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Abstract

Rationale: Existing real-time surveillance of influenza morbidity,
based primarily on time-trended U.S. hospitalization and death data,
is inadequate. These surveillance methods do not accurately predict
hospital resource requirements or sufficiently capture the public
health impact of the current influenza season.

Objectives: To determine the feasibility and potential usefulness of
tracking surrogate markers of influenza morbidity among patients
hospitalized with influenza.

Methods:We performed a pilot study at three tertiary care referral
hospitals and retrospectively collected and analyzed data on
patients admitted with influenza during the 2013–2014 influenza
season. We analyzed traditional influenza surveillance metrics,
including weekly statistics on admissions and deaths, as well as
weekly rates and trends of intensive care unit (ICU), mechanical
ventilation, and extracorporeal membrane oxygenation (ECMO)
utilization.

Results: In our three-hospital cohort, 431 patientswere hospitalized
with influenza and spent a total of 1,520 days in ICUs. Eighty-six

(20%) of these patients required 1,080 days ofmechanical ventilation,
and 17 patients (4%) received 229 days of ECMO. Trends of ICU and
mechanical ventilation use were similar but differed notably from
trends of ECMO use, hospitalization, and death. In particular, at two
hospitals, increases in utilization of ICU and mechanical ventilation
among patients with influenza occurred several weeks after increases
in hospitalization rates. Furthermore, ICU, mechanical ventilation,
and ECMO utilization rates at the three-hospital network remained
elevated for several weeks after the influenza-associated
hospitalization rate declined.

Conclusions: Surrogate markers of influenza severity were feasible
to collect and revealed trends of ICU resource utilization that differed
notably from trends of hospitalization and death given by traditional
influenza surveillance metrics. A national network of sentinel
hospitals that prospectively collects, time-trends, and reports
additional influenza morbidity data would be useful to hospital
administrators, hospital epidemiologists, infection preventionists,
and public health officials.
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Many experts perceived that the 2013–2014
influenza season was associated with
unusually high morbidity and mortality,
especially for adults younger than 65 years
(1). By the conclusion of the influenza
season, several facts supported this
assumption: the influenza-associated
hospitalization rate in the United States for
adults aged 50–64 years was higher in
2013–2014 than in any other season since
the 2009 H1N1 pandemic (2); California
reported increased intensive care unit
(ICU) admissions and deaths among adults
aged 41–64 years with influenza (3); and a
hospital survey described increased use of
extracorporeal membrane oxygenation
(ECMO) during the influenza season (4).

Whereas retrospective analyses of
influenza severity are common (5, 6), real-
time surveillance and reporting of regional
and national influenza morbidity is
inadequate. The Centers for Disease
Control and Prevention (CDC, Atlanta,
GA) releases weekly rates of laboratory-
confirmed influenza hospitalization and the
percentage of deaths caused by either
pneumonia or influenza (7). In addition,
the CDC’s online Influenza Hospitalization
Surveillance Network (FluSurv-NET)
database provides the percentage of patients
with influenza each season who are
admitted to ICUs, require mechanical
ventilation, or die (8); however, this
database provides these data on influenza
morbidity and mortality as annual statistics
rather than providing weekly time-trended
analysis. Furthermore, these variables are
binary and do not capture duration of ICU
care and mechanical ventilation.

Important indicators, such as ICU,
mechanical ventilation, and ECMO
utilization among patients hospitalized with
influenza, have not been used as detailed,
real-time surrogates for influenza-related
morbidity. Such surrogate outcomes are
needed, as time-trended rates of
hospitalization alone do not accurately
predict the need for common and expensive
hospital resources, such as ICU beds,
ventilators, and ECMO circuits. Only some
of the patients admitted with influenza
require any of these three aggressive
measures (5, 6, 9). Similarly, death metrics
may be poor predictors of hospital resource
utilization for severe influenza; even
patients with respiratory failure due to
influenza who are treated with ECMO have
in-hospital mortality rates less than
40% (9–11).

We hypothesized that a surveillance
system using sentinel hospitals that serially
recorded days of ICU admission,
mechanical ventilation, and ECMO utilized
each week by patients with influenza would
provide a more accurate and timely
description of influenza-related morbidity
and associated hospital resource
requirements. Such a system would be
especially useful if these surveillance data
were coupled with traditional weekly
surveillance metrics currently reported by
the CDC (7). We conducted a pilot study at
three tertiary care U.S. hospitals to
determine the feasibility and potential
usefulness of tracking these surrogate
markers of influenza severity.

Methods

Data were retrospectively collected after the
2013–2014 influenza season at three tertiary
care academic hospitals: a 924-bed hospital
in Durham, North Carolina (hospital A); a
779-bed hospital in Richmond, Virginia
(hospital B); and a 705-bed hospital in Iowa
City, Iowa (hospital C). We collected data
from the 36-week time period from August
4, 2013, through April 12, 2014, which
included weeks with increased influenza
activity in North Carolina (12), Virginia
(13), and Iowa (14). These data were
analyzed by weekly increments
corresponding to Morbidity and Mortality
Weekly Report (MMWR) week numbers
(15), which ranged from Week 32 of 2013
(week beginning August 4, 2013) through
Week 15 of 2014 (week beginning April 6,
2014). Week start and end dates were
adjusted by 1 day at hospital A to match
existing weekly surveillance of hospital
admissions and patient-days.

The cohort of patients studied at each
hospital included all patients requiring
inpatient admission who were diagnosed as
having influenza on the basis of respiratory
sample (nasopharyngeal swab/wash or
bronchoalveolar lavage) testing by
polymerase chain reaction (PCR). Influenza
testing was performed at the discretion of
individual providers and was not influenced
by this retrospective study. Some patients
with critical illness may have been
transferred to study hospitals after receiving
a microbiologic diagnosis of influenza. To
capture patients with influenza who did not
undergo microbiologic testing at study
hospitals, we also included patients assigned

International Classification of Diseases,
Ninth Revision (ICD-9) codes for “influenza
with pneumonia” (487.0), “influenza with
other respiratory manifestations” (487.1),
and “influenza with other manifestations”
(487.8). Adults were defined as patients at
least 18 years of age on the date of
admission.

We recorded the weekly number of
patients with influenza who were admitted
to the hospital, initiated on mechanical
ventilation, or started on ECMO therapy.
We also tracked deaths that occurred during
index hospitalizations for influenza. Each
center additionally counted the number of
ICU, mechanical ventilation, and ECMO
days accrued each week by patients with
influenza. Data were assigned to the weeks
that a critical care resource was utilized or a
death occurred, independent of the week of
hospital admission.

For each hospital, we divided the
number of patients hospitalized with
influenza each week by the total number of
admissions to standardize influenza
hospitalization rates across different study
sites and throughout the influenza season.
We divided the number of ICU days,
mechanical ventilation days, and ECMO
days accrued each week among patients with
influenza by the total number of patient-
days for all hospitalized patients to calculate
weekly utilization rates. Weekly death rates
were given as in-hospital deaths among
patients with influenza per total patient-days.

Hospital A staff obtained all data for
this study through queries of the electronic
medical record (EMR), using Oracle SQL
Developer version 3.2 (Oracle, Redwood
Shores, CA). These queries did not require
review of medical records of individual
patients. Hospital B and hospital C staff
reviewed the medical records of all patients
with positive influenza PCRs or influenza-
associated ICD-9 codes to determine ICU,
mechanical ventilation, and ECMO
utilization, as well as deaths.

The institutional review boards at
hospital A and hospital B approved this
research and waived the requirement for
informed consent. The institutional review
board at hospital C declared the study to be
exempt research.

Results

We identified 431 patients hospitalized with
influenza from August 4, 2013 (start of
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Week 32 of 2013) through April 12, 2014
(end of Week 15 of 2014), in our three-
hospital cohort. These admissions
represented 0.6% of 76,968 total admissions.
There were 485,358 total patient-days
during the 36-week study period. A total of
349 patients (81%) with influenza were
adults; the remaining 82 patients (19%) with
influenza were children. The diagnosis of
influenza was made by PCR for 356 patients
(83%); 75 additional patients (17%) had
ICD-9 codes indicative of influenza and
either were not tested for influenza at our
hospitals with a PCR test, or the PCR test
was negative.

Patients with influenza spent 1,520
days in intensive care units. Eighty-six
patients (20%) received a total of 1,080 days
of mechanical ventilation; 17 patients (4%)
underwent ECMO, accounting for 229
ECMO days; and 25 (6%) of the 431 patients
with influenza died during the
hospitalization. Eleven children (13%)
required mechanical ventilation, but no
children received ECMO therapy, and 2
children (2%) died. We also examined these
data stratified by hospital (Table 1).

Hospital A had the highest peak rate of
hospitalization for patients with influenza
(39.0 hospitalizations per 1,000 total
admissions), which occurred during Week 1
(Table 2). The peak rates of ICU use
(19.5 d per 1,000 total patient-days),
mechanical ventilation use (15.4 d per 1,000
total patient-days), and ECMO use
(3.7 d per 1,000 total patient-days) among
patients with influenza also occurred at
hospital A and reached maximum rates
during Week 1. The highest rate of
hospitalization at both hospital B and
hospital C occurred during Week 4. Peak
rates of ICU, mechanical ventilation, and
ECMO utilization at these two hospitals
occurred at different times between Week 4
and Week 11. The highest death rate (0.7
deaths per 1,000 total patient-days)
occurred during Week 1 at hospital C,
which had more deaths (n = 13) than
hospitals A and B combined (n = 12).

Weekly trends of ICU utilization rates
among patients with influenza closely
mirrored rates of mechanical ventilation use
at all three centers, but these trends differed
from trends of hospitalization and ECMO
use (Figure 1). These four markers revealed
different trends at different hospitals. For
example, at hospitals B and C, initial
increases in rates of ICU use and
mechanical ventilation for care of patients T
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with influenza occurred later in the
influenza season than increases in the
hospitalization rate. Furthermore,
the combined network hospitalization rate
for patients with influenza declined rapidly
between its peak at Week 1 and nadir at
Week 12; however, ICU, mechanical
ventilation, and ECMO use for care of
patients with influenza remained elevated
throughout this 11-week time period.
Discrepancies in trends of hospitalization
and mechanical ventilation rates were
particularly pronounced at hospital B
(Figure 2).

Rates of ECMO use among patients
with influenza were low and remained
relatively constant throughout the influenza
season (Figure 1). The network-wide death
rate spiked early at Week 45, several weeks
before any of the other studied rates
increased; subsequently, the death rate
roughly mirrored the hospitalization rate
(Figure 3).

Discussion

Hospitals treating critically ill patients with
influenza utilize numerous resources during
the influenza season, including ICU beds
and time from physicians, nurses, and other
ICU staff. Most patients admitted to ICUs
with influenza receive mechanical
ventilation (16, 17); thus, adequate numbers
of ventilators and specialized support staff,
such as respiratory therapists, are also
necessary resources. ECMO can be an
effective salvage therapy for patients with
acute respiratory distress syndrome or
cardiopulmonary failure from H1N1
influenza (9, 18–21). The resources
required for ECMO include ECMO
cannulas and circuits, as well as highly
trained nursing and medical staff, including
a perfusionist team (22). Furthermore,
some hospitals without ECMO capability
transfer patients with influenza-related
respiratory failure to ECMO referral
centers. The transfer of a patient to an
ECMO referral center requires additional
personnel and associated costs at both the
transferring and receiving hospital. The
resources needed to care for critically ill
patients with influenza vary depending on
the timing and severity of each influenza
season, the virulence of the circulating
strains of influenza virus, and the
population affected (5, 6, 23).T
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We successfully collected data related
to surrogate markers of influenza morbidity
at three tertiary care referral hospitals
during the 2013–2014 influenza season. We

retrospectively tracked ICU, mechanical
ventilation, and ECMO utilization among
patients hospitalized with influenza. The
surveillance methods used at hospital A

demonstrated the feasibility and simplicity
of collecting detailed influenza morbidity
data via EMR queries without accessing
patient charts. We used advanced coding
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Figure 1. Weekly rates of hospitalization and rates of intensive care unit (ICU), mechanical ventilation (MV), and extracorporeal membrane oxygenation
(ECMO) use among patients with influenza admitted to (A) hospital A, (B) hospital B, (C ) hospital C, and (D) the combined three-hospital network of
tertiary care hospitals during the 2013–2014 influenza season. Week numbers reflect Morbidity and Mortality Weekly Report (MMWR) numbering.
Hospitalization rate is given as hospitalizations per week per 1,000 total admissions. ICU, mechanical ventilation, and ECMO rates are given as days
of utilization per week per 1,000 total patient-days (influenza and noninfluenza patient-days).
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techniques to build the initial EMR queries
at hospital A, but similar queries made
during subsequent influenza seasons would
require only minimal time and expertise.

A major weakness of current influenza
surveillance is that weekly, time-trended
data on hospitalization and death from
influenza provide a limited “real-time”
assessment or estimation of influenza
morbidity. These markers do not accurately
predict or correlate with hospital resource
requirements, nor do they offer a detailed
barometer of the current influenza season’s
impact on public health. Moreover, the
CDC includes deaths from either influenza
or pneumonia in the current metric (24),
which limits the utility of these death data
for assessing the number and burden of
influenza-specific complications. Finally,
the CDC’s prospectively collected ICU and
mechanical ventilation data are stratified by
influenza season rather than individual
week (8). The binary construction of these

variables allows calculation of the
percentage of patients who at any time
during an influenza season required ICU
level care or mechanical ventilation;
however, data on the duration of these
events would greatly improve hospital
resource utilization estimates.

Our study illustrated that
hospitalization rate is an insufficient marker
of influenza morbidity. ICU and mechanical
ventilation utilization by patients with
influenza at our three sentinel tertiary care
centers had similar trends at all sites, but
these trends differed in important ways from
data on influenza hospitalizations. For
example, aggregate rates of ICU and
mechanical ventilation utilization remained
elevated for several weeks after rates of
hospitalization for influenza care declined.
This discrepancy may be explained by
patients who were admitted with severe
influenza early in the season and had long
ICU stays and associated complications.

Rates of death in patients hospitalized
with influenza were of limited utility in large
part because influenza-associated deaths
were relatively infrequent at two of our three
centers during this single influenza season.
H1N1 influenza was the predominant strain
that circulated during the 2013–2014
season, both nationally (25) and in the
three states where study hospitals were
located (12–14). H1N1 influenza is
associated with increased risk of ICU
admission, mechanical ventilation, and
ECMO (5, 6, 23); however, this strain
causes severe disease in younger adults
more frequently than other influenza
strains (26–28). Even though H1N1
influenza is associated with increased
morbidity among younger people, overall
mortality rates may not increase when the
population affected most commonly is
relatively healthy and has few underlying
chronic diseases (6, 23). These
characteristics of H1N1 influenza may
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explain why the death rate at hospitals A
and B was relatively low in comparison
with substantial rates of critical care
utilization.

Hospital administrators and public
health officials could more accurately
predict hospital resource needs and
report the burden of influenza using the
data we collected, rather than relying
primarily on real-time data on
hospitalizations and death. Data from a
nationwide sentinel network of hospitals,
if updated frequently, could help hospital
administrators, intensivists, hospital
epidemiologists, and infection
preventionists assess in real time the local
need for costly critical care resources,
such as ICU beds, ventilators, ECMO
circuits, and perfusionist staff, to care for
patients with influenza. Moreover,
enhanced surveillance utilizing the metrics
we collected could help public health
officials perform a more complete, accurate,
and timely assessment of the true burden
of influenza during the influenza season.
The public health response in the midst
of an influenza season might be more
aggressive if ICU, ventilator, and ECMO
use is elevated, even if corresponding
influenza hospitalization rates are near
baseline.

Our study had three primary
limitations. First, we were inspired near the
conclusion of the 2013–2014 influenza
season to conduct this study because many
clinicians perceived that this influenza
season was particularly severe, but detailed,
real-time data supporting this hypothesis
were lacking. Therefore, although we have
reported that prospective surveillance of

several markers of inpatient influenza
morbidity is feasible, we collected our data
retrospectively. Second, our case definition
for influenza was imperfect. Some patients
in our influenza cohort, particularly
patients captured via ICD-9 codes, may not
have truly had influenza. Likewise, some
patients not included in our cohort,
particularly those hospitalized with mild
cases of influenza, may have had influenza
but not undergone laboratory testing. If
influenza testing occurred less frequently
for patients with less severe influenza, the
metrics used in this study may have
underestimated total cases of influenza while
overestimating relative severity. Third, we
included only three centers and reviewed
data from a single influenza season, during
which utilization of ECMO was relatively
low. Data from additional sentinel hospitals
collected serially during multiple influenza
seasons would allow more detailed future
studies on regional and seasonal trends of
influenza morbidity. In particular, such data
might improve our understanding of how
best to collect and report ECMO utilization
data to assess severity of the influenza season
and associated resource requirements.
Analysis of multiple seasons of morbidity
data would also help determine how overall
influenza incidence rates and activity of
different circulating virus subtypes affect
influenza morbidity.

We recommend that the CDC augment
its current inpatient weekly influenza
surveillance of hospitalizations and deaths
with time-trended data on two additional
markers of influenza morbidity: ECMO use
and either ICU utilization or mechanical
ventilation utilization, which have parallel

trends. Using time-trended data and
calculating utilization rates from aggregate
days of resource use, instead of reporting
only the percentage of patients with
influenza who for any length of time
required certain therapies, would allow
health care facilities and public health
agencies to better estimate real-time
resource utilization and future needs.
Finally, the CDC should report weekly
deaths from influenza separately from
deaths from pneumonia to improve the
utility of surveillance data on deaths.

In summary, a national network of
sentinel hospitals from geographically
diverse areas could enhance prospective
“real-time” surveillance of influenza
morbidity by collecting and reporting
expanded data on critical care resource
utilization among patients with influenza. If
sentinel hospitals used standardized
electronic data collection methods and
regularly reported data to a central agency,
such as the CDC, public health officials
could assess the severity of the influenza
season in real time. In addition, hospitals
and public health agencies could improve
their allocation of key resources during,
rather than after, an individual influenza
season. The CDC could request that specific
hospitals in its existing FluSurv-NET (8, 24,
29) collect such data. The CDC, in turn,
could add data on these surrogate markers
of influenza-related morbidity to the data
on influenza hospitalization and death
currently included in the CDC’s Weekly
U.S. Influenza Surveillance Report (7). n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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