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Frequency and Trends of Pre-Pandemic
Surge Periods in U.S. Emergency Departments,

2006-2019

OBIJECTIVES: To quantify the frequency, outside of the pandemic setting, with
which individual healthcare facilities faced surge periods due to severe increases
in demand for emergency department (ED) care.

DESIGN: Retrospective cohort study.
SETTING: U.S. EDs.

PATIENTS: AllED encounters in the all-payer, nationally representative Nationwide
Emergency Department Sample from the Healthcare Cost and Utilization Project,
2006-2019.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Frequency of surge periods de-
fined as ED months in which an individual facility ED saw a greater than 50%
increase in ED visits per month above facility-/calendar month-specific medians.
During 2006-2019, 3,317 U.S. EDs reported 354,534,229 ED visits across
142,035 ED months. Fifty-seven thousand four hundred ninety-five ED months
(40.5%) during the study period had a 0% to 50% increase in ED visits that
month above facility-specific medians and 1,952 ED months (1.4%) qualified as
surge periods and had a greater than 50% increase in ED visits that month above
facility-specific medians. These surge months were experienced by 397 unique
facility EDs (12.0%). Compared with 2006, the most proximal pre-pandemic
period of 2016—2019 had a notably elevated likelihood of ED-month surge peri-
ods (odds ratios [ORs], 2.36-2.84; all p < 0.0005). Compared with the cal-
endar month of January, the winter ED months in December through March have
similar likelihood of an ED-month qualifying as a surge period (ORs, 0.84-1.03;
all p > 0.05), while the nonwinter ED months in April through November have a
lower likelihood of an ED-month qualifying as a surge period (ORs, 0.65-0.81;
all p < 0.05).

CONCLUSIONS: Understanding the frequency of surges in demand for ED
care—which appear to have increased in frequency even before the COVID-19
pandemic and are concentrated in winter months—is necessary to better un-
derstand the burden of potential and realized acute surge events and to inform
cost-effectiveness preparedness strategies.

KEY WORDS: capacity strain; disaster; emergency departments; preparedness;
surge event

during the COVID-19 pandemic (1). Surge events are the extreme end
of a spectrum of healthcare capacity strain, the operations concept of
approaching or exceeding of limits placed on a care team, hospital, or health
system’s ability to provide high-quality care for all patients who may need it at
a given time. Capacity strain in general and surge events in particular can be
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Question: What are the frequency and trends of
pre-pandemic surge periods in U.S. emergency
departments (EDs)?

Findings: During 2006-2019, 1.4% of U.S. ED
months qualified as surge periods and had a
greater than 50% increase in ED visits that month
above facility- and calendar month-specific medi-
ans. These surge months occurred in 12.0% of
EDs nationally. Surge periods were concentrated
in winter and appeared to increase during the im-
mediately pre-pandemic years.

Meanings: While rare, severe increases in de-
mand for acute care do occur outside of a pan-
demic setting. Understanding the frequency of
surges is necessary to inform cost-effectiveness
preparedness strategies.
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triggered by numerous patient and system factors such
as increased patient volume, acuity, and turnover, and
interrupted resource availability. Surge events can be
further conceptually distinguished from high but rou-
tine variations in strain based on: severe increases in
demand for care; deviations from normal care delivery
due to space, staff, and supply constraints; and, most
severely, the breakdown of standard of care (2).

Truly catastrophic large-scale surge events are rare.
Less severe but still-impactful acute and subacute
surge periods, however, occur or may occur due to
a wider range of both infrequent and more common
etiologies including: respiratory viral waves and other
local disease outbreaks; (3) extremes of weather (e.g.,
hurricanes, floods, and wildfires) with associated acute
injuries, exacerbations of chronic conditions, and con-
comitant resource and infrastructure loss (4, 5); and
mass trauma including from attacks on the public (e.g.,
mass shootings) (6). Random or multifactorial varia-
tion can also contribute to periods of capacity strain
and surge (7, 8).

Emergency departments (EDs), as frontline provid-
ers and the source for most hospital admissions, may
be the first to experience increases in demand for acute
care and are particularly vulnerable to subsequent ad-
verse impacts on care delivery and outcomes. Increases
in ED volume can lead to delays in care and inter-
rupted access to care, all of which are associated with
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poorer patient outcomes (9-18). We therefore sought
to quantify the frequency, outside of the pandemic set-
ting, with which individual healthcare facilities nation-
ally are faced with surge periods due to all-cause severe
increases in demand for ED care.

METHODS

We performed a retrospective cohort study of publi-
cally available pre-pandemic U.S. ED data from 2006
to 2019 from the all-payer, nationally representative
Nationwide Emergency Department Sample (NEDS)
from the Healthcare Cost and Utilization Project
(HCUP), a federal-state-industry partnership spon-
sored by the Agency for Healthcare Research and
Quality (19, 20). The time unit of analysis was at the
level of the ED-month (i.e., facility-month), as HCUP
excludes individually identifying encounter-level data
including visit dates, precluding calculation at more
granular time intervals (i.e., ED-week or ED-day). We
excluded NEDS EDs records with missing date infor-
mation (14.5%).

To account for facility-level historical norms and
seasonal variation, we standardized the volume of ED
visits for each ED-month to the median volume of ED
visits for that facility and calendar month across years
in the study period (i.e., standardizing January 2006
ED visits at one facility to ED visits during January
2006-2019 at the same facility). We defined surge peri-
ods a priori as ED months in which an individual fa-
cility ED saw a greater than 50% increase in ED visits
per month above the facility-/calendar month-specific
medians. As an example, a facility at the sample me-
dian with 1,771 ED visits per month (a mean of 59 ED
visits per day), would qualify as having a surge month
if it experienced 2,657 or more ED visits in a given
month (or at least a mean of 89, or 30 additional, ED
visits per day in a given month).

We used logistic regression to model the likelihood
of a given ED-month being classified as a surge pe-
riod based on calendar year (2006-2019) and calendar
month. We intentionally did not adjust for changes in
ED visits per capita over time as they have been rel-
atively consistent during the study period (21) and
calendar year was an exposure of interest. We re-
port odds ratios (ORs) and predicted probabilities of
an ED-month qualifying as a surge period with 95%
CIs. Due to the risk of smaller or lower volume EDs
producing artificially high percent increases from
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facility-specific medians, we performed sensitivity
analyses stratified by quartile of ED visit volume.

p values of less than 0.05 were considered statisti-
cally significant. Analyses were conducted using Stata
(StataCorp, College Station, TX). Review by an insti-
tutional review board is not necessary for the use of
publically available HCUP limited datasets which do
not qualify as human subjects research; all authors ex-
ecuted and adhered to the requirements of the HCUP
Data Use Agreement for Nationwide Databases which
is consistent with HIPAA requirements for use of a
limited dataset (19).

RESULTS

During 2006-2019, 3,317 U.S. EDs reported
354,534,229 ED visits across 142,035 ED months in
NEDS (Table S1, http://links.lww.com/CCX/B234).
After standardizing to facility and calendar month
historical data across all study years, 57,495 ED
months (40.5%) during the study period had a 0%
to 50% increase in ED visits that month above facil-
ity-specific medians and 1,952 ED months (1.4%)
qualified as surge periods and had a greater than
50% increase in ED visits that month above facility-
specific medians (1,403 [1.0%] and 872 [0.6%] when
restricted to EDs with > 10 and > 50 median ED vis-
its per day, respectively). These surge months were
experienced by 397 unique facility EDs (12.0%). The
historical pre-pandemic likelihood that any given
U.S. facility ED would experience a surge month in a
given year was 0.9%.

Figure 1 and Table S2 (http://links.lww.com/CCX/
B234) report the relationship between study year and
the likelihood of an ED-month qualifying as a surge
period, standardized to facility and calendar month.
Compared with 2006, the years 2007 and 2015-2019
had higher odds of an ED-month qualifying as a surge
period, with the most proximal pre-pandemic pe-
riod of 2016-2019 with a notably elevated likelihood
of ED-month surge periods (ORs, 2.36-2.84; all p <
0.0005). During 2016-2019, the range of annual pre-
dicted probabilities of an ED-month qualifying as a
surge period was 2.25-2.70% compared with a range of
0.52-1.59% for the 2006-2015 periods. In the stratified
analysis (Fig. S1, http://links.lww.com/CCX/B234),
this pattern was most pronounced in the highest ED
visit volume quartile.
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Figure 1. Predicted proportion of emergency department (ED)
months meeting surge criteria by year. The volume of ED visits
for each ED-month was standardized to the median volume of
ED visits by facility and calendar month across years in the study
period. Surge periods were defined as ED months in which an
individual facility ED saw a greater than 50% increase in ED
visits per month above the facility-/calendar month-specific
medians. Compared with 2006, the years 2007 and 2015-2019
had higher odds of an ED-month qualifying as a surge period.
During 2016-2019, the range of annual predicted probabilities
of an ED-month qualifying as a surge period was 2.256-2.70%
compared with a range of 0.62—1.59% for the 2006-2015
period.

Figure 2 and Table S3 (http://links.Ilww.com/
CCX/B234) report the relationship between cal-
endar month and the likelihood of an ED-month
qualifying as a surge period after the same stand-
ardization approach. Compared with the cal-
endar month of January, the winter ED months in
December through March have similar likelihood
of an ED-month qualifying as a surge period (ORs,
0.84-1.03; all p > 0.05), while the nonwinter ED
months in April through November have a lower
likelihood of an ED-month qualifying as a surge pe-
riod (ORs, 0.65-0.81; all p < 0.05), all standardized
against like calendar months (i.e., one January rela-
tive to all other Januaries) across the study period.
During December-March ED months, the range of
monthly predicted probabilities of an ED-month
qualifying as a surge period was 1.45-1.76% com-
pared with a range of 1.11-1.40% for the April-
November ED months. In the stratified analysis
(Fig. S2, http://links.lww.com/CCX/B234), this pat-
tern persisted across all ED visit volume quartiles.
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Figure 2. Predicted proportion of emergency department (ED)
months meeting surge criteria by calendar month. The volume

of ED visits for each ED-month was standardized to the median
volume of ED visits by facility and calendar month across years
in the study period. Surge periods were defined as ED months in
which an individual facility ED saw a greater than 50% increase
in ED visits per month above the facility-/calendar month-
specific medians. Compared with the calendar month of January,
the winter ED months in December through March had similar
likelihood of an ED-month qualifying as a surge period (odds
ratios [ORs], 0.84-1.03; all p> 0.05), while the nonwinter ED
months in April through November had a lower likelihood of an
ED-month qualifying as a surge period (ORs, 0.65-0.81; all p

< 0.05), all standardized against like calendar months (i.e, one
January relative to all other Januaries) across the study period.

DISCUSSION

This descriptive study of over 350 million ED visits
from over 3,300 nationally representative U.S. EDs
across 14 years demonstrates that, while rare, se-
vere increases in demand for acute care, in the form
of ED visits relative to facility and seasonal histor-
ical norms, do occur outside of a pandemic setting.
Specifically, during this 14-year pre-pandemic study
period, over one in 10 U.S. EDs in a nationally rep-
resentative sample experienced at least one surge pe-
riod defined as a calendar month in which the ED saw
a greater than 50% increase in ED visits per month
above the facility-/calendar month-specific medians.
These surge periods appeared concentrated in winter
months—namely, winter deviations from winter his-
torical norms were more common than nonwinter
deviations from nonwinter historical norms—and
appeared to increase during the immediately pre-
pandemic years of the study period especially among
high-volume EDs.
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With ED visits per capita largely stable nationally
over time during the study period (21), explanations
for the increased frequency of surge periods during
the immediately pre-pandemic years must be due to
phenomena other than a recent increase in total ED
utilization. While total U.S. ED utilization has not sig-
nificantly changed, where patients seek emergency
care and for what those patients are at risk may have
shifted. For example, high-impact weather and cli-
mate disaster events have increased in frequency dur-
ing the latter part of the study period, continuing to
the present day (5). Such events create primary inju-
ries and illnesses requiring acute care evaluation but
they can also threaten health maintenance for many
more regional residents with chronic illness that then
require care escalation (i.e., due to interrupted access
to medications, home care, and outpatient visits) (22).
Shunting of usual acute care volume between facili-
ties or regions may occur acutely due to damaged
healthcare infrastructure during aforementioned cli-
mate disasters or more longitudinally due to financial
pressures and closures of hospitals and EDs (23, 24).
Further research is needed to better understand what
accounts for the increasing frequency of surge periods
to inform preparedness and response efforts.

Preparedness for rare surge events is challenging.
Attention from leadership and funders amplified dur-
ing a public health emergency may wane quickly after
an acute event resolves. Preparedness infrastructure
not used between rare events can quickly atrophy—
physically in the setting of tangible equipment and
supplies, and organizationally when champions and
stakeholders change positions and processes are not
tested (25). Documenting that surge periods, while
rare, do occur and that a nontrivial proportion of U.S.
facilities will experience one at some point, may help
support efforts to overcome these barriers to prepared-
ness. The ultimate goal is a local, regional, and national
preparedness infrastructure that is: financially and
operationally sustainable; built prior to public health
emergencies so that capacity building occurs before
said capacity is acutely needed; and at least partially in-
tegrated into between-emergency normal uses to help
justify and sustain longitudinal funding and maintain
working order.

This study has important limitations. First, capacity
strain and acute surge episodes are complex phe-
nomena due to the interaction of many patient and
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systems factors; this study looked at only a single con-
tributor to strain—ED visit volume relative to facility
and seasonal historical norms. Second, the data used
for this study does not included changes in ED bed ca-
pacity during the study period or other secular trends
in U.S. ED utilization. Finally, due to HCUP data gran-
ularity limited to calendar month, our analysis was on
the level of the ED-month and would miss shorter du-
ration acute surge periods, which are likely more com-
mon than month-long periods of surge.

CONCLUSIONS

Understanding the frequency of surges in demand for
ED care—which appear to have increased in frequency
even before the COVID-19 pandemic and are concen-
trated in winter months—is necessary to better under-
stand the burden of acute surge events and to inform
cost-effectiveness preparedness strategies. Increased
granularity of national hospital surveillance data, with
proper patient privacy protections, would improve the
precision of surge science and preparedness.
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