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Introduction: In 2007 wildfires ravaged Southern California resulting in the largest evacuation 
due to a wildfire in American history. We report how these wildfires affected emergency 
department (ED) visits for respiratory illness. 

Methods: We extracted data from a Kaiser Permanente database for a single metropolitan 
community ED. We compared the number of visits due to respiratory illness at time intervals 
of 2 weeks before and during the time when the fires were burning. We counted the total 
number of patients with chief complaint of dyspnea, cough, and asthma and final international 
classification of disease 9 coding diagnosis of asthma, bronchitis, chronic obstructive 
pulmonary disease and respiratory syndrome, and analyzed data for both total number and 
proportion of ED visits. We evaluated the data using Early Aberration Reporting System 
software to determine significant single-visit increases compared to expected counts. We also 
analyzed the average length of ED stay. Data on air quality were extracted from the http://
www.airnow.gov site.

Results: There were significant differences between pre-fire and fire period average visit counts 
for the chief complaints of dyspnea and asthma. Dypnea complaints increased by 3.2 visits per 
day. During the fire the diagnoses of asthma increased significantly by 2.6 patients per day. Air 
quality reached air quality index values of 300, indicating very unhealthy conditions. Average ED 
length of stay times remained unchanged during the fire period compared to the pre-fire period.

Conclusion: The 2007 Southern California wildfires caused significant surges in the volume of 
ED patients seeking treatment for respiratory illness. Disaster plans should prepare for these 
surges when future wildfires occur. [West J Emerg Med 2013;14(2):79-84.]

INTRODUCTION
In October of 2007, southern California experienced a 

wildfire of unprecedented scale, resulting in the destruction 
of 1400 homes, 500,000 acres of land, and the evacuation 
of approximately 1 million people, the largest for a wildfire 
in American history from October 21, 2007 to November 
9, 2007.1 High winds would fan the flames making the fires 

unmangeable and spread at a rapid rate.  As a result, much 
of San Diego was evacuated to places deemed safe by the 
California government.1 However, despite the evacuations 
away from the fires, the population had no real escape from 
the resulting pollution that was carried diffusely around 
the county. Our study investigated the wildfires impact on 
emergency department visits for respiratory illness.  
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METHODS
Setting

Data on emergency department (ED) visits were obtained 
from the Kaiser Permanente electronic database from a single 
community ED in a large metropolitan city. Annual ED 
visits were 99,000 for 2007 in an ED with 54 bed capacity 
and approximately 30% admission rate. Visit counts were 
extracted from October 1, 2007 to November 6, 2007. Visit 
data were compared over the following time intervals: the 
pre-fire period defined as October 1, 2007 to October 20, 2007 
and the fire period defined as October 21, 2007 to November 
6, 2007 by the State of California.1 The total number of ED 
visits were categorized based on international classification of 
disease (ICD) 9th revision (WHO Geneva) codes for asthma, 
chronic obstructive pulmonary disease (COPD), bronchitis 
and from chief complaints of dyspnea, cough, and asthma. 
A respiratory syndrome category of ICD 9 diagnoses (e.g. 
COPD, asthma, respiratory failure, congestive heart failure, 
etc) was defined. ED visit length of stay (LOS) times were 
obtained from the database for each day of the pre-fire and fire 
period. They pre-fire period and fire period LOS times were 
compared as an average for the period. 

Data analysis 
Data was analyzed based on actual counts and based 

on proportion of visits.  The counts data was compared 
by chi-square tests over corresponding time intervals two 
weeks before the fire and the time during which the fires 
were burning. We ran a logistic regression of data for the 
time period before and during the fire using Kruskal-Wallis 
test. Because weekend and weekday visits differ, the pre-fire 
and fire period weekdays were compared. For the proportions 
data we used a Poisson Heterogeneity test and Poisson 
regression on time interval with the offset being the number 
of patients seen during the time period. To evaluate significant 
increases in visit counts and LOS times on single days the 
early aberration reporting system software (EARS) C-2 
algorithm supplied publically through the Center for Disease 
Control was used. Single day counts were compared to visit 
counts expected on a 7 day moving average. Significance was 
determined if a daily count had a recurrence interval of > 100 
days, corresponding to a P < 0.01. 

We based sample size calculations on an estimated 50 
ED respiratory distress patients per week out of about 2000 
ED patients per week, and the ability to detect a difference 
of about 4 patients per week over a 2 week period, with 
significance of 0.05 with 80% power. Institutional review 
board (IRB) approval was granted in September 2008 by the 
IRB of Kaiser Permanente. 

Atmospheric Data 
In order to gain an understanding of how air quality 

changed during the fires and if poor air quality occurred on 
days ED visits spiked we charted the air quality index (AQI) 

for San Diego county. We used October 17, 2007 air quality 
readings as representative of pre-fire air quality. We used 
October 21, 2007 to November 6, 2007 readings for the fire 
period. We used November 10, 2007 readings to represent the 
air quality after the fires were suppressed. The air quality data 
was acquired from the AIRNow board of San Diego County. 
There were 9 sites available for viewing and available to the 
public on the website http://airnow.ca.gov.2 Daily readings were 
available. The AQI is comprised of 4 major pollutants which are 
particulate matter, ozone, carbon monoxide, and sulfur dioxide. 
The index is broken down into colors and numbers to report 
air quality. An AQI value of 100 corresponds to the national air 
quality standard for the pollutant. An AQI of 100 corresponds to 
150 micrograms/m3 (µg/m3) of particulate matter < 10 microns 
(PM10) averaged over 24 hours which defines the yellow index, 
indicating a moderate health risk. An AQI of 200 corresponds to 
a PM10 concentration of 354 µg/m3 averaged over 24 hours. The 
24 hour AQI color values were used as a daily measure for each 
date studied. An AQI calculator supplied by AIRNow can be 
used to convert AQI to PM10 concentration. 

 
RESULTS 

We found significant increases in average visits between 
the pre-fire period and fire period for the chief complaints 
of dyspnea. (Table 1)  During the fire dyspnea as a chief 
complaint increased by 3.2 visits per day (P = 0.0105). Visits 
with a chief complaint of asthma increased significantly by 1.5 
visits (P = 0.0211). Visits with a chief complaint of cough did 
not see a significant difference when comparing the number of 
visits before and during the fires. 

We evaluated the data using the diagnosis of asthma 
and found significant differences between the pre-fire period 
and during the fire period for the average number of daily 
visits (Table 1). A diagnosis of asthma was made in 2.6 more 
patients per day during the fire period (P = 0.038). There were 
no statistically significant increases in the average number of 
visits for the diagnosis of bronchitis, COPD, or respiratory 
syndrome. 

Using the EARS software, we found significant single 
day visit counts during the fire period. Visits for the diagnosis 
of asthma were significantly elevated (35 visits) on October 
28, 2007, more than double the mean number of visits 
compared to the pre-fire period (15.9 visits) (Figure 1). 
When the respiratory syndrome category was analyzed, we 
found significant visit elevations on October 24 and October 
28, 2007 (Figure 2). Two days during the fire period had 
significant spikes for the chief complaint of dyspnea on 
October 25, 2007 (15 visits) and October 30, 2007 (10 visits) 
(Figure 3). On October 23, 2007 visits for the chief complaint 
of asthma spiked significantly (12 visits) (Figure 4). 

When we evaluated the ED mean LOS averaged over all 
visits (LOS) for the pre-fire period and fire period. We found 
the duration for an average visit remained unchanged at 2.94 
hours (Table 3).
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Pre-fire period* Fire period+ 

No. of 
visits 

Mean 
per day 

% 
visits

Peak no. 
of visits

Total no. 
of visits

Mean 
per day

% 
visits 

Peak no. 
of visits

Excess no. of 
visits per day^ P-value§ 

Chief complaint 
Cough 57 3.8 1.19 9 53 4.4 1.46 12 0.6 0.2766
Dyspnea 264 17.6 5.51 26 250 20.8 6.91 31 3.2 0.0105
Asthma 46 3.1 0.96 9 55 4.6 1.52 12 1.5 0.0211

Diagnosis codes 
Respiratory syndrome 939 62.6 4.78 71 751 62.6 4.98 98 0 0.3963
Asthma 230 15.3 1.17 23 215 17.9 1.43 35 2.6 0.0377 
Bronchitis 49 3.3 0.2 7 52 4.3 0.34 8 1.1 0.1034
COPD 153 10.2 3.2 18 115 9.6 3.2 13 -0.6 0.6236

COPD, chronic obstructive pulmonary disease
* Pre-fire period includes the 15 weekdays during October 1-October 20, 2007. 
+ Fire period includes the 12 weekdays during October 21-November 6, 2007. 
^ Mean number of visits during fire period minus mean number of visits during pre-fire period. 
§ Loglinear models. 

Table 1. Number of emergency department visits for selected respiratory disease indicator – October 1 to November 6, 2007.

Table 2. Air quality index data for dates of October 17, 2007 to November 10, 2007. Data extracted from www.airnow.gov.

Site 10/17 10/21 10/22 10/23 10/24 10/25 10/26 10/28 10/29 10/30 10/31 11/1 11/2 11/10 

Escondido* g n/a p p o o o o y g y y y g 

El Cajon* g y y o o o o y y g y y o g 

Alpine* g n/a y o y y y y y y y y y y 

San Diego* g o y o r o o y y g y y y g 

Oceanside n/a n/a n/a n/a r r r r n/a n/a y y o n/a

Del Mar n/a n/a n/a n/a r p r n/a n/a y y y o n/a

Chula Vista n/a n/a n/a n/a r r o y y y n/a o o n/a

green (g) = 1-50 good 
yellow (y) = 51-100 moderate 
orange (o) = 101-150 Unhealthy for sensitive groups 
red (r) = 151-200 unhealthy 
purple (p) = 201-250 very unhealthy
n/a = data not reported.  
*Main reporting centers. 

Air quality during the fire period between October 21, 
2007 to November 6, 2007 reached a level of purple (300) 
on the AQI scale near the Poomacha fire, interpreted as very 
unhealthy and corresponding to a PM10 level of 424 µg/m3, 
at its peak on Oct 23, 2007. For the week prior the AQI in 
the San Diego county was diffusely in the 1-50 health range. 

By 8PM  November 10, 2007 the air quality stations all read 
normal readings in the 1-50 range (Table 2).2

DISCUSSION
Our data shows that during this unprecedented event in 

American history, our ED was affected with a significant 
increase in visits for respiratory syndromes and respiratory 
complaints, such as asthma, on numerous days during the fire 
period. Most notably on October 23, 2007 there was double 
the amount of asthma visits seen in the ED compared to the 
mean visit count in the preceding weeks before the fire. This 
finding of respiratory illness visits increasing during periods 
of poor air quality is supported by other similar studies.3-7  The 
direct impact on our department was the increase in demand on 
resources that were available at the time. Despite the increase in 
demand, staff and physicians still maintained similar throughput 
times compared to the pre-fire period (Table 3). 

Table 3. Average length of stay.

Number of emergency 
department visits total

Mean length of 
stay (hours)

Pre-fire period 4960 2.94
Fire period 4093 2.94

Pre-fire period is October 1, 2007 to October 20, 2007.
Fire period is October 21, 2007 to November 6, 2007.
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Figure 1. Emergency department visits for the diagnosis of 
asthma for October 7, 2007 to November 6, 2007.

Figure 2. Emergency department visits for the diagnosis of 
respiratory syndrome for October 7, 2007 to November 6, 2007.

Air pollution has been directly correlated with ED visit 
increases for asthma.5 When air quality worsens it impacts 
certain populations more severely. This population include 
children, asthmatics, COPD patients, the elderly and pregnant 
women.5 Most strongly associated with this is particulate 
matter and especially PM10.

5

PM10
In 1987, Particulate matter monitored by the 

Environmental Protection Agency was restricted to particles 
with a diameter of < 10 micrometers (PM10).

3 Particles of 
this size, usually soot, can be deposited in the lungs and 
cause damage to the airways and gas exchanging portions 
of the lungs. The particulate matter’s biological effects 
on the respiratory tract are determined by the particulate 
composition, location of deposit, and the biological response 
to this particulate.5 Epidemiological studies have found the 
effects to be independent of the chemical composition of 
the particulate matter.5 Particulate matter from residential 
wood combustion was studied by Lipsett et al6, who 
found that colder temperatures most likely result in more 
particulate matter in the air with subsequent increases in 
ED visits. Dockery and Pope5 extensively studied PM10 and 
found that total mortality increased 1% for every 10 µg/
m3 increase in PM10 matter. Even stronger an association 
was found with respiratory mortality which increased by 
3.4% for every increase of 10 µg/m3 of PM10 matter.5 Prior 
studies have demonstrated small but significant increases 
in ED visits during incremental spikes in daily particulate 
matter readings.6-8 Other studies evaluating the respiratory 
health of asthmatics showed increases in lower respiratory 
illness.9 Dockery et al5 showed that increasing levels of PM10 
in the air results in a decrease in peak expiratory flow rates.  

The Environmental Protection Agency (EPA) created the 
AQI to help the public understand easily the standards of air 

quality and correlate these numbers with health risk. Using 
an AQI to concentration conversion calculator supplied by 
the EPA, it is determined that a color level of purple (very 
unhealthy), with an numeric AQI between 201-300, corresponds 
to air having concentrations of PM10 ranging from 355 µg/m3 to 
424 µg/m3. At the purple level the EPA states that there may be 
a significant increase in respiratory symptoms and aggravation 
of lung disease, such as asthma.2 Our study shows that the AQI 
reached dangerous levels at several different monitoring stations 
during the fire period. These monitoring stations were located 
in places within the catchment area of our hospital. Our results 
show a significant rise in ED visits for respiratory illness and 
asthma during this period of low air quality. This supports that 
patients caught in these areas of poor air quality were seeking 
medical attention at the ED. 

Wildfires
When the morbidity caused by the 1991 Alameda County 

fire in California was studied, they showed that medical 
patients outnumbered trauma patients by a ratio of more than 
2:1.3 An Australian paper in 2002 examined the relationship 
between particulate matter readings in Darwin, Australia 
from brushfires and the number of hospital presentations for 
asthma.7 They found that once the level of PM10 increased to 
greater than 40 µg/m3 there was a significant increase in the 
asthmatic cases that presented to their EDs.7 In some locations 
surrounding our hospital the PM10 concentration rose to 
greater than 300 µg/m3. Studies from Colorado wildfires show 
that spikes in particulate matter results in significant elevations 
in symptom scores.10 At the time of the 2007 wildfires a 
Center for Disease Control and Prevention (CDC) program 
called Biosense, designed to collect chief complaint and 
diagnosis data for syndromic surveillance, was implemented 
in several participating hospitals in the San Diego area.11 We 
were not a participating federal hospital in the study, however 
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our data supports their findings of increased asthma visits to 
the ED.11 We used the CDC early aberration reporting system 
(EARS) C-2 algorithm to analyze our counts and found it to be 
an effective tool in determining the significance of the spikes 
in counts. The software was able to determine if the spikes 
were expected or aberrant. Compared to the pre-fire period 
several single days during the fire period stand out as significant 
increases in volume. For the physician diagnosis of asthma 
October 28, 2007 was significantly elevated (Figure 1). For 
the respiratory syndrome category October 24 and October 
28, 2007 were significantly elevated (Figure 2). Looking at 
the chief complaint of dyspnea we found October 24 and 30 
as significant dates (Figure 3). Visits for the chief complaint 
of asthma were found to be significantly elevated on October 
23, 2007 (Figure 4).  Looking at this data as a whole we see 
that after October 21, 2007 our department was significantly 
affected on numerous days and thus confirms this was a notable 
2 week period in our ED operations for respiratory illness. 

Delayed Response 
The lag time of presentation to the ED after a spike in 

increased particulate matter is consistent with previous data. 
Schwartz found data suggesting a delayed response.12 We 
found that the spike in PM10 was highest on October 22 and 
23, 2007 for areas around Escondido, CA and El Cajon, CA 
(Table 2) and the physician diagnosis of asthma increased 
sharply on October 23, 2007 and remained elevated the 
next 2 days (Figure 1). The number of visits for dyspnea 
then elevated significantly on October 24, 2007 (Figure 3). 
Westerly towns affected by the Santa Ana winds, like Del Mar, 
CA, and Oceanside, CA had a decrease in air quality around 
October 25, 2007. Our ED saw an increase in visits with 
physicians diagnosing asthma starting again on October 27, 
spiking on October 28, at nearly double the visits compared to 
pre-fire mean counts (Figure 1). It is possible these increases 

in visits are related to delayed presentations to the ED for 
people affected by the October 25th air quality decrease. A 
possible explanation for the delay is that patients may attempt 
home treatment due to logitisitcs of the fire in regards to 
securing personal safety and structural dwellings. Alternative 
explanations include the cumulative worsening of the fires 
from the onset until containment or improvement in winds and 
weather. The fires were of varying intensities on different days 
in different geographical areas around the county. This may 
have contributed to the variable spikes in visitors we observed.

Length of stay
We found that overall LOS for the average visit remained 

unchanged at 2.94 hours during the fire period and the pre-
fire period. We did not find that the increased volume of 
respiratory patients or the milieu of a historic disaster caused 
other patients to have increased stay times. ED LOS is 
affected by many factors such as triage operations, ethnicity, 
age, inpatient bed availability, and severity of illness.13,14 Care 
of the mild to moderate asthmatic requires limited triage time, 
few imaging studies if any, and most patients are discharged if 
treatment is successful. The increase in volume of respiratory 
patients most likely did not impact overall resources to treat 
sicker patients in the ED who required admission beds, blood 
work and imaging studies and who would affect LOS times.  

LIMITATIONS
Limitations to the study are due to it being a database 

study. ICD 9 coding and chief complaint are diagnoses 
entered by staff and could be under or over representing the 
data if misdiagnosis or triage complaints were erroneous. 
However, prior studies have shown that database studies are 
reliable.15 The effects of a massive evacuation resulting in 
the dispersion of our hospitals normal patients is not known. 
As well, government orders to remain off large interstate 

Figure 3. Emergency department visits for the chief complaint of 
dyspnea for October 7, 2007 to November 6, 2007.

Figure 4. Emergency department visits for the chief complaint of 
asthma for October 7, 2007 to November 6, 2007.
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roadways, occurring between October 22, 2007 to October 
24, 2007 limited traffic in the area for several days.1 These 
variables more likely reduced the number of visits, resulting 
in an underreporting of the numbers of people with respiratory 
disease to the ED. 

CONCLUSIONS
In summary, the wildfires caused an increase in respiratory 

illness visits to our ED. This was due to the increase in air 
pollution during the time period the fires burned. This research 
supports the recommendation that people with respiratory 
diseases, such as asthma, avoid exposure to the pollutants 
of wildfires. For emergency providers treating victims of 
wildfires, the need to augment ED services in particular 
respiratory services in the wake of future wildfire disasters may 
be necessary. The clinical impact and significance of our data 
suggests the need to formulate specific surge capacity policies 
and procedures to mitigate the effects of wildfires and increased 
respiratory illness visits to the ED. In addition, respiratory 
staff and resources may be taxed by outside stressors. In 
particular, our hospital received transfers of ventilated patents 
from outllying hospitals and nursing homes that were forced to 
evacuate. Since our respiratory therapy staff administered the 
ED nebulization treatments these transfers may have burdened 
the EDs resources. The authors suggest developing a virtual 
disaster pack of supplies that can be readily deployed during 
surges. A virtual disaster pack consists of  pre-set inventory of 
medical supplies to be used in a disaster. The pack does not 
physically exist until requested from the distributor thereby not 
taxing already limited physical storage space at facilities. In 
addition, a specific staffing surge capacity plan for providers, 
nursing and ancillary staff  including respiratory therapists 
needs to be outlined in anticipation of additional staffing 
resources. This has been implemented at our facility with 
incorporation of a web based rapid response notification system. 
It allows rapid notification via text messages, email and phone 
call of predetermined personnel during surge capacity needs. 
Establishing policies and procedures specifically addressing 
staffing and resource needs should be instituted to mitigate the 
anticipated increased needs during wildfires. 
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