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Absitract

Introduction: Kaiser Permanente of the Mid-Atlantic States (KPMAS) is collaborating with the Electronic Surveillance
System for Early Notification of Community-Based Epidemics II (ESSENCE II) program to understand how managed-care
data can be effectively used for syndromic surveillance.

Objectives: This study examined whether KPMAS nurse advice hotline data would be able to predict the syndrome diagnoses
made during subsequent KPMAS office visits.

Methods: All nurse advice hotline calls during 2002 that were linked to an outpatient office visit were identified. By using
International Classification of Diseases, Ninth Revision (ICD-9) codes, outpatient visits were categorized into seven
ESSENCE II syndrome groups (coma, gastrointestinal, respiratory, neurologic, hemorrhagic, infectious dermatologic,
and fever). Nurse advice hotline calls were categorized into ESSENCE II syndrome groups on the basis of the advice guide-
lines assigned. For each syndrome group, the sensitivity, specificity, and positive predictive value of hotline calls were calculated
by using office visits as a diagnostic standard. For matching syndrome call-visit pairs, the lag (i.e., the number of hours that
elapsed between the date and time the patient spoke to an advice nurse and the date and time the patient made an office visit)
was calculated.

Results: Of all syndrome groups, the sensitivity of hotline calls for respiratory syndrome was highest (74.7%), followed by
hotline calls for gastrointestinal syndrome (72.0%). The specificity of all nurse advice syndrome groups ranged from
88.9% to 99.9%. The mean lag between hotline calls and office visits ranged from 8.3 to 50 hours, depending on the
syndrome group.

Conclusions: The timeliness of hotline data capture compared with office visit data capture, as well as the sensitivity and
specificity of hotline calls for detecting respiratory and gastrointestinal syndromes, indicate that KPMAS nurse advice hotline
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data can be used to predict KPMAS syndromic outpatient office visits.

Introduction

Across the United States, managed care organizations oper-
ate clinical and administrative information systems to sup-
port the routine delivery of health-care services to their
members. Data from these information systems offer promise
for enhancing public health surveillance activities in commu-
nities where managed care organizations operate (/—4). How-
ever, despite the widely recognized potential of using
managed-care data for tracking community health indicators,
managed care organizations and public health departments
have previously had limited incentive to form alliances to
improve public health surveillance (5).

In 2001, when residents of the Baltimore-Washington, D.C.,
metropolitan area were diagnosed with inhalational anthrax,
Kaiser Permanente of the Mid-Atlantic States (KPMAS)

experienced a public health emergency requiring daily inter-
action with local health authorities. In the course of deliver-
ing health care to victims of this biologic terrorism, KPMAS
employees became acutely aware of the need for stronger
links with public health agencies at all government levels (6).
While responding to the anthrax crisis, KPMAS was also able
to demonstrate the public health potential of its administra-
tive and clinical information systems, having searched its da-
tabases to identify and contact hundreds of enrollees at-risk
to recommend testing and treatment options (7). Drawing
from the lessons of this front-line experience, KPMAS began
looking for substantive ways to support the local public health
infrastructure.

Since 2002, the KPMAS Research Department has collabo-
rated with the Electronic Surveillance System for Early Notifi-




Vol. 53 / Supplement

MMWR 113

cation of Community-Based Epidemics II (ESSENCE II) pro-
gram. KPMAS researchers view ESSENCE II as a community
health partnership — a voluntary collaboration of diverse com-
munity organizations that are pursuing a shared interest in com-
munity health (8). The ESSENCE II program seeks to
strengthen the local public health infrastructure by developing
a regional syndromic surveillance system. To achieve this objec-
tive, ESSENCE II has drawn together a multisector,
multidisciplinary group of researchers, health-care providers,
and public health authorities with expertise in medicine, math-
ematics, and public health, as well as access to health data.

KPMAS operates a secure information system that routinely
captures data from an array of health-care operations, includ-
ing laboratory tests, radiology procedures, pharmacy prescrip-
tions, inpatient and outpatient visits, as well as membership
demographics, appointment history, clinician notes, and nurse
advice hotline calls. All of these data sources have potential
value for syndromic surveillance. However, limited staff and
funding are available to make KPMAS health-care informa-
tion accessible for public health surveillance. Understanding
the relative strengths and weaknesses of each KPMAS data
stream can help prioritize information-technology investments
for syndromic surveillance. To assess the performance of
potential new data streams for the ESSENCE 1I surveillance
system, this paper compares the epidemiologic properties of
KPMAS nurse advice hotline data with outpatient office visit
data obtained during January 1-December 31, 2002. The goal
of this study was to determine whether nurse advice hotline
data would be able to predict the syndromic diagnoses made
during a subsequent office visit.

Methods

Population and Delivery System
KPMAS contracts with 36 local hospitals and operates 30

outpatient medical centers to deliver health services to a popu-
lation of >500,000 members. To facilitate the continuity of
care, each member is assigned a unique permanent identifica-
tion number that can be used to retrieve and link all adminis-
trative and clinical data. Appointment scheduling and the nurse
advice hotline function together within the KPMAS call cen-
ter, which serves as a major entry point into the delivery sys-
tem. Appointment clerks in the call center schedule routine
appointments, while nurses operate an advice hotline to
administer protocol-driven, medically appropriate advice over
the telephone and to schedule acute-care office visits when
necessary. In 2002, 369,646 members made 1,497,686 calls

to the nurse advice hotline.

Data Link Between Individual
Nurse Advice Hotline Calls
and Outpatient Office Visits

The KPMAS information system captures not only the date
and time a patient is seen for an outpatient office visit
(Encounter_Date), but also the date and time that appoint-
ment is scheduled (Enc_File Date). A third data field
(Advice_Date) captures the date and time the patient
contacted the nurse advice hotline. For this study, a hotline
call and an office visit were defined as linked if all of the fol-
lowing criteria were met: 1) the patient identification number
assigned to the hotline call matched the patient identification
number assigned to the office visit; 2) the date of the hotline
call matched the date the patient called for the appointment;
and 3) the time of the hotline call either matched or preceded
the time the patient called for an appointment.

Categorizing KPMAS Data
into Syndromic Groups

All outpatient visits are assigned one or more diagnostic
codes from the International Classification of Diseases, Ninth
Revision (ICD-9). These diagnostic codes reflect the patients’
presenting conditions, symptoms, presumed diagnoses, and
definitive diagnoses. Before this study, ESSENCE II devel-
oped sets of ICD-9 codes representing clinical manifestations
of potential infectious disease outbreaks (9). Those sets of ICD-
9 codes were used to categorize all KPMAS outpatient visits
during 2002 into seven syndrome groups: coma, gastrointesti-
nal, respiratory, neurologic, hemorrhagic, infectious dermatologic,
and fever.

The information system that supports the KPMAS nurse
advice hotline does not use the ICD-9 coding system. Instead,
as nurses speak with patients, they select one or more KPMAS
advice guidelines from a drop-down menu on the computer
screen. These advice guidelines are based on 586 current
KPMAS nurse advice clinical-practice protocols that corre-
spond to patient-reported symptoms and presumed diagnoses.
The KPMAS advice guidelines were classified into syndrome
groups corresponding to the seven ICD-9-based ESSENCE
syndrome categories (Box). Of the 586 KPMAS advice guide-
lines, 68 were used to define syndrome categories for nurse
advice hotline calls (the remaining 518 were for conditions
not of interest for syndromic surveillance). Because none of
the advice guidelines corresponded to the ESSENCE II coma
syndrome group, this category was dropped from analysis and
only six of the seven categories were used.
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BOX. Classification for coding of nurse advice guidelines — Kaiser Permanente of the Mid-Atlantic States (KPMAS)

GI (gastrointestinal)
Abdominal pain, adult
Abdominal pain, pediatric

Meningitis, neonates
Meningitis, pediatric, 3 months—2 years
Meningitis, pediatric, children/young

Sore throat, adult
Sore throat, pediatric
Throat culture, positive

Acute GI, gastroenteritis, adult adults
Diarrhea, 0-24 months, pediatric
Diarrhea, >2 years, pediatric
Diarrhea, adult

Diarrhea, long-term care
Diarrhea, pediatric

Diarrhea, prenatal, OBGYN
HIV diarrhea, adult

Nausea, adult

Nausea, pediatric

Vomiting and hyperemesis, adult
Vomiting, long-term care
Vomiting, pediatric

DERMHEM (hemorrhagic
manifestations)
Bruise/hematoma, adult

NEURO (neurologic)

Headache, adult

Headache, long-term care
Headache, pediatric

HIV headache, adult

HIV mental status changes, adult
Meningitis, adult

FEVER
Fever, adult

Fever, neonatal
Fever, pediatric
HIV fever, adult

Asthma, adult
Asthma, pediatric

Croup, pediatric
Earache, pediatric

Influenza, adult
Influenza, pediatric
Laryngitis, adult

Meningitis, pediatric, infants
Meningitis, pediatric, >2 years care

Fever, long-term care

RESP (respiratory infection)

Bronchiolitis, pediatric
Bronchitis, acute, adult

HIV dyspnea, adult
HIV pneumonia, adult

Respiratory distress, adult
Shortness of breath, long-term care

Upper respiratory infection, adult
Upper respiratory infection, long-term

Upper respiratory infection, pediatric

DERMINF (dermatologic, infectious)
Chicken pox, adult

Chicken pox, pediatric

Chicken pox, prenatal, OBGYN
Fifth disease, pediatric

Hand, foot, mouth disease, pediatric
Herpes zoster, adult

Herpes zoster/shingles, adult
Measles, pediatric

Rash, adult

Rash/fungal infection, adult

Rashes, pediatric

Rash, prenatal, OBGYN

Roseola, pediatric

Shingles

Smallpox

All nurse advice hotline calls received during 2002 were cat-
egorized according to the new syndrome groups. Approxi-
mately 20% of all hotline calls were assigned at least one
syndromic advice guideline. The remaining 80% of hotline
calls were associated with advice guidelines not relevant to
syndromic surveillance and therefore not used in the hotline
syndrome classification scheme.

Because more than one ICD-9 diagnosis can be assigned to
a patient during a given office visit, single office visits can fall
into more than one ESSENCE syndrome group and be
counted multiple times. Similarly, a nurse can use more than
one advice guideline during a given call, in which case the call
would fall into more than one advice syndrome group and be
counted more than once. Multiple calls or multiple visits by a
given patient in a single day for the same syndrome are counted
only once.

Analysis

The total numbers of hotline calls and outpatient visits by
syndrome group received during January 1-December 31,
2002, were determined and compared. All hotline calls linked
to a subsequent outpatient visit were then identified. For each
syndrome group, the sensitivity, specificity, and positive pre-
dictive value of hotline calls was calculated, using office visits
as a diagnostic standard.

All hotline calls whose syndrome assignments matched those
of the linked office visit were identified. For each of these
matching syndrome call-visit pairs, the time lag (i.e., the num-
ber of hours that elapsed between the date and time the pa-
tient spoke to an advice nurse [Advice_Date] and the date
and time the patient was seen for the office visit
[Encounter_Date]) was calculated. Univariate statistics on this
time lag were then generated.

The study was reviewed and approved by the legal depart-
ment of the Kaiser Foundation Research Institute, as well the
KPMAS Institutional Review Board for the protection of hu-
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man subjects. All analysis of patient-level data was performed
by researchers at KPMAS. No patient-level data were released
from KPMAS for this analysis.

Results

Total nurse advice hotline calls and total outpatient office
visits, by syndrome group, were compared (Table 1). Of all
syndrome groups, respiratory and gastrointestinal syndromes
generated the highest volume of hotline calls and office visits.
Within every syndrome group, patients made at least twice as
many hotline calls as office visits, with the exception of the
respiratory syndrome category, which resulted in 242,785
hotline calls and 201,402 office visits.

Approximately 570,500 hotline calls were linked to an
office visit. The exact count varies slightly among syndrome
groups because multiple calls or multiple visits by a given
patient in a single day for the same syndrome were counted
only once. The sensitivity, specificity, and positive predictive
value of hotline calls for detecting syndromes diagnosed dur-
ing office visits were calculated (Table 2). Of all syndrome
groups, the sensitivity of hotline calls for respiratory syndrome
was highest (74.7%), followed by hotline calls for gastrointes-
tinal syndrome (72.0%). Hotline calls for respiratory and gas-
trointestinal syndromes also had the highest positive predictive
value. Sensitivity was lowest for hotline calls in the hemor-
rhagic group. The specificity of all nurse advice syndrome
groups was high, ranging from 88.9% to 99.9%.

Univariate statistics for the lag between syndromic hotline
calls and their matching syndromic office visits were gener-
ated (Table 3). The mean lag between hotline calls and office
visits ranged from 8.3 to 50 hours, depending on the syn-
drome group. Hotline calls in the hemorrhagic syndrome cat-
egory provided the greatest mean lead time (50 hours) over
corresponding office visits; however, hotline calls and office
visits were both categorized as hemorrhagic in only 14 instances.
The median lead time ranged from 4 hours for gastrointestinal

TABLE 1. Number of nurse advice hotline calls and outpatient
office visits, by syndrome group — Kaiser Permanente of the
Mid-Atlantic States, 2002

No. of No. of outpatient
Syndrome group hotline calls* office visits*
Gastrointestinal 72,107 26,521
Respiratory infection 242,785 201,402
Neurologic 22,957 144
Dermatologic, infectious 20,117 440
Fever 17,866 5,230
Hemorrhagic manifestation 1,580 456

*Multiple calls or multiple visits by a given patient in a single day for the
same syndrome are counted only once.

TABLE 2. Validity of syndromic nurse advice hotline calls to
detect syndromic outpatient office visits — Kaiser Permanente
of the Mid-Atlantic States, 2002

Office visit in
syndrome group

Office visit not in

Syndrome group syndrome group

Gastrointestinal
Call in syndrome group 13,178 22,376
Call not in syndrome group 5,124 530,016

Sensitivity = 72.0% Specificity = 95.9% PPV* = 37.1%
Respiratory infection

Call in syndrome group 88,410 50,078

Call not in syndrome group 29,977 402,818

Sensitivity = 74.7% Specificity = 88.9% PPV = 63.8%
Neurologic

Call in syndrome group 10 12,478

Call not in syndrome group 27 557,906

Sensitivity = 27.0% Specificity = 97.8% PPV =0.1%
Dermatologic, infectious

Call in syndrome group 166 10,491

Call not in syndrome group 118 559,639

Sensitivity = 58.5% Specificity = 98.2% PPV =1.6%
Fever

Call in syndrome group 1,153 8,600

Call not in syndrome group 2,376 558,414

Sensitivity = 32.7% Specificity = 98.5% PPV =11.8%
Hemorrhagic manifestation

Call in syndrome group 14 750

Call not in syndrome group 91 569,546

Sensitivity = 13.3% Specificity = 99.9% PPV =1.8%

* PPV = positive predictive value.

and dermatologic/infectious syndromes to 25 hours for hemor-
rhagic syndrome. The mode for the lag ranged from 1 to 3
hours, depending on the syndrome.

Discussion

Analysis indicates that nurse advice hotline data is 4-50
hours timelier for syndrome detection than outpatient office
visit data, depending on the syndrome group. This lead time

*

TABLE 3. Syndromic nurse advice hotline calls with matched
syndromic outpatient office visit — Kaiser Permanente of the
Mid-Atlantic States, 2002

Hours between
hotline call
and office visit

Mean Median Mode

No. of calls with
matching visit

Syndrome group

Gastrointestinal 13,178 12.0 4.0 2.0
Respiratory infection 88,410 12.3 5.0 2.0
Neurologic 10 23.6 11.0 3.0
Dermatologic, infectious 166 8.17 4.5 1.0
Fever 1,153 8.3 5.0 2.0
Hemorrhagic manifestation 14 50.0 25.0 —

* A syndromic call that generates an office visit in the same syndrome group
is defined as matched.
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might even be substantially greater because ICD-9 codes for
KPMAS office visits are not immediately entered into the
information system; as much as a 1-month lag can exist
between the time a patient is seen and the time information
from that visit is available for data analysis.

Of >1 million hotline calls made during 2002, approxi-
mately 570,500 were linked to an outpatient visit. KPMAS
patients made at least twice as many hotline calls as office
visits within each syndrome category, with the exception of
respiratory syndrome. A critical consideration in assessing the
ability of syndromic advice calls to detect syndromic office
visits is that many advice calls do not generate an office visit.

Although all of the hotline call syndrome groups demon-
strated high specificity relative to office visits, sensitivity and
positive predictive value varied according to syndromic group.
Further research is needed to explain the differences observed
between hotline data and office-visit data. The performance
of hotline data might be compromised by the data stream’s
emphasis on symptoms rather than clinical presentations and
definitive diagnoses. Alternatively, these observed discrepan-
cies might identify opportunities to add or remove advice
guidelines from syndrome classifications of nurse advice hotline
calls. Patient health-seeking behavior might also account for
part of the differences observed between the number of calls
and similarly grouped visits (e.g., work requirements, child-
care needs, or transportation barriers might lead certain
patients to use the advice hotline exclusively in place of a clini-
cal examination). Finally, coding practices and other provider
behaviors, as well as delivery-system factors (e.g., appointment
access), might generate differences between counts of calls and
visits. Health-services research aimed at understanding how
patient, provider, and delivery-system factors relate to syn-
drome classifications might be helpful in establishing the theo-
retical underpinnings for effective outbreak-detection
algorithms.

Conclusions

This study examined the relative value of two alternative
health-care data streams, nurse advice hotline calls and out-
patient office visits, collected from a single, integrated deliv-
ery system. The timeliness of hotline data capture compared
with office visit data capture, as well as the sensitivity and
specificity of hotline calls for detecting respiratory and

gastrointestinal syndromes, indicate that KPMAS nurse
advice hotline data can be used to predict KPMAS syndromic
outpatient office visits.

This analysis did not attempt to address whether KPMAS
data could be used to detect epidemics in the broader Wash-
ington, D.C.-area community. Additional studies assessing the
external generalizability of KPMAS data should be performed
to determine whether KPMAS can serve in a sentinel surveil-
lance capacity.
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