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Aims and outline

Aims of the studies

This thesis describes the results of diagnostic research in young children presenting
with fever without apparent source at the emergency department. The study was
conducted at the Sophia Children’s University Hospital in Rotterdam and the Juliana
Children’s Hospital in The Hague, both large inner-city paediatric teaching hospitals in
the Netherlands.

The specific aims of the studies are:

1. To describe trends in the management of children visiting the emergency
department with fever without apparent source.

2. To develop a diagnostic prediction rule for referred patents presenting with
fever without apparent source, including readily obwinable parameters from the
patient’s history, physical examination and laboratory tests in order to distnguish
the patents with a serous bacterial infecton from those without a serious
bacteral infection.

3. To externally validate this developed diagnostc predicdon rule for referred
patients.

4. To obtain a diagnostc prediction rule for self-referred patients presenting with
fever without apparent source, including the determination of the generalisability
of the previously developed prediction rule for referred patients.

5. To deal with pitfalls with regard to diagnostic research on routine care data.

6. To compare results of internal and external validadon of the developed
diagnostic prediction rule for referred padents.

7. To develop a computer-based patent record for structured data entry for
paediatric practice, in particular for recording data from the patienc’s history and
physical examinaton.

Outline of this thesis

In chapter 2.1 the diagnostic and therapeutic dilemmas of young patients presenting
with fever without appatent source are illustrated by two case histories. Changes
during the last decade in the management of children presenting at the emergency
department with fever without apparent source are presented and discussed in chapter
22



Chapter 1

Chapter 3 studies the diagnostic process in young children with fever without
apparent source. A diagnostic prediction rule for the presence of a serious bacterial
infection in patients referred to the emergency department by the general practitioner
for the evaluation of fever without apparent source is described (3.1). External
validatdon of this predicton rule is discussed in chapter 3.3. In chapter 3.2 the
predicdon of the presence of a serdous bactedal infection in self-referred patients is
discussed, resulting in a specific diagnostic prediction rule for this population.

In chapter 4 some aspects of the methods of performing {diagnostic) research
that we encountered are deliberated and future perspectives are provided. Chapter 4.1
discusses the pros and cons of diagnostic research on routine care data. In chapter 4.2
the results of internal and external validation of a predicton rule for children with
fever without apparent source are compared. Chapter 4.3 describes the development
and evaluation of a computer-based patient record with structured data entry for a
comprehensive paediatric patient history and physical examination.

In chapter 5 the results of the previous chapters are summarised (5.1 English;
5.2 Dutch).
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2.1 The young child with fever without
apparent source in the post-Haemophilus
influenzae era

SE Bleeker, FLA Moil

Nederlands Tijdschrift voor Geneeskunde 2002;146:3-5 [Het jonge
kind met koorts Jonder focus in het "post-Haemophilus influenzae
Hdperk]

Abstract

A 2V2-year-old male and 2-month-old female patient presented with fever without
apparent source. Alarming signs for the presence of a serous bacterial infection were
reason to request additional laboratory tests. Pneumonia and viral meningids were
diagnosed, respectively. Due to changing prospects after eradication of invasive
Haemophilus influenzue infections no suitable guidelines for children with fever without
apparent source are available. By means of padent history and physical examination.
and subsequently additional laboratory tests, a first and respectively a second selection
of patients (not) at risk for serious bacterial infecdons can be made. Furthermore,
careful evaluation, clinical acumen, well-informed parents and observation are
important factors.
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Chapter 2.1

Introduction

Children with fever (tempetature 238°C) are a cause of concern for parents and a
frequent reason for consulting a physician. Some 15% of all visits to the general
practitioner and 10% to 35% of the visits to the emergency department are made in
connection with children with fever (1-5). The majority of these patients are younger
than 3 years of age and in 14% to 40%, no focus of fever was identfied after a case
history and a physical examinadon (3, 6). The underlying cause of the fever tends to
be viral. However, depending on the population, a serious bacterial infection such as
meningits or sepsis Is detected in 3% to 25% of the cases (see table) (5-7). Non-
specific signs and symptoms in the young febrle child complicate the evaluation of
the risk of having a serious bacterial infection even more. The following case histories
illustrate that evaluating children with fever and distinguishing between those suffering
and not suffering from a serious bacterial infection can be difficult.

Patient A, 2 boy aged 2 years, presented with a temperature that had hovered at
41°C for three days, vomiting and z slight cough. The general practiioner was called
and consulted. Additional history taking revealed symptoms of a common cold,
headache, and a poor micturition and fluid intake. There was no diarrhoea. In the
past, the patient had suffered febrle seizures and he had been vaccinated in
accordance with the recommended immunisaton schedule in the Netherlands.
Clinical examination revealed no stffness of the neck. Breathing was accelerated, no
retractions were observed. The cervical lymph nodes were slightdy swollen.
Examination of ear-nose-throat, heart and lungs revealed no abnormalities. The
general practitioner referred the patient to the paediatric emergency department for
evaluation of ‘fever without apparent source’. There, a moderately ill child was seen,
with a good perpheral circulation and hydradon status. The pulse rate was
120/minute, the body temperature 41°C, and the respiratory rate was 48/minute.
There was no meningeal irritation present. No clear focus was found for the fever.
The differential diagnosis included upper respiratory tract infection, pneumonia,
urinary tract infection or gastritis. In addition, a blood work-up and a blood culture
were performed; dipstick analysis of the urine was also carried out. No sputum could
be taken.

The blood results {reference values) were: leukocytes: 20.7*10/L (4.0-10.0}; C-
reactive protein (CRP): 204 mg/L (<10); sodium: 136 mmeol/L (135-145); potassium:
4.2 mmol/L (3.5-5.1); ureum: 4.4 mamol/L (2.6-5.6); creatinine: 35 pmol/L (40-70);

14



The young child with fever withont apparent sonrce in the post-Haenrophtlus influensae era

Table. Final diagnoses in 972 children, aged 1 month t0 36 months, who presented with fever
without apparent source between 1988-1998 at the emergency department of the Sophia

Children’s Hospital.

Absolute number (%)

Serions bacterial infection present 178 (18,3)
Bacterial meningids 20 (2,1)
Sepsis/ bacteraemia 14 (14
Pneumonia 52 (5,3)
Bacrerial gastroenterits 6 (0,6
Utrinary tract infection 79 8,1)
Cellulits/ osteomyelids/ abscess 70,7

Serious bacterial infection absent 794 (81,7)
Asepuc/ viral meningiris 12(1,2
Viral gastroenteritis 21 2,2
Acute otids media 121 (12,4
Viral syndrome” 556 (57,2

Miscellaneoust 84 (8,6)

*Upper respiratory tract infection, tespiratory syncydal virus bronchiolitis, (non-}specified viral infection.
fimmunisation reaction, malada, skin infecdons, no diagnosis.

acid base status: pH: 7.46 (7.34-7.45); Pcox: 4,2 kPa (4.7-5.9); bicarbonate: 22.0
mmol/L (21-27); base excess: —0.7 mmol/L (-2.3-+2.3). Dipstick analysis of the urine
was negatve. The chest X-ray showed an infiltration of the upper lobe of the right
lung. As oral treatment was ruled out because of the vomitdng, the boy was
hospitalised and put on intravenous antibiotics.

Within 24 hours, the temperature had normalised and the patient was discharged
in good condidon with antibiotics per os. Blood culture and virus serologies were
negative. In view of the temperature, mild tachypnoea, leakocytosis, elevated serum
CRP and the abnormalities seen on the chest X-ray, the probability diagnosis was
‘bacterial pneumonia’. At follow-up at the outpatient clinic the patient was found to
have recovered completely.

Patient B, a 2-month old baby gitl was seen by her general pracddoner because of one

day of inconsolable crying, groaning, temperature reaching 39°C, vomiting and a slight
cough. The child did not feed as well as she normally did; the micturidon was normal.

15



Chapter 2.1

The patent’s history revealed irritability and crying when her legs were manipulated
{(flexing the hips with extended legs). In view of her age, the patient had not yet
received any vaccinations. The general practtioner saw a crylng infant with a
temperature of 39°C. Examination of the heart, lungs, ear, nose and throat area and
abdomen revealed no abnormalities. The patient was referred by the general
practitoner to the paediatric emergency department in order to discover the cause of
the fever.

Physical examination showed an inconsolable infant with a pulse of 188/minute
and temperature of 39.6°C. The peripheral circulation and hydration status were good.
The child was hypertonic and meningeally irmitable, but alert. There were no petechiae;
the fontanelle was not bulging. The differendal diagnosis was meningits, sepsis,
preumonia or utinary tract infecton. Laboratory blood results (reference values) were
as follows: CRP: 3 mg/L (<10); thrombocytes: 602*¥109/L (200-473); leukocytes:
14.1*#10°/L (5-21); glucose: 7.4 mmol/L (2.6-6.0). The urinary dipstck analysis was
negative. Cerebral spinal fluid test results were: 316 (of which 224 polymorphs) cells
per 3*106 L {0-10); glucose: 2.6 mmol/L (2.1-4.2); negatve gram stain. Bactedological
and viral cerebrospinal fluid cultures were obtained, in addition to 2 blood culture.
Radiological examination (X-ray) of the chest revealed no abnormalides. The working
diagnosis at this time was ‘meningitis (bacterial or viral)” and the infant was admitted
and placed on intravenous antibiotics. The temperature dropped to normal within 24
hours. However, after 36 hours another fever spike occurred up to 38.6°C. Within 48
hours of admission the child’s condition had improved considerably and the fever had
dropped to below 38°C. Bacteriological blood and cerebral spinal fluid cultures
remained sterle, after which the antibiotic therapy was stopped after 72 hours. The
viral cerebral spinal fluid cultare remained sterile, although a Coxsackie virus type B5
was isolated from the throat and stool. The final diagnosis, based on the clinical
symptoms and the elevated cerebral spinal fluid cell count, was “viral meningitds’. The
child was discharged in good condition.

Discussion

Both patients were referred by the general practtoner on the basis of alarm signals (8,
9). In patient A these included the duration and height of the fever, a poor micturidon
and fluid intake, and tachypnoea; in patient B these were inconsolable crying and
groaning in combination with the patent’s young age. These symptoms, in
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The yonng child with fever without apparent sonrce in the post-Haemophilus infinenzae era

combinaton with the additional alarm signals found by the paediatrician (patient A:
moderately ill; patient B: meningeal irdtatdon and hypertonia), were grounds for
additional testing. In padent A, the blood results indicated a bacrerial infection. The
chest X-ray revealed the presence of pnenmonia. In patient B the diagnosis was based
on cerebral spinal fluid tests. Both patents were hospitalised. Patient A, however,
would not have been admitred to hospital had oral administration of antibiotcs been
possible. Patient B was hospitalised in order to receive intravenous antibiotic therapy,
which in retrospect appeared to have been unnecessary.

Fever without apparent source in young children frequently poses a diagnostic
and therapeutic dilemma. To date evidence-based guidelines for specific patent
groups are uncommon, and are an issue of debate. In 1993, a guideline for children
from 0 to 36 months old with fever was published in the American literature; a policy
strategy for general practtoner assessment and referral to the paediatrician that was
derived from this American guideline was published in this journal in 1999 (8, 9).

The queston is, however, whether this policy in children with fever without
apparent source still suffices in today’s practice, where invasive Haemophilus influenzae
type b (Hib) infectons have become rare (a decrease in the Netherlands from 700
Hib-infections per annum to 8 in 1997), or that a more expectative policy is justified
(10, 11). Hib-vaccinations are given to children born later than April 1 1993; the
vaccine is administered in the 20d, 3«4, 4% and 11% month of life (before Janvary 1 1999
the schedule was in the 3%, 4%, 5% and 11% month). As of January 1997, a vaccination
level of 95.5% has been achieved and the expected vaccine effectiveness is 99.4% (12,
13).

In the following, the policy strategy formulated in 1999 is brefly summarised per age
group and discussed in the light of current insights.

0-28 days. According to the described policy strategy, for this age group applies
(9): paediatric care, hospitalisation for diagnostics; treatment dependent on the risk
profile. With respect to the current insights and in the light of the non-specific
presentation at this age, the immarure immune system and absence of protection by
vaccination, this strategy stll holds.

7 month -3 months. The described policy strategy formulated (9): in the absence of
alarm symptoms seen by the general practidoner (il clinical appearance, body
temperature <36°C or 239°C, bulging fontanelle, <4 wet nappies/ 24 houss,
diatrhoea): no referral; obtain urinary culture. In the case of 21 alarm symptom(s) at

17



Chapter 2.1

the general practitoner: referral; depending on the laboratory results at paediatrc care
(leukocytes, band count and thrombocytes; urine sediment) admission for diagnostics
and parenteral antibiotic treatment. With the current insights and in view of the
negative or incomplete level of immunisation against Hib-infections, this strategy stifl
holds.

3-36 months. The policy strategy described (9): in the absence of alarm symptoms
(il clinical appearance, temperature =39.5°C, bulging fontanelle, tachypnoea,
diarrhoea) seen by the general practitioner: no referral; obtain urinary culture. In the
case of 21 alarm symptom(s) at the general practtioner: referral; dependent on results
of laboratory tests carried out at paediatric care (Jeukocyte and neutrophile count,
CRP, urine sediment) hospital-bed admission for diagnostics and parenteral antibiotic
treatment. Under current insights this strategy must be adjusted.

As invasive Hib-infections accompanied by severe morbidity, mortality and late
sequelae virtually no loager occur, this policy would appear too stringent, in particular
regarding the referral from the general practitioner to the paediatrician.

This shift in the spectrum of organisms causing serious bacterial infections has
led to Streptococcns puenmoniae now being cultured in >90% of patients with bacterial
infections. Some 6% of all cases of pneumococcal bacteraemia develop into a serious
bacterial infecton, and in children aged 3 to 36 months with fever 239°C, the rsk of a
pneumococcal meningids is 0.1% (14, 15). Blood cultures only very rarely reveal
Neisseria meningitidis (9, 16).

One option would be a more expectative policy strategy for these older children,
including less hasty referrals to paediatric care, more retcence in deciding on
treatment with antibiotics and 2 more important role for observation as a major
diagnostic tool (17).

Detailed guidelines for a new policy strategy for children between 3 to 36 months
of age with fever without apparent source require well-substantated diagnostic
studies, wholly centred on patients presenting with fever without apparent source.

Untl studies of this kind have been carred out, careful evaluation (at first by the
general practiioner), by which is meant the conduct of a directed history taking and
physical examination, will continue to remain of first importance in sifting out initially
the children with and those without a serious bacterdal infection.

Readily laboratory testing will help with the further task of winnowing afflicted
children out. Time, as a diagnostic instrument, is another key factor.

18



Tlhe young child with fever without apparent source in the post-Haemophilus influensie era

An expectative policy at the general practtioner must be conditioned on: (a) 2
hitherto healthy child, (b) parents capable of receiving instrucdon and with whom
clear agreements can be made (careful observation of the child, take action if a change
in the child’s condition should occur) and (c) opportunity for re-evaluation in time if
necessary. At this, one should bear in mind that it is impossible to eliminate all risks
and that guidelines are drafted to suppoxt clinicians when making decisions, not to
replace them. A guideline should not be applied as a rigid instrument in practice, but
should be tailored to fit the needs of each individual.

Nowadays, in this “post-Haemophilus influengae era”, a more expectative policy is
advised towards children aged 3 to 36 months, with less hasty referrals to paediatric
care. Careful evaluation, clinical acumen, well-informed parents and dme as a
diagnostc instrument are all important factors in this respect.

Acknowledgements
Professor Dr. R. de Groot critically reviewed the manuscript.

References

1. Hart HE, Bruijnzeels MA, Wouden JC van der, Sujjlekom-Smit LWA van, Does E van der,
Velden ] van der. [The child with fever in general pracdee]. Huisarts Wet 1992;35:246-248.

2. McCarthy PL. Fever. Pediatr in Rev 1998;19:401-8.

3. Baraff L], Lee SI. Fever without source: management of children 3 to 36 months of age.
Pediatr Infect Dis J 1992;11:146-51.

4. Steensel-Moll HA van, Jongkind CJ, Aarsen RSR, et al. [A problem-oriented patient
classification system for general paediatrics IT). Tijdschr Kindergeneesk 1996;64:99-104.

5. Kuppetmann N, Fleisher GR, Jaffe DM. Predictors of occult pneumnacoccal bacteraemia in
young febrile children. Ann Emerg Med 1998;31:679-87.

6. Baker MD, Bell LM, Avner JR. Outpatient management without antibiotics of fever in
selected infants. N Engl | Med 1993;329:1437-41.

7. Baraff L], Oslund SA, Schriger DL, Stephen ML. Probability of bacteral infections in
febrile infants less than three months of age: a meta-analysis. Pediatr Infect Dis |
1992:11:257-64.

8. Baraff L], Bass JW, Fleisher GR, et al. Practice guideline for the management of infants
and childrer: 0 to 36 months of age with fever without source. Paediatrics 1993;92:1-12.

9. Qostenbrink R, de Groot R, Moll HA. [Fever of unknown origin in a young child:

19



Chapter 2.1

diagnosis and treatment]. Ned Tijdschr Geneeskd 1999;143:185-90.

10. Bol P. [Epidemiology of Haemaphilus influsnzae type b infectons in the Netherlands and
elsewhere]. Ned Tijdschr Geneeskd 1991;135:7-9.

11. Conyn-van Spaendonck MA, Veldhujjzen IK, Sujjkerbuijk AW, Hirasing RA. [Significant
decline of the number of invasive Haemophiles influenzae infecdons in the first 4 years after
introducton of vaccination against H. influenzae type B in children]. Ned Tijdschr
Geneeskd 2000;144:1069-73.

12. Inspectie voor de Gezondheidszorg. Vaccinatdetoestand Nederland per 1 januari 1997. Den
Haag: Inspecde voor de Gezondheidszorg; 1998.

13. Barbour ML, Mayon-White RT, Coles C, Crook DW, Moxon ER. The impact of conjugate
vaccine on carriege of Haemopbilns influengae type b. | Infect Dis 1995;171:03-8.

14. Alario AJ, Nelson EW, Shapiro ED. Blood cultures in the management of febdle
outpatients later found to have bacteraemia. | Pediatr 1989;115:195-9.

15. Baraff L]. Management of fever without source in infants and children. Ann Emerg Med
2000;36:602-14.

16. Purth AM van, Zaaijer HL. [Meningococcal disease in the Netherlands: media hype, but
aot an epidemic]. Ned Tijdschr Geneeskd 2001;145:1716-8.

17. Long SS. Antibiotic therapy in febrile children: "best-laid schemes". ] Pediatr 1994;124:
585-8.

20



2.2 Trends in antibiotic prescription and
hospitalisation in childten with fever
without apparent source at the emergency
department

SE Bleeker, G Derksen-Lubsen, WK Redekop, KGM Moons,
B Qostenbrink, DE Grobbee, R de Groot, HA Moll
Submitted

Abstract

During the last decade, the management of children with fever without apparent
source was characterised by the introducdon of the Haemophilus influengae type b
vaccine, the realisation of the growing emergence of antibiotc resistance in major
pacdiatric pathogens, and the establishment of guidelines for diagnosis and therapy.

The aim of this study was to compare the management of children presenting at
the emergency department with fever without apparent source before and after the
aforementioned developments. To this purpose, retrospective data from patients
referred by their general practtoner with fever without apparent source from two
petiods (1988-1992, n=379 and 1996-1998, n=231; Sophia Children’s University
Hospital in Rotterdam and Juliana Children’s Hospital in The Hague, the Nethedands)
were compared. Collected data included general characterisdcs, diagnosis, treatment,
hospitalisation and follow-up. In data analysis, y>-tests (parametric data}, Wilcoxon
tests (non-parametric data) and t-tests (comparng means) were used. P-values of less
than 0.05 were considered significant.

The frequency of serious bacterial infections did not change over time (21%
versus 25%). Measurements of seram C-reactive protein increased from 33% to 87%
(»<0.001). The percentage of children with cultures of cerebrospinal fiuid, blood or
facces and the. proporton of children treated with antibiotics reduced significanty.
Admission rates remained stable {26% of all patients with fever without apparent
source). The mean length of hospitalisation lessened considerably. The mean
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Chapier 2.2

associated costs of the management per patient reduced, mounting to 46% in the
children without a serious bacterial infection.

These findings indicate that the management in children with fever without
apparent source has become less invasive and more selective, reducing the costs
without showing a worsening effect on the clinical outcome.

Introduction

Fever evokes anxiety in parents and is encountered in 10% to 35% of all children
evaluated at an emergency department (ED) (1-4). Careful evaluaton is necessary
because young children, who present with non-specific signs and symptoms,
occasionally develop a serious bacteral infecdon. In 14% to 40% of these febrile
children no focus can be identified after history taking and physical examinaton (2, 5,
6). The physician should balance the isks for a setious bacteral infection and several
subsequent decisions must be made. The first is whether additional diagnostic tests
should be performed, and subsequently, whether antibiotic treatment is indicated.
Confirmation of serious bacterial infections, such as meningitis or sepsis, generally
involves positive cultures. These culture results will not be available within 12 to 24
hours. Therefore, a preliminarly decision on treatment often has to be made, using an
empirical choice of antbjotics. Also, the clinician must determine whether the child
should be hospitalised or treated as an outpatient. Several guidelines have been issued
to help clinicians navigate through these complex issues (4, 5, 7-18).

In the last decade important changes occurred which possibly influenced the
diagnostic and therapeutic management of children with fever without apparent
source. First, the Haemophilus influensae type b (Hib) conjugate vaccine was introduced
(1993), resuling in a near elimination of invasive Hib-infections. Second, the
awareness of ominous andbiotic resistance is growing, in particular penicillin
resistance in Streptococcas preumoniae (19-21). Finally, the aforementioned guidelines for
diagnosis and therapy were introduced.

The aim of this study was to compare the diagnostc and therapeutic
management in children presenting at the ED with fever without apparent source
before (1988-1992) and after (1996-1998) the above-mentioned developments. We
hypothesised that the proportion children with antibiotic treatments and the number
of admissions had decreased during time. Additonally, we estmated the costs of
medical practice in both time periods.



Trends in antibiotic preseription and hospitalisation in children with fever withont apparent source

Patients and methods

Patients

This study was conducted as part of a large ongoing study on paediatric diagnostic
management (18, 22-24) and was approved by the Institutional Review Boards of both
participating hospitals. Patients between 1 month and 36 months of age who attended
the ED of the Sophia Children’s University Hospital Rotterdam (1988-1992 and 1996-
1998) and the Juliana Children’s Hospital in The Hague (1998} were enrolled. Both are
large inner-city teaching hospitals in the Netherlands. Patients with acute fever
without apparent source, including suspected sepsis, were enrolled. Fever without
apparent source was defined as a body temperature of at least thirty-eight degrees
Celsius for which no apparent source was found afrer evaluation by the general
practiioner or history taking by the paediatrician. Patient data were retdeved by
means of a problem-oriented patient classification system, in which the main reason
for encouater is classified (3, 25). Patents who were not referred by a general
practiioner or who suffered from immune deficiencies were excluded.

Measurements and data retrieval

Data were collected by reviewing the standardised medical records. These included
information on patient history, physical examination, diagnostic tests (retrieved from
the computer-documented hospital informaton system), treatment, hospitalisation
and follow-up.

For each patient the final diagnosis was detesmined either by a reference standard
(cultures of blood, cerebrospinal fluid, urine, stools) or based on a consensus
diagnosis. Outcome diagnosis was the presence or absence of a setious bacterial
infection. Serious bactedal infection was defined as the presence of bacterial
meningits, sepsis or bacteraemia, pneumonia, urinary tract infection, bacterial
gastroenterids, osteomyelitis or ethmoiditis. A follow-up period of two weeks was the
standard for ruling out the possibility of a missed diagnosis of sedous bacterial
infection. Detailed definitions of specific diagnoses have been described previously
(18, 23).

Qutcome on treatment was dichotomised into antibiotic treatment (oral and
parenteral andbiotc treatment) and no antibiotic treamment. Qutcome on follow-up
was dichotomised into hospitalisation and no hospitalisation {outpatient treatment and
discharge without follow-up).
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Data analysis

The patent group from the tme period 1988-1992 was compared to the group with
padents who presented at the ED between 1996 and 1998, with respect to general
charactenistics, diagnosis, treatment, hospitalisaton and follow-up. Ia order to analyse
frequency distributions, y2-tests were used for parametric data and Wilcoxon tests for
non-parametric data. T-tests were used for comparison of means. P-values were
considered significant at 0.05 or less,

The costs of diagnosis and treatment were estimated by muldplying the resource
use of cach patient (using the empirical data) with the estimated average unit prices of
diagnostic tests and therapeutic intervention (24). Resource use included the ED visit,
diagnostic tests at presentation (Jaboratory and radiographic tests) or during clinical
course, and in-hospital or ambulatory treatment (nursing days, attendance by
paediatrician, and prescription of medication use) (26). Unit cost calculatons in Furo
(1 Euro = $0.946, january 2001) were based on the financial accounts of the Sophia
Children's University Hospital Rotterdam and the Juliana Children’s Hospital of 1996.

Results
Six hundred and ten children with fever without apparent source were included in this
study. Of those, 379 attended the ED between 1988 and 1992 and 231 between 1996
and 1998. The demographic, clinical characteristics and final diagnoses for the two
patient groups are presented in table 1. Demographic and clinical characteristics were
similar. The mean age of the patients was 1.2 years and the mean duraton of fever at
preseatation was 2.8 days. No material differences were found in the final diagnoses
between both patient groups, with the exception that in 1996-1998 less patients had a
viral syndrome, while more had a miscellaneous diagnosis (p<<0.05). A setious
bacterial infection was diagnosed in 21% of the children in 1988-1992 and in 25% in
the recent patient group.

The frequencies of diagnostic tests that were performed within the first 24 hours
of the evaluadon of the febrile padents at the ED are shown in table 2. The serum C-
reactive protein (CRP) level was measured more frequently in the second period. In
contrast, cultures of cerebrospinal fluid, blood or faeces were performed significantly
less often.
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Table 1. Demographic and clinical characteristics of patents presentdag with fever without
appatent source in 1988-1992 and 1996-1998".

1988-1992 1996-1998
(nf=379) (n=231)
Male gender 216 (57) 122 (53)
Age (years)t 1.2 (0.7 1.1(0.8)
Weeks of gestadont 39.4(18) 393 2.1
Duration of fever (days) 28@24) 28249
Body temperature at physical examination (°Cy 394 0.9 394 (1.0)
Final diagnoses
Sertons bacterial infection present 78 (20.6) 58 (25.1)
Bacterial meningids 924 3(1.3)
Sepsis/ bacteraemia 7(1.8) 3(1.3)
Pneumonia 26 (6.9 28 (12.1)
Bacterial gastroenteritis 30.8) 209
Urinary tract infection 31 8.2 2209.5
Osteomyelitis/ ethmoidids 2 (0.5) 0
Serions bacterial infection absent 307 (79.4) 175 (74.9)
Aseptic/ viral meningits 9 (24 30.3
Viral gastroentetitis 6 (1.6) 903.9
Acute odtis media 15 (4.0) 7 (3.0)
Viral syndrome$ 221 (38.3) 104 (45.0)
Miscellaneous? 50 (13.2) 50 (21.6)
*Values represent absolute numbers (percentages) unless stated otherwise.
Number of padents.

Mean (standard deviation).
$Upper respiratory tract infection, respiratory syncytial virus bronchiolits, non-specified viral infection.
Drugfever, immunisation reacdon, Kawasaki disease, exanthems subimum, vasculids, malada, no

diagnosis.

The initdal management at the ED of the children presenting with fever without
apparent source is presented in table 3. The ratios of admitted patents, padents
treated on ambulatory basis and of patients discharged without follow-up remained
stable over time. The frequency of ambulatory care with empirical prescription of
antibiotics decreased, whereas that of the outpatient management without any
antibiotic treatment increased markedly.
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Table 2. Diagnostc tests in patients presenting with fever without apparent source over ume’.
1988-1992 1996-1998

Diagnostic test (nt=379 n=231) p-value
Serum white blood cell count (*107/L) 352 (93) 205 (39 0.10
Serum C-reactive protein (mg/L) 126 (33) 202 (87 0.01
Cultnres
Cerebrospinal fluid 83 (22) 32014 0.01
Blood 131 (35) 60 (26) 0.03
Utine 123 (33) 60 (26) 0.10
Faeces 85 (22) 29 (13 0.01
Chest X-ray 137 (36) 73 (32) 0.26

“Values represent absolute numbers (percentages).
Number of patients.

Table 3. Inital management in children with fever without apparent source at the emergency
department over time”.

1988-1992  1996-1998

Management {mf=379) (n=231) p-value
Hospitalisaton with antibiotic treatment 81 (21) 50 22) 0.9
Hospitalisation without antibiotic treatment 16 (4 12 (5) 0.6
Ambulatory care with antibiotic treatment 95 (25) 3817 0.01
Ambulatory care without antibiotic treatment 78 (21) 73 (32) 0.01
Discharge with antibiotic treatment 38 (10 18 (8) 0.4
Discharge without antibiotic treatment 71 (1% 40 (17) 0.7

*Values represent absolute patient numbers (percentages).
Number of patients.

The frequencies of overall antibiotic treatments (i.e. in-hospital or as outpatient)
in both patient groups are shown in figure 1. In the period 1996-1998 the prescripdon
of antbiotics in patients with fever without apparent source decreased significantly
compared to the eatlier time period.

Approximately a quarter of all patients in both tme periods were admitted to the
hospital at the inital evaluation. No differences were found between the groups in the
frequencies of patents hospitalised only after a re-evalunation (3% versus 2%). The
mean duration of hospitalisation declined from 9 to 6 days over time (p<0.01).
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Figure 1. Frequencies of patients with fever without apparent source treated with antibiodes in
1988-1992 and in 1996-1998.

128 ] 55 88 B 1988-1992
80 - 1996-1998
=0 - o * p<0.01
60 - . o p<0.05

%, 50 - SBI: serious bacterial infection

All SBI present  SBI absent

In the patients in whom eventually a serious bacterial infection was diagnosed,
antbiotc treatrments remained unchanged (fgure 1), the hospitalisation rate remained
approximately 50%, and the mean duration of the hospital stay decreased with more
than 4 days (12 versus 7.6 days). In those patents eventually without serious bacterial
infectons, prescripdon of antbiotics reduced by 16% over time (figure 1), the
hospitalisation rate remained stable (20%}, and the hospital stay shortened from 6.3 to
4.9 days.

Figure 2: Mean costs (Euro) pet padent presentng at the emergency department with fever
without apparent source over time.

3550 *
Euro
B 1988-1992
30009 1996-1998
* p<(.01
2000 - SBE: serious bacterial infection
1000 -
0 -

All SBI present SBI absent
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Costs of the management per patient presenting at the ED with fever without
apparent source are depicted in figure 2. The costs in both the patents without and
with serious bacterial infections decreased importantly during time, mounting to a
46% reducdon in the latter group.

Discussion

This study describes the changes over time in diagnostic and therapeutic management
of children presenting with fever without apparent source and being at risk for serious
bacterial infectons. Data from two historical periods (1988-1992 versus 1996-1998)
were compared, overall and per outcome diagnosis (presence or absence of a serious
bacterial infection). The results showed 2 trend towards a less invasive management in
young children with fever without apparent source.

Such an approach agrees with issued recommendations. Durting the late eighties
and the nineties, the management in febrile children shifted from a broad approach
including obtaining cultures, with easy admission and treatment, to a more selective
and less invasive (outpatient) management after judicious evaluaton (8, 16, 27-30). In
addition, the introduction of the Hib-vaccine, the availability of professional
recommendations on the management of febrile children, and the emergence of
antibiotic resistance had a clear impact (4, 6, 10, 17, 19-21, 31-34).

The stable frequency of serous bacterial infecdons over time might at first seem
contradictory to the decline in the occurrence of invasive Hib-infections due to the
Hib-vaccine. However, the proportion of Hib-invasive diseases (meningitis) among
serious bacterial infections was relatively small in our first patent populadon (3/379)
and an elimination of this agent was unnoticed.

Besides the reduced fear for the invasive Hib-infections, the decrease in
obtaining cultures might be influenced by the enabling of rapid quantification of levels
of CRP, as expressed in an increase in CRP measurement (35).

Although the length of hospitalisation decreased significantly, the percentage of
hospitalised patients did not. This is in accordance with the observation that the
frequency of serious bacterial infections changed neither. In both time periods, one in
the five not-afflicted children was hospitalised. No information was available on the
reasons for admission in these children without a seriocus bactedal infection, but could
have been suspicion of serious bacterial infection or need for in-hospital treatment
other than because of a serdous bactedal infecton. The reducton in the costs in
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children with fever without apparent source is mainly a reflection of a shortened
duration of hospitalisation.

In conclusion, when patients presenting with fever without apparent source
between 1988-1992 are compared to those presenting between 1996-1998, the
frequency of serious bacterial infecton appears constant over tme. Empirical
antibiotic treatment is withheld more frequently in patients without serious bacterial
infections in ambulatory care. The length of hospitalisaton decreased significandy.
Overall costs reduced materially over tme. These results confirm 2 trend towards a
less invasive and more selective approach in young children with fever without
apparent source, reducing the costs without worsening the clinical outcome.
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3.1 Predicting serious bacterial infection in
young children with fever without apparent

Sgurce

SE Bleeker, KGM Moons, G Derksen-Iubsen, DE Grobbee,
HA Moll
Acta Paediatyica 2001, 90 1226-1232

Abstract

The aim of this stady was to design a clinical rule to predict the presence of a serious
bacterial infecdon in children with fever without apparent source. Informaton was
collected from the records of children, aged 1 month to 36 months, who attended the
paediatric emergency department with fever withour source (temperature 238°C and
no apparent source found after evaluation by a general practiioner or history taking
by a paediatrician). Serious bacteral infection included bacterial meningits, sepsis,
bacteraemia, pneumonia, urinary tract infection, bacterial gastroenteritis, osteomyelits
and ethmoidids. Using multivariable logistic regression and the area under the receiver
operating characteristic curve (ROC area), the diagnostic value of predictors for
serious bacteral infection was judged, resulting in a dsk stratification.

Twenty-five percent of the 231 padents enrolled in the study (mean age 1.1 years)
had a serious bactedal infecdon. Independent predictors from history and
examination were duraton of fever, poor micturition, vomitng, age, temperature
<36.7°C or 240°C at examinadon, chest-wall retracdons and poor peripheral
circulaion ROC area (95% confidence interval): 0.75 (0.68-0.83)). Independent
predictors from laboratory tests were white blood cell count, serum C-reactive protein
and the presence of 270 white blood cells in urinalysis (ROC area (95% confidence
interval): 0.83 (0.77-0.89)). The risk stratification for serious bacterial infection ranged
from 6% to 92%.

Conclusion: The probability of a serious bacterial infection in the individual
patient with fever without source can be estimated more precisely by using a limited
number of symptoms, signs and laboratory tests.
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Introduction

Fever without apparent source constitutes a common diagnostic and therapeutic
dilemma for pacdiatricians. Approximately 10% to 35% of all visits to paediatric
emergency departments concern febrile children (1-4) and in 14% to 40% no apparent
source is found after a case history and physical examination are undertaken (2, 5).
The underlying cause of fever varies from a mild viral to a serious bacterial infection,
such as sepsis or meningitis (2). Bacterial infectons are reported in 3% to 15% of
febrile children {4-6).

Early discrimination of patients with and without a serious bacterial infection
would enhance more appropriate management. Recommendations for the evaluation
and treatment of febrile children vary greatly (4, 7-16). However, validadon of these
recommendations appeared to be cither poor, or they were based on studies issued
before the introduction of the Haemgphilus influenzae type b vaccines and as a
consequence the current value may have been diminished (17, 18). Moreover, it has
been argued that some of the earlier recommendatons may induce overtesting,
overtreatment and even increased penicillin resistance among isolates of S#eprococens
Presmoniae (19). Furthermore, most of the diagnostc studies in this field did not select
patients on presenting symptoms (L.e. children with fever cither with or without
apparent source) but on the presence or absence of bacteraemia or other serous
bacteral infections potentially leading to sedously biased results {20). Finally,
univariable rather than the necessary multdvariable analysis was commonly applied in
most studies (21).

As a consequence the evaluation of febrile children remains a challenging
problem for clinicians. The aim of the present study was to develop a diagnostc
prediction rule for patients presenting with fever without apparent source, including
readily obtainable parameters from the patdent history, physical examination and
laboratory tests in order to distinguish the patents with a serlous bacterial infection
from those without a serious bacterial infection.

Patients and methods

Patients

This study was conducted as part of a large ongoing study on paediatric diagnostic
management (22, 23) and was approved by The Institutional Review Boards of both
participating hospitals. Patients between 1 month and 36 months of age who attended
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the emergency department of the Sophia Children’s University Hospital Rotterdam
(1996-1998) and the Juliana Children’s Hospital in The Hague (1998) for the
evalnadon of acute fever without apparent source {including suspected sepsis) were
enrolled. Both hospitals are large inner-city teaching hospitals in the Netherlands.
Padent data were retreved by means of a problem-oriented patient classificadon
system, in which the main reason for encounter after evaluation of the general
practiioner or history taking by the paediatrician is classified (3, 24). In this
classificaton the category ‘infectious diseases’ comprised 1) fever with meningeal
signs, 2) fever with cough, 3) fever with micturition problems, 4) fever with vomiting
and/or diarrhoea, 5) fever with at least two obvious signs of an upper respiratory tract
infection, 6) fever with signs or symptoms of conjuncdvitis, 7) fever without apparent
source. The last category applied to patients with a body temperature of thirty-eight
degrees Celsius or higher and for whom classifications 1 to 6, as described above,
were not applicable. Patients not referred by a general practiioner, referred from
other hospitals or with immune deficiencies were excluded.

Posential diagnostic determinants

Data were collected by reviewing the standardised medical records. Documented data
from. patient history and physical examination included information on age, gender,
weeks of gestaton, body weight, body temperature, duraton of fever (body
temperature =38.0°C), coughing, vomiting, diarrhoea, micturition, intzke, crying
pattern, vital signs, clinical appearance, fontanelle and information on ear-nose-throat,
skin, and the respiratory-, circulatory- and abdominal tract. Data from laboratory tests
included haematology, blood chemistry and dipstick urinalysis, which were retrieved
from the computer-documented hospital information system.

Reference standard

For each patient the final diagnosis was determined either by a reference standard
(cultures of blood, spinal fluid, urine, stool positive for a pathogen) or based on a
consensus diagnosis. Outcome diagnosis was the presence or absence of a serious
bacterial infection. A serious bacterial infection was defined as the presence of
bacterial meningits, sepsis or bacteraemia, pneumonia, urinary tract infecdon,
bacterial gastroenteritis, osteomyelitis or ethmoidids. A follow-up petiod of two weeks
was the standard for ruling out the possibility of a missed diagnosis of serious bacterial
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infection. Detailed definidons of specific diagnoses are described in a previous report
(22).

Statistical analysis

The association between each finding from padent history, physical examination and
laboratory tests and the presence of a setious bacterial infection was assessed using
univariable logistic regression analyses. Continuous variables were analysed both on 2
linear and on a transformed scale, Le. logarithmic or quadratic, to determine which
scale was the better predictor of outcome (25). Variables with a univariable p-value of
0.15 or less were subsequently entered into a stepwise multivariable logistic regression
procedure. Variables with a multivariable p-value of less than 0.10 were considered to
be independent predictors of a serious bacterial infection. First, a subset of
independent predictors from the patient’s history and physical examination was
defined (‘clinical model’). Then each univariably significant laboratory test was
consecutively added in various orders to esdmate its incremental value to the clinical
model. The model including the independent predictors from patient history, physical
examinadon and laboratory tests is referred to as the “clinical + lab model’.

For each model, the ability to discriminate between patients with and without a
serious bacteral infectdon was quantfied using the area under the receiver operating
characteristic curve (ROC area) (25). The ROC area can range from 0.5 {no
discriminadon, like flipping a coin) to 1.0 (perfect discrimination). Differences in
discriminative value between models were esdmated by differences in ROC area with
95% confidence intervals (95%CI), taking into account the corrclation between
models as they were based on the same cases (26). The reliability (goodness of fit) of
each model was quantified using the Hosmer & Lemeshow test (27). Subsequently, we
used bootstrapping techniques to validate the defined models, i.e. to adjust the models
for optimism (25).

To reduce bias and increase statistical efficiency, missing values in the data were
completed by imputation using SOLAS (version 1.2) (28). This method uses all
available data to impute the missing values based on the correlation between each
variable with missing values and all other variables. Taking into consideration
uncertaintdes in imputed data, multiple imputations were performed by repeating the
imputation five times (28).
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Table 1. General characteristics and final diagnoses of the 231 patients with fever without

apparent SOurce.

Male gender” 122 (53)
Age (years)t 1.1 (0.8)
Weeks of gestationt 39.22.2)
Duration of fever (days)t 2824
Body temperature at physical examinadon (°C)t 394 (1.0
Final diagnoses”

Serions bacterial infection present 58 (25.1)
Bacterial meningitis 3(1.3
Sepsis/ bacteraemia 3.3
Pneumonia 28 (12.1)
Bacterial gastroenteritis 2109
Urinary tract infection 22 (9.5

Sertous bacterial infection absent 173 (74.9)
Aseptic/ viral meningius 3.3
Viral gastroenteritis 939
Acurte otids media 7 (3.0
Viral syndromet 104 (45.0)
Miscellaneous$ 50 (21.6)

*Absolute number (percentage).

tMean (standard deviation).

#Upper respiratory tract infection, respiratory syncytial virus bronchiolitis, non-specified viral infection.
SDrogfever, immunisadon reacdon, Kawasaki disease, exanthema subitum, vasculigs, malara, no
diagnosis.

Results

In total 231 patients with fever without apparent source were included in the study.
The demographic and clinical characteristics and final diagnoses are presented in table
1. The mean age was 1.1 year and 15% of the children were 1 month to 3 months old,
16% 3 to 6 months, 26% 6 to 12 months and 43% were older than 1 year. A serious
bacterial infection was present in 25% of the patents. Table 2 shows the variables
from patent history, physical examination and laboratory tests that were significantly
(p-value <0.15) associated with the presence or absence of a serious bacterial infection
in 2 univariable analysis.
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Table 2. Vaziables from patient history, physical examination and laboratory tests univariably
associated (p<0.15) with presence or absence of serious bacterial infection (SBI).

SBI absent SBI present
Characterisdcs” 173 (74.9) 58 (25.1)
Patjent bistory
Vomiting 64 (37.0) 33 (36.9)
Poor micturidon 57 (32.9) 12 (20.7)
Weeks of gestationt 39.1 (2.2) 39.5 2.4)
Poor intake 63 (36.4) 15259
Duraton of fever (days)t 2622 3228
Age >1 year 70 (40.5) 30 (51.7)
Physical excanmination
Purulent nasal discharge in history or at examinaton 35 (20.2) 27 (46.6)
Temperature <36.7 or 240 at examination (°C) 53 (30.6) 28 (48.3)
Decreased consciousness 6 (3.5) 5(8.6)
Bulging fontanclle 9(5.2) 6 (10.3)
Chest-wall retractions & tachypnoez 952 16 (27.6)
Poor petipheral circulation 19 (11.0) 13 (22.4)
Crepitations 4 (2.3) 4(6.9)
Bulging abdomen 10 (5.8) 7(12.1)
Laboratory tests
White blood cell count (*10%/L)t 12.9 (6.5) 18.8 (9.0)
Absolute band countt 2.7 (3.6) 5.6 (5.7)
Serum C-rezctive protein (mg/Ly* 33.2 (4.1) 86.0 (68.7)
Serum haemoglobint 7.3 (0.9 7.0 (0.8)
>70 white blood cells/pl in dipstick urinalysis 39 (22.5) 25 (48.3)
>25 erythrocytes/ul in dipstick urinalysis 43 (24.9) 40 (62.0)

"Values represent absolute padent numbers (percentages) unless stated otherwise,
tMeans (standard deviadons).

Independent predictors from patient history and physical examinadon (.e. the
‘clinical model’) included duration of fever at presentadon, a history of poor
micturition, vomiting, age above 1 year, 2 body temperature below 36.7°C or equal to
or above 40°C  at examinadon, chest-wall retractions either with or without
tachypnoea and poor peripheral circulation (table 3, ‘clinical model’). Although of
bordedine significance, duration of fever and poor peripheral circulation were retained
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in the model in view of their clinical relevance. After adding the univariably significant
laboratory varables to the ‘clinical model’, white blood cell (WBC) count, C-reactive
protein (CRP) and the presence of 70 or more white blood cells in dipstick urinalysis
retained significant and contained additional diagnostic informaton (table 3, ‘clinical +
lab model’). The ROC area of the ‘clinical model” increased significantly from 0.75 to
0.83.

Table 3. Results from multivanable analyses, corrected for optimism: independent predictors
of presence or absence of a setious bacterial infection.

Clinical model* Clinical +
Lab modelf

Odds ratio Odds ratio
Characteristics 138 (90%CI) B 90%CI)
Duration of fever (days)* 0.91 25 (0.8-7.5) 031 140451
History of poor micturition -0.66 0.5 (0.3-1.0) -0.84 04 (0.2-1.0)
History of vomiting 082 23(1.24.3 0.76 2.1 (1.04.7)
Age >1 vear 042 150927 012 1.1 (0.6-21)
Temperature <36,7 or 240 at examinaton (°C) 0.52 1.7 (0.9-3.0) 0.54 1.7 (0.8-3.5)
Chest-wall retractions T tachypnoea 1.59 4.9 (2.3-10.7) 135 4.7 2.0-11.1)
Poor peripheral circuladon 0.47 1.6 (0.7-3.6) 044 1.6 (0.7-3.5)
White blood cell count (¥10°/1) 0.04  1.04 (1.0-1.1)
Serum. C-reactive protein (mg/L) 0.01  1.01 (1.0-1.01)
270 white blood cells/pl in dipstick urinalysis 054 1.7(0.8-3.8)
ROC area (95%CI) 0.75 (0.68-0.83) 0.83 (0.77-0.89)

“Intercept of the model was -2.49.

tIntercept of the model was -3.26.

#0dds ratio and 90% confidence interval estimated after logarithmic wansformation of the characteristc.
58 = Regression coefficient.

These two final models were then transformed to obtain two readily applicable
diagnostic scoring rules (see appendix). For each individual patient a ‘clinical score’
and a Tab score’ wete estimated by assigning the corresponding points for each
variable present, The ‘clinical score’ ranged from 0-26, the ‘lab score’ from 0-40. As
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Table 4. Risk of 2 serous bacterial infection across clinical score categories with and
without laboratory tests (nt=231).

Lab score
=5 5-15 >15
Clinical score Without lab™ (n=86) (n=384 {n=061}
=7 n=112) 109% 6% 7% 28%
7-12 (n=86) 29% 11% 21% 52%
>12 {n=33) 67% 38% 62% 92%

tNumber of patients.
“Witheut Jab means using the 'clinical score’ only.

the ROC area reflects only the overall discriminative value of a rule and not directly its
clinical value in terms of absolute patent numbers (21, 27, 29), we estimated the
absolute number of patients across various categories of the estimated scores from the
diagnostdc rule. Risk stratificadon based on the ‘clinical score’ and after addition of
laboratory tests (lab score’) is shown in table 4. For example, a patient of 2 years of
age, with fever lasting two days, normal micturition, without vomiting, a2 body
temperature of 40.2 °C, without retractions and with normal circulaton has a “clinical
score’ of 9 (seec appendix), corresponding to a 29% risk of contracting a serious
bacterial infecdon at the moment of evaluaton (table 4). If the clinician decides on
laboratory tests (WBC count, CRP, urine dipstick analysis) for this patient, the
probability can change to an 11% to 52% rsk, depending on the test results. For
instance, if the WBC count was 19 and the CRP level was also 19 and if less than 70
white blood cells were present in the urine dipstick analysis, the Tab score’ would be 5
(see appendix), changing the patient’s risk from 29 % to 11% (table 4). However, the
risk would be 32% if the WBC count and CRP were, for example, 25 and 84,
respectively. Table 4 shows that in patients with fever without apparent source,
additional laboratory tests are useful, as the risk of an individual padent having a
serious bacterial infection can be estimated precisely.

Discussion

This study of patents with fever without apparent source has identified predictors
that can be helpful in distinguishing between patients with and without serious
bacterial infections based on patient history, physical examination and additional
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laboratory tests. The predictors include duration of fever, a history of poor
micturition, vomiting, age above 1 year, a body temperature below 36.7 °C or equal to
or above 40 °C at examination, chest-wall retractions either with or without
tachypnoea, poor peripheral circulation, WBC count, CRP and the presence of 70 or
more white blood cells in dipstck urinalysis.

Our study has followed the diagnostc work-up as generally applied in medical
practice as far as possible in both design (selection of patients on problem of referral)
and analysis (applying chronological multivariable modelling). This has resulted in a
validated evidence-based and readily applicable diagnostic rule including a limited
number of symptoms, signs and laboratory tests. This rule allows a more precise
estimate of the probability of a serious bacterial infection in the individual patent
compared to the prior probability (prevalence).

To appreciate the results several aspects need to be addressed. First, inclusion
criteria and definition of fever without apparent source and outcome differ widely
across studies (5-7, 10, 12-14, 30). We have defined fever without apparent source as
fever without source after evaluation by the general practifioner or after history taking
by the paediatrician, ie. before physical examination by the paediatdcian. Our
motivadon for this was the intention to discriminate patents with and without 2
serious bacterial infection as early as possible in the diagnostic work-up, preferably
with history (other than focal symptoms) and physical examination data only. Our
definidon of the outcome serious bacterial infection was based on the most consistent
literature (5, 6, 12, 13). Second, in our study the prevalence of serious bacterial
infecdon is high (25%) compared with that reported in other studies (4-G). This is
probably due to different inclusion criteria (e.g. febrile children versus children with
fever without focus) and other outcome definitions {e.g. serious bacterial infection
including versus excluding the final diagnosis of pneumonia). These discrepancies in
inclusion criteria and outcome variables hinder comparisons of values across studies.
Third, it has been argned whether febrile infants presenting with focal signs of
infecton pose a diagnostc or a therapeutic dilemma (12, 31). Our study shows that
they do pose such dilemmas. This may be further illustrared by an example based on
our data: crepitations at physical examination have been found in only 4 padents out
of 28 with pneumonia and also in 4 patents out of 203 subjects without pneumonia
(positive predictive value: 50%, sensitivity: 14%), which shows that focal signs can be
non-specific. Fourth, the outcome in children with fever without apparent source is
heterogeneous, as reflected in the diversity of final diagnoses (table 1). This
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complicates both the clinical approach and the design of scientific studies.
Heterogeneity in outcome makes it difficult to make a complete distinction between
patients with and without the outcome. Nonetheless, the discriminative value of our
scoring rule was 0.83.

Our results partly agree and partly disagree with the literature. The predictors
selected in the present study have been discussed extensively in other published works
1, 2, 4, 7, 8, 12, 15, 16, 30-35). Toxic appearance, components of the Yale
Observation Scale (quality of cry, state variaton, hydration), poor intzke and absolute
neurrophil counts are other frequently described charactedstics assoclated with
bacteraemia or serious infectdons (&, 7, 12, 15, 16, 30, 31). We have considered all
these factors, but have not been able to confirm their independent diagnostic value.
Nonetheless, our predictors have never ever been combined into one diagnostic rule
as detived and validated by a multivariable approach.

In this study the « prieri risk for a serious bacterial infection in an individual
patient presenting with fever withour apparent source is 25%. Based on patient history
and physical examinaton only, the risk vares between 10% and 67% (‘clinical score’)
and the value of clinical screening has been stated already (7, 8). By adding laboratory
results further modification is possible ranging from 6% to 92% (‘clinical + lab
score”). This shows that laboratory evaluatdon is of substantial addidonal value in these
padents. Nevertheless, table 4 indicates that if the “clinical score’ exceeds twelve, the
management with respect to treatment and hospital admission is evident anyhow and
probably would not change even with knowledge of addidonal laboratory tests. Of the
padents with a ‘clinical score” =7 without laboratory evaluadon, 10% were identified
as having serious bacterial infections (table 4). Of the fifty-one patients with a “clinical
score” =7 and a ‘lab score’ <5, three patients (6%) eventually were diagnosed as having
a serdous bacterial infection (all urinary tract infections, ages 2, 3 and 6 months). In
forty-three patients with a ‘clinical score” <7 and a ‘lab score” 5-15 as well three
patients were determined as having a serlous bacterlal infecton (1 case of bacterial
meningitis, at age 2 months; 1 case of bacterial gastroenteritis, at age 3 months; 1 case
of pneumonia, at age 7 months). This stresses the difficulty in selecting patients with a
serous bacterial infection, particularly among ‘low rsk’ patients (L.e. ‘clinical score’
=7).

In conclusion, diagnostic and therapeutic management in children with fever
without apparent source remains complex. In this paper we describe a diagnostic rule
by which the risk for the presence of a serious bacterial infection in an individual
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patient can be estimated. This estimate is meant to augment but not to replace clinical

acumen, and the clinician should make a judgement in combinadon with experience

and knowledge.
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Appendix
Clinizal score’.
Varable Points to assign Score
Duration of fever Days Points
Ve-1 1
1v2-2 2
2Ye-4 3
5-8 4
=8 5
History of poor mictudtion no = 0/ yes = -3
History of vomiting ne=0/yes=4
Age Slyear =0
>] year=2
Temperature <36.7 or 240 at examination (°C)* 20 =0/yes=3
Chest-wall retractions & tachypnoea no =0/ yes =8
Poor perpheral circulation no=0/yes=2
Total +2 =
*If remperature at examination is <38°C, then temperature in history must be 238°C,
Lab score’.
Vaziable Points to assign Score
White blood cell count Count Points
(<107/1) <10 0
10-19 4
20-29 8§
30-39 12
240 16
Serum C-reactive proteln  0-99%: 1 integer, e.g. {max 16)
(mg/L) CRP=84: § points
2100 Iseand 204 inregers, e.g.
CRP=732: 73 points,
maxinum=14 points
270 white blood cells/l
in dipstick urinalysis no=0/yes = 8§
Toul =
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3.2 Self-referred young patients with fever
without apparent source: predicting serious
bacterial infections

SE Bleeker, KGM Moons, G Derksen-Lubsen, DE Grobbee,
HA Moll
Submitted

Abstract

Objective: To predict the presence of serious bacterial infections (SBIs) in self-referred
patients presentng with fever without apparent source. Design: The generalisability of
a previously developed predicton model for the presence of SBIs in referred patients
with fever without apparent source to self-referred padents was determined.
Subsequenty, an improved prediction model for the presence of SBls was derived on
self-referred patients with fever without apparent source using multivariable logistic
regression, resuldng in a risk stratification. Sesing: Paediatdic emergency department,
urban. Pasents: 1 month to 36 months old, presenting with fever without apparent
source berween 1997-1998. Padents were classified according to the presence of a SBI
(bacterial meningitis, sepsis/ bacteraemia, pneurnonia, urinary tact infection, bacterial
gastroenteritls, osteornyelitls/ ethmoidits). Interventions: None. Outcome Measnres: 'The
discriminating performance (area under the receiver operating characteristic curve
(95% confidence interval): ROC area (95%CI)) of a prediction model. Resuilts: The
ROC area (95%CI) of the prediction model for referred patients was 0.60 (0.47-0.73)
in the self-referred padents. Independent predictors from history and examination for
the presence of SBIs in self-referred patients were duration of fever at presentation at
the emergency department, age and degree of body temperature at examination (ROC
area (95%CI): 0.70 (0.58-0.82)). Independent additional predictors were white blood
cell count and serum C-reacdve protein (ROC area (95%CI): 0.81 (0.71-0.91)). The
risk stratification for SBls ranged from 4% to 83%. Conclusions: A limited number of
symptoms and signs are useful as a first screening in estimating the risk having a SBI,
in an individual self-referred patient with fever without apparent source. Additional
laboratory evaluation can specify this risk further.
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Introduction

Fever frequently occurs in children. It is one of the most common problems for
which parents seek medical care {1-4). The underlying cause varies widely from a mild
viral infecton to a serious bacterial infection, such as sepsis or meningitis (3% to 15%)
(2, 4-6;.

Padents visiing the emergency department (ED) by self-referral are growing in
namber, especially among young children (7, 8). Depending on the domain (e.g. age of
patients, in- or excluding trauma cases), 35% to 75% of the ED attendees are self-
referred (7-11). It has been suggested that self-referred patients more often visit the
ED for non-urgent use than referred patients. In particular, infectious diseases appear
a reason for inappropdate use of EDs, which may amount from 17% to 83% (7, 12).
Nonetheless, part of the self-referred patients does present with emergent problems
requiring paediatric care. So, ecarly discriminaton of non-urgent and emergent
problems in self-referred patients, presenting with fever without apparent source,
would optimise management.

The aim of the present study was to obtain a diagnostic prediction rule for self-
referred patents presenting with fever without apparent source, in order to distinguish
the patients with a serous bactedal infection from those without a serious bacterial
infection. This included the determination of the generalisability of a previously
developed prediction model for the presence of serious bacterial infections in patients
referred by a general practiioner with fever without apparent source to self-referred
patients as well (13).

Patients and methods

Patients

Self-referred patients between 1 month and 36 months of age who attended the ED
of the Sophia Children’s University Hospital Rotterdam (1997-1998) and the Juliana
Children’s Hospital in The Hague (1998) were enrolled. Both hospitals are large inner-
city teaching hospitals in the Netherlands. Reason for attending had to be evaluation
of acute fever without apparent source, including suspected sepsis. Patient data were
retrieved by means of a problem-oriented patient classification system, in which the
main reason for encounter after evaluation of the general practidoner or history taking
by the paediatrician is classified (3, 14). In this classification the category ‘infectous
diseases’ comprised 1) fever with meningeal signs, 2) fever with cough, 3) fever with
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micturition problems, 4) fever with vomiting and/or diarrhoea, 5) fever with at least
two obvious signs of an upper respiratory tract infection, 6) fever with signs or
symptoms of conjunctivids, 7) fever without apparent source. The last category
applied to patients with a body temperature of at least thirty-cight degrees Celsius and
for whom classifications 1 to 6, as described above, were not applicable. Patents with
immune deficiencies were excluded.

This study formed part of an ongoing study on diagnostc management in acute
paediatric patients and was approved by The Institutional Review Boards of both
patticipating hospitals (13, 15, 16).

Ozuteome

Referral status of patients was obtained from the records and was noted as either
referred by a general practidoner or as self-referred. Self-referred padents were
defined as patients who bypassed primary care and independently visited the ED for
paediatric care (10).

For each patient, the final diagnosis was determined either by a teference
standard (cultures of blood, spinal fluid, urine, stool positive for a pathogen) or based
on a consensus diagnosis. Based on the final diagnosis patients were classified
according to the presence or absence of a serous bactedal infection. A serious
bacterial infecton was defined as the presence of bacterial meningids, sepsis or
bacteraermnia, pneumonia, urinary tract infection, bacterial gastroenteritis, osteomyelids
or ethmoidids (5, 6, 17, 18). A follow-up petiod of two weeks was the standard for
ruling out the possibility of a missed diagnosis of serious bacterial infection. Detailed
definitions of specific diagnoses have been described in previous reports (13, 16).

Validation of a ‘referved patients model’ on self-referved patients with fever without sonree

In a previous study, 2 model to predict the presence of serious bacterial infections in
patients presenting with fever without apparent source was developed (13). The
population on which this model was developed comprised 231 patients who were
referred by the general practtioner for the evaluation of fever without apparent source
to the EDs of the Sophia Children’s University Hospital Rotterdam (1997-1998) and
the Juliana Children’s Hospital in The Hague (1998). The prediction model comprised
seven variables from patient history and physical examination: duration of fever at the
moment of presentation at the ED, a history of poor micturition, vomiting, age above

1 year, a body temperature below 36.7 °C or equal to or above 40 °C at examination,
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chest-wall retractons either with or without tachypnoea and poor petipheral
circulation (‘referred patients model’). This model was internally validated using
bootstrap methods (13).

To determine whether this ‘referred patients model’ could be extended to self-
refesred patents, the ‘referred patients model” was applied to the group of self-
referred patlents. Its discriminating performance as reflected by the area under the
receiver operating characteristic curve (ROC area) of this ‘referred patients model” was
estdmated in the group of seif-referred patents and compared to that found in the
group of referred patients.

Derivation of a new prediction model on self-referred patients with fever without source

Data of the self-referred padents were collected by reviewing the standardised medical
records. Documented data included information from patdent history, physical
examination and laboratory tests (13). The potential diagnostic determinants that were
evaluated were the same seven predictors as included in the ‘referred padents model’
and additionally, based on published works, changed crying pattern (<1 year),
diarrhoea, poor intake, ill clinical appearance, bulging fontanelle (<1 year), serum
white blood cell count, serum C-reactive protein and white blood cells in dipstck
urinalysis (1, 2, 4, 17-26).

The association between each finding from patient history, physical examination
and laboratory tests and the presence of a serious bacterial infecton was assessed
using univariable logistic regression analyses. Variables with a p-value of 0.15 or less
were subsequently entered into a stepwise multivariable logistic regression procedure.
Vatiables with a muldvatiable p-value of less than (.10 were considered to be
independent predictors of a serious bacterial infection. First, a subset of independent
predictors from the patient’s history and physical examination was defined (‘clinical
model’). Then each univariably selected laboratory test was consecutively added in
various orders to estmate its incremental value to the clinical model. The model
including the independent predictors from patient history, physical examination and
laboratory tests is referred to as the “clinical + lab model™.

For each model, the ability to discriminate between patdents with and withour a
serious bacterial infection was quantified using the ROC area (27). The ROC area can
range from 0.5 (no discrimination, like flipping 2 coim) to 1.0 (perfect discrimination).
Differences in discriminatve value between models were estimated by differences in
ROC area with 95% confidence intervals (95%CI), taking into account the correlaton
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between models as they were based on the same cases (28). Subsequentdy, we used
bootstrapping techniques to validate the defined models, i.e. to adjust the models for
optimism (27).

Some variables had missing values. As simple exclusion of records with missing
values commonly causes biased results and decreases statistical efficiency, missing
values in the data were completed by imputation using SOLAS (version 2.0) {29, 30).
This method uses all available data to impute the missing values based on the
correlation between each variable with missing values and all other variables (30).
Taking into consideration uncertainties in imputed data, multiple imputations were
performed by repeating the imputadon five dmes (29).

Results
In total 109 self-referred patients with fever without apparent source were included in
the study, which was 38% of all patients presentng with that problem. The
demographic and clinical characteristics and the final diagnoses are presented in table
1. The mean age was 1.1 year. A serious bactedal infection was present in 19% of the
patients.

Wkhen applying the ‘referred patents model’ to the self-referred padents with
fever without apparent source, the ROC area (95%CI) was 0.60 (0.47-0.73), whereas
this was 0.75 (0.68-0.83) in the group of referred patients. Because of the poor
discriminative ability, we rated this ‘referred patieats model to be inadequate to
classify future self-referred patients presenting with fever without apparent source.
The model could not be generalised to the self-referred patients.

Table 1. General characteristics and finzl diagnoses of the 109 self-referred padents with fever

without apparent source’.

Male gender 59 (54)
Age (years)t 1.1 0.7
Weeks of gestationt 39.2 (2.5)
Duration of fever at presentation {days) 2219
Body temperature at physical examinadon (°C)t 39.7(0.9)
Serious bacterial infecton present 21 (19
Hospitalisation 24 (22)

“Values represent absolute patient numbers (percentages) unless stated otherwise; TMean (standard deviadon).
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Hence, 2 new prediction model for the presence of serous bacterial infectons was
developed on the data from 109 self-referred patients with fever without apparent
source. Table 2 shows the varables from patient history, physical examinadon and
laboratory tests that were associated (p<0.15) with the presence or absence of a
serdous bacterial infection in a univariable analysis. Independent predictors from
patient history and physical examination {i.e. the ‘clinical model’) were duration of
fever at the moment of presentadon at the ED, age and degree of body temperature at
examination (wble 3, ‘clinical model’). After adding the univariably significant
laboratory vadables to the ‘clinical model’, serum white blood cell count and C-
reactive protein retained significant and contained additional diagnostic informadon
(table 3, ‘clinical + lab model’). The ROC area of the ‘clinical model’ increased
significantly from 0.70 to 0.81.

Teble 2. Variables from patient history, physical examination and laboratory tests univariably
associated (p<0.15) with presence or absence of serious bacterial infection (SBI) in self-
referred padents with fever without apparent source’,

SBI absent SBI present

Characteristics 38 (81) 21(19)
Patient bistory

Duratdoen of fever at presentadon (days)t 2.0 (1.8) 2.8 (2.2

Changed crying pattern {only <1 year) 31 {35 110562

Aget 1.1(0.7) 0.8 (0.7

Poor intake 23 (26 10 (48)
Physical examination

Temperature at examination (°C)t 39.6 (0.9) 39.9 (0.8)

1l clinical appearance 44 (50) 16 (706)

Chest-wall retractions & tachypnoea 10 (17) 4 (19)
Laboratory tests

White blood cell count (*109/1)* 131 7.0) 203 (7.9)

Serum C-reactive protein (mg/L)t 26.5 (31.3) 77.2 (43.3)

>70 white blood cells/pl in dipstick urinalysis 23 (26) 10 (48)

"Values represent absolute patent numbers (percentages) unless stated otherwise.
tMeans {standard deviations).
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Table 3. Independent predictors of presence or absence of a serous bacterial infection in self-
referred patents with fever withour apparent source. Results from muldvariable analyses,
corrected for optmism.

Clinical model* Clinical + Lab modelf

Odds ratio Odds rago

Characterisdes gt (90%CI) B (90%CI)
Duration of fever at presentation (days) 0.21 1.2 (1.0-1.6) 0.10 1.1 (0.8-1.6)
Age >1 year -0.90 0.4 (0.2-1.0) -1.28 0.3 (0.1-1.0)
Temperature at examinaton (OC) 0.50 1.7 (0.9-3.0) 059 1.8 (0.8-3.9)
Serum C-reactive protein (mg/L) 0.03 1.03(1.01-1.05)
White blood cell count (¥107/1) 0.07  1.08(0.98-1.18)
ROC area (95%CI) 0.70 (0.58-0.82) 0.81 (0.71-0.91)

“Intercept of the model —32.1.
tlatercept of the model -34.7.
B = Regression coefficient.

These two final models were then transformed to obtain two readily applicable
diagnostic scoring rules (see appendix). For each individual patient a ‘clinical score’
and a ‘ab score’ were estmated by assigning the corresponding points for each
variable present. The “clinical score’ ranged from 0-22, the ‘lab score” from 0-66. As
the ROC area reflects only the overall discriminative value of a rule and not directly its
clinical value in terms of absolute patient numbers, we estimated the absolute number
of patients across various categoxies of the estimated scores from the diagnostic rule
(31-33). Risk stratficaton based on the ‘clinical score’ and after addition of laboratory
tests (‘lab score’) is shown in table 4. For example, a patient of 9 months of age, with
fever lasting two and a half days and a body temperature of 40.2°C has 2 ‘clinical
score’ of 11 (see appendix: 0+3+5+3). This corresponds to a 32% risk of contracting
a serious bacterial infection at the moment of evaluaton {table 4). If the clinician
decides on laboratory tests (WBC count, CRP) for this patent, the probability can
change to a 5% or 83% risk, depending on the test results. For instance, if the WBC
count was 19 and the CRP level was also 19, the Jab score’ would be 10 (see
appendix: 7-+3), changing the patient’s risk from 32% to 5% (table 4). However, the
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Table 4. Risk of a serous bacterial infection across clinical score categories with and without
laboratory tests (n*=109).

Lab score
0-24 25-66
Clinical score Without labt n=79) (n=30)
<6 0=36) % 4% 14%
7-8 (n=39) 20% 7% 55%
=9 (n=34) 32% 5% 83%

‘Number of patients.
TWithout lab means using the 'dinical score' only.

risk would be 83% if the WBC count and CRP were, for example, 25 and 80,
respectively (‘lab score’ of 14+24=38).

Discussion

In this study, predictors for the presence of serious bacterial infecdons in selfreferred
patients presenting with fever without apparent soutce are described. These include
duration of fever, age, degree of body temoperature at exarnination, serum white blood
cell count and C-reactive protein.

Our study has followed the diagnostic work-up as generally applied in medical
practice as far as possible in both design (selection of patents on problem of referral)
and analysis (applying chronological multivariable modelling). This has resulted in 2
readily applicable diagnostic rule including a limited number of symptoms, signs and
laboratory tests. This rule provides 2 more precise estimate of the probability of a
serious bacterial infection in the individual patient compared to the pdor probability
(prevalence). The a préori tisk for a serious bacterial infection in an individual patient
presenting with fever without apparent source is 19%. Based on patient history and
physical examinaton the risk varies between 6% and 32% (‘clinical scoze”), supporting
the importance of clinical screening (19, 20). By adding laboratory results, further
discrimination is possible, with probabilities ranging from 4% to 83% (‘clinical + lab
score’). Of the patients with a ‘clinical score” <6 without laboratory evaluation, two
patients (6%) were identified as having serious bacterial infections (both pneumoniae,
ages 1.4 and 2.8 years) (table 4).

The proportion of self-referral in this study (38%) is similar to other studies (7-
11). The predictors identified in this study have been discussed in other published
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works too (1, 2, 4, 13, 17, 19-21, 23-26). However, these predictors have never ever
been combined into one prediction model as derived by a multivariable approach.

Prospective methods, such as nurse tdage, for identdfying patients attending EDs
with problems that could be managed appropriately in general practice, have been
developed (12). In this study, however, we have identified predictors for self-referred
patients presenting with the problem fever without apparent source at the ED, in
partdeular. To increase efficiency and reduce costs, it might be of interest to
prospectively evaluate the value of the proposed ‘clinical model” as a first screening
instrument applied by nurse practitioners (nurse triage) in self-referred patieats. For
instance, based on such nurse triage, the self-referred patient could be sent back to the
general practidoner or, optionally after laboratory evaluation requested by the nurse
practitioner, evaluated by the paediatrician. All three clinical variables of the screening
mstrument would be readily obtainable by aurse practidoners (duration of fever at the
moment of presentaton, age and degree of body temperatare). Of course, an
approach based on nurse triage has to be validated first, before implementation in
practice.

Applying an earlier developed prediction model for referred patdents to the self-
referred patients yielded a poor discriminative power. This was not a complete
surprise, as referral pattern influences the composition of a padent population (34).
When a padent is referred by a general practidoners, the patient already underwent a
diagnostic work-up (patient history, physical examination and optionally laboratory
evaluation) before presentation at the ED. Hence, the general practidoner already
filters out the non-urgent patents, and potentally urgent patents will be sent to the
hospital. In the self-referred group this filtering by the general practdoner is lacking,
resulting in a more heterogeneous group. Therefore, referred patients and self-referred
patients should be considered as different patient populations. Duration of fever at
presentation, age and degree of body temperature have been idendfied as predictors in
both the referred and the self-referred padents. Probably, this is due to the
heterogeneity of the outcome in children with fever without apparent source, resulting
in more general than specific predictors. However, the relative weight of the
predictors is different across both groups. This is reflected by different odds ratios.

To appreciate the results, several aspects need to be addressed. We have defined
fever without apparent source as fever without source after history taking by the
pacdiatrician, i.e. before physical examination by the paediatrician. Our motivation for
this was the intention to discriminate patients with and without serious bacterial
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infections as early as possible in the diagnostic work-up, preferably with history (other
than focal symptoms) and physical examination data oply. Our definition of the
outcome serious bacterial infection agrees with most literature (5, 6, 17, 18). The
prevalence of serious bacteral infection is higher (19%) than in some previous reports
(4-6). Different inclusion criterda (e.g. febrle children versus children with fever
without focus) and other outcome definition (e.g. serious bacterial infection including
versus excluding the final diagnosis of pneumonia) probably cause this. Because of the
small group of self-referred patients, this stady has limited power. As a consequence,
an unstable selection of variables, using stepwise selection methods, may arise (35-38).
Nonetheless, the results agree with literature, and bootstrapping has further
documented robustness of the estimates. However, although internally validated by
bootstrap methods, external validation of the prediction model is necessary before
implernentation In paediatric practice (39-41).

Bypassing primaty care by self-referral of patents to paediatdc care is on the
increase. It may endanger continuity of health care and increase costs (8, 11, 42, 43).
Hence, discriminadon of non-urgent patients and urgent patients early in presentation
is Important.

In conclusion, risk stratificaton shows that readily obtainable varables from the
patient’s history and physical examination are useful as a first screening. The risk
having a serious bacterial infection can be estimated in each individual self-referred
patient with fever without apparent source. Guided by such screening the clinician can
decide for each patdent whether additional laboratory evaluation would be useful for
further specification of this risk. This estimate is meant to augment but not to replace
clinical acumen, and the clinician should judge it in combination with experience and
knowledge.
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Appendix

Clinical score’.

Variable

Points 1o assign Score

Duration of fever at presentation

For each day of fever 1 point (V2 days are
rounded up), maximum 10 points.

Age <1 year =0
>1 year = 4
Body temperature at examination °C Points °C Points
<38 0 40.0-404 5
38.0-384 1 405409 6
385-389 2 41.0-414 7
39.0-394 3 41.5-419 8
39.5-39.9 4 =420 9
Total +3 =
*1f temnperature at examinaton is <38°C, then temperature in history must be Z38°C.
T ab score’,
Variable Points to assign Score
White blood cell count Count Points
(*10%/1) <10 0
10-19 7
20-29 14
230 21
Count  Pomnts  Count  Points
Serum C-reactive protein <10 Q 80-59 24
(mg/L) 10-19 3 90-99 27
20-29 6 100-109 30
30-39 9 110-119 33
40-49 12 120-129 36
50-59 15 130-139 39
60-69 18 140-149 42
70-79 21 2150 45
Total =
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3.3 External validation and update of a
prediction rule for setious bacterial
infection in young children referred with
fever without apparent source

SE Bleeker, G Derksen-Iubsen, DE Grobbes, ART Donders,
KGM Moons, HA Moll
Submitted

Abstract

Objective: to externally validate a previously developed rule for prediction of the
presence of serious bacterial infections in patients presenting with fever without
apparent source, and to improve the predictve ability of the rule. Meshods: padents,
aged 1 month to 36 months, presentng at the emergency department with fever
without source berween 2000 and 2001, were prospectively enrolled. Serious bacterial
infection included bacterial meningids, sepsis, bacteraemia, pneumonia, urinary tract
infection, bactedal gastroenteritis, osteomyelits and ethmoiditis. The generalisability
of the original rule was determined. Subsequently, the predictive ability of the rule was
improved on all available data of the patients with fever without source (1996-1998
and 2000-2001, n=381) using multivariable logistic regression, resulding in a zisk
stratification. Resulis: the generalisability of the orginal predicton rule appeared
msufficient in the new patients (n=150). In the updated rule, independent predictors
from history and examination were duratdon of fever at presentaton, vomiang, il
clinical appearance, chest-wall retracdons and poor peripheral circulation (area under
the receiver operating characteristic curve (95% confidence mnterval): ROC area
(95%CI): 0.69 (0.63-0.75)). Additional independent predictors from laboratory tests
were white blood cell count, seram C-reactive protein and the presence of 270 white
blood cells in urinalysis (ROC area (95%CI): 0.83 (0.78-0.88). The risk stratification
for serious bactedal infectdon ranged from 4% to 54%. Conclusions: in patients with
fever without apparent source and at dsk for serious bacterial infection informaton
on patent history and physical examination can be used as a first screening tool.
Additional laboratory testing may refine the individual risk estimate (range: 4%-54%).
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Data analysis
In spite of the prospective data collection, some data were missing (<3% in data from

patient history and physical examination; laboratory testing was done at the discretion
of the individual treating physician: WBC count and CRP and respectively urinalysis
were not performed in 17 and 20 children). Missing values were completed by
imputation (17). In this, we mimicked the application of the model in clinical practice,
in which information on a particular predictor may be missing (not measured) as well.
The expected value, based on the mean of cach predictor with missing values, was
used for imputation.

To determine the generalisability of the prediction rule in the validation set, first
the calibration of the model was evaluated by comparing the predictve probability
and the observed proportion of serious bacteral infections for deciles of the patient
population (Hosmer & Lemeshow test). Subsequendy, the discriminating
performances as reflected by the areas under the receiver operating characteristic
curves (ROC areas) of the ‘clinical model’ and the ‘clinical + lab model were
estimated in the validation set and compared to the ROC areas found in the detivation
set.

IL. Optimisation of the prediction model

Data analysis

In order to improve the predictive ability of the prediction model, the derivaton set
and validation set were merged (“total set’). The potential diagnostic determinants that
were evaluated included the same ten predictors as in the previously derved
predicton rule. Based on literature and clinical practice, addiional relevant variables,
on which information had been collected prospectively, wete evaluated as well. These
included gestatonal age, quality of cry (<1 year), poor intake, ill clinical appearance
judged by the (trainee) paediatrician, state of consciousness, body weight and pale skin
(1, 9-12, 18-26). The total number of candidate variables was 17.

To optimise the prediction model, variables with 50% or more missing values
were excluded from the analyses. Missing values in the total data set (derivation and
validation set) were completed by imputation using S-plus library MICE (version 1.0)
(27). This method uses all available data to impute the missing values based on the
correlation between each vatiable with missing values and all other variables {17).
Tzking into consideration uncertainties in imputed data, muldple imputations were
performed by repeating the imputadon five times (28).
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The association between potential diagnostc determinants and the presence of a
serious bacterial infection was assessed using logistic regression analyses (SPSS version
9.0). Continuous variables were analysed both on a linear and a transformed scale, e.g.
logarithmic or quadratic, to determine which scale was the better predictor of
outcome. First, the predictive ability of the full model, ie. including all fourteen
clinical varables, was estimated using multdvariable logistic regression. Subsequentdy,
backward selecdon from the full model was performed using the likelihood ratio (LR)
test in which the model chi-square of each reduced model was compared to that of
the full model. If the LR test became significant (p-value of less than 0.10) no further
reduction was performed. This yielded the ‘reduced clinical model’. Then, all three
candidate laboratory variables (WBC blood count, serum CRP and the presence of 70
or more WBC in dipstick urinalysis) were added to this ‘reduced clinical model’ to
estimate their incremental value. Similarly, lab variables with a p-value 20.10, based on
the LR test, were excluded from the model. The final model including the selected
predictors from padent history, physical examination and laboratory tests is referred
to as the ‘reduced clinical + Jab model’.

For each model, its calibration and discriminatng performance were evaluated as
described in the external validaton methods secton. Subsequently, we used
bootstrapping techniques applied to the full model to validate the two reduced
models, ie. to adjust the models for opumism (4). The entire process of stepwise
varfable selecdon was also included in the bootstrapping techniques. The
bootstrapping technique was executed using the Hmisc and Design libraries in S-plus.

Resuits
L External validation of the prediction rale
In total 150 patents with fever without apparent source were included in the
validation study. In table 1 the distribution of several patent characteristics, including
final diagnoses and the predictors of the diagnostic rule, of both the validation and the
derivation set are presented. The two populations were largely comparable, although
the patents in the validation set were slightly younger and had less often a history of
vomiting. A serious bacterial infection was present in 27% of the patients in the
validadon set, compared to 25% in the dexivation set.

The ‘clinical’ model and the ‘clinical + lab” model both were applied to the
validation set to assess their generalisability. Both models were well calibrated
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Table 1. General characteristics and final diagnoses of the patents with fever without apparent
source in the derivation and validation set”.

Validation set Derivation set

{(nf=150) (n=231)
Male gender 85 (57) 122 (53)
Age (years) 0.9 (0.8) 1.1 (0.8)
Weeks of gestation® 39.4 (1.5) 392 (2.2
Duration of fever {days)* 2824 28 (24
History of poor micturition 37 (25) 63 (27)
History of vomitng 43 (29) 95 (41)
Body temperature at physical examination (PC)+ 39.2(1.0) 394 (1.0)
Chest-wall retractons & tachypnoea 18 (12 25 (11)
Poor peripheral circulation 27 (18) 45 (20
White blood cell count (¥109/1)# 15.4 (8.6) 14.83 (8.0)
Serum C-reactive protein {(mg/L)# 57.6 (60.7) 48.3 (58.5)
270 white blood cells/ul in dipstick urinalysis 34 (23) 70 (30)
Serious bacterial infection present 41 (27) 58 (25)

“Values represent absolute numbers (percentages) unless stated otherwise.
Number of patients.
Mean {standard deviadon).

(p-values Hosmer & Lemeshow tests: 0.7 and 0.6, respectively). But, the ROC area
(95%CT) of the ‘clinical model’ was 0.60 (0.49-0.70), which was substantally lower
compared to that in the dervation set (0.75 (0.68-0.83)), and discriminated pootly.
The ROC area (95%CI) of the “clinical + lab model’ was 0.78 (0.69-0.86), which was
closer to the ROC area (95%CI) in the derivation set (0.83 (0.77-0.89)) (3). The poor
discriminative ability of the ‘clinical model’ forced us to rate the rule inadequate to
classify future patents presenting with fever without appatent source and thus useless
for pacediatric care. We believed that better discrimination: based on patient history and
physical examination could be achieved. The dissatisfying results of the ‘clinical
model’ in particular, prompted us to optimise the prediction of a serious bacterial
infection by derving a new prediction model using all data, i.e. all padents with fever
without apparent source (‘total set’, n=381).
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1L Optimisation of the prediction model

The distribution of the seventeen candidate variables in the total set is presented in

able 2. Variable selecdon yielded five strong predictors from padent history and

physical examination. These were duration of fever at presentation, history of

vomiting, il clinical appearance judged by the (trainee) paediatrician, chest-wall
retractions and poor peripheral circulation (table 3, ‘reduced dlinical model’). The
ROC area (95%CIL) of this model after adjustrnent for overfitting (boowtrapping) was
0.69 (0.63-0.75). After adding the laboratory variables to this ‘reduced clinical model’,

Table 2. Distributon of candidate variables from patent history, physical examinaton and

laboratory tests in the total set (n"=381).

SBI# absent SBI present
Characteristcs? (n=282) =99
Patient bistory
Age (years)$ 1.0 (0.8) 1.1 (0.8)
Weeks of gestation$ 39.3 (1.9 39.5 (1.6)
Duraton of fever {days)§ 2.6 (2.3) 3.2 (2.6)
Changed crying pattern (only <1 vear) 151 (54 39039
Poor intake 107 (38) 36 (36)
History of vomidng 87 (31 49 (50)
History of poor micturition 72 (26) 27 27)
Physical examination
I clinical appearance 128 (49) 63 (64)
Decreased consciousness 12 (4 11 (1)
Body temperarare at physical examination (°C)$ 393 (0.9) 394 (1.1
Body weight (Idlograms) $ 8.6 (3.1 9.2 (3.1)
Poor peripheral circulation 314 26 (26)
Pale skin 41 (15) 28 (28)
Chest-wall retractons 19 (7 24 24)
Laboratory
White blood cell count (¥107/L) § 13.5 (7.3) 19.1 (9.3)
Serum C-reactive protein (mg/1)§ 35.7 (45.3) 94.0 (70.0)
=70 white blood cells/ul in dipstick urinalysis 58 (21} 46 (47)

“Number of patients.

1Values represent absolute numbers (percentages) unless stated otherwise,
sedious bacterdal infection,

$Mean (standard deviation).
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WBC count, CRP and the presence of 70 or more WBCs in dipstick urinalysis
contained addidonal diagnostic information {table 3, ‘reduced clinical + lab model’).
The ROC area (95%CI) of the ‘reduced clinical model” increased significandy to (.86
{0.82-0.90). The goodness-of-fit tests in both models were far from significant (p-
values: 0.7 and 0.3, respectively), demonstrating good fit.

Tzble 3. Results from muldvariable analyses on the totzl set, corrected for optimism: predictors
of presence of a serous bacterial infecdon.

Reduced Reduced
clinical model* clinical + lab modelf
Odds rato Odds ratio

Characteristics £ (90°4CT) B (90%CI)
Duration of fever (days)t 0.79 22 (1.2-4.1} 0.12 110524
History of vomiting 0.52 1.7 (1.1-2.6) 0.53 1.7 {1.0-2.8)
I clinical appearance (.45 1.6 (1.0-2.4) 0.46 1.6 (0.9-2.7)
Chest-wall retractions * mchypnoca 1.18 3.3 (1.8-6.0) 1.33 381977
Poor peripheral circulatdon 0.70 2.0 (1.1-3.6) 1.09 3.0(1.4-6.3)
White blood cell count (*107/1) 0.05 1.05(1.01-1.08)
Serum C-reactive protein (mg/L) 0.01 1.01 (1.01-1.02)
270 white blood cells/ul 1.07 29 (1.46.3)
in dipstick urinalysis
ROC area (95%CI) (.69 (0.63-0.75) 0.86 {0.52-0.90)

“Intercept of the model was —2.04.

T Entercept of the model was —3.74.

+0Odds ratic and 90% confidence interval estimated after Jogarithmic transformation of the characteristc.
8 = Regression coefficient.

Two readily applicable diagnostic scoring rules were constructed by transforming
the two final reduced models (see appendix). By assigning the corresponding points
for cach variable present, a ‘clinical score’ and a ‘lab score’ were obtained for each
individual patient. The ‘clinical score’ and the “lab score’ ranged from 0-38 and 0-33,
respectively; the ROC area (95%CI) of those transformed scores were 0.75 (0.69-0.81)
and 0.85 (0.81-0.89), respectively. The absolute numbers of patients across vardous
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Table 4. Risk of a serious bacterial infection across clinical score categozies with and withour
laboratory tests (n™=381).

Lab score
=8 >8
Clinical score Without labi {(n=201) n=180)
=10 (n=203) 12% 4% 31%
>10 n=178 42% 15% 34%

“Number of patients,
TWithout lab means using the 'clinical score” only.

categories of the estimated risk scores from the diagnostic rules were estdmated (table
4). Using patient history and physical examination only, the & priori risk of having a
serious bacteral infection of 26% (i.e. the prevalence: 99/381) could be changed to
12% or 42% (‘clinical score’). For instance, in the case of a vomiting patient, with
fever since 2 few hours and an ill clinical appearance judged by the physician, but no
further signs or symptoms, the ‘clinical score’ is 9 {0+5+4+040=9; sce appendix).
This ‘clinical score’ corresponds to a 12% sk of contracting a serious bacterial
infecton (tzble 4). Additonal laboratory tests, if requested, changes this probability to
a 4% or a 31% risk, depending on the results. For example, a WBC count of 15, a2
CRP level of 40 and a negative (<70 WBCs) urine dipstick analysis, would result in a
Jab score’ of 6 (2+4+0; see appendix), changing the patient’s risk from 12 % to 4%
(table 4). -

Discussion

Commonly, the discriminatng performance of a prediction rule degrades from the
patent data on which the rule has been constructed to new padent data {4, 8, 29-31).
Therefore, we have externally validated a previously constructed diagnostc prediction
rule, to assess its generalisability (3). The purpose of the rule is to guide in sifting out
the children with and those without a severe bacterial infection in padents who
initially present with fever without apparent source. The prediction rule is based on
two subsequent models: the ‘clinical model” and the ‘clinical + lab model’. The ‘clinical
+ lab’ model proves similar discriminating performance in the new patents as
cornpared to the derivation set. Unfortunately, the ‘clinical model’ shows substandal
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loss of overall discriminatdng performance in the validation set. We have concluded
that the previously developed ‘clinical model” is not satisfactory to classify future
patients presentng with fever without apparent source and that the best calibrated and
best discriminating model was not defined yet.

We have further optimised the previous prediction model for a serious bacterial
infection by performing a new multivadable logistic regression analysis on all available
dara in which we have merged the dertvation and validation set. This increased the
number of padents with 39% as compared to the dervation set. The analyses show
that the most important predictors are: duration of fever at the moment of
presentation, vomiting, ill clinical appearance, chest-wall retractions, poor peripheral
circulation (‘reduced clinical model’), and additonally WBC count, CRP and the
presence of 270 WBCs in dipstick urinalysis {*reduced clinical + lab model’). Both
models have a reasonable to good discriminating performance. Afflicted and non-
afflicted patients cannot be discriminated perfectly by the scoring rules. Four patients
of the 110 (4%) padents with a “clinical score’ =10 and a I2b score’ =8 after all suffer
from 2 serious bacterial infecton. In three of those cases, urinary tract infecdons were
diagnosed (ages 2, 3 and 10 months), the fourth case concerned a bacterial
gastroenteritis (age 3 months). This once again illustrates that the management of
children with fever without apparent source and selection of patients with a serious
bacterial infection continues to be a delicate task, pardcularly among ‘low sk’ patients
(Le. ‘clinical score’ =10) (3). Nonetheless, in spite of the imperfect separation by the
predicdon rule, its resuldng post-test probabilities may affect the management and
support the clinicians (clinical validity) (30, 32, 33). The results of the risk stratification
suggest that on individual levels, the information on patient history and physical
examinaton can be used as a first screening tool. Additional laboratory testing refines
the individual risks. We emphasise to use the diagnostic prediction rule to support
decision making in which the clinical experience and knowledge of the clinician should
be involved, rather than an independent tool.

Predictors of serious infecdons in children with fever have been debated
extensively in literature. Inherently, our results are partly in agreement and partly in
disagreement (1, 9, 12, 18-21, 23-26, 34-37). All predictors identified in this study have
been discussed in other published works, sometimes confirming our finding,
sometimes not.

Except for il clinical appearance’, all of the predictors of the ‘optimised rule’
overlap with those in the previously developed prediction rule. The recurrence of the
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predictors suggests that they are robust, although the magnitude of the associations
(regression coefficients) has changed in the overall analyses as compared o the
analyses based on the derivaton set only (3). The predictors that are included in the
initial rule but excluded in the new rule (poor micturition, age above 1 year and body
temperature) might indicate that these are unstable predictors and that the initial
model has been overfitted. This may be due to limited power and to the use of
stepwise selection methods (38-41). By merging the derivation set and validation set
the power of the stady increased. In this total set, only a limited set of candidate
variables has been predefined based on the literature, resulting in a better events-per-
variable-ratio (4, 39, 40).

This validation study has certain limitatons. The original validaton set is a
relatve small sample (n=150). To our knowledge, it is yet unknown how large (i.e.
number of events) a validation study should be (41). With hindsight, it would have
been better to degve and validate the prediction rule on a larger sample. The
unsatisfying validation results of the ‘clinical model” have urged us to update the
previously defined prediction rule (4Z). To wnprove precision, we have merged the
derivation and validation sets. This undermines the principle of an external validation
study, in which the performance of a model should be tested on independent data.
Although we have adjusted our newly defined rule for optimism using bootstrapping
techniques, before applying the updated rule in clinical practce, its generalisability has
to be evaluated again in another external validation procedure. Third, inherent to the
non-specific presentation in young children, the outcome in children presenting with
fever without apparent source is diverse. The endpoint setious bacterial infection is a
cluster of several final diagnoses (9-12). When a child presents at the ED with fever
without apparent source, firstly the risk for development of any serious bacterial
infection has to be esimated. The assessment of a specified diagnosis might follow in
a later stage. Such hererogeneity in the outcome makes both the clinical approach and
the design of predicdon research more complicated, compared to a more
straightforward outcomne, such as bactetial meningitis (14). It makes jt difficult to
make a complete distincion between patents with and without the outcome, as
shown by our findings.

To conclude, the management of young children with fever without apparent
source remains associated with uncertainties. Risks can not be reduced to zero. In this
validation study, a previously obtained prediction rule was updated. This prediction
rule enables to classify patients with fever without apparent source in different risk
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categodes of having a serious bacterial infection. Patients can be screened based on
information on history and physical examinadon (duration of fever, vomiting, 1l
clinical appearance, chest wall retractions, and pootr peripheral circulation). If
necessary, subsequent laboratory testng (WBC count, CRP, urinalysis) may refine this
tisk (range from 4% to 54%). The diagnostic prediction rule can be used as a support
in decision making, in combination with the clinical expertise of the clinician.
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Appendix
‘Clinical seore’.
Variable Points to assign Score
Duration of fever Days Points
Y2 0
1 2
1%2 4
2-21% 5
33% 6
4-4Y42 7
5-6 8
6Y2-8%: 9
29 10
History of vomiting no=0/yes=5
Il clinical appearance no =0/ yes = 4
Chest-wall retractions T tachypnoea no =0/ yes =12
Poor peripheral circulaton no=0/yes=7
Total =
Lab score’.
Variable Points to assign Score
White blood cell count Count Points
(F10°/1) <10 0
10-19 2
20-29 4
30-39 G
=40 8
Serum C-reactve protein 0-99: 1+ integer, (max 16)
(mg/L) eg CRP=72:7
points
=100 1= and 204 integers,
e.g. CRP=743: 74
points,

maximum=16
points

270 white blood cells/ul in dipstick urinalysis no = 0/ yes =9

Total =
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4.1 Diagnostic research on routine care data:
prospects and problems

R Oovstenbrink, KGM Moons, SE Bleeker, HA Mok, DE Grobbee
In press, Journal of Clintcal Epidemiology

Abstract

Diagnostic practice is a sequendal process starting with a patient with a pardcular set
of signs and symptoms. To serve practice diagnostc research should aim to quantify
the added value of a test to climical information that is commonly available before the
test would be applied. Routine care databases commonly include all documented
patent mnrformation, and seem therefore be suitable to quantify a test’s added value to
prior information. It is well known, however, that retrospective use of routine care
data in diagnostic research may cause vadous methodological problems. But, given the
increased attention of computer-based patent records including data from routne
patient care, we believe it is dme to reconsider these problems. We discuss four
problems related to routine care databases. First, most databases do not label patients
by their symproms or signs but by their final diagnosis. Second, in routine care the
diagnostdc worl-up of a patient is by definition determined by previous diagnostic
(test) results. Therefore, routinely documented data are subject to so-called work-up
bias. Third, the reference test is in practce always interpreted with knowledge of the
preceding test information, such that in scientific studies the diagnostic value of a test
under evaluadon is commonly overestmated. Fourth, routinely documented databases
are likely to contain missing data. Per problem we discuss methods, which are
presently available and may (partly) overcome each problem. All this could contribute
to more frequent and appropriate use of routine care data in diagnostic research. The
discussed methods to overcome the above problems may as well be useful to
prospective diagnostic studies.
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Introduction

Diagnostic practice is a sequential, stepwise process starting with a patent with a
particular set of signs and symptoms. In order to ascertain or rule out a diagnosis, the
physician decides upon additional tests based on his findings in previous steps, to
increase or decrease the probability of a particular disease (target disease). Hence, to
serve practice, diagnostic research should select patients conform practice, follow the
sequential process of making a diagnosis in practice and should aim to quantify the
added value of a test to clinical information that available before the test would be
applied. Although this has been recognised for years {1-15), at present the majority of
diagnostic stadies still include single test studies, aiming to estimate a test’s sensitivity
and specificity, without considerng other (previous) padent informaton and
quantifying the test’s added value (15-17). Routine care databases or computer-based
patent records commonly include all informaton that is related to patent care.
Hence, they include all patient information that is considered relevant to ascertain a
diagnosis in routine practice. This makes routinely documented data very well suitable
for quantifying the value of a particular test additional to other (previous) informadon.
It has widely been discussed and illustrated (e.g. in studies on the value of exercise
stress testing in diagnosis of coronary artery disease), that studies using retrospective
patient data as obtained from routine care, provide invalid results. This particularly
includes the problem of selection (or also called referral, work-up or verification) bias
(2-4, 6, 12, 16, 18-30). However, the use of large clectronic databases or computer-
based patient records in medical practce is still increasing, notably in general practice
(31, 32). We therefore believe it is tme to reconsider the methodological
disadvantages of diagnostic research based on routine care data and potential solutions
to overcome them.

In this paper, we first put forward the nature of diagnosis in practice and the
preferred design for quantification of {added) value of diagnostic tests. Subsequently,
we summarise the well-known problems that can be encountered in diagnostic
research using routine care data. Per problem, we discuss the currently available and
sometimes novel methods that may (partly) solve the problem. We believe that these
methods could contribute to more frequent and appropriate use of routine care data
in diagnostic research. For illustration purposes, we will use throughout an example
study that aimed to quandfy the (added) value of various diagnostic tests in children
suspected of having bacterial meningitis (33, 34).

82



Driagnostic research on rouiine care date: progpects and problens

Example study

At the emergency department of the Sophia Children’s Hospital, Rotterdam, The
Netherlands, we performed 2 study on children visiting the emergency department
because of meningeal signs (33, 34). These children pose a diagnostic dilemma for the
Physician, because they are at risk of bacterial meningitis (target disease {22)), though
they may have self-limitng diseases in 50% to 60% as well (34-36). The question is in
which of these children a lumbar puncture should be performed and empirical
antibiotic treatment should be started such that not a single case of bacteral
meningitis will be missed. We performed a study aiming to quandfy which diagnostic
tests, including findings from padent history, physical examinadon, and additdonal
tests, have independent (added) value in the discrimination between presence or
absence of bacterial meningitis in children presenting with meningeal signs at the
emergency department. We developed and validated a simple predicdon rule for
bacterial meningitis in this patient domain. For further details, we refer to previous
publications (33, 34).

Diagnostic practice and diagnostic research

In practice, a diagnosis starts with a patient with a clinical problem (symptoms or
signs) suspected of having a particular disease, the so-called target disease (2, 5, 8, 15,
22). As shown in figure 1, the physician commonly applies a phased work-up, starting
with patient history and physical examination. Subsequent steps in general may be
addidonal laboratory tests, imaging and finally so-called gold standard or reference
tests such as arthroscopy, angiography or, as in our example, lumbar puncture. After
each phase the physician will consider the available diagnostic information to
implicitly estimate the diagnostc probability of the presence of the target disease
(eD+iph, pe) or pO+|ph, pe, tl) in figure 1). In padents with a very low
probability, the physician may refrain from further testing for that disease and, if
necessary, will search (or test) for the presence of alternative diseases or may even
discharge the patent. In patients with a high target disease probability treatment will
be initiated. As long as uncertainty remains, further diagnostic tests are applied until a
treatment decision (including no treatment) can safely be made. To set a diagnosis is
to know that more informaton would not change the decision to act as if the patient
has the disease. To rule out a disease is to know that more information would not
change the decision to act as if the patient did not have the disease (37, 38).
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The motive of diagnostic research is efficiency: decreasing the patient burden and
measurement costs of the diagnostic work-up in practice considerng the
consequences of false (missed) diagnoses. To serve diagnostic practice, diagnostic
research should reflect the sequential process of probability estimation in practice. In
this view, diagnostic research is a typical form of pragmatic, prediction research.
Hence, in diagnostic research, study patients should also be selected on their suspicion
of having a particular disease and the aim should be to quantify which tests (truly)
contribute to the estimation of probability of presence (absence) of that disease (2, 7-
9,15, 22, 39, 40). Accordingly, every test (including findings from history and physical
examination, which are diagnostic tests as well) that may be relevant to or used in the
probability estimaton, should be considered in the study. For this purpose, databases
including routinely documented data may be very useful, since in principle they
compgdse all patient data that may be relevant to ascertain a diagnosis in practice.
Furthermore, as routinely documented data include the endre diagnostic and
therapeutic process, they allow for stepwise analysis of tests in the sequence as they
occurred in routine practdce and allow to estimate the added value of tests to previous
findings. However, there are some problems related to the use of retrospective or
routine care data in scientific diagnostic rescarch. These, as well as their possible
solutions are discussed below.

Figuzre 1. Hlustration of a typical diagnostic process in clinical practice.

ph: patent history; pe: physical examination; tl: result of test 1; t2 - a: result of test 2 up to test
n; Dashed elements not necessanly occur in all patients.

p(D-+): probability of disease; p(D+ | ph, pe): probability of discase given the information from
ph and pe.
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Problems of using routine care data in diagnostic research and methods to
solve them

Selectzon of the proper patient poprlation

In scientific diagnostic studies or test evaluations, patients are often selected on the
established presence or absence of a pardcular disease, i.e. patients that had undergone
the so-called gold standard or reference test in routine care are selected for the study.
Similarly, studies aiming to quantify the diagnostic accuracy of a particular test often
mnclude only those patients that had undergone that test in routine care. Both types of
patient selection for diagnostic studies, however, leads to the inclusion of only selected
patient groups because in routine care physicians selectvely refer patients for
addidonal tests (inctuding the reference test, figure 1) (3, 4, 6, 9, 12, 18, 23, 24, 27, 40).
In particular, patients with a low probability of the target disease based on previous
information are not referred for the usuwal more burdening and costly tests. But, as
discussed above, to enhance applicability of study results to clinical practice, in
diagnostc studies padents should be selected on the problem, i.e. symptoms or signs,
with which they visit the physician (5, 6, 9, 10, 12, 15, 39-42). In our example study
children with meningeal signs, suspected of having bacterial meningitis were included.
This selection includes the complete spectrum of differendal diagnoses of patients
with meningeal signs conform practice (34). Of course, this populaton does not
reflect all patents with meningitis, since meningitis might be present without
meningeal signs (43, 44).

The necessary selection of patients on presenting problem (i.e. symptoms or
signs) can be done using existing or routine care databases. However, it requires a
problem oriented patient classification database in which patients are classified to their
presenting problem. Using such classification system, for example, all children
referred with ‘meningeal signs” to the outpatient or emergency department as the main
reason for encounter, can easily be selected (45, 46). In contrast to general practice
research, where symptom and problem orented databases (ICPC (47)) have already
been considered of key importance (31, 32), most routine care patient classification
systems in hospitals are based on the final diagnosis only. But problem oriented
coding in routine care databases of hospitals may be recommended to those interested
in diagnostic research.
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Verification bias

Although patients may be properly selected for a scientific study on their presenting
symptoms ot signs by using routine care data with a problem oriented classification
systexn, there may still be the problem of so-called verificaton, referral or work-up
bizs when using routine care data for sclentific diagnostic studies (1-4, 6, 12, 16, 18-30,
48). For scientific purposes, ideally, all patients undergo the same and entire diagnostic
work-up including the reference test to determine the final diagnosis. In practice,
howeves, as said, not all patdents (routinely) undergo the reference test (figure 1), but
commonly a selected sample only. Due to this selective verfication, work-up or
referral, it has extensively been shown that use of routine care data for research
purposes leads to biased estmates of the accuracy of the test(s) under study (1-4, 6,
12, 16, 18-30, 48).

However, we believe that this problem with routine care data may be overcome if
the target disease is fatal or rapidly progressing without treatment. In such instances, it
seems reasonable to consider, in absence of a reference test, the target disease as
absent if the patient recovers without treatment {good clinical course over time), and
as present if such patient shortly returns with evident symproms of the target disease.
Hence, provided that information from patient follow-up is indeed available (which is
common), such a pragmatic approach using data from patient follow-up may be valid
in studies based on routine care data. The problem of verification bias when using
routine care data partculatly applies if the (targer) disease has a subclinical or self-
Limiting course such that the actual presence of the disease under study may be
missed. In our example study, the outcome diagnosis was the presence or absence of
bacterial meningitis, which is a rapidly progressing disease without treatment (49). In
patents who did not routinely underge a lumbar puncture, bacterial meningitis was
ruled out based on an uneventful clinical course without treatment.

The pragmatic approach of using routine care data from clinical follow-up to
determine the final diagnosis in each patent is not uncommon in diagnostic studies
where it is unethical to apply the reference test to all padents suspected of having the
disease. Exarmples are studies on diagnosis of pulmonary embolism and breast cancer
(50, 51). Finally, it must be noted that some (target) diseases lack a single reference
standard, such as heart failure. Also, in these instances, 2 more pragmatic approach of
consensus diagnosis using data from patient follow-up is used for research purposes
(52, 53).
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Blinding

Another problem of using routine care dara is the problem of absence of blinding. For
research purposes, the reference test is interpreted preferably without knowledge of
{or blinded for} preceding test results, notably of the test(s) under study which
accuracy is to be quantified. If this blinding is not gvaranteed, the information
provided by the test(s) under study may partly be used and included (‘incorporated’)
by the observer of the reference test. Consequently the estimated accuracy of the
test(s) under study will be biased, so-called ‘incorporation bias’, ‘test review bias’, or
‘diagnostic review bias’ (1, 2, 9, 16, 22, 40, 54, 55). Theoretically this bias may result in
an under- or overestimadon of the test's accuracy. Though, it often results in an
overestimation since the results of the test under evaluadon and the results of the
reference test become more alike (matched), incorrectly decreasing the number of
false positive and false negative test results (35).

In routine diagnostic practice, the result of each test (including the reference test)
is always considered with knowledge of preceding test information. Hence, in
scientdfic studies using routinely documented data blinding is commonly not
guaranteed. We believe, however, that this does not pose major problems for
reference tests yielding merely objective results, Le. not requiring subjectdve
interpretation. In our example study, the reference test included an increased cell
count in cerebrospinal fluid (CSF) and a positive culture from CSF of blood, which is
rather objective and not influenced by subjectve interpretation. Incorporation bias
particularly occurs when the interpretation of the reference test 1s subject to intra- and
inter-observer variation, as applies to most imaging tests,

Missing data and analysis

Finally, missing data are more likely in routinely documented data than in data
documented for a specific prospectve study. Standard data analytical techniques
exclude subjects with a missing value on a vamable (56, 57). Consequently,
conventional analysis of diagnostc research data includes only the cases without
missing data (so-called complete cases). In case of a high frequency of missing data or
if many variables are considered, this may grossly reduce the number of analysable
patents and therefore the power of the study. Furthermore, complete case analysis
may yield biased results, since the cases excluded becanse of missing data often differ
systernatically from the complete cases (56-39). A patient with very severe symptoms
and signs, for exarnple a patient with meningeal signs and convulsions, may already be
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referred for more sophisticated diagnostic tests (e¢.g. lumbar puncture) before full
completion of patient history and physical examination. On the other hand, as
lustrated in figure 1, in a patient presentng with very mild or no symptoms,
additional test information may be incomplete, as the physician already ruled out a
serious disease early in the diagnostic process and did not consider additiona] tests to
be necessary (37). FHence, missing data in routine care tend not to occur at random,
but for a reason (‘on indicadon”).

Imputation techniques may serve to overcome the bias due to missing data In
diagnostic research using routine patient care data and to increase the efficiency of the
analysis. Frequendy applied methods, e.g. imputation of mean values of available data
or the so-called ‘indicator method’, however, may also lead to biased esdmates (57-59).
More recent methods, Le. the maximum-likelthood method and multiple imputadon,
have been proposed which seem to yield more valid estmates. These Imputation
methods use all information available from the actually documented data to impute
the missing values (57-59). By multple imputation each missing data is imputed more
than once, e.g. using a Bayesian algorithm, such that multiple databases with complete
data are obtained. Repeating the analyses, commonly five times, on each of the
imputed data sets and averaging the results according to standard statistical techniques
(57) will result in estimates of the regression coefficients and their standard errors,
incorporating the uncertainty of the imputed values {53, 55). The muldple imputadon
method is an accepted and valid statistical method for the problem of missing data, as
long as the probability of ‘missingness’ depends on observed vatiable values only.
Whether missingness depends on unobserved variables, however, can obviously not
be assessed from the observed data bur can only be judged (57-39). Therefore, also
analyses based on (multiple} imputed data should still be interpreted with care
although it must be noted that there are no straightforward methods to handle missing
data that depend on unobserved data. The number of repeated imputadons depends
on the proportion of missing data (per varable). The allowable proportion of missing
data to validly apply (muldple) imputaton techniques is yet unknown. We believe,
however, when using routine care data, variables with a very high proportion of
missing data (e.g. >50%) should be excluded from the analysis anyway, since they are
presumably difficult to obtain in practice or frequendy unavailable or not considered
clinically important.

Given a complete data set after proper (multiple) imputation of missing data,
routinely documented data including the entire stepwise diagnostic work-up and the
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clinical course facilitate proper analysis of diagnostic tests in the sequence as they
commonly cccur in routine practice. The {overall) diagnostic probability is the central
source of information, instead of the (single) test results and corresponding sensitivity
and specificity (4, 7, 8, 10, 14, 15, 38, 39). Muldvariable logistic regression modeling
allows for probability estimation of the presence of a disease as a combined function
of available charactedstcs from patient history, examination and additional laboratory
tests (7, 14, 15, 38, 39, 41, 56, 60). This probability estimation based on all diagnostic
information together directly coheres with the diagnostic process in practice. The
discriminative value of a diagnostic model can be expressed by the area under the
Receiver Operator Characteristic curve (ROC area) (61, 62). From such a logistic
model a prediction or decision rule can be derived, that is easy applicable in practice
(7, 38, 41, 60). Of course, before introducing a diagnostdc rule in clinical practice,
prospective application of the rule in a new group of similar patients is necessary to
get insight in the rule’s usefulness and its impact on the diagnostic process in practice
(5, 16, 38, 56, 60). For specific details on methods of analysis we refer to the
(statstcal) literature (7, 38, 39, 56, 61-67).

Conclusions

It should be noted that the described problems encountered in diagnostic research
using routine care data and the methods to handle them are not limited to
retrospective diagnostic studies only. They may as well apply to diagnostic research
based on prospectively documented data. As diagnostic research is a type of
pragmatic, prediction research, it should always reflect the sequential diagnostic work-
up of medical practice to allow for clinically meaningful inferences. It should start
with patients selected on their disease suspicion, who underwent all clinically relevant
steps in the diagnostic wotk-up. Preferably, the reference test is interpreted
independently from the preceding information or its result does not require subjective
interpretation. Commeonly, the added value of tests is always of interest, with reference
to preceding information documented anyway. Hence, after some adjustiments, such
as imputation of missing data if necessary, diagnostic research may be based on
routinely documented data including the entire diagnostic, therapeutic and prognostic
phase as recorded in practice.
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4.2 External validation is necessary in
prediction research: a clinical example

SE Bleeker, HA Mol EW Steyerberg, ART Donders, G Derksen-
Lubsen, DE Grobbee, KGM Moons
Submitted

Abstract

Prediction models tend to perform better on data on which the model was
constructed than on new data. This difference in performance is an indication of the
optimism in the apparent performance in the derivation set. For internal model
validation, bootstrapping methods are recommended to provide bias corrected
estimates of model performance. Results are often accepted without sufficient regard
to the importance of external validadon.

This report illustrates the limitations of internal validaton to determine
generalisability of a diagnostic prediction model to future settings. A prediction model
for the presence of serious bacterial infections in children with fever without source
was derived and validated internally using bootstrap resampling techniques.
Subsequently, the model was validated externally.

In the derivaton set (n=376), nine predictors were identified. The apparent area
under the receiver operatng characteristc curve (95% confidence interval) of the
model was 0.83 (0.78-0.87) and 0.76 (0.67-0.85) after bootstrap correction. In the
validation set (n=179) the performance was 0.57 (0.47-0.67).

Thus, for relatvely small data sets, internal validation of prediction models by
bootstrap techniques may not be sufficient and indicative for the model’s performance
in future patients. External validation is essental before implementing prediction
models in clinjcal practice.
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pattern, vital signs, clinical appearance and informaton on ear-nose-throat, skin, and
the respiratory-, circulatory- and abdominal tract.

Reference standard. For each patient, the final diagnosis was determined either by 2

reference standard (cultures of blood, spinal fluid, urine, stool positive for 2 pathogen)
or based on a consensus diagnosis (27). Outwcome diagnosis was the presence or
absence of a serious bacterial infection. A serious bacterial infection was defined as
the presence of bacterial meningitis, sepsis or bacteraemia, pneumonia, urinary tract
infecdon, bacterial gastroenteritis, osteomyelitis or ethmoidits (24, 26). As obtaining
cultares of blood, spinal fluid, urine or stool was dependent on the clinical evaluation
and not required by protocol for each patient, a follow-up period of two weeks was
used as the standard for ruling out the possibility of a missed diagnosis of serdous
bacterial infecton.

Data analysis. The association between potential diagnostic determinants and the
presence of a serious bacterial infection was assessed using logistic regression analyses
(SPSS version 9.0). Continuous variables were analysed both on a linear and 2
transformed scale, €.g. logarthmic or quadratic, to determine which scale was the
better predictor of outcome (2). Vadables with 50% or more missing values were
excluded from the analyses. Then, based on the literature and clinical practice (18, 19,
21-23, 28-36), 57 variables were considered as candidate predictors for the analyses.
Of these, varables with a univariable p-value of 0.15 or less were subsequently entered
into a forward stepwise multivariable logistic regression procedure. Variables with a
multivariable p-value of less than 0.10 and clinically relevant were selected as
predictors of a setious bacterial infecton.

Some of the 57 variables had missing values. Simple exclusion of padents with
missing values on one or more of the variables commonly causes biased results and
decreases statisdcal efficiency (37, 38). Therefore, missing values in the data were
completed by single imputation using SOLAS (version 2.0). This method uses all
available data to impute the missing values based on the correlation between each
variable with missing values and all other variables (38).

The ability of a prediction model to discriminate between children with and
without a serous bacterial infection was quantified using the area under the receiver
operating characterstic curve (ROC area) (2). The ROC area indicates the likelihood
that a patient with a serious infection has a higher predicted probability among a

938



External validation is necessary in prediction research: a clinical axample

randomly chosen pair of patents of whom only one has a serous infection. Although
encountering such a pair of padents is a rather artificial situadon, the ROC area is
often used as the prmary critedon to quantfy model performance. As a measure of
overall performance we considered the explained varation (R?) by the model using the
definition proposed by Nagelkerke (39). R? quantifies the explained vadation on the
loglikelihood scale, which is the patural scale to study performance of logistic
regression models.

Internal validity of the model was determined by using bootstrap techniques (2,
12). Random bootstrap samples were drawn with replacement from the dervation set
consisting of all patients (200 replications). Using S-plus (version 2000) both the
univariable selecdon of varables with a p-value less than 0.15 and the multvariable
selection of variables with a p-value less than 0.10 were repeated within each
bootstrap sample. The model as estimated in the bootstrap sample was evaluated in
the bootstrap sample and in the derivadon set. The difference between the
performance in the bootstrap sample and the performance in the derivation set was
considered as an estmate of the optimism in the apparent performance in the
derfvadon set. This difference was estimated for each bootstrap sample (200 times).
The 200 differences were averaged to obtain a stable estimate of the optimism. The
optinism was subtracted from the apparent performance in the derivation set to
estimate the internally validated performance (2, 3, 16). Further, a shrinkage factor was
derived from the bootstrap samples by calculating the slope of the linear predictor in
the derivation set, where the linear predictor was calculated with the regression
coefficients as estimated in the bootstrap sample. The shrinkage factor was used as a
muldplier for the logistic regression coefficients in order to re-calibrate the predictive
model (2-4, 40, 41). To estimate the 95% confidence interval (95%CI} around the
performance measures we used the empirical distributions in the 200 bootstrap
samples (12).

Excternal validation study
Patients, diagnostic determinants and reference standard. To determine generalisability

of the derived predicdon rule to new patients, the rule was applied to a new data set
{validation set, n=179). This validation set included children from a different dme
period and from an additional Children’s Hospital from a different city. It comprised
children with fever without apparent source who visited the Sophia Children’s
University Hospital Rotterdam between 1997 and 1998 and the Juliana Children’s
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Hospital in The Hague in 1998. Both hospitals are large inner city teaching hospirals in
the Nethetlands. Other inclusion and exclusion eriteria were idendeal to those used
for the derivation set. Data collection, definitions of diagnostic determinants and the
reference standard were identical o the derivation study.

Data analysis. The predicdon model was applied to the children in the validaton set.
The performance (ROC area and R?) of the model as well as the calibration were
assessed. A graphical impression of the calibradon of model predictons in the
validation set was obtained by plotting the observed proportions versus predicted
probabilities {42). In addition, subgroup analyses per hospital (Sophia Children’s
University Hospital Rotterdam and Juliana Children’s Hospital) were performed.
Subsequently, we hypothesised that the multivariable associations of the predictors
with the outcome in the validation set would not differ from those in the derivation
set. As an overall test of this hypothesis we compared the re-estimated regression
coefficients in the validation set with the regression coefficients from the derivation
set before bootstrapping. Hereto, a logistic regression analysis was performed in the
validation set including a linear predictor variable based on the coefficients from the
derivation set as an offset variable. This analysis assumes the regression coefficients
of the derivation set to be fixed. It is a one-sample test for the coefficients in the
validation set.

Results

The derivation set comprised 376 children with fever without apparent source and the
validaton set consisted of 179 children who had been referred for the same reason (3
respectively 0 patients were excluded because of isolation of Hib). Except for the
variable pale skin, no material differences were found in the distribution of the general
characterstics and the predictors between the two sets (table 1). A serious bacterial
infection was present in 20% of the children in the derivation set and in 25% of the
validation set. Of the 57 considered variables in the univarable analyses, 34 had a p-
value of 0.15 or less and 24 variables had 2 p-value of 0.05 or less. Table 2 shows the
variables with a univariable p-value of 0.01 or less and the results of the muldvarizble
analysis. Strong predictors of serious bacteral infection included age above 1 year,
duration of fever, changed crying pattern, nasal discharge or earache in history, ill
clinical appearance, pale skin, chest-wall retractions, crepitations and signs of
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pharyngids or tonsillitis. The ROC area {95%CI) of this model was 0.825 {0.78-0.87)
and the R? (95%CI} 32.3% (15.1%-49.4%). The estimated optimism by bootstrapping
was 0.068 and 14.1%, reducing the ROC area (95%CI) and R2 (95%CI) o 0.756 (0.66-
0.86) and 18.0% (5.7%-30.0%) respecdvely. The shrinkage factor (95%CI) for
correcdon of the regression coefficients was 0.66 (0.38-0.93).

Table 1. Distribution of patent characteristics in the derivation and validation set”.

Derivation set Validation set
SCHf SCH, JCHt
(1988-1992; nk=376)  (1997-1998; n=179)
Male gender 214 (57 91 (31)
Age (years) ¥ 1.1 0.7 1.00.8
Weeks of gestadgon? 393 2.1) 39.1(2.3)
Duradon of fever (days)* 2524 2.8 (2.5
Changed crying pattern (only <1 year) 139 37 79 (44)
Nasal discharge or earache 246 (65) 129 (72)
11l clinical appearance 219 (58) 103 (58)
Body temperature at physical examinadon (°Cy¥ 39.7 (L.O) 39.8 0.9
Pale skin 66 (18) 15 (8)
Chest-wall retractions 18 (5) 16 ()
Crepitations 15 @) 74
Signs of pharyngits or tonsillitis 159 (42) 82 (46)
Serious bacterial infection present 75 (20) 45 (25)

*Values represent absolute patient numbers (percentages) unless stated otherwise.
tSCH: Sophia Children’s University Hospital; JCH: Juliana Children’s Hospical.
#Number of pagents.

#Mean (standard deviation).

Subsequently, the model was applied to the validaton set to test its predictve
performance. The ROC area (95%CI) dropped to 0.57 (0.47-0.67) and the R? to 2.0%.
Figure 1 shows a poor calibraton of the model in the validaton set. The predicted
probabilities of the presence of a serious bacterial infection ranged from 0.02 to 0.73
(mean (.19). In particular, in the clinically important lower categories the predicted
probabilides corresponded poorly with the observed proportions. Similar differences
were found when the model was tested in the children of the Sophia Children’s
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University Hospital Rotterdam or to the children of the Juliana Children’s Hospital
separately.

The poor results in the external validation were confirmed by refitting the
multivariable model (L.e. re-estimating the regression coefficients) on the data of the
validation set. Overall, the regression coefficients in the validaton set were
significantly different from the derivation set, in particular, the regression coefficients
of four of the nine predictors (changed crying pattern, nasal discharge or earache,
chest-wall retractions and crepitations). The ROC area (95%CI) of this reficted model
was 0.70 (0.61-0.79), and the R? 16.9%.

Table 2. Derivation set: variables with univariable p-value £0.01 and results of multivariable

analysis.
Percentage Odds Rado (95%CI)
SBI SBI
absent  present
Characrerstc (@f=301) (r=75) Univariable Multvarizblet
Patient bistory
Age >1 year 51 57 1.3 (0.8-2.2 0.4 (0.1-1.1)
Duradon of fever (days)¥  25(2.2) 38298 122 (1.10-1.34)  1.26 (1.12-1.41)
Changed crying pattern
(only <1 year) 34 51 2.0 (1.2-34) 5.0 (1.7-15.0)
Nasal discharge or earache 69 51 0.5 {0.3-0.8) 0.4 (0.2-0.7)
Physical excamination
Body weight (kilograms)} ¥ 9.8 2.9) 8.9 (34 0.89 (0.82-0.98) -
Il clinical appearance 55 73 2.3 (1.3-4.0) 2.6 (1.4-5.0)
Poor peripheral circuladon 10 25 3.2 (1.7-6.1) -
Pale skin 14 33 32 (1.7-5.7) 22 (1.1-4.4)
Chest-wall retractions? 4 9 2.7{1.0-7.3) 3.4 (1.1-10.1)
Crepirations 2 12 6.7 (2.3-19.5) 12.8 (3.8-42.9)
Signs of pharyngids
or tonsillitis 47 24 0.4 (0.2-6.6) 0.3 (0.2-0.6)

“setious bacterial infection.
TNumber of patients.

fIntercept of the model was —2.29,
#Mean (standard deviaton).
TUnivariable p-value: 4.06.
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Discussion

The aim of this study was to construct and validate a diagnostic predicton model to
distinguish children with and without serious bacterial infections in children referred
with fever without apparent source. Selected predictors in the derivation set were age
above 1 year, duradon of fever, changed crying pattern, nasal discharge or earache in
history, 11l clinical appearance, pale skin, chest-wall retractions, crepitations and signs
of pharyngitis or tonsillids. These results agree with other published studies (19, 28,
29, 31, 32, 34-36). The model seemed to petform well, according to common
performance criteria (ROC area and RZ). Bootstrapping suggested a substantal
optimism. Nonetheless, applying the model to the validation set showed a much larger
decrease in predictve performance. This decrease was of such a degree that the model

Figure 1. Comparson of the model’s predicted probabilities and observed proportions.
Tdangles: deciles of the predicted probabilities in the validation set {p=179). Diagonal line:
reflection of ideal sitnaton (predicted probability = observed proportion). Dashed line:
reflection of the relation non-parametrically. Lower part of the figure: histogram of the

predicted probabilities.
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appeared useless for paediatric care. Hence, our study illustrates and confirms that
internal validation per se is no guarantee for generalisability and thus no substitute for
external validation (5).

Although external validation is needed, results of external validations are not
atways unambiguous and trustworthy. In new settings, a novel external validation may
be required with a substandal sample size to provide sufficient power to detect
possible differences in performance (5).

It 1s generally recommended that the overall charactenistcs of the detivatdon and
validation set should be compared before an internally validated prediction model is
applied to a new patient population(6, 8). These characteristics include predictors in
the regression model, but also general aspects such as the selection of patients (e.g.
referral pattern) and the definition of predictors. If no important differences are
found, the validation set is usually considered to provide a comparable population.
Subsequently, a largely similar performance as estimated from the derivation set
should be found in the validadon set. Table 1 showed no major differences between
the two data sets. Apparently, this does not assure good performance of the model in
a validation set.

Some aspects of our study need to be addressed to appreciate the results. Firstly,
we considered a relatively large number of candidate predictors. Secondly, by using
stepwise selection methods, an unstable selecion of varables may arise by limited
power to select diagnostically important variables in small data sets. Multiple testing
and underestimation of standard errors and p-values are issues of concern (1, 10, 11,
16). Sample sizes were small in both the derivation (n = 3706) and validation set (n =
179). Finally, we only applied single imputation instead of a more appropriate multiple
imputadon (37). Moreover, the single imputation was only performed in the detivadon
set and was not repeated in the bootstrap procedure. Anyhow, we believe that our
main finding and conclusion still stands, as model selection aspects were considered in
the internal validation procedure. In particular, if an external validadon had not been
petformed, we would not have known that the model’s performance after internal
validation was no guarantee of its performance in futrure but comparable children.

Apart from the above-mentioned statistical drawbacks, we have tried to discover
other reasons of this poor validation. Selection bias seems unlikely, because the same
in- and exclusion criteria were used. Information bias seems improbable as well, since
all daw of both the derivadon and the validadon set were collected by the same
persons and before any analysis had been started. There was a slight, stadstically non-
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significant, difference in frequency of serous bacterial infection between the
derivation set (20%) and the validadon set (25%), reflecting a difference in baseline
nsk (Le. the intercept of the model). It is unlikely that this difference has affected the
discriminative performance substantially, since the frequency does not directy
influence estimation of the ROC area. The drop in R? may however partly be
explained by this miscalibration. Besides the main analysis, we performed a subgroup
analysis per hospital. No materially different results were found. In addition, we re-
estimated the prediction model on the validaton set to obtain insight in the maximally
achievable performance of the model in the validation set. The ROC area of 0.70 and
R? of 17% suggests that certain predictors in the original model still have some value
in the validation set, although the magpitude of the associatons (regression
coefficients) has changed. Indeed, when exploring the validation set in further detail,
the diswibuton of the signs and symptoms across children with and without a serious
bacterial infection in the validation set appeared to be different from the derivation
set. This suggests a difference in patient population, which was not exhibited by the
comparison of the overall distribution {table 1). Such change in patient populaton
might be an effect of a change in referral pattern by general practitioners, probably
influenced by the introduction of the Hib vaccinadon (Aprl 1993) for young infants.
Besides, as the occurrence of Hib in the isolates was not appreciably changed (3
before and 0 after the introducdon of the vaccing) and as those cases were excluded
from the derivaton set, it would be reasonable to consider the effect of vaccination
on the generalisability minor. An alternative, though unlikely, explanation is that the
poor validation is the result of an unfortunate data set. However, we can not exclude
this contenton. Furthermore, this lack of generalisability to future groups of children
supports the view that clinical guidelines may not be durable with dme and must be
updated regularly (43).

In conclusion, after intemal validadon by bootstrapping of a diagnostic
prediction model for serious bacteral infection in children with fever without
apparent source, we had good expectations with respect to the performance of the
model in the validaton set. However, results from external validation showed an
unexpected poor performance. This suggests that internal validation of prediction
models may not be sufficient for relatively small data sets and that external validadon
is necessary before implementing predicting models in clinical practice.
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4.3 A computer-based patient record with
structured data entry for a comprehensive
patient history and physical examination in
paediatrics
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Abstract

In current practice, a diversity of paper charts is udlised and padent data are
fragmentary documented. FPurthemmore, research on hand-written documents is
labour-intensive. A computer-based padent record with structured data entry can
reconcile these difficulties. Aim of this project was to develop a computer-based
patient record for recording data from a comprehensive patient history and physical
examination in paediatrics.

Open Record for Care-Structured Data Entry was used, in which the context of
medical concepts is represented by a tree structare. Users’ perspectives of the
computer-based patient record were restrictedly evaluated.

In the paediatdc computer-based patient record, patient history is described by
twenty main concepts, the physical examinaton by ten. In total, the tree consists of
8200 nodes. Specific custom forms can be composed according to one’s needs. The
content of the tree can be adjusted easily and sharing records among different
disciplines is possible. Conclusively, in paediatrics, a computer-based patient record
with structured data entry supported by a tree was developed. In partdcular, collecton
of strucrared data from a comprehensive patient history and physical examination is
possible in this computer-based patient record. Such a computer-based patient record
offers many potential benefits and implementation might be feasible.
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Introduction

At present, medical specialists still use the paper chart as the traditional medium for
collecting and recording patient data. Each specialist records padent data in his own
discipline and a great variety of paper charts is in use. In addition, fragmentation of
patdent data due to use of scattered sources endangers the contnuity of care.
Furthermore, research on non-standardised data on hand-written paper documents is
Izbour-intensive and complicated by incompleteness, in particular regarding data from
patient history and physical examination.

A computer-based patient record (CPR) with structured data entry can overcome
these drawbacks (1). For optimal embedding of a CPR in daily practice the system has
to be useful in practice, has to meet specific needs of the clinician in a taflor-made
fashion, and has to require minimal extra work from the clinician (2). At present, such
CPRs are sparsely available for concise subject areas, e.g. radiology and endoscopy (3-
5). However, in literature we found little evidence of an applied CPR that supports
structured data entry for patient data from a comprehensive case history and physical
examination in a general and broad specialism, whereas it would be appreciated {6).
The main challenging difficulty in the achievement of structured data entry for such a
comprehensive case history and physical examination is the controversy of structuring
complex descriptions of patients’ problems with fixed components.

Aim of this project was to develop a CPR applicable for the general paediatric
practice, in particular for recording data from patient history and physical
examination, and which could be linked easily to existing hospital informadon
systems. In this paper, we describe the achievement of structured datz entry for such a
CPR in paediatric practice. Briefly, we also report on the first experiences of
physicians to assess the feasibility of implementation of this CPR in routine clinical
practice.

Material and methods

Background

Recorded patient data can be divided into two main categories: specialism
independent and specialism dependent data. Specialism independent implies that the
attributes with which these data are described do not differ per discipline. For
example, a laboratory test result (e.g. a serum glucose level) is described by the type of
the test, its value and its unit. These desctiptors are identical in each specialism.
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On the other hand, specialism dependent means that data are described differentdy in
each discipline. For example, a paediatric case history differs greatly from that of an
orthopaedic surgeon. Specialism dependent dawa typically are data from padent
history, physical examination and data from additional examinations, such as radiology
or pathology reports. The relative importance and usefuiness of different descrptors
and values varies greatly between clinical specialisms.

Materials

Open Record for Care—Structured Data Entry (ORCA-SDE), version 2, was used for
the support of structured data entry for the CPR in paediatrics, as it appeared to fulfill
our requirements: flexibility in contear, uniformity of the underlying structure, and
provision of unambiguous data that can be coded. In pardeular, ORCA-SDE is able
to accommaodarte data from a broad specialism, in which the possibility of a detailed
description of patient history and physical examination is necessary, and specific needs
of each specialism can be tailor-made. It provides interchangeability of data among
disciplines (shared records), and an eventual adjustment of the content covered by
structured data entry does not require a change in database structure or software (7,
8). As recommended, ORCA-SDE presents darta with explicit ordering, clear headings
and subheadings, and custom views oa data (9, 10).

In ORCA-SDE medical concepts are represented by a tree structure (figure 1).
Each node in the tree represents a medical concept and its branches represent its
descriptors. Medical descripdons are by natare hierarchical. For instance, physical
examination of the heart (1} can be described by palpation (1.1}, percussion (1.2) and
auscultadon (1.3) of the heart. Auscultation of the heart itself can be described by
heart rate (1.3.1), heart sounds (1.3.2), heart rhythm (1.3.3), and a possible cardiac
murmur (1.3.4). A cardiac murmur again can be described by its phase in the cardiac
cycle {1.3.4.1), its shape (1.3.4.2), its loudness (1.3.4.3), etceteras. This tree represents
the content in which medical concepts can be used to describe and store patient dara.
The task of ordering the medical concepts in the tree, and assigning specific
parameters to the medical concepts, is called modelling.

ORCA-SDE can operate as 2 module in a clinical information system, to form a
more complete CPR, with e.g. laboratory results, radiology reports, hospitalisation
data, follow-up appointments, a2 problem-oriented patient classification system, and
ICD9Y classification.
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Figure 1. A wree structure. The digits refer to the items listed in the text.

(physical examination of the hesrt)

1.3 (auscultation of the heart)
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1.3.4.1 (cardiac @ @ 1342 (shape)

Methods

This study was approved by The Insttutional Review Board of University Hospital
Rotterdam. In close consultation with two paediatricians, the content of the paediattic
history and physical examination was reviewed using the national standardised
paediatric medical record and a paediatdc textbock {11). Subsequently, this content
was modelled into the ORCA-SDE tree structure. Special paediatric terminology and
standard nomenclature were applied (11).

Five {trainee) paediatricians used the CPR with ORCA-SDE ir: a research settng.
Each paediatrician was asked to select at least five patdents, who had presented at
ambulatory care with a new problem. Of those patdents, data from the medical records
were entered in the CPR. Pror to data entry, all participants received a demonstration
of ORCA-SDE by the first author, and 2 printed description of the interface. To avoid
any influence on the participants’ behaviour no observer was present during data
entry. After data entry, each participant filled in a questionnaire with respect to the
users” perspectives of the paediatric CPR. These comprised the completeness
(availability of medical concepts and its desctiptors), user-friendliness (easiness to
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familiatise oneself with the interface and tree strucrure) and the usefulness (capability
to be used advantageously and for several purposes) of the structured data entry.
Completeness was evaluated for the patent history and physical examination
separately. Each item could be rated from 0 (worst) to 5 (best).

Results

Structure of the tree

As part of a CPR, we constructed a tree for structured datma entry of data from
pacdiatric patient history and physical examinadon (fgure 2). The top of the tree in
this CPR starts with history and physical examination. History divides in branches
with the specified concepts past medical history (including immunisation status),
family history, allergies, social history, current medications and the chief complaint.
The chief complaint exists of a general tract and fourteen specific history tracts (the
respiratory-, circulatory-, gastrointestinal-, and urogenital tract, ear-nose-throat, skin,
organs of sense, the nervous-, endocrine-, locomotor- and haematological system,
feeding history, birth history, growth and developmental history). Each of these, in
total twenty, history concepts splits again in five to twenty-five sub branches. For
instance, the gastrointestinal tract subdivides in nine main concepts: general feeding
pattern (including undernutridion, overnutrition, and appetite, which is linked to
feeding history from the list of specific history tracts), intolerance- or allergy of food,
swallowing difficuldes, vomiting, nausea, general defecation pattern (including
diarrhoea, constipation, mucous stools, painful defecation and bloody stools),
abdominal pain (acute and chronic), flatulence and faecal incontinence. Commonly, all
sub branches are in the end described by four to fifteen general attributes, like
duration, severity, timing and setting of complaint, influencing factors of complaint
and associated manifestations.

The physical examination splits in ten branches (general survey and vital sigas,
head and neck, thorax, abdomen, skin, limbs, genitalia, anus and rectum, nervous
system, and spine), of which each forks as well. In total, the thesaurus consists of
about 1800 irems, used in 8200 nodes in the tree.

Data entering
When the user selects a concept in the tree, 2 data entry form is displayed with the
descriptors of the selected concepts as options for data entry (figure 2). Data entry is
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Figure 2: Computer-based patient record with structured data entry for data from patent
history and physical examination in paediatrics.
T : ,

accomplished primarily with the mouse: the user selects from pull-down boxes and

pick-lists. Concepts can be marked as ‘present’, ‘abseat’ or ‘unknown’. Free text
annotadons can be added at each item. Values, e.g. body temperature, have to be
entered by the keyboard. When an implausible value is entered, e.g. 118 degrees
Fahrenheit for body temperature, the program shows a warning and the item will be
presented in red (figure 3). However, clinicians are not obligated to correct it.

A search option is available to locate a specific item in the tree. Entering a search
term by keyboard results in a number of hits, including synonyms. Each hit is
displayed with its pathway, showing its position in the tree.

To improve workability, we made use of several shortcuts. For example, fever is
described in the general history tract. In differential diagnostic thinking, however,
fever is an important associated manifestaion of many symptoms and has to be
addressed in several history tracts. Through a shortcut, searching and scrolling
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through the tree, and repeatedly recording of data in multiple places is avoided. For
instance, in the history taking of coughing, which is described in the respiratory tract,
fever has to be inquired about as well. When the clinician selects in the respiratory
tract the shorteut “fever’, the program directly jumps to the descriptors of fever in the
general history tract. Additonal examples of shortcuts are ‘irdtability’, ‘nausea’,
‘appetite’ and ‘headache’.

At each moment the clinician is free to choose the starting point and endpoint
(degree of detail) of data entry. Moreover, we developed an application, by which
users can compose custom forms, tailoring it to the specific needs of a specialism,
specific problem or disease entity. On such a custom form, medical concepts from
different locations in the tree can be combined. For instance, one can develop a form
for patients presenting with acute abdominal pain, by which signs and symptoms, like
localisation and tming of the complaint, and physical examination of the abdomen,
zre displayed (figure 2). In fact, custom forms are user-defined views on the concepts

Figure 3. A warning at an implausible value,

ared DTa s it it
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in the tree. The possible number of custom forms to compose is unlimited.

The prograrn provides the possibility to export entered data to a relatively simple
internal text editor or to Microsoft Word. The exported data will comprise basic
administrative patient data, date of data collection, name of the clinician who recorded
the data and the collected data from history taking and physical exarnination in outline
{indented) display. The text can be edited and completed by for instance a description
of the interpretation of the presented clinical problem, a diagnosis or a treatment
strategy. The resulting report may be used as a letter to the general practitioner.

The tree as used in ORCA-SDE is very flexible. The content of the tree can be
restyled, expanded and adjusted over time easily, even without the expertise of a
computer programmer. After any adjustment of the tree, previously stored data
remain fully accessible.

Ezaluation of users’ perspectives of the CPR.

Each of the five participating (trainee) paediatricians entered data of at least five
patients. The presenting problems of those patients included: general problems
(excessive crying, malaise, icterus, constipation), infectious problems {fever and
vomiting/diarrhoea, fever without apparent source, fever and dysuria, suspected
sepsis), respiratory problems (coughing, dyspnoea, respiratory insufficiency),
cardiovascular problems (cardiac arrest, souffle), endocrinological problems
(thelarche, polyuria/ polydipsia) and behavioural problems (autism, attention deficit
hyperactivity disorder, psychomotor retardation). The participants rated the users’
perspectives of the CPR as specified (median (range)): completeness of the content of
the patient history: 4 (3-5); completeness of the content of the physical examinaton: 5
(4-5); user-friendliness: 4 (1-4); and usefulness: 4 (3-5).

Discussion
Recorded patient data need to serve several purposes (diagnosis, reporting, research,
and policy). Often, if using paper charts, the same efforts must be repeated all over
again. Structured data entry in a CPR improves efficiency, in particular in recording
data with a high variability, like in patient history and examination.

We developed a CPR by which data from a comprehensive case history and
physical examination can be recorded in a structured fashion and which can be
integrated to existing hospital information systems, ORCA-SDE was used by which
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data entry is supported with a tree structure. We aimed to construct a tree with
sufficient coverage and detail in the view of leading paediatricians. The 8200 nodes in
the tree (1800 items) fllustrate the degree of variability. However, if new insight would
require adjustment or expansion of the tree, the content and structure of data in the
CPR can be adapted easily, while previously stored data remain fully accessible. This
flexibility is very important for acceptability of a CPR among future users.
Furthermore, fixed forms are efficient though rigid with insufficient coverage, while
interfaces with many data entry options are flexible though time-consuming. Hence, in
order to meet both efficlency and flexibility, we created the option of composing
tailor-made custom fosms. Another essendal benefit is the possibility that different
specialists can share their records, while working with the same recognisable user
interface. This enhances familiarity with the system and so the ultmate use of the
CPR in practice. In this paper, the modelled content is of paediatric origin, though
internal medicine could have been used as source as well. Currently, structured data
entry based on ORCA-SDE is being applied to several medical domains {urology,
neurology, burn care, psychiatry, radiology, pathology, cardiclogy) (12).

We exposed the CPR to a small number of paediatricians, to get a first
impression of the evaluation of the users” perspectives. The opinions were rather
supportve. However, the opinions on the user-friendliness were divided. We expect
that this perspective coheres with experience and learning, and that acquaintance with
the system will show improvement (1). The completeness of the content and the
usefulness of the CPR were valued quite high. Nonetheless, this evaluation is too
limited for definitive conclusions and necessary further exploraton will be performed.
However, based on this first impression, we belief that implementation of this CPR
might be feasible.

In the Nethedands, almost all general practitioners use a computer to record
patient data (2, 13). However, these records are character-based and data are entered
as free text by keyboard, yielding a relatively crude structure, such as SOAP
(Subjective-Objective-Assessment-Plan). As far as we are aware of, development of a
CPR with structured data entry for a comprehensive case history and physical
examination never has been realised before for a general and broad specialism such as
paediatrics and internal medicine.

In general, using a CPR has several drawbacks. First, when introducing 2 CPR,
the difficult problem of getting clinicians out of their traditional habit of using paper
charts for recording patient data has to be faced. Then, the use of a CPR will be more
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time-consuming at first and the clinician must invest energy in preparing his practice
for computerisation to reach the optimal long-term gain. Besides, computer
dependency can be a hindrance. Investment in equipment, maintenance, and proper
security of a CPR is necessary. Moreover, clinical care requires that patients be
described rather than labelled. A CPR rarely captures the detailed content of medicine,
notwithstanding its comprehensiveness (6).

Nonetheless, the potential benefits of a CPR are many, both for patient care,
quality assurance, research, and policy (1, 2, 13, 14). The main benefit of using a CPR
is yielding bonded data, all gathered in the same padent record. Also, data will be more
uniform, legible, and reporting of data (e.g. by a standard letter to the general
practitioner) will be easier. The ability of access to the CPR at multiple locations
overcomes the problem of physical paper records missing, Furthermore, electronic
data interchange (e.g. for transfersing patents), as well as more advanced decision
support (e.g. by embedding clinical guidelines in the CPR), quality assessment, and
patent-oriented clinical research could be realised. In the end, all these aspects
together could result in 2 better and more complete documentaton of patent data
and a more efficient and better patient care (1, 14, 15).

Before widespread implementation of a CPR, the system should be rigorously
evaluated and securdty and ethical aspects must be thought through carefully (14, 16,
17). Methodologies are being further developed, resulting in a possibly safer practice
than in the paper era (2). With regard to both the physician acceptance and the patient
acceptance, the final implementation must be guided carefully, although the latter
appears to be greater than expected (18).

Special requirements for a CPR in paediatrics are either fulfilled or worked on
(19). Among future plans for applications in our paediatric CPR with structured data
entry are the embedding of age-based normal ranges of measurements for vital signs
and other physiological parameters, clinical decision rules, and graphic display of
growth data and special calculadons of growth patterns. Further prospects ate
incorporation of reminder systems {e.g. for immuaisation), selecdon of patient
subgroups {e.g. for preventon strategies) and support of adequate drug dosing.

Conclusively, a CPR with structured data entry supposrted by a tree structure
seems very valuable for practice and offers many potential benefirs. This project
resulted in an expandable CPR for paediatrics, in which in pardcular collecdon of
structured data from a comprehensive patient history and physical examination is
possible.
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Summary

5.1 Summary

Children with fever (temperature 238°C) form a frequent diagnostc and
therapeutic dilenma for clinicians. The majority of the children with fever have a viral
infection. However, bacterial infections such as meningitis or sepsis are reported in
3% to 20% (1-4). Non-specific signs and symptoms in the young febrle child
complicate an accurate estimadon of the dsk of serious bactedal infections and careful
evaluation is necessary. At each step in this diagnostic and therapeutic evaluation the
clinician has to outweigh risks and benefits and decide on the type of diagnostc tests,
(antibiotic) treatment, and on type of care (in-hospital- or ambulatory care). The final
diagnosis of a serious bacterial infection rests on a positive culture, which takes 12 to
24 hours or longer. Therefore, in most cases the decision to treat or not to treat has to
be preliminarily, and any choice of antibiotcs will be empirically. Several guidelines
have been proposed, in which early discrimination of patients with and without a
serious bacterial infecton was aimed for {3-16). However, these recommendations
were limited by 1) poor validation on new padents (15, 17); 2) development before the
introduction of the Haemophilus influenzae type b (Hib) vaccine, disputing their
current value (4); 3) cause of overresting, overtreatment and rise of andbiotc
resistance (16); 4) selection of patients on the diagnosis instead of on presendng
problems, potentially leading to biased results (18); or 5) application of univarable
rather than multivariable analysis (19).

The aim of this thesis was w0 assess whether the management of patients
presenting with fever without apparent source could be optimised by diagnostic
research. In particular with regard to the early segregation of the padents with serious
bacterial infections from those not afflicted, using readily obtainable parameters. In
addition, selected aspects of conducting diagnostic research were considered.

All studies in this thesis were performed on patents aged 1 month to 36 months.
Children inidally presented at the emergency department for the evaluation of acute
fever without apparent source (including suspected sepsis). Retrospective
identification of padents with fever without apparent source could only be achieved in
the Sophiz Children’s University Hospital in Rotterdam (1988-1997), From 1998
onwards, patients from both the Sophia Children’s University Hospital in Rotterdam
and the Juliana Children’s Hospital in The Hague were enrolled. Both hospitals are
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large inner-city teaching hospitals in the Netherlands. Padent data were retreved by
means of a problem-oriented patent classification system, in which the main reason
for encounter, according to the evaluation of the general practiioner or case history
undertaken by the paediatrician, is classified (20, 21). Fever without apparent source
was defined as a body temperature of art least thirty-eight degrees Celsius for which no
clear focus was found after evaluation by the general practitioner, or after history
taking by the paediatrician, i.e. before performance of the physical examinaton. This
specific definidon was used, as we aimed to distinguish patients with and without
serious bacterial infections as early as possible in the diagnostic work-up, preferably
only by means of taking a case history and by physical examination. Patients referred
from other hospitals or with immune deficiencies were excluded.

Data were collected by reviewing the standardised medical records and included
patients’ general characteristics, and information on the patient’s history, physical
examination, diagnostic tests, treatment, and follow-up. Laboratory and radiographic
test results were retdeved from the computer-documented hospital information
systerm.

Outcome diagnosis was the presence or absence of a serious bacterial infection.
A serious bacterial infection was defined based on the most consistent literature as the
presence of bacterial meningids, sepsis or bacteraemia, pneumonia, urinary tract
infecton, bactetial gastroenteritis, osteomyelits or ethmoiditis (1, 2, 10, 11).

This study was conducted as part of a large ongoing study on paediatric
diagnostic management and was approved by The Institutional Review Boards of both
participating hospitals.

In chapter 2.1 two case histories illustrate the diagnostic and therapeutic
dilemmas in young patients presenting with fever without apparent source. Previously
described policy strategies for primary and secondary healthcare settings are discussed
per age group in the light of current insights in the ‘post-Haemophilus influenzae type b
(Hib) era’ (22). Histotry taking and physical examination will continue to remain of
first importance in discimination of the patients with and without a serious bacterial
infection. Readily obrainable and available laboratory tests will help with the additional
selection of children at risk for invasive infection. For children aged 3 to 36 months, a
more expectative strategy including less referral to paediattic care is suggested. In this
respect, careful evaluadon, clinical acumen, znd tme as a diagnostc tool all are key
factors.
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During the last decade, the management of febrile children was influenced by the
introduction of the Hib-vaccine, the realisation of the growing emergence of antibiotic
resistance, and the establishment of guidelines (3, 4, 6-16, 23-25). In chapter 2.2 trends
in the management of referred children presenting at the emergency department with
fever without apparent source are described. To this aim, patent data from two
histotical periods (1988-1992 and 1996-1998) were compared.

The prevalence of serious bacterial infecdons did not alter (21% versus 25%).
The ratios of admitted patients, padents followed up on ambulatory basis, and of
patents discharged after the inidal consultation remained stable over dme
(approximately 1:2:1). Measurements of serum C-reactive protein (CRP) increased
importantly towards 87%, while cultures of cerebrospinal fluid, blood or faeces were
obtained significantly less often. We observed a significant diminishing in the
antibiotic treatments. The admission rates remained stable at 26%, although the mean
length of hospitalisation decreased considerably. The mean associated costs of the
management per patient reduced valuably, mounting to a 46% reduction in the
children eventually suffering from a sedous bacteral infection. These figures confirm
a trend towards a less invasive and more selectve management in children with fever

without apparent source.

Chapter 3 handles diagnosis in young children with fever without apparent
source, aiming to timely discriminate between patients with and without serious
bacterial infections. In chapter 3.1 a clinical rule was obtained to predict the presence
of a serious bacterial infection in patients with fever without apparent source. The rule
was developed on data from 231 padents, all referred by a general practidoner
between 1996 and 1998. Using muldvariable logistic regression and bootstrap
resampling techniques, predictors from patient history and physical examination were
selected. These included:

i '_?:Durauon of fever at presentaﬂon
o Poor rmcturmon o

Tempexature <36 7°C 01: >40°C at exarmnauon . B A
"-._-_f-Chest-vuall retracuons i SRR

I R T N

g .'_'Poor penpheral cuculamon
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The discriminating performance (area under the receiver operating characteristic curve
(95% confidence interval): ROC area (95%CI))) for the presence of a serious bactertal
infection of this ‘clinical model’ was 0.75 (0.68-0.83). Strong predictors from
labora.tory tests with added d.lagnostlc value were:

8 \Whlte biood cell cou_nt -
Semm C-reacuv__ protein -
10 Presence of >7O whlte blood ceils in uﬂnaly

The ROC area (95%CI) of the rule including all 10 predictors was 0.83 (0.77-0.89).

These two final models were then transformed to obtain a readily applicable
diagnostic scoring rule. For each individual patient a “clinical score” and a ‘lab score’
were estimated by assigning corresponding points for each variable present. With this
rule, patients could be classified into categories of increased risks of having a serious
bactetial infection. The risk stratification points out the value of clinical screening
(range: 10% to 67%), which can be further modified by adding laboratory results
(range: 6% to 92%).

Bypassing primary care by self-referral of particulatly young children to paediatric
care is on the increase, even up to 75% (26-30). In chapter 3.2, the important issue of
discrimination of non-urgent patients and urgent patients early in presentation in these
self-referred patients is dealt with. At first, it was assessed whether the diagnosdc
prediction rule constructed on referred patients (chapter 3.1) could be extended to a
self-referred populadon (1997-1998, n=109). When applying the ‘referred patients
model” to the self-referred patients, the ROC area (95%CI) dropped from the original
0.75 (0.68-0.83) in the referred patients to 0.60 (0.47-0.73) in the self-referred children.
Because of this poor discriminative ability, we concluded that the rule could not be
generalised to the self-referred patients. This confirms that the type of patients is
effected by the referral pattern (18). Referred patients already went through the
diagnostic work-up of the general practitioner before presentaton at paediatric care.
The general practiioner only refers potentially urgent patients to paediatric care. In
the self-referred group this shift by the general practiioner is absent, resulting in a
more heterogeneous group visiting the paediatrician. Therefore, referred patients and
self-referred patients should be considered as different padent populations.



Sumpary

Then, a specific predicdon rule was developed for the self-referred patients. The
‘clinical rule’ comprsed the following predictors (ROC area (95%CI): 0.70 (0.58-

The ROC area (95%CI) increased significantly to 0.81 (0.71-0.91). The risk
stratification ranged from 6% to 32% based on the “clinical rule’ only, and from 4% to
83% after addidonal laboratory evaluation.

In the study described in chapter 3.3, the diagnostic prediction rule for referred
patents (chapter 3.1) was externally validated, and the predictive ability of the rule was
improved. One hundred and fifty referred patients were prospectvely enrolled
between 2000 and 2001. For each patient, the data on the variables in the predicdon
rule were prospectively documented by the treating (trainee) paediatrcian using a
scoring form.

The generalisability of the prediction rule appeared too poor (ROC area (95%CI):
0.60 (0.49-0.70)). Subsequently, the predictive ability of the rule and the risk
stratification were adjusted and improved using all available data of the referred
patients with fever without source, L.e. data from 1996-1998 and 2000-2001 (n=381}.
Independent predictors from history and examinaton were (ROC area (95%CI): (.69
(0.63-0.75)):

5 Popupreamision
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Recorded patent data need to serve several purposes (diagnosis, reporting,
research, and policy). Often, if using paper charts, the same efforts must be repeated
all over again. Strucrured data entry in 2 computer-based patient record (CPR)
improves efficlency, in particular if recording data with a high variability, such as a
patient’s history and clinical examination. The main challenging difficulty in the
achievement of structured data entry for such a comprehensive case history and
physical examination is the controversy of structuring complex descriptions of
patients’ problems, by means of fixed components. At present, such CPR’s that are
actually applied in a general and broad specialism are sparsely available (54-57). In the
study reported in chapter 4.3, we developed an expandable computer-based patient
record with structured data entry, which is especially suitable for the registration of a
comprehensive paediatric history and physical examination. This record can be
incotporated with existing hospital information systems. ORCA-SDE was used, by
which data entry is supported with a tree structure. Patent history is described by
twenty main concepts, the physical examination by ten. In total, the tree consists of
8200 nodes and 1800 items, illustrating the degree of variability. Specific custom
forms can be composed according to one’s needs, however only with the previously
defined concepts.

The CPR was exposed to 2 small number of paediatricians, to get a first
impression of the evaluation of the users’ perspectives  (completeness, user-
friendliness, and the usefulness). The opinions were rather positive.

Based on these first results, we conclude that implementation of this CPR might
be feasible and that the many potential benefits of using a CPR outweigh the
drawbacks.

Further special requirements for the developed CPR are worked on. Among
future plans for applications in the paediatric CPR are the embedding of age-based
normal ranges of measurernents for vital signs and other physiological parameters,
clinical decision rules, and graphic display of growth data and special calculatons of
growth patterns. Further prospects are incorporation of reminder systems (e.g. for
immunisation), selection of patient subgroups (e.g. for prevendon strategies) and
support of adequate drug dosing.
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5.2 Samenvatting

Koorts (temperatuur 238°C) bij kinderen is vaak cen diagnosdsch en
therapeutisch dilemma. Het merendeel van de kinderen met koorts heeft een virale
infectie. In 3% tot 20% van deze kinderen wordt echter een bacteriéle infectie, zoals
bijvoorbeeld een meningitds of sepsis, vastgesteld (1-4). De aspecifieke
Kachtenpresentatie van het jonge kind met koorts maakt de inschatting van her risico
op een ernstige bacteriéle infectie nog moeilijker en dientengevolge is zorgvuldige
evaluatie nodig.

In een dergelijke diagnostische en therapeutische evaluatie moeten de voor- en
nadelen steeds tegen elkaar afgewogen worden. De arts moet besluiten nemen ten
aanzien van de eventuele aanvullende diagnostiek, de (antibiotische) behandeling, en
het type zorg (klinische of polikhnische zorg). De uiteindelijke diagnose van een
ernstige bacteriéle infectie berust op een positieve kweek, waarvan de uitslag na 12 2
24 uur of later bekend is. Derhalve is het besluit om wel of niet antdbiotisch te
behandelen empirsch, evenals de keuze van het antibioticum.

Verscheidene richtlijnen, met als doel vroegtjdig een onderscheid te maken in
patiénten met en zonder een ernstige bacteréle infectie, zijn voorgesteld (3-16). Deze
richtlijnen bleken echter beperkte waarde te hebben, namelifk: 1) toepassing van de
richtlijn in nieuwe patiéntenpopulaties leverde matge resultaten op (15, 17); 2) de
ontwikkeling van de desbetreffende richtlijn geschiedde v6ér de introductie van de
Haemophilus influenzae type b (Hib) vaccinate, waardoor de huidige waarde in twijfel
getrokken wordt (4); 3) de desbetreffende richtlijn leidt tot overmatige diagnostiek,
behandeling en toename van de antibiotica resistentie (16); 4) geincludeerde patiénten
waren geselecteerd op einddiagnose in plaats van op het probleem van presentatie,
mogelijk leidend tot vertekende resulraten (18); of 5) in plaats van multivariate
analysen werden univariate analysen gebruike (19).

Het doel van dit proefschrift was om vast te stellen of het beleid van kinderen die
zich presenteren met koorts zonder duidelijk focus geoptimaliseerd kon worden met
diagnostisch onderzoeck. Hierbij lag het accent op het vroegtijdig onderscheiden van
de patiénten met en zonder een ernstige bacteriéle infectde, op basis van makkelijk te
verkrjgen parameters. Daarnaast werd een aantal aspecten van de praktsche
uitvoering van diagnostisch onderzoek uiteengezet.
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Alle studies beschreven in dit proefschrift zijn gebaseerd op gegevens van
paténten die 1 tot 36 maanden oud waren. De kinderen presenteerden zich initieel op
de Acute Hulp voor de evaluatie van acute kootts zonder duidelijk focus (inclusief
verdenking van sepsis). Patiénten met koorts zonder duidelijk focus konden alleen
retrospectief in het Sophia Kinderzickenhuis in Rotterdam (1988-1997) achterhaald
worden. Vanaf 1998 werden padénten geincludeerd uit zowel het Sophia
Kinderziekenhuis in Rotterdam als het Juliana Kinderziekenhuis in Den Haag. Beide
zickenhuizen zijn opleidingsklinieken in Nederland. Padéntgegevens werden
achterhaald door middel van een probleemgeorniénteerd pauéntenclassificatiesysteem,
waarin de hoofdklacht van presentatie, gebaseerd op de evaluatic van de huisarts of de
anamnese van de kinderarts, wordt geclassificeerd (20, 21). Koorts zonder focus was
gedefinieerd als een lichaamstemperatuur van achtendertig graden Celsius of hoger,
waarvoor geen duidelijk focus werd gevonden na evaluatic door de huisarts of na
anamnese door de kinderarts. Juist deze definide werd gebruike, zangezien we zo
vroeg mogelijk in het diagnostische traject een schifting van de pati®nten met en
zonder ernstige bacteriéle infecties nastreefden, by voorkeur reeds op basis van
anamnestische gegevens en bevindingen bij lichamelijk onderzoek. Patiénten die
waren doorverwezen vanuit andere zickenhuizen of die een immuundeficiénte
hadden werden geéxcludeerd.

Gegevens werden verzameld uit gestandaardiscerde medische dossiers en
omvatte algemene patiéntkarakteristicken, anamnestische gegevens, bevindingen bij
lickamelijk onderzoek en informatie over diagnostek, behandeling en follow-up.
Laboratoriumuitslagen en verslagen van becldvormend onderzoek werden uit het
Zickenhuis Informatie Systeem gehaald.

De uitkomst ernstige bacteriéle infectie was conform de literatuur gedefinieerd
als de aanwezigheid van cen bacteri€le meningitis, sepsis, bacteriemie pneumnonie,
urineweginfectie, bacteriéle gastro-enteritis, osteomyelitis of ethmoiditis (1, 2, 10, 11).

De smdies in dit proefschrift werden met toestemming van de Medische
Ethische Commissies van beide deelnemende ziekenhuizen uitgevoerd als onderdeel
van het Ontwikkelingsgeneeskunde protect ‘Diagnostiek in de kindergenceskunde op
routinematig verzamelde gegevens’.

In hoofdstuk 2.1 worden de diagnostische en therapeutische dilemma’s bij jonge
kinderen met koorts zonder focus door twee ziektegeschiedenissen geillustreerd. Per

leeftijdsgroep worden ecerder beschreven beleidsstrategieén voor de cerste- en
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rweedelijnszorg in het kader van het huidige ‘post-Hib tjdperk’ bediscussieerd (22).
Anamnese en lichamelijk onderzoek blijven van groot belang om de eerste schifting
tussen kinderen met en zonder een ernstige bacteriéle infectie te maken. Eenvoudig
laboratoriumonderzoek draagt bij aan een tweede schifting. Voor kinderen van 3 tot
36 maanden oud wordt een meer expectatief beleid geadviseerd, waarbij minder snel
naar de tweedelijnszorg verwezen behoeft te worden. Hierblj zijn zorgwuldige
evaluate, klinische ervaring, goede voorlichting aan ouders en de tijd als diagnosticum
belangrijke factoren.

Gedurende de laatste tien jaar werd het beleid bij koortsende kinderen onder
meer beinvloed door de introductie van de Hib-vaccinatie, het besef van de
toenemende ernst van antibioticaresistentie, en de introductie van dchtlijnen (3, 4, 6-
16, 23-25). In hoofdstuk 2.2 worden trends in het beleid van kinderen met koorts
zonder duidelijk focus die door de huisarts naar de Acute Hulp verwezen zijn
beschreven. Hiervoor werden patiéntgegevens uit 1988-1992 vergeleken met die uit
1996-1998.

Het percentage ernstige bacteriéle infecties veranderde niet (21% versus 25%).
De verhouding van het aantal opgenomen patiénten, patiénten met poliklinisch
vervolg en patiénten die na het initiéle consult werden ontslagen bleef gelijk gedurende
de tijd (ongeveer 1:2:1). Het aantal C-reactief proteine (CRP) metingen in het bloed
steeg in belangrijke mate tot §7%, terwijl het aantal verrichte kweken van liquor, bloed
of faeces significant afnam. We zagen een significante daling in het aantal antbiotische
behandelingen. Het percentage opgenomen pati€nten bleef 26%, alhoewel de
germniddelde oppameduur sterk verkortte. De gemiddelde kosten per patiént ten
gevolge van het beleid daalden aanzienlijk, oplopend tot een vermindering van 46% in
de groep kinderen die uiteindelijk een esnstige bacteriéle infectic bleek te hebben.
Deze getallen bevestigen een trend in de richting van een minder invasief en meer
selecdef beleid bij kinderen met koorts zonder duidelijk focus.

Hoofdstuk 3 behandelt de diagnostick bij kinderen met koorts zonder duidelijk
focus, met als oogmerk patiénten met en zonder ernstige bacteriéle infectes
vroegtijdig te herkennen. In hoofdstuk 3.1 werd cen klinische beslisregel ontwikkeld
om bij patiénten met koorts zonder duidelijk focus de aanwezigheid van een ernstige
bacteriéle infectie te voorspellen. De regel was ontworpen op data van 231 pariénren,
welke allen tussen 1996 en 1998 verwezen waren door de huisares. Met behulp van
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muldvariate logistische regressie en bootstrap resampling technieken werden
predictoren uit de anamnese en het lichamelijk onderzoek geselecteerd. Deze
omvatten:

Van dit ‘Klinische model’ was het discriminerend vermogen (opperviakte onder de
receiver operating characterisic curve (95% betrouwbaarheidsinterval): ROC
oppervlakte (95%BI))) voor de aanwezigheid van een ernstige bacteriéle infectie 0.75
(0.68-0.83). Sterke voorspellers met- toevoegende diagnostische waarde uwit het
labomtonu.rnonderzoek waren:

: : Leukocytengetal in blocd -

De ROC oppervlakte (95%BI) van de regel inclusief alle 10 predictoren was 0.83
(0.77-0.89).

Deze twee eindmodellen werden omgezet naar makkelijk toepasbare
diagnostische scoreregels. Door het toekennen van overeenkomende punten voor elke
(aanwezige) vadabele werd voor elke individuele patiént een ‘klinische scoze” en een
Tab score’ berekend. Met behulp van deze regel konden patiénten geclassificeerd
worden in categorieén van toenemend risico op de aanwezigheid van een ernstge
bacteriéle infectie. Deze dsicostratificatie benadrukt de waarde van de Klinische
screening (range: 10% tot 67%), welke verder kan worden gespecificeerd door
aanvullende laboratoriumonderzoekuitslagen (range: 6% tot 92%).

Het passeren van de eerstelijnszorg door zelfverwijzing naar de tweedelijnszorg
van met name jonge kinderen neemt toe, zelfs tot 75% (26-30). In hoofdstuk 3.2
wordt het onderwerp wvan het vroegtijdig in de presentade onderscheiden van
patiénten met en zonder een ernstige bacteriéle infectie in dergelijke zelfverwezen
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patiénten belicht Allereerst werd onderzocht of de diagnostische beslisregel die
ontworpen was voor de verwezen patiénten (hoofdstuk 3.1) uitgebreid kon worden
naar de niet-verwezen populate (1997-1998, n=109). Bjj toepassing van het “verwezen
patiénten model” op de zelfverwezen patiénten daalde de ROC oppervlakte (95%BI)
van de oorspronkelijke 0.75 (0.68-0.83) in de verwezen patiénten naar 0.60 (0.47-0.73)
in de niet-verwezen kinderen. Op basis van dit matig onderscheidend vermogen,
concludeerden wij dat de beslisregel niet gegeneraliscerd kon worden naar de
zelfverwezen patiénten. Dit bevestigt dat het type patiénten beinvloed wordt door het
verwijspacroon (18). Verwezen padénten hebben reeds vo6r presentatie in de
wweedelijnszorg een diagnostsch work-up van de huisarts dootlopen. De huisarts
verwijst alleen potentieel urgente patiénten door naar de kindergeneeskundige zorg. In
de groep niet-verwezen paténten ontbreekt deze schifting door de huisarts,
resulterend in een meer geméleerde groep. Derhalve moeten verwezen kinderen en
niet-verwezen kinderen als verschillende patiéntenpopulaties beschouwd worden.
Vervolgens werd een beslisregel ontwikkeld specifieck voor de zelfverwezen
patiénten. De ‘klinische regel” bevatte de volgende voorspellers (ROC oppervlakte
(95%BI): 0.70 (0.58-0.82)):

Na toevoeging van univarate significante laboratorfumvariabelen, bleken deze
predictoren toevoegende diagnostische waarde te hebben:

De ROC oppetvlakte (95%BI) nam significant toe tot 0.81 (0.71-0.91). De
risicostratificade liep van 6% tot 32% op basis van alleen de ‘klinische regel” en van
4%, tot 83% na aanvullende laboratoriumevaluatie.

In de studie beschreven in hoofdstuk 3.3 werd de diagnostische beslisregel voor
verwezen patiénten (hoofdstuk 3.1) extern gevalideerd en het voorspellend vermogen
van de regel werd verbeterd. Honderd en vijftig verwezen patiénten werden
prospectief geincludeerd tussen 2000 en 2001. Van elke patiént werd informatie over
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de variabelen in de beslisregel prospectief gedocumenteerd door de behandelend
kinderarts (in opleiding) met bebhulp van een scoreformulier.

De generaliscerbaarheid van de beslisregel bleek te madg te zfin (ROC
opperviakte (95%BI): 0.60 (0.49-0.70)). Vervolgens werden het voorspellend
vermogen van de regel en de risicostratificatie aangepast en verbeterd, gebruikmakend
van alle beschikbare gegevens van de verwezen patiénten met koorts zonder duidelijk
focus, dw.z. data uit 1996-1998 en 2000-2001 (n=381). Onathankelijke voorspellers
uit anamnese en lichamelijk onderzoek waren (ROC oppervlakte (95%BI): 0.69 (0.63-
0.75)):

1. Duur van de koorts bf presentatie

Alle predictoren van deze ‘geoptimaliseerde regel’, behalve zicke klinische indruk,
kwamen overeen met de voorspellers in de beslisregel zoals beschreven in hoofdstuk
3.1. Alhoewel het relatieve gewicht van elke predictor nu anders was, suggereert het
weer terugkomen van deze predictoren in de selecde dat het stabiele voorspellers zijn.
Daarentegen waren de voorspellers die initicel wel geselecteerd waren maar bij de
heranalysen buiten de selectie vielen (verminderde mictie, leeftijd boven 1 jaar en
lichaamstemperatuur) waarschijnlijk juist instabiel. Ondanks toepassing van bootstrap
technieken was het initieel afgeleide model zeer waarschijolijk overfit, aangezien we
stapsgewijze selectiemethoden in een relatief klein sarople gebruikten om een model te
definiéren (31-34).

De herziene nsicostratificade reikte van 4% tot 54%. Wederom laat de
risicostratificatie zien dat informatie uit anamnese en lichamelijk onderzoek waardevol
is als een eerste screeningsinstrument en dat aanvullend laboratordumonderzoek het
individuele nsico kan toespitsen. Tengevolge van de heranalysen moet de
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generaliseerbaarheid van de herziene regel nog geévalueerd worden in een nieuwe
externe validatie procedure alvorens de regel in praktijk toe te passen (35-40).

De drde beslisregels zoals beschreven in hoofdstukken 3.1, 3.2 en 3.3 bevatten
overlappende voorspellers. Waarschijnolijk is dit een gevolg van de heterogeniteit van
de uitkomst ernstige bacteriéle infectie bij kinderen met koorts zonder duidelijk focus,
die inherent is 2an de niet-specificke presentade van deze kdnderen. Derhalve werden
meer algemene dan specificke voorspellers geselecteerd, met waardevolle informatie,
die alle specificke diagnoses van de uitkomst ernstige bacteriéle infectie overkoepelt.
Heterogeniteit in de uitkomst bemoeilijkt het zuiver scheiden van patiénten met en
zonder de betreffende uitkomst, wat geillustreerd werd door her imperfecte
discriminatievermogen van alle drie de scoreregels. Desalniettemin verschaften deze
enkele klinische waarde, aangezien de ‘post fes#” kansen verschilden van de ‘a priori’
kansen (41-43).

In het algemeen blijft het beleid bij jonge kinderen met koorts zonder duidelijk
focus een moeilijk probleem, omdat het risico niet geheel naar nul gereduceerd kan
worden. De beschreven diagnostsche beslisregels moeten gebruikt worden als extra
hulpmiddel naast de Klinische expertise van de behandelend arts.

In hoofdstuk 4 worden enkele aspecten van de methoden om (diagnostisch)
onderzock uit te voeren uiteengezet. In de prakdjk is het stellen van een diagnose een
gefaseerd proces, dat begint met een bepaalde pati€ént met een bepaalde klacht of een
symptoom, verdacht voor cen bepaalde ziekte. Er bestaat discussie over de
betrouwbaarheid van de resultaten dat diagnostisch onderzoek, gebrutkmakend van
gegevens van routinernatige patiéntenzorg, oplevert (44-46). Hoofdstuk 4.1 weidt uit
over de voor- en nadelen van dergelijk diagnostisch onderzoek op basis van
routinematige verzamelde gegevens en over hoe om te kunnen gaan met bijkomende
problemen. Vereiste selecte van patiéaten op hun klinische presentatie in plaats van
op hun uiteindelijke diagnose wordt beschreven. Voor een dergelijke selectie op het
klinische probleem is een probleemgeoriénteerd patiéntenclassificatiesysteem nodig
(20, 21). Tevens worden het véérkomen van missende gegevens In routinematige
verzamelde data en verificatie bias en blinderen in diagnostisch onderzoek belicht.

Hoofdstuk 4.2 illustreert de beperkingen van interne validade om de
generaliseerbaarheid van een diagnostisch model naar toekomstige situaties in te
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schatten. Het discriminerend vermogen van predictemodellen neigt te verminderen
op nicuwe patiéntgegevens (validatie set) ten opzichte van de patiéntgegevens waarop
het model ontwikkeld was (derivatie set) (19, 31, 35, 36, 39, 40, 43, 47-49), met name
in kleine datasets (32, 33). Bootstrap resampling technieken zijn derhalve asngedragen
om de regressiecoéfficiénten aan te passen voor optimisme (interne validade) (34, 35,
47, 50-53). Resultaten worden veelal geaccepteerd zonder dat er genoeg aandacht is
geschonken aan de externe validiteit, waarmee de accuratesse van het model in
patiénten uit een andere maar nagenoeg overcenkomende populatic wordt belicht (36,
37, 39).

In dit hoofdstuk werden de resultaten van een interne en cen externe validatie

van een beslisregel voor kinderen met koorts zonder duidelijk focus vergeleken. Een
beslisregel voor de aanwezigheid van een ernstige bacteniéle infecte in kinderen met
koorts zonder duidelijk focus was afgeleid en intern gevalideerd gebrutkmakend van
bootstrap resampling technieken. Vervolgens werd het model extern gevalideerd.
In de denvade set (1988-1992, n=376) werden negen onafhankelijke voorspellers
gedefinieerd. Het onderscheidend vermogen (ROC opperviakte (95%BI)) van het
model was 0.83 (0.78-0.87) en 0.76 (0.67-0.85) na bootstrapping. In de validatie set
(1997-1998, n=179) daalde het onderscheidend vermogen naar 0.57 (0.47-0.67). Het
model vertoonde cen matige calibratie in de validatie set, met name in de ‘laag risico’
groepern.

Deze studie illustreert en bevestigt dat interne validiteit op zich geen garante is
voor generaliseerbaarheid van predictiemodellen en dus geen vervanging is voor
externe validatie (36). Externe validatie is derhalve essentieel voor implementatie in de
Klinische prakdjk, zeker als de modellen zijn afgeleid van relatieve kleine datasets.

Verzamelde patiéntgegevens dienen meerdere doeleinden  (diagnose,
verslaglegoing, onderzock en beleidsvorming). Vaak moet bij gebruik van papieren
statussen dezelfde inspanning meerdere keren geleverd worden. Gestructureerde
gegevensinvoer in een elektronisch medisch dossier (EMID) bevordert de efficiéntie,
met name als het data met een hoge vadabiliteit berreft, zoals gegevens uit anamnese
en lichamelijk onderzoek. De groowste uitdaging in het bewerkstelligen wvan
gestructureerde  gegevensinvoer voor een uitgebreide anamnese en [lchamelijk
onderzoek ligt in de tegenstelling van het structureren van complexe beschrjvingen
van patiéntenproblemen door middel van gefixeerde componenten. Tot op heden zijn
dergelijke EMD’s die daadwerkelijk in prakejk in een algemeen en breed specialisme
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worden toegepast beperkt beschikbaar (54-57). In de studie weergegeven in hoofdstuk
4.3, hebben we een uitbreidbaar EMD met gestructureerde gegevensinvoer
ontwikkeld, dat speciaal geschikt is voor het registreren van een uitgebreide en
gedetailleerde kindergeneeskundige anamnese en lichamelifk onderzoek. Dit EMD kan
geincorporeerd worden met bestaande Ziekenhuis Informate Systemen, ORCA-SDE
werd gebruikt, waarblj gegevensinvoer wordt ondersteund met een boomstructuur.
Anamnese wordt beschreven door twintig hoofdconcepten, het lichamelijk onderzoek
door den. In totaal bestaat de boom uit 8200 vertakkingen en 1800 items; dit
illustreert de mate van variabiliteit. Specifieke formulieren kunnen naar ieders behoefte
worden samengesteld, echter alleen op basis van de reeds gedefiaieerde concepten.

Het EMD werd geintroduceerd aan een klein aantal kinderartsen om een eerste
indruk te verkrijgen van de gebruikersperspectieven (volledigheid, gebruikers-
viiendelijkheid en de bruikbaarheid). De meningen waren redelijk posidef.

Gebaseerd op deze eerste resuitaten concluderen we dat implementatie van dit
EMD haalbaar kan zijn en dat de vele potentiéle voordelen van het gebruik van een
EMD zwaarder wegen dan de nadelen.

Aan verdere speciale vereisten asn het EMD wordt gewerkt. Enkele
tockomstplannen voor applicates in het kindergeneeskundig EMD omvatten het
inbouwen van leeftijdsathankelijke normaalwaarden voor metingen van vitale en
andere fysiologische parameters, Kinische beslisregels, grafische weergave van
grocicurven en speciale berckeningen van groeipatronen. Verdere ideeén beslaan
incorporade van herinneringsystemen (b.v. voor vaccinades), selectie van
paténtensubgroepen (b.v. voor preventiestrategieén) en ondersteuning van adequate
geneesmiddelendosering,
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