
VOL. 18, NO. 10 n THE AMERICAN JOURNAL OF MANAGED CARE n	 635

n managerial n

© Managed Care &
Healthcare Communications, LLC

A n integrated delivery system (IDS) is a network of physicians 
and hospitals that provides a continuum of healthcare servi
ces.1 Although integration is promoted primarily for general 

system improvement and accountable care,2,3 its utility may be particu
larly relevant to managing care delivery during a pandemic, a period 
when surge capacity is tested.4,5 The Agency for Healthcare Research 
and Quality defines surge capacity as “A healthcare system’s ability to 
rapidly expand beyond normal services to meet the increased demand 
for qualified personnel, medical care and public health in the event of 
largescale public health emergencies or disasters.”6 At the 2006 Aca
demic Emergency Medicine Consensus Conference, a special breakout 
session titled “Science of Surge Capacity” was convened to define the 
essential components of surge capacity and outline key considerations 
when planning for largescale public health emergencies.7 Three essen
tial elements were described in the resulting conceptual model: staff, 
stuff (equipment, pharmaceuticals, and supplies), and structure (both 
physical structure and management infrastructure). In situations that 
exceed available human or physical resources, the latter element—an 
organization’s ability to effectively match resources to patient care 
needs—becomes paramount. 

Like other institutions, particularly since 2001, The Children’s Hos
pital of Philadelphia (CHOP), an IDS dedicated to pediatric care, has 
focused attention on preparedness and surge capacity across its geographic 
network with particular concern for these 3 elements. CHOP’s experience 
with the influenza A (H1N1) pandemic of 2009 illustrates the benefits of 
an IDS in the face of a pandemic. Using the Academic Emergency Medi
cine Consensus Conference conceptual model of staff, stuff, and structure 
as a framework for our experience, we detail the planning and execution, 
operational experiences, and lessons learned. It is our hope that these in
sights will inform health system leadership, clinicians, and policy makers 
as they plan for future infectious and noninfectious surges of activity. 

 SETTING AND 
PREPARATORY WORK

The Children’s Hospital of 
Philadelphia has centralized man
agement of primary, specialty, 
and tertiary pediatric care facili
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Objective: To describe 1 pediatric integrated 
delivery system’s experience with the influenza A 
(H1N1) pandemic in 2009 to illustrate the benefits 
of coordination, scale, scope, and flexibility in 
handling large volumes of patients in many 
locations.

Methods: Through multidisciplinary planning 
across a large, multisite pediatric delivery system, 
an effective 3-tier plan was developed to handle 
anticipated increased volumes associated with 
the fall 2009 influenza pandemic in the Philadel-
phia region.

Results: Patient demand for services increased to 
record-setting levels, particularly for emergency 
department visits and phone calls. The 3-tier plan 
of response allowed for graded and appropriate 
response to volumes that more than doubled in 
many locations. Measured by wait times and left-
without-being-seen rates, the system appeared 
to match capacity to demand effectively. Lessons 
learned in terms of successes and challenges are 
useful for future planning.

Conclusions: The experience of 1 pediatric  
delivery system in handling increased volume 
due to pandemic influenza may hold lessons for 
other organizations and for policy makers seeking 
to improve the preparedness, quality, and value 
of healthcare. These experiences do not imply the 
need for vertical integration with ownership, but 
do support tight coordination, communication, 
integration, and alignment in any management 
structure.
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ties. For the fiscal year that included fall 2009, CHOP had 
a 459bed main hospital, a 70bed emergency department 
(ED), 28 primary care centers, and 9 specialty care facili
ties (Figure 1). Employing more than 9900 personnel, the 
CHOP network serves approximately 30% of the 1.6 mil
lion children in the Delaware Valley region via more than 
1.1 million patient visits each year, including 85,690 ED 
visits and 28,106 hospitalizations. CHOP owns all hospital 
and practice locations, and employs all staff directly (except 
670 faculty physicians employed by affiliated University of 
Pennsylvania practice plans). CHOP also operates the After 
Hours Program (AHP), a service designed to have specially 
trained nurses provide telephone triage, assessment, and 
advice using computerized, standardized protocols for a par
ent concerning their ill child. The AHP handles more than 
100,000 calls per year. 

In February 2009, prior to the influenza A (H1N1) out
break in Mexico, administrative and clinical leadership 
from emergency medicine, general pediatrics, and primary 
care began routine planning for high wintertime nonurgent 
volume. Soon after this group convened, H1N1 emerged 
worldwide and spread in spring 2009, ultimately affecting 
enough children and adults to be classified as a pandemic.812 
In Philadelphia, the first H1N1infected patient was identi
fied in April. From April to June, CHOP ED and inpatient 
areas saw higher volumes than typical for the season, and 
there was a spike in influenza A–positive respiratory viral 
tests (eappendix, available at www.ajmc.com). based on 
guidance from CHOP and Centers for Disease Control and 
Prevention infectious disease experts, as well as on inter
national experiences with H1N1, CHOP clinicians antici
pated that a second wave of infection would emerge in the 
late summer or fall concordant with the return of children to 
school.13 In response, in May 2009, CHOP’s Strategic Plan
ning office initiated planning activities to prepare CHOP’s 
multisite network for a second, even larger surge of H1N1
related activity. The office convened a special meeting of 
representatives from inpatient and outpatient clinical areas, 
Environmental Services, Facilities, the Patient Access and 
Revenue Cycle division, and Security. CHOP’s Emergency 

Preparedness team took a central role 
in plan development and coordina
tion of effort across the institution. At 
their direction, key areas, including the 
main hospital, ED, pediatric intensive 
care unit (PICU), primary care centers, 
and AHP developed 3tier (greenyel
lowred zone) plans for handling suc
cessive levels of high volume (Figure 
2, Table). Such “trafficlight” graded 

response schemata are commonly used in clinical and opera
tional care to summarize graded responses.14,15  

PLAN EXECUTION
During the 3week period from October 19 to November 

10, 2009, the entire CHOP system experienced H1N1related 
high volumes, with specific locations experiencing several days 
of double the typical volumes for visits or calls. This 3week 
period (the surge) coincided with Centers for Disease Control 
and Prevention influenza surveillance reports of high levels 
of H1N1 activity in region 3, which includes Philadelphia.16 

Staff and Structure
Ambulatory Care and Phone Triage: Patients from 

CHOP’s 4 urban practices are frequent users of the CHOP ED, 
often for nonurgent visits. As such, most ambulatory planning 
focused on these centers and the AHP phone triage system that 
services them (Figure 2). During the surge, these urban primary 
care centers operated in the yellow zone, with visit volumes ex
ceeding prior peak winter volumes on a daily basis (Figure 3). 
Practices met demand by maximizing clinic work time, reducing 
administrative time, extending office hours, and replacing non
urgent followup visits and older child preventive care slots with 
acute/sameday visits. Additional strategies included expanding 
office hours through early opening, scheduling of patients dur
ing lunch hours, and extending weekend hours. Practices reas
signed resident precepting duties, freeing attending physicians 
to meet realtime demands in the ED on an asneeded basis. 
Outpatient volume never officially triggered the red zone. Prac
tices canceled nonurgent or preventive care visits sporadically at 
only 2 sites. The Children’s Hospital of Philadelphia’s suburban 
primary care practices added appointments as needed but did 
not utilize a formal 3tier plan. Urban and suburban specialty 
clinics did contribute physicians to increase ED functional ca
pacity, but did not have specific plans for increasing office capac
ity. Only CHOP clinicians provided services. 

For the urban practices, numbers of daytime phone calls 
surpassed prior peak winter call numbers by 50% to 100% (Fig
ure 3). Home access to the electronic medical record allowed 

Take-Away Points
A 3-tier plan of response was developed by an integrated pediatric delivery system to 
handle anticipated increased volumes associated with the fall 2009 influenza A (H1N1) 
pandemic in the Philadelphia region.

n	 The 3-tier plan allowed for graded and appropriate response to volumes that more 
than doubled in many locations.

n	 Measured by wait times and left-without-being-seen rates, the system appeared to 
match capacity to demand effectively.

n	 The experiences of this system support tight coordination, communication, integra-
tion, and alignment of resources across multiple locations and provider types.
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n Figure 1. Schematic of The Children’s Hospital of Philadelphia Locationsa

4 urban primary care
centers and faculty
practice (Philadelphia)
� 115,000 visits/year

9 suburban specialty care 
centers � 134,000 visits/year

Main hospital (Philadelphia)
459 beds, including 46 PICU beds
28,000 discharges/year

10 neonatal pediatric 
programs in community
hospitals

Home care program active
census 1600, � 100-150 visits/day

After hours program
� 100,000 calls/year

24 suburban primary
care centers � 617,000
visits/year

Main ED
70 beds, including
10 extended care;
Level 1 trauma center
 � 85,000 visits/year

Specialty care
ambulatory offices
at main hospital
 � 176,000 visits/year

Day surgery and
day medicine
 � 32,000 visits/year

4 suburban ambulatory
surgery centers � 6400
cases/year

ED indicates emergency department; PICU, pediatric intensive care unit. 
aFigures reflect fiscal year 2010, July 1, 2009, to June 30, 2010.

n Table. Relative Elasticity of Preparation and Response Components for the 2009 Influenza A (H1N1) Pandemic 
at The Children’s Hospital of Philadelphiaa

Flexibility Staff Stuff Structure 

High Urban primary care center  
attendings and residents:  
flexible tasks, schedules 

ED attendings, residents, 
nurses: pull in non-ED staff

PPE: prospective estimates, 
ordering, stockpiling at local 
distributions

ED waiting area/hospital atrium: made use of full 
atrium using chairs, temporary triage desks 

Urban daytime telephone capacity: phone system 
structure expandable via trunk line

Moderate Inpatient medical teams: pull  
in non-ED staff 

Urban primary care daytime 
telephone staffing: physicians 
handling calls 

After Hours Program: flexing 
staff and staff taking calls  
from home

Other prepurchased supplies: 
limited ability to predict  
needs and stockpile

ED beds: keep all beds open, use outpatient clinic 
space for nonurgent patients 

Non-ICU inpatient beds: double up rooms, use  
treatment rooms, postanesthesia care area

Low Suburban primary care center 
attendings: limited staff  
scheduling changes

Pharmaceuticals: limited 
ability to predict needs and 
stockpile (but was not an  
issue in surge) 

Equipment: limited ability to 
get more equipment if it were 
needed

Primary care center physical structures: no flexibility 
in rooms or spaces 

Suburban primary care daytime telephone systems: 
no trunk capability to expand capacity 

ICU beds: unable to double rooms, could only use 
treatment rooms 

Computer systems: systems in place; had to teach 
new users unfamiliar with them

ED indicates emergency department; ICU, intensive care unit; PPE, personnel protective equipment.  
aRelative flexibility assessments are subjective and specific to The Children’s Hospital of Philadelphia’s experience with the 2009 H1N1 pandemic.
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parttime nursing and physician staff to respond to many non
urgent patient calls, AHP staff provided additional daytime 
coverage of incoming phone calls, and residents on primary 
care rotations were diverted to help answer calls when phone 
volume outpaced available respondents. Additionally, auto
mated messages directed patients to online educational sites 
that addressed common influenzarelated questions. Suburban 
practices had limited trunk lines and phone tree capabilities, 
and so did not have as much flexibility to support messaging, 
rerouting of calls, or daytime assistance by AHP staff. As a re
sult, some suburban patients faced prolonged wait times and/
or had difficulty getting through to a CHOP provider. 

The AHP operated in the yellow zone throughout the 
surge, handling 12,348 calls in October 2009 and 10,154 calls 
in November 2009 (vs 8128 in September 2009 and 8930 in 
December 2009). From October 18 to November 15, the AHP 
handled an average of 368 calls per day (SD 33.6), whereas in 
the corresponding 4 weeks before and after the surge, it han
dled a mean of 236 calls (SD 14; P <.001) and 242 calls (SD 
8.7; P <.001) per day, respectively. During the busiest week 
(October 2531, 2009), AHP providers handled a mean of 

415 calls per day. The AHP met the increased demand by cre
ating onhold messages to answer common influenzarelated 
and non–influenzarelated questions, streamlining call scripts, 
splitting and staggering shifts to improve staffing during high 
call volume times, shifting report writing to slower periods, 
and using physicians to handle some calls. After Hours Pro
gram staff members had access to primary care appointment 
slots within 24 hours. 

Main Hospital Emergency Department. In preparation 
for the pandemic, ED leadership outlined plans to open addi
tional space, ensure adequate staffing, and improve work flow 
(Figure 2). To increase capacity for lowacuity patients (with 
and without suspected H1N1), a newly renovated 14room 
ambulatory subspecialty clinic space near the ED was staffed 
on weekends and from 6 to 11 pm on weekdays by paid physi
cians from general pediatrics, primary care, adolescent medi
cine, and emergency medicine, as well as by paid ambulatory 
nurses. In addition, Department of Pediatrics attending physi
cians (regardless of specialty) were asked to volunteer to pro
vide care to lowacuity patients during 6 newly created 6hour 
ED shifts each day. Volunteer physicians signed up for these 

n Figure 2. Increasing Functional Capacity Across the Network

Red Zone:
+50% over
typical winter
volume

PCC: +180 (200) visits/day by adding 2 MDs to schedule, eliminating well and nonurgent
visits, permitting walk-in visits, extending hours (open 7 AM, operating during lunch, 
late evening), Sunday hours, flexible staff schedules

AHP: +150 calls/weekday, 300 calls/weekend day; physician support; per diem pool

PCC: +54 visits/day, increased visits,
extended hours by 6%

AH: +45 calls/weekday, +90 calls/
weekend day with staggered shifts

           ED: +48 visits/day with
           additional MDs, 2 RNs
                          in clinic space (from 
           network)

           Inpatient and PICU:
                          typical high-volume
                winter plans for
                          efficient flow

PCC: +140 visits/day by extending hours (open 7 AM), reducing
well visits, eliminating physician administrative time, extending
hours by 16%

AHP: +120 calls/weekday, +240 calls/weekend day; extended hours
of operation and staffing 
                                                                          ED: +63 to 68 visits/day
             with 1 additional MD
                     and 2 RNs in 6-hour
             shifts, earlier opening of
             ED teams, augmented
             triage and registration,
             separate waiting rooms

                             Inpatient: +16 to 23 
                                                  patients/day by using
             rehabilitation beds with
             existing teams, doubling
             select rooms

             PICU: +6 to 10 patients/
             day by adding a team,
               doubling headwalls
              
                       

ED: +158 to 204 visits/day
by using EDECU for 
ED patients, medical
screening exams at 
triage, open/staff 9
additional clinic space
rooms and open on
weekends

Inpatient: +35 to 66 
patients per day by 
adding teams, doubling
select rooms, using 
PACU beds, canceling 
elective admissions

PICU: +10 to 15 patients/
day by adding a team,
doubling headwalls

Yellow Zone:
+40% over
typical winter
volume

Green Zone:
+15% over
typical winter
volume

Typical winter volume:
PCC: 360 visits/day
AHP: 300 calls/weekday
ED: 225-275 patients/day
Inpatient census: 440-460
   patients/weekday
PICU census: 40-46 
   patients/day

AHP indicates After Hours Program; ED, emergency department; EDECU, ED extended care unit; PACU, postanesthesia care unit; PCC, primary care 
center; PICU, pediatric intensive care unit.
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shifts via a webbased Google document,17 on average cover
ing 5 to 6 extra 6hour shifts each day. These 2 additional 
options for nonurgent care increased ED peak bed count to 
80, a 38% increase over regular peak bed capacity. During the 
surge, higheracuity ED patients were cared for in the ED’s 10
bed extended care unit. In anticipation of staff illness, the ED 
and residency program created robust sickness relief programs 
to ensure adequate staffi ng.18

During the 3week surge period, ED patient visits rose 48% 
compared with the previous year, with 7793 children arriving 
for ED care (Figure 4). In the corresponding fall 2008 cal
endar period, 2597 fewer patients were seen and mean daily 
visits were only 225 compared with a mean of 339 during the 
surge (P <.001). The 2009 surge exceeded all other previous 
high winter volume periods. 

Of the patients seeking care during the surge, 603 (23%) 
were cared for in the evening and weekend subspecialty cli
nic space. Most of the increased ED volume was for infl uenza
related illness or infl uenzalike symptoms, but few children 
who did not require hospitalization were tested for infl uenza 
(consistent with prior practice patterns at CHOP). Diagnos
tic testing using the multiplexPCR assay was performed on 
the majority of patients requiring hospitalization. Rapid in
fl uenza diagnostic testing was not adopted due to poor sen
sitivity and specifi city.19 The ED operated in its red zone for 
virtually the entire 3week surge period. Details of CHOP’s 

ED logistics during the pandemic are discussed at length by 
Scarfone et al.18 

The average time patients waited to be seen by an ED physi
cian during the surge was less than that during the prior winter’s 
period of maximal infl uenza activity (Figure 5). Overall, 400 
(5.1%) patients arriving for ED care during the surge left with
out being seen by a physician; none had been triaged as critical 
and only 16 had been triaged as acute (n =1761, yielding a left
withoutbeingseen rate of 0.9%). Although that was twice the 
2009 average leftwithoutbeingseen rate, fewer patients left 
without being seen during the fall 2009 surge than during the 
highrespiratoryvolume month of February 2009 (eAppendix), 
when the leftwithoutbeingseen rate was 8%. For admitted 
patients and those discharged to home, the total ED length of 
stay was either unaffected or comparable to that of prior high
volume periods. The ED did not go on divert status.

Main Hospital Inpatient Occupancy. During the surge, 
ED admission rates were lower than average, but absolute 
numbers of admissions and inpatient occupancy were high. 
The OctoberNovember 2008 average admission rate was 
18.0% (SD 2.9%, daily range 12.8%25.3%), refl ecting the 
typical monthly rate of 18% to 21%. In comparison, the av
erage admission rate during the 2009 surge was 14.7% (SD 
2.1%, daily range 11%20%; P <.001). 

The daily peak inpatient census during the 3week surge 
averaged 423 (SD 22.1). That was 12% higher than the cen

n Figure 3. Primary Care Weekly Volume Including Well Visits, Acute Visits, and Daytime Phone Calls From 
March 2008 to March 2010, Including the Fall 2009 Infl uenza A (H1N1) Surge
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sus during the same calendar period in fall 2008 (mean daily 
peak census 374 [SD 22]; P <.001), but only 2.9% higher than 
the census during February 2009 (mean daily peak census 411 
[SD 23.2]; P = .06). During the surge, the main hospital was 
more than 90% occupied at peak daily census during 83% of 
weekdays and more than 95% occupied during 33% of week
days. This additional patient volume was met by the creation 
and asneeded deployment of an additional general pediatrics 
team; this team was supervised by a volunteer attending physi
cian from the Department of Pediatrics. Pediatric residents on 
elective rotations were added to these teams as needed. The 
yellow zone plan for an additional general pediatrics team was 
needed for 5 days, and the red zone plan was not triggered.

Peak daily occupancy in the 46bed main hospital PICU 
exceeded 90% on virtually all days of the surge (94%) and 
more than 100% occupancy on 15% of days (PICU treatment 
rooms were used for patients). The yellow zone plan for the 
PICU, which required increased staffi ng by nurses, fellows, and 
nurse practitioners, was active from October 21 to November 
22, 12 days beyond the 3week networkwide surge period. Ad
ditional nursing hours (mean of 80 hours per day, representing 
a 10%15% increase over baseline nursing hours) for the ED 
and PICU were created through overtime, canceling educa
tional activities, placing orientees in supervised clinical roles, 
and reassigning nurses from lowercensus units or nonclinical 

roles. Census levels alone did not trigger the red zone. Acuity 
was high enough, however, that PICU leadership decided to 
increase overnight inhouse critical care attending coverage 
from 1 to 2 during this period.

Death is a rare outcome in pediatrics. During the surge, 
there was 1 death recorded for a PICU patient with a primary 
diagnosis of infl uenza. This patient also had developmental 
delay and chronic medical conditions. There were 9 other 
deaths in the hospital during the surge, but infl uenza was not 
a contributing factor to these deaths. 

Stuff
Supplies and Equipment for Primary Care, Emergency De-

partment, and Inpatient Areas. Ensuring adequate supplies to 
provide patient care was identifi ed early in planning as a critical 
challenge. During the planning phase, the emergency prepared
ness director worked with the director of resource management 
to secure gowns, gloves, and masks. Factors such as personal pro
tective equipment (PPE) use based on clinical role, work setting, 
and number of patient encounters per shift, along with expected 
patient volumes, were used to estimate total PPE needs. In addi
tion, Emergency Preparedness staff projected demand for chairs, 
screens, and supply carts for the auxiliary waiting area. The 
hospital procured PPE supplies through regular contact with 
distributors and weekly status reports. Distributor commitment 

n Figure 4. The Children’s Hospital of Philadelphia ED Daily Visit Volume Versus Emergency Department Left-With-
out-Being-Seen Rate for All Patients, October to November 2009
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to shipping PPE within 8 to 24 hours allowed stockpiling of sup
plies at a local distributor site. Ultimately, PPE use was 300% 
to 550% above normal. Although CHOP did not exhaust key 
supplies, estimates for needs were too low. 

Infection Prevention and Control. After review of the 
literature and in consultation with local and national ex
perts, CHOP followed Society for Healthcare Epidemiol
ogy of America, Infectious Diseases Society of America, and 
Association for Professionals in Infection Control and Epi
demiology recommendations on transmissionbased precau
tions for H1N1. The network adopted contact and droplet 
precautions for all patients with infl uenzalike illness and 
airborne isolation precautions for patients with known or 
suspected infl uenza who were undergoing aerosolgenerating 
procedures (eg, bronchoscopy, endotracheal intubation and 
extubation, open suctioning of airways). This strategy offered 
cost savings, as well as avoidance of supply shortages and un
necessary fi ttesting of thousands of healthcare workers for 
N95 respirators.21

To limit H1N1 transmission between patients, several 
measures were implemented. In the primary care setting, self
screening stations were placed at the entrance of each clinic. 
During yellow zone periods, patients were asked to don a mask 
and perform hand hygiene if they had both fever and respiratory 
symptoms. In collaboration with Medicaid managed care insur

ers, CHOP created and sent letters to families describing vacci
nation and infl uenza clinics. When the H1N1 vaccine became 
available in November 2009, CHOP primary care practices used 
vaccine stations to administer vaccine to patients with sched
uled appointments and highrisk patients. Approximately 33% 
of CHOP’s primary care network patients received the H1N1 
vaccine during the winter of 2009 to 2010. Distribution was lim
ited due to vaccine availability during the peak of the local out
break; supplies increased only after regional disease decreased. 

As vaccine availability was limited, Infection Prevention 
& Control, Occupational Health, and ambulatory specialties 
defi ned “tier 1” staff for H1N1 vaccination using 2 criteria: 
vulnerability of patients and repeated staff exposure to poten
tial infections. Targeted tier 1 staff included 1307 staff working 
in the ED, neonatal intensive care units, the PICU, the PICU 
stepdown unit, the cardiac intensive care and cardiac care 
unit, oncology (inpatient and clinic), the special immunology 
clinic, and the specialized perinatal unit. When the H1N1 vac
cine arrived at CHOP during the last week of October, there 
was only enough supply to vaccinate approximately half of all 
direct care providers. Numerous staff saw themselves as direct 
care providers and wanted vaccine, even if they were not tier 
1 staff. Prior to 2009, the Emergency Preparedness Working 
Group asked the CHOP Ethics Committee to develop a con
ceptual framework for allocation of scarce resources such as 

n Figure 5. Average Time to ED Evaluation by Physician or Nurse Practitioner, by Acuity, From July 2008 to June 
2010, Including the Fall Infl uenza A (H1N1) Surgea

180

160

140

120

100

80

60

40

20

M
in

u
te

s

0

Acute

Critical

Nonurgent

Urgent

ED indicates emergency department. 
aAcuity classifi cation based on 4-level criteria from Pediatric Triage Guidelines.20 



642 n www.ajmc.com n OCTObER 2012

n managerial n

vaccine during a pandemic. After 2 formal presentations and 
additional informal discussions, Ethics Committee guidance 
was incorporated into plans for the 2009 H1N1 pandemic. 
When the initial vaccine supply became available, 1229 of the 
1307 tier 1 employees (94%) were vaccinated. Ultimately, a 
total of 4506 healthcare workers were immunized.

Public Relations and Communications. The Marketing 
Department collaborated with Infection Prevention & Con
trol on a multifaceted approach to communication materials. 
Target audiences included employees, patients and families, 
referring physicians, and members of the community. Docu
ments were approved by Infection Prevention & Control, 
posted online by the marketing web team, and distributed in 
print form across the network. Materials and online activities 
included general frequently asked questions, clinical guide
lines for staff, vaccine facts in English and Spanish, and a 
webinar for communitybased primary care physicians, school 
nurses, and child care workers. In September and October, 
CHOP’s H1N1 intranet pages (used by internal CHOP staff) 
had 3213 and 4112 hits, respectively (compared with 1047 
in November, 307 in December, and 199 in January 2010). 
Extranet postings (particularly those detailing vaccine avail
ability) were updated throughout the surge.

DISCUSSION
During the 2009 H1N1 pandemic, CHOP, as an IDS, met 

the needs of patients in a variety of settings despite substan
tial increases in patient volumes. The ability to coordinate and 
share resources across a centrally owned network mitigated di
rect effects on single providers or provider types, optimized dis
tribution of scarce resources, and increased functional capacity. 
Using the surge capacity conceptual framework of staff, stuff, 
and structure, CHOP implemented flexible deployment of staff, 
centralized management of supplies and resources, and coordi
nation of physical structure and management activities—all of 
which were central to the success of this response.  

Staff
being an IDS afforded CHOP the ability to deploy staff in 

real time as patient care needs were identified. It is imporant 
to point out, however, that much of the success of CHOP’s re
sponse to the 2009 H1N1 pandemic was due to that fact that 
staff members were able and willing to move across traditional 
roles. This flexibility, in conjunction with the ability to central
ly coordinate its workforce via mechanisms like the webbased 
volunteer signup document, allowed the system as a whole to 
best match capacity to demand when and where it occurred. 
It is hard to envision how a nonintegrated system or unrelated 
offices and hospitals could have done the same. Centralized 

ownership may afford more ability to increase capacity than 
a coordinated, but not financially linked, organization, as staff 
temporarily employed in nontypical roles can be compensated 
through established payroll mechanisms. Large organizations 
like CHOP are also more likely to have employee resources 
including online education modules (not utilized during this 
particular pande mic) and programs to provide emergency child 
care to further enhance staff flexibility. Additionally, an IDS 
may uniquely be able to mandate immunization of staff working 
in multiple locations, as CHOP has done for seasonal influenza 
vaccine.

Attempts at effectively increasing staff capacity during 
the 2009 pandemic were limited by several factors. Although 
staffing and patient care hours were increased at all 4 urban 
prim ary care centers, many families bypassed these centers 
and came directly to the ED. Similarly, even after hearing 
prerecorded informational messages, the majority of parents 
remained on the phone to speak to a nurse; there were insuffi
cient nurses to manage this increased volume. Of note, we lack 
information on phone triage outcomes in terms of potential 
delays in needed acute care. As the phone triage system was 
not new, but instead based on validated approaches to phone 
triage, there was the potential for any increase in phone triage 
workload to result in adverse outcomes. Suburban practices 
had limited trunk lines and phone tree capabilities, and so 
were not as amenable to attempts to increase capacity through 
messaging, rerouting of calls, or daytime assistance by AHP 
staff. As a result, some suburban patients faced prolonged wait 
times and/or had difficulty getting through to a CHOP pro
vider. Finally, although CHOP is integrated, technology plat
forms are not uniform. The electronic health record supported 
many aspects of flexibility, but primary care physicians were 
not familiar with ED software. These and other technology 
differences created challenges in sharing personnel across the 
network (Table).

Certain particulars of CHOP staffing and the 2009 pan
demic should be noted when considering generalizability be
yond our single hospital and health system experience. For 
example, the large number of nurses, fellows, and research 
physicians associated with a large academic instutition with 
extensive resources created an additional workforce that 
might not be available in other settings. Second, our reliance 
on volunteers enabled us to meet acute needs, but would not 
necessarily be sustainable. Although there was no vocal re
sistance and all volunteer shifts were easily filled, no formal 
survey work was done to obtain staff feedback, nor can we 
know at what point volunteerism would falter. In addition, 
the H1N1 virus had low virulence and staff was minimally 
affected; a future pandemic might increase patient acuity and 
limit staff availability. 
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Stuff
Like other institutions, particularly since 2001, CHOP 

has focused attention on emergency preparedness across 
its geographic network, including the purchase of supplies 
such as PPE. Although CHOP’s transmissionbased precau
tions for H1N1 minimized use of personal protective devices 
and supplies along with their associated costs, supply avail
ability and the ability to centrally control distribution were 
key to limiting intrainstitutional spread of H1N1. Had the 
pandemic been of greater severity, this benefit of integration 
likely would have been of even greater importance. Similarly, 
CHOP’s ability to dictate vaccine distribution for employees 
across the network allowed healthcare workers at greatest risk 
to be vaccinated first. Access to CHOP’s Ethics Committee 
helped to ensure that vaccine distribution was fair. Vaccine 
distribution to patients was, however, subject to public health 
regulations beyond CHOP’s control. As the CHOP network 
extends over 2 states, requirements for tracking and transfer
ring vaccine between network sites varied. These extrainsti
tutional requirements limited CHOP’s ability to centralize 
vaccine distribution. Moreover, given the limited duration 
and acuity of this pandemic, the demand for pharmaceuticals 
did not threaten supply, but a more severe or prolonged pan
demic could be problematic from the equipment and supply 
standpoint. Marketing efforts produced many materials that 
were distributed across the network and to outside sources 
such as the media. 

Structure
The majority of CHOP’s pandemic preparedness efforts 

centered on its main hospital, ED, and 4 urban ambula
tory care locations. Although CHOP did not build any 
new temporary or permanent structures to accommodate 
pandemic patients, the newly renovated 14room ambula
tory subspecialty care space near the main ED was utilized 
to increase capacity for lowacuity patients on evenings 
and weekends. In addition, the existing hospital atrium 
was equipped with chairs, triage desks, and refrigerators 
to function as an intake, triage, and waiting location to 
augment the existing ED waiting area. In the case of the 
2009 pandemic, CHOP’s ED, including its preexisting 10
bed extended care unit, was large enough to accommodate 
the increased number of patients. Had the pandemic been 
more severe, the capacity of these physical structures might 
have been exceeded. Similarly, while peak daily occupancy 
in the 46bed main hospital PICU exceeded 90% virtually 
all days of the surge, overflow patients were accommodated 
in existing PICU treatment rooms. Had the scenario been 
worse, even with alterations in standards of care,22 staff
ing flexibility might have been of little value for patients 

requiring additional critical care beds, ventilators, and 
equipment. 

Overall Impact and Cost
The H1N1 pandemic created challenges for public 

health authorities23 and individual healthcare organiza
tions, highlighting the need for preparedness planning.24 
CHOP’s experience as an IDS emphasizes the benefits of 
flexibility, scale, and scope. Estimating that between 5% 
and 20% of the increased volume of primary care visits 
and phone calls would otherwise have resulted in ED vis
its, CHOP’s integrated response detailed above may have 
helped to avoid an estimated 11 to 44 ED visits per day. For 
those who did seek care at the CHOP ED, wait times and 
leftwithoutbeingseen rates were maintained below those 
of previous highdemand periods. It is difficult to calculate 
the financial cost of CHOP’s response to the 2009 H1N1 
pandemic, in part because considerable preparatory work 
had been done in the years preceding the pandemic. Pur
chases of supplies and equipment were spread over time, ex
cess volunteer staffing was largely uncompensated, and no 
construction was undertaken specifically to accommodate 
patients during the pandemic. As CHOP did not cancel 
scheduled admissions or procedures, opportunity costs were 
not encountered to an appreciable degree. Clearly, without 
prior planning, the ability to utilize volunteer staff, and the 
capacity to continue scheduled admissions and procedures, 
a system’s immediate costs could be substantial, particularly 
for a prolonged event.

Lessons learned during the H1N1 pandemic continue to 
guide internal planning. First, convincing leaders of potential 
pandemic severity was challenging. The brevity and relative 
low acuity of the spring wave of H1N1 infection provided 
some with a false sense of security concerning the likelihood 
and potential severity of a second wave. When the pandemic 
struck, there was reluctance to cancel scheduled admissions, 
whether medical, surgical, or research related, even at high 
levels of occupancy. Second, the size and scope of CHOP as 
an IDS created a paradox. The enterprise was large and well 
resourced; however, its size, scope, and complexity made it dif
ficult for any individual or small group to fully understand the 
entire system or nuances of operations in each department. 
Similarly, the large number of personnel working in diverse 
roles and locations made it harder to communicate timely in
formation using the right messaging. As noted, education or 
training was limited as the available online educational sys
tem was not used. 

There are limitations to CHOP’s experience that affect 
generalizability, many of which have been noted in the Dis
cussion section. As a single institution, with its own physical 
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footprint, staffing pattern, and culture, CHOP’s planning and 
execution might have differed from what others experienced. 
Similarly, the pandemic played out in a particular way in the 
Philadelphia region and for children. Had its timing or viru
lence been otherwise, outcomes might have been different. 
Finally, as noted above, we do not have information about 
clinical outcomes such as those resulting from guidance pro
vided through the phone triage system or the ED that had 
high patient volumes. 

CONCLUSIONS
In conclusion, the fall 2009 H1N1 pandemic caused record 

volumes of patients to seek care at primary care offices, EDs, in
patient services, and intensive care units. The experience of 1 
pediatric delivery system in planning for and executing a plan 
to handle this surge in activity may hold lessons for other or
ganizations and for policy makers seeking to improve the pre
paredness, quality, and value of healthcare. These experiences 
do not necessitate vertical integration with direct ownership as 
in CHOP’s case, but do support tight coordination, communi
cation, integration, and alignment of clinical and nonclinical 
resources.
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n eAppendix. The Children’s Hospital of Philadelphia Virology Lab Positive Detections of Respiratory Viruses From 
Rapid Respiratory Panel Testing, by Month From September 2008 to August 2010a 
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aInfl uenza A positive results (indicating H1N1) peaked in May and June 2009, and then again in October to November 2009.


