compromised adults at relatively warm temperatures. (2)
In a review of weather-related causes of death in the United States from 2006-2010, exposure to excessive natural cold and hypothermia were the leading cause of death (63 percent) when compared to deaths directly attributed to other hazards like extreme heat, floods, storms, and lightning. (3) According to the Federal Emergency Management Agency (FEMA), winter storms, severe ice storms, and snow storms have led to three major disaster declarations by states in 2017. (4)
Snow, wind, and ice during winter storms can lead to unsafe road conditions for pedestrians and vehicles.  These conditions can increase the risk of motor vehicle injuries and also impact stranded drivers who may be ill prepared to be exposed to the cold temperatures. Icy roads can also lead to slips and falls for pedestrians. (5)
Additionally, power outages due to winter storms can cause a home to be too cold. During this time, families may rely on space heaters and fireplaces which can increase the risk of carbon monoxide poisoning. (6)
Syndromic surveillance has been identified by public health practitioners as a useful tool for providing situational awareness and planning during cold weather events. In a 2015 survey sent to members of the Council of State and Territorial Epidemiologists, 41 percent (n=34) of respondents described using syndromic surveillance to monitor extreme cold events that could affect health and 38 percent mentioned tracking cold-related illness (e.g. hypothermia).  Information can lead to hospitals being able to appropriately staff and manage supplies for treating cold-related illnesses and injuries. (7) Injuries caused by icy conditions, such as slips and falls can damage the wrist, arm, and head. Analyzing age groups during cold events has also led to creating more targeted prevention messaging. (8)
Identifying cases of cold-related illness and injuries can be influenced by search terms used within a syndromic surveillance platform and the purpose of the surveillance by a jurisdiction. Currently, no standard cold-related syndrome exists within the National Syndromic Surveillance Platform’s Electronic Surveillance System for the Early Notification of Community-based Epidemics (ESSENCE). This system is used by many state and local public health jurisdictions across the country, but some jurisdictions have their own system developed.  Many local jurisdictions have created a unique syndrome definition based on their stakeholder needs to address cold events. Common key words have included the terms “frostbite, hypothermia, cold injury, and cold exposure.” (9)
In a literature review performed in December 2017 using the search terms syndromic surveillance and cold illness in PubMed, approximately 9 results occurred. One article described how swimming during a winter Olympic event led to hypothermia. With the limited background on an uniform approach to capturing cold-related illness and injuries and identifying the need of addressing this hazard based on recent major winter storms causing health hazards,  the Council of State and Territorial Epidemiologists (CSTE) Climate Change Subcommittee,  developed a sub-workgroup of jurisdictions interested in developing a definition that has a sensitivity to capture the types of illnesses occurring and provide useful information for modifying public health action on a timely basis. 

Methods
The workgroup requested case definitions to identify cold-related illness in emergency department data from state and local health departments. As of June 2018, 6 state and local health departments had contributed their definitions. A draft EPHT definition for identifying cold-related illness in hospital discharge data was also shared. 
[bookmark: _GoBack]Terms from each query were compiled. Words or phrases used in 2 or more definitions were added to a master list of cold-related illness query terms (see Table 1). Some jurisdictions used exclusion terms to suppress non-relevant records, and these terms were also compiled. International Classification of Diseases (ICD)-9-CM and ICD-10-CM diagnostic codes were identified with the jurisdictional queries and EPHT definition. Although ICD-10-CM codes are currently in use, the ICD-9 codes were listed to allow jurisdictions to assess retrospective CRI data as needed.  
Table 1: Master List of CRI terms and codes 
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Sources:  Alaska, Maine, Michigan, New York City, North Carolina, Oregon
Inclusions = term or permutation of word used in ≥2 syndrome definitions
Exclusions = term(s) with any 1 or more mentions listed



Regional Variations in Terms

Alaska

As a very cold place with huge amounts of outdoor recreation year round and a population that often lives hours or even days from definitive healthcare, Alaska has a significant burden of cold-related injuries like hypothermia and frostbite. Alaska has developed its own query to identify frostbite any hypothermia cases, which is based on using the terms “frostbit*”, “hypotherm*”, and the ICD-10 codes T34, T33, T68, and X31 as inclusion criteria. Examination of the cases identified with this query demonstrated that there are a number of frostbite cases that require significant followup care, including “re-checks”, dressing changes, and general denotations of the patient having a history of frostbite when the affected body part had an issue later. For example, a patient may lose one or more toes to frostbite, and then years later another foot issue will results in a statement like “history of frostbite- no great toe” in a text that is otherwise about a person with cellulitis of the foot.  As these cases do not represent new instances of cold injury, they do not help public health with situational awareness and are therefore excluded from the query.

These exclusions have a relatively small effect. In one particularly cold month, there were 112 visits reported with the exclusions and 116 without it; a difference of 4. It does make results more accurate, and particularly it is helpful for preventing multiple counts of a single incidence artificially inflating the data. This can be a major problem for Alaska, where the number of people is small and a zip code may have fewer than 1000 people in it. One example is a case of a patient who had severe frostbite in a North Slope village, which required an emergency airlift to Anchorage. The patient was received in the ED and treated, but then went to the ED daily for the next 4 days to have his wounds monitored and dressings changed. Since he was from a low-population area, these repeated visits created a very obvious spike in counts and rates for that area that was disproportionate to the actual burden.

Other States?

Novel Query for Cold-Related Illness

(,^cold exp^,or,^cold-exp^,or,^cold-exp^,or,^env exp^,or,^environmental exp^,or,^exp to env^,or,^exposure to env^,or,^exp to cold^,or,^exposure to cold^,or,^cold exposure^,or,^frostbit^,or,^forstbit^,or,^forst bit^,or,^frost bit^,or,^frost nip^,or,^frostnip^,or,^frost ni^,or,^hypothe^,or,(,^froze^,and,^hand^,),or,(,^froze^,and,^feet^,),^x31^,or,^t68^,or,^t69^,or,^t33^,or,^t34^,or,^;991^,or,^e901.0^,or,^e901.8^,or,^e901.9^,or,^e988.3^,),andnot,(,^recheck^,or^re-check^,or,^history of frostbite^,or,^history frostbite^,or,^dressing chang^,or,(,^991.8^,and,^asthma^,),or,^w93^,or,^e901.1^,or,^780.65^,or,^xd^,)



Steps for implementing cold-related illness syndromic surveillance in practice

1. Determine a data source and method for searching clinical records

This query was developed for ED visit and inpatient hospital admission data but was designed to be flexible. The workgroup recognizes that not all jurisdictions have access to inpatient hospital records. It is possible that the query could be adapted to identify cold-related illness in other sources of clinical data that use free text, such as nurse hotlines, emergency medical services
(EMS), and triage notes.

A syndromic surveillance system will be needed to search for text and/or diagnosis codes within a clinical dataset. Popular syndromic surveillance systems include the BioSense Platform (CDC, National Syndromic Surveillance Program) and ESSENCE (The Johns Hopkins University Applied Physics Laboratory). Some jurisdictions have syndromic surveillance systems that are specific to their state or local health department.

Each syndromic surveillance system will have different methods for building a query. For example, BioSense includes applications where either R code or MySQL programming language may be used to query data. Other jurisdictions may query data with SAS or other software. Refer to documentation within the agency to determine appropriate querying methods.

2. Formally validate the query with local data

Described in Syndrome Validation section below

3. Decide how often the query will be run and analyzed by the public health agency

Agencies must decide how frequently they will run the query and interpret the data. This will vary depending on the agency’s geographical region, relative historical climate, and public health priorities of a given jurisdiction. For example, some agencies may closely monitor cold-related illness throughout the entire winter season, while others may elect to monitor the data more closely during winter storm events. This is described in Potential Uses of the Data section below.

4. Decide how the resulting dataset will be analyzed

Methods for analyzing the cold-related illness data include: producing descriptive statistics to summarize demographics and risk factors for cold-related illness cases; monitoring trends over time (vertical bar chart of case counts by day or week); comparing current trends to historical trends using similar timeframes from previous years; time-series analysis of cold-related illness; or time-series correlation of cold-related illness incidence data with a measure of temperature, such as minimum and maximum temperature. Temperatures should be obtained from a reliable source, such as the National Weather Service, and should be consistent with the cold experienced by the population. Different regions have different standards for declaring cold or winter weather alerts (e.g. blizzard warning, winter storm watch, winter storm warning, snow advisory, freezing rain advisory, ice storm warning, and winter weather advisory). Some jurisdictions analyze the data by time period, such as during the usually cooler months of October – April time period. If your jurisdiction lies in a mostly cold climate you may consider year-round monitoring depending on stakeholder input.  Additionally, if using the National Syndromic Surveillance Program’s ESSENCE Tool, weather station data from the National Oceanic and Atmospheric Administration (NOAA) is built into the tool. Weather factors such as maximum temperature, minimum temperature, average temperature, heating degree days, snowfall, and snow depth are available.  Weather data can be overlaid or look at individually within the tool, such as in a time series chart.

Syndromic data may also be used to identify individual patients, obtain medical records, and perform an in-depth review. However, it may be difficult to obtain a medical chart. Cold-related illness is not a communicable disease and most jurisdictions do not mandate reporting of the condition. Before requesting records, check local policies and data use agreements between the public health agency and the submitting facility.

5. Decide how the data will be used to make decisions and take public health action

Described in Potential Uses of the Data section below
Syndrome Validation
Add commentary on PPV,NPV, sensitivity, and specificity.= NYC
	2014 Emergency Department and Syndromic Surveillance Matched Dataset, October-April (cold season)

	Prevalence 
	0.04
	

	Sensitivity probability that syndrome will identify CRI among those with the CRI)
	38.23
	

	Specificity (fraction of those without CRI to not be detected by algorithm)
	99.99
	

	PPV
	61.13
	

	NPV
	99.98
	



Potential Uses of the Data
Syndromic surveillance systems allow for the observation of CRIs in real-time or near-real time which can facilitate the public health response to winter weather and extreme cold. These include providing situational awareness and guiding public health emergency response. 
For example, Michigan routinely monitors CRIs and releases a cold-injury report weekly during the winter season. Syndromic data describe the number of self-reported cold-related injury complaints analyzed in a time series compared with NOAA minimum temperatures from across the state. Data are further stratified to show type of complaint such as carbon monoxide exposure, cold exposure, hypothermia, etc. Additional charts show data by gender, age group, and region of the state. The report is disseminated to public health and healthcare partners across the state. 
Trends in CRIs can be monitored to help inform public health and its partners for prevention messaging, including for winter storm travel, outdoor safety, indoor safety, and power outages. Additionally, trends can guide the use of winter weather toolkits, such as those from Kansas and Wisconsin, which contain steps and strategies for public health partners as well as the public to appropriately prepare and respond to cold weather.   
Continued or sharp increases in CRIs may prompt mitigation for health impacts of cold weather. This may or may not be paired with weather forecast data and be used to determine actions such as when and where to open warming centers or emergency shelters. 

Limitations
Many of the same limitations explored in the CSTE Heat Syndrome Case Definition document also apply to the cold syndrome definition. (10) Misclassification may result from exclusion terms removing true CRI cases or not completely removing false cases, or inclusion terms not detecting all true cases. However, as with heat surveillance, cases identified by the CRI indicator can be considered an indicator of illness, rather than a complete count of all cases. In addition, exclusion criteria can be reevaluated as syndromic data quality changes improves and receives more reliable diagnostic codes. 
In addition, the use of a pre-defined static query does not allow for systematic detection when new words or codes have been introduced, requiring periodic and potentially labor intensive re-assessment of the query. Machine learning, which involves creating algorithms that can be trained to detect and use new keywords and codes, may improve accuracy and efficiency. 
Conclusions and Recommendations
TBD
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cold exp Keywords

ICD10

cold - exp

X31

Exposure to excessive cold of natural origin


recheck 

W93, Exposure to excessive cold of man-made 

cold-exp

T68 Hypothermia

history of frostbite

ICD9

env exp T69 Other effects of reduced temperature history frostbite E901.1, Excessive cold of man-made origin 

environmental exp

T33 Superficial frostbite dressing chang

780.65, Hypothermia not associated with low 

environmental temperature

exp to cold T34  Frostbite with tissue necrosis frozen

exp to env

991.8 and asthma

exposure to cold

asthma

exposure to env

991 Effects of reduced temperature chest

frost bit

E901.0 


Excessive cold due to weather conditions congestion

frostbit

E901.8  Excessive cold, other specified origins cough

frostnip

E901.9 Excessive cold, of unspecified origin ear

hypothe

E988.3

Extremes of cold (undetermined intent)


ears

coldexposure 

infection

frost ni preg

froze pregnant

frozen AND hands SOB

frozen AND feet sore throat

"out in the cold"  sx

symptoms

ICD9

ICD Codes Exclusions

ICD10


