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PREFACE

In 1984, after five years in general practice, Bjgrn Straume, who later became my main
counceler, asked me to give lectures for ipedical studenis on lung diseases and
respiratory infection as seen from the point of view of 2 general practitioner. When
preparing the leciure I read a paper in the journal "Practitioner” (Everett MT. Major
chest infection managed at home. Practitioner 1983;227:1743-54). The author described
his pneurmonia patients through seven years in general practice. He concluded that most
prneumonias patients presenied with influenza-like illness or with pyrexia following a
prodromal phase of cold and/or cough. I {elt that his description was close to my own
reality, but different from what I was taught in medical school, and a new interest in the
diagnosis of pneumonia was awakened. During the autumn 1985 I got a half-time
appoinimeni as a lecturer in general practice at the Imstitute of Community Medicine
(ISM), University of Tromse, and thus got the opportunity to study "pneumonia in
general practice”. Having finished a small-scale study, the "pilot study”, my research was
helped further by a lucky coincidence. In 1986 a research program for general praciice
was established by the Norwegian Research Council for Science and the Humanities
{NAVF). I applied for one of the fellowships, and thus became a research fellow for the
years 1988-90 with the project "Lower respiratory tract infection in general practice”.

The main investigation was carried out at the Municipal Emergency Ward in Tromse,
in collaboration with Department of Radiclogy, Depariment of Microbiclogy, Chest
Clinic, Department of Medicine, University Hospital of Tromse, and Department of

Clinical Chemistry, Hospital of Hammerfest. Six papers on the diagnosis of pneumonia



based on this investigation constitute the core of this thesis.
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CONCEPTS AND ABBREVIATIONS

Sensitivity:
The sensitivity of a clinical finding (or positive test result) for a certain disease is
the proportion (frequency) of subjects with the finding in a population with the

discase.

Specificity:
The specificity of a clinical finding for a certain disease is the proportion

{frequency) of subjects without the finding in a population without the disease.

LR (Likelihood ratio):

The LR of a clinical finding for a certain disease is the proportion (frequency) of
subjects with the finding in patients with the disease, divided by the proporticn
{frequency) of subjects with the finding in patients without the disease.

LR = Semnsitivity / 1 - Specificity.

PPV (Positive predictive value):
The PPV of a clinical finding for a certain disease is the proportion (frequency) of

subjects with the disease in a population with the clinical finding.
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LRTI = Lower respiratory tract infection:

LRTI, as used in this thesis, comprise all infections of the respiratory iree below the
Trachea: bronchitis, bronchiolitis and pneumonia, as well as infectious aggrevations
of chronic diseases of the lungs and bronchi, as asthima, COPD, chronic bronchitis

and bronchiectasis.

COPD = Chrenic obstructive pulmonary disease:

COPD is defined by chronic bronchial airflow limitation which can only be
moderately reversed by bronchodilators. Many patients with chronic bronchitis,
defined by chronic productive cough, also have chronic airflow limitation, and these
patients, as well as patients with emphysema are classified as having COPD. Adults
with chronic airflow limitation, but with considerable variability of airflow, being
strongly influenced by antasthmatic treatment are usually diagnosed as having
asthma. However, many patients belong to a grey zone and may be diagnosed as

having either asthma or COPD.

References

Sensitivity, specificity, LR and PPV are thoroughly described in:

Sacket DL, Haynes RB, Tugwell P. Clinical epidemiology. A basic science for
clinical medicine. Boston: Little, Brown and co. 19835,

The definition of COPD is discussed in:

Editorial. Definition of emphysema, chronic bronchitis, asthma, and airflow

obstruction: 25 years on from the Ciba symposium. Thorax 1984;339.81-83.
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GENERAL INTRODUCTION

Poeumonia - the disease
Pneumonia is inflammation of the lung tissues with exudate in the alveolar spaces
(1). The bronchi/bronchioli, interstitial tissues and pleura may be involved. The
disease may be caused by inbalation of infectious agents into the alveoli. An
alternative route of infection is spreading from an ongoing bronchitis. The
infection may pass the basal membran of the bronchial epithelium and extend
into the surrounding peribronchiolar alveoli (bronchopneumeonia). When the
inflammation is caused by inhalation of toxic chemical substances or by toxic
drugs (i.c. Methotrexat), the discase is usually called pneumonitis (2).
Depending upon both ctiologic agent and host defence the severity of the
discase shows great variation. When a great part of the lung iissue is invoived,
as in lobar pneumonia, severc and fatal hypoxaemia may develop, particularly
when the ventilatory capasily of the unaffecied regions of the lungs is reduced.
The most serious prneumonias are caused by bacteria: pneumococel, staphylococc,
legionelia species and gram-negative bacteria (3,4,5). Such infections are associ-
ated with a considerable mortality, particularly among the elderly, and early
creatment with antibiotics may be of great importance (6). Less severe are the
so called “atypical pneumonias” (7), caused by the small bacteria Mycoplasma
Prneumoniae and the Chiamydia species, and the viral pneumonias, also called

viral pneumonitis (8). Viral pneumonias, most frequently caused by the respira
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tory viruses: Influenza-, Parainfluenza-, Adeno- and Respiratory Syncytial virus,
are anatomically characterized by interstitial exudate (1), as are the atypical
pneumonias.

Non-productive cough is a typical clinical feature (7). The viral pneumonias
usually show a benign clinical course, but may be severe when infants, old people
and deterioriated adults have been attacked (8). Secondary bacterial infection
may develop. Influenza-pneumonia complicated with Stafylococcus aureus

infection is particularly feared, and has a high mortality (6).
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The epidemiology of pneumonia

In the Nordic countries 3-5% of deaths are caused by pneumonia (9). The death
rates of pneumonia is low in the western societies compared to the developing
world (10). OId people and infants have the highest death rates. The reduced
mortality from pneumonia during the last 150 years may probably be ascribed to
better nutrition, hygiene and housing condi- tions, and possibly also reduced
pathogenicity of the most common bacterial agents (11). Introduction of
antibiotics resulied in a further reduction in mortality. In the United States a
considerable reduction in mortality from pneumonia and influenza has also taken
place during the last two decades in people younger than 75 years (10).

The mortality from community-acquired pneumonia as registered in hospitals
varies between 5 and 15% (3,4,5,6), being much higher in elderly than in younger
people. Most cases of pncumonia are treated outside hospital (12}, and a
favourable ouicome is the rule in developed countries. In a British study from
general practice 4.7 pr 1000 aduits were diagnosed as having pneumonia per year
(12). Among the 236 cases included in that study the mortality was 3% ({seven
cases). More than three-quarters of the patients were managed at home and of
these only one (0.5%) died. Although the clinical diagnosis of pneumonia was
confirmed radiographically in less the half of the patients, the study iliusirated
that pneumonia is usually not a severe disease in today’s western societies.

Most studies on the etiology of pneumonia have been carried out in hospitals.

MacFarlane has summarized the distribution of etiological agents for adult
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community-acquired pneumonia, based on studies in developed countries (13), as

follows:

Bacterial: Streptococcus prreumoniae {pneumococci) 60-75 %
Hemophilus influenzae 45 %
Legionella species 2-5 %
Staphyiococcus aureus 15 %

Atypicals: Mycoplasma pneumoniae 5-18 %
Chlamydia Psittaci 23 %
Coxicla burneti 1 %

Viruses: Influenza 8 %
Other viruses 2-8 %

In a recent large study Chlamydia pneumoniae was a frequent agent, found in 6.1
% of the patients (4), and a contemporary study indicate that a large part of
pneumonias previously ascribed to Chlamydia psitacel actually have been caused
by Chlamydia pneumoniae (14). Legionella was one of the most frequent causes
(6-15 % of pneumonias) in three large studies (4,5,15). In children viral etiology

is more frequent than in adults {10).
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The diagnosis of pnewmmonia in historical perspective

The hippocratic era

Pneumonia was referred to as a disease by Hippocrates in the 5th century BC
(16). A later Greek, Aretaeus, from the fourth century AC described the clinical
features of pneumonia as: cough, expectoration, dyspnea, fever and chest pain
(16). Until the beginning of the 19th century the physical examination was
restricied to the observation of the pulse, and inspection of the tongue and expec-
torated sputum. Boerhave (1668-1738) stated that the discase was present "if a
fiery, persistent fever, a firm pulse, a burning, sharp inflammatory pain,
aggravaied by inspiration" was experienced (16). Although adventitious lung
sounds had been described by Hippocrates, auscultation of the chest was not used
in the diagnosis until early in the 19th century. Percussion of the chest was first
described by Auerbrugger (1722-1809) in 1761, but it was hardly applied in

clinical practice before his death (16).

Théophile R. M. H. Laennec

The development of pathology led to interest in comparing clinical manifestations
and abnormalitics scen at autopsy. The French physician Laennec (1781-1826)
took up auscuitation of the chest and invented the siethoscope in 1816. He
described the normal and adventitious lung sounds and, based on clinico-patho-

logical comparisons, their diagnostic usefulness (17).
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Laennec realized the difficulties in diagnosing pneumcenia on the basis of
symptoms alone. "Symptoms ... usually are an obtuse and deep-seated pain,
dyspnea, guick respiration, cough, and expectoration of a peculiar kind . . . each
of them may be wanting, and even, in particular cases, all of them may be so at
the same time. Moreover, they may all co-exist in many other diseases as weii
as pneumoenia; and each of them exhibits many varieties”. About acute bronchitis
or "pulmonary catharr” he wrote: "The pulmonary catharr, unguestionally one of
the most frequent of diseases ... is usually preceded by coryza, . .. When the
inflammation extends o the bronchi, there is sometimes a slight pain, more
commonly a sense of dryness and roughness, behind the siernum or at ifs lower
extremity. When the disease is very severe, there is greater, sometimes indeed
very sharp, though transient pain extending over the whole chest, particuiarly
alter the fits of coughing . . . H the diseases is more severe, there is fever con-
stantly present, usually accompanied by sweating, and also dyspnea”.

Laennec meant to be able to distinguish pneumoniz from acuie bronchitis, In
pneumonia crepitant rales were present, at least at certain stages of the disease,
while in "pulmonary catarrh” sibilous or sonorous rhenci were heard. Not all
contemporarics of Lacnnec agreed with his staiements, and Andral siated that
crepitant rales also could be heard in bronchitis {17). However, crepitant rales
were at that time thought to be caused by bubbles of air in alveolar fluid and thus
to be pathognomonic of pneumonia and pulmonary edema. In the second half
of the nineteenth century the stethoscope came inio extensive use, based on

Laennecs description and interpretation of adventitious lung sounds.
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Radiography

Based on the discoveries of Ronigen, the first X-ray-films were made in 1897
(16). Chest radiography soon became widely employed, and giving a fairly
accurate picture of siructural abnormalities in the lung, substituted more and
more the elaborous physical examination. By radiographic appearance lobar
pneumonias couid be differentiated from bronchopneumonia. A third category,
so-called atypical pneumonia, was first described in the nineteen-twenties (18).
This was characicrized by sparse auscultatory findings and dry cough, and (after
the iniroduction of antibiotics) no response to sulphonamids and penicillin.

Radiography more and more replaced auscuitation in the diagnosis of
pnewmonia, and the obligate occurence of crepitant zales as stated by l.aennec
became questionned. After the introduction of antibiotics the course of the
disease was modified, and accordingly also the physical chest findings. In 2 study
by Osmer and Cole in 1965 (19), rales were heard in only 50% of hospitalized
patienis with radiographic pneumonia, in spite of several examinations in the
course of the disease. Only in 25% of the patienis rales were heard over an area
with a radiographic density.

The chest radiograph has been regarded to be sensitive for "true” pneumonia
{20,21), and in most literature on pneumonia no doubt is raised about the validity
of the radiographic diagnosis. However, a delay of one or two days between the
first symptoms of the disease and the appearance of a radiographic counterpart
has been reported (22). Studies have also revealed a considerable interobserver

variability in the interpreiation of chest radiographs (23).
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Paul Forgacs
After chest radiography came into general use, declining attention has been paid
to the detailed description of adventitious lung sounds. Confusion on the
flowerish terminology which had been elaborated when patients with pnoumonia
and tuberculosis overflowed the hospitals, led Robertson and Coope to proposs
a new and simple classification: The adventitious scunds were divided into two
groups: continous sounds or wheezes, and interrupted sounds or crackies {24).
This classification was supported and carried on by Paul Forgacs. Eis interest
in lung sounds resulted in a new understanding of the meaning of crackles. He
stated that the airflow when reaching the alveoli were o weak to generate
bubiing in alveolar fluid. Crackles could be explained as explosive sounds caused
by sudden openings of deflated alveoli (23). Accordingly, crackles may be caused
by several discases compromising the airflow between bronchi and alvechi (26).
The specificity of crackles for pneumonia in patients with respiratory infections
may thus be questionned, as the sign may also be present in bronchitis.

The new description and interpretation of adventitious lung sounds was soon
adopted by new textbooks on clinical examination (27,28). In internal medicine
textbooks, such as Cedil’s, Harrison’s, and Davidson’s, the new explanation of
crackles was not introduced during the nineteen-eighties. One may ask whether
the old explanation still is being credited in Harrison’s textbook from 1988 in the
following description of pneumonia: "Among the earliest auscultatory findings is
the presence of high-pitched end-inspiratory erackles, originating from fluid-filled

alveoli, that are often increased by, or heard only after, coughing” (29). In the
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issue of 1991 this passage has been omitted.

Clinical epidemiology
The frequency with which a symptom or sign is present in a disesase, or in other
words, the sensitivity of clinical cues, has usually been indicated in descriptions
of diseases in edical textbooks, as examplified by this passage in Harrisons
textbook: "In some patients, inspite impressive roentgenographic abnormalities,
physical examination of the chest is entirely normal” (29). However, consides-
ations on the specificity of cues are usually lacking. In the last two decades,
cpidemiologists and medical statisticians have been concerned about certain
shortcomings of hospital-based medical knowledge, as reflected in medical text-
books:
1. Selection of patients towards the most serious cases influences the sensitivity
of clinical cues. Symptoms and signs may be more sensiiive in hospital patients
with abundant symptoms than in general practice where all stages of a disease are
represenied.
7. To be able to assess the probability of a disease from symptoms and signs,
their specificity need 1o be siudied, and the prevalence of the disease in the
clinical context must be known.

Textbooks presenting these new outlines for clinical research have been written

by Weinstein and Fineberg and by Sacket and coworkers (30,31). During the last
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15 years several studies on pneumonia have been published with the objective to
evaluate the sensitivity and specificity of clinical cues, both in children (32) and
adulis. At Brooke Army Medical Center in USA during 1976 10 79 clinical infor-
mation and chest radiographs were gathered from 1819 unselected adulis
presenting with acute cough. Several papers were grounded on this investigation
(33-38). A substantial discrepancy was demonsirated between the doctors’
probability estimates of pneumonia and the radiographic diagnoesis of pneumonic
infiltrate. The sensitivities of abnormal chest findings for pneumonia were found
to be low, crackles were heard in only 19 % of the patients with radiographic
infiltrate (33). Higher sensitivities of chest signs were found by Heckerling (39),
in emergency room patients who had been evaluated by chest radiography, a
population of patients with a higher prevaience of pneumonia, 27.8%, compared

to 2.6% in the study by Diehr et al (33).
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Diagnosis of pneumonia in recent medical literature

Although some studies have been aiming at the differentiation of pneumonia
from other acute respiratory diseases, as just mentioned, the majority of papers
on the diagnosis of pneumonia from the last 10-15 years have been concerned
with etiological diagnosis in established pneumonia. The epidemiotogy of causal
agents in community-acquired (as well as in hospital-acquired) pneumonias has
been determined, in order to yield an empiric basis for antimicrobial treatment
(3-6,14,15). Methods for carly differentiation of the etiological types of
pneumonia have been evaluated, such as radiographic patiern recognition (40)
and different methods of antigen identification (41). Prediction of etiology based
on clinical and laboratory features has also been studied (42-44). Almost all
these studies have been hospital-based.

As identification of eticlogy strongly influences the antibacterial treatment, a
classification of pneumonias based on causative agent has replaced the older
anatomical classification. The classical Iobar pneumonia is moreover less frequ-
ently scen in the western societies after the second wozld war, which partly may

be ascribed 1o the widespread use of antibiotics (1).
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The pilot study

As mentioned in the preface, a first study (45) was carried out during the winter
1986. (General practitioners in Tromse were asked to recruit adult patients
treated with antibiotics suspecied to have a possible pneumonia. The aim was
10 assess the diagnostic value of symptoms, signs and some blood tests for
pneumonia, using a radiographic "gold standard”. 71 patients were included, and
radiographic pneumonia was diagnosed in 11 of them. Diagnostic values for
symptoms, signs and bleood tests were evaluated, guided by "Clinical
epidemioclogical rounds” by David Sacket and coauthors, later published in the
textbook “Clinical epidemiology” (31). As found by Diehr et al (33), no chest
symptom or sign turned out to be of great predictive value for pnevmonia. The
blood tests, however, in particular C-reactive protein analysis, had both high
sensitivity and specificity for pneumonia.

The sensitivity of crackles for pneumonia was 0.64, considerabiy higher than the
correspanding value, 0.19, found by Diehr et al (33}, while the specificity was low,
0.48. Of all the included patients, crackles were heard in 51 %, compared 10 8§
% of the unselected patients with acute cough in the study by Diehr et al. This
diserepancy indicated that crackles had been strongly emphasized by the doctors
in the pilot study, leading to a selection in favour of patients with crackles, both
with and without pneumonia,

Fifty of the patients attended a follow-up consaliation after 4 1o 5 weeks, and

auscultation and spirometry was then carried out. In ten patients crackles were
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still heard, and the ratio between forced expiratory volume in one second and the
forced vital capacity (FEV,/FVC) was significantly lower in the ten patients with
crackles compared with the 40 patients without crackies (2-tailed t-test, p <0.05).
This finding indicated that crackles heard in patients with respiratory tract
infection frequently may represent bronchial obstruciion.

An obvious weakness of the pilol study could be ascribed to the selection of
patients. When only patients judged to have a possible pneumonia were included,
the overiooked pneumonia patients were excluded. In the study by Diehr et al
the doctors had ordered radiography in iess than half of the patients who turned

out to have radiographic pneumonia (33).
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THE MAIN INVESTIGATION

Aims

1. Diagnostic value of symptoms and chest signs for pneumonia

To avoid the selection bias of the pilot study and also include overlooked
preumonias, our study population was 1o consist of unselected adults with
respiratory tract infection in general practice.

Diehr et al found presence of myalgia and absence of upper respiratory
symptoms to be of greater value in the diagnosis of preumonia compared with
the typical symptoms, cough, dyspnea, and chest pain (33). 1 wondered whether
the dichotomizing of the lower respiratory {ract symicms as present/nol present
could be misleading, Information of pronounced discomfort from the symptoms
might prove to be of greater diagnostic value than their sole presence. I wanted
to reevaluate the diagnostic efficacy of the typical symptoms, by asking the patient
to report the degree of discomfort associated with the symptoms.

Marked differences in sensitivity and specificity of symptoms and signs were
found when the pilot study was compared with study by Diehr et al. These
difference could partly be explained by the spectrum of patients. In our pilot
study the patients were selected by general practitioners, while in the study by
Dichr et al the patients were unselected adults with acute cough. In the main

investigation I wanted to determine the effect of patient spectrum by comparing
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diagnostic values obtained in unselected patients with respiratory tract infection
with the values obtained in subgroups of the patients assumed to have a higher
probability of pneumonia: patients undergoing physical chest examination,
patients being classified as having LRTI, and patients of whom a chest radiograph

is ordered, because pneumonia is thought to be a diagnostic possibility.

2. Diagnostic value of C-reactive protein for preumonia

The main finding of the pilot study was a promisingly high diagnostic value of
C-reactive protein {CRP). The conceniration in serum of this acuie-phase protein
shows a manifeld rise few hours afier tissue damage or inflammation, pariicularly
in bacterial infection (46). A rapid CRP-test might show to be of great benefit
in the diagnosis of serious infections as pneumonia (42,47,48), and to guide the

doctor in the decision on antibacterial treatment.

3. The etiology of preumonia and other lower respiratory tract infections
Knowledge of the epidemiology of infectious agents is of importance for the
decision on antibacterial treatment and for the choice of antibiotic. The etiology
of pneumonia has been determined in hospitalized patients, except in a few
sindies. Etiology of other lower respiratory tracts infection in adults has been
indicated by some studies {15,49-33), but investigations covering & wide range of

potential agents in unselected adulis in general practice are wanting.
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Study design

Two main concerns determined the design of the study:
1. The patients should be representative of adults consulting general practitioners
for a possible respiratory tract infection.

2. The radiographic reference standard® should be as reliable as possible.

Recruitment of patients

Owing to difficult access at the general practice offices in Tromse, many adulis
with respiratory tract infections consult the Municipal Emergency Ward. The
doctors at this ward are very busy, and couid not be expecied to systematically
recruit patients for a study. We chose to employ nurses for the recruitment and
examination of the patients, leaving only a small form to be filled in by the
doctor. Patients aged 18 years or more presenting a complaint or reason for
encounter suggesting a respiratory tract infection or a throat infection,(as listed
in table II, paper I), were asked to enter the study. Patients atiending the ward
between 16 and 21 p.m. were chosen. At this time of the day the patients
usually wait one to three hours in the waiting room before the consultation, and
since the patients were called in before turn, participation in the study did not

necessarily result in additional time spent at the ward.

* Reference standard is used in stead of the more apassionate expression "gold

standard"”,
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Eligible patients were called into the examination room, and was then asked to
enter the study. The examination by the nurse, comprising blood tests, spirometry
and questionnaires (see Appendix) took about 30 minutes. On some busy days
there was not sufficient time to include all the eligible patients. Then, the patient
with the longest waiting time was always asked first.

All the doctors working at the ward consented to the research scheme. They
were asked 1o examine the patients according to their usual practice, and record
findings and diagnosis on a form (see Appendix).

Out of 626 patients asked to participate, 581 accepted, and the doctors carried
out chest examination in 402. These 402 were regarded as a relevant subgroup

for the evaluation of diagnostic tests for pneumonia.

The reference standard

Being aware of the limitations of radiographic diagnosis mentioned earlier, an
acute density on chest radiograph was used as reference standard, as in all other
studies cvaluating diagnostic tests for pneumonia. Ideally all participaiing
patients should be radiographed, but this was not done out of practical and
ethical Teasons. We had 1o avoid a too huge workload for the Department of
Radiology at the University Hospital in Tromsg and wanted to minimize unneces-
sary X-ray exposure in patients with a low probability of poeumonia. A great
part of the patients presented a with sore throat, ear pain or a miid cold or {lu,

and we found it more acceptable only to radiograph a 25% random sample of
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these patients.

In addition, we wanted to set up a "net" for collecting pneumonia cases missed
by our selection for radiography. Patients with persistent discomfort from cough
or dyspnea were invited to attend the Chest Clinic at the University Hospital in
Tromse when the iliness had lasted 10 days or afier three days if the illness had
already lasted a week or more. A chest radiograph was taken if not obtained at
entry.

Follow-up radiographs are useful when acute findings are equivocal, but has not
been obtained systematically in previous studies, except our own pilot study.
However, for the same practical and ethical reasons as mentioned above, we did
not take follow-up radiographs of the randomised patients. Details about the

radiographic diagnosis is presented in paper V.

Statistical methods

Standard statistical methods, chisquare-test, t-test, and Wilcoxon rank sum test,
were used in the comparison of groups according to the characteristics of the
variables (cathego- rical or continous) and the distribution of measurement
variables {normal or not). Sensitivity and specificity of clinical cues were
calculated at various cut-off points, and likelibood ratio (LR) was calculated
(sensitivity/ 1-specificity) (31,54). The combined sensitivities and specificities for
various cut-off point of temperature and bicod test resulis were presented as
receiver operating characteristics (ROC)-curves (53). Confidence limits (CL) for

LR were calcalated as for CL of proportions recommended by Morris and
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Gardner (56). Logistic regression was also used (57-59). The chi-square value
of an independent variable in this analysis reflects the statistical strength of the
adjusted association between this variable and the dependent variable. In the
presentation of the results the chi-square value of the diagnostic cues has been
referred 10 as the weight obtained by the cue as a predictor of pneumonia.
Kappa-statistics (60) and proportion of agreement between observers (61) was
used in the evaluation of inter-observer variability in radiographic diagnosis. 95%

confidence limits was calculated for both measures (61).
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SUMMARY AND MAIN CONCLUSIONS OF THE

PAPERS

Paper I:

The aim of the study was to evaluate the diagnostic usefulness of typical
symptoms and physical chest signs for radiographic pneumonia and their value as
perceived by doctors. A main result was the limited diagnostic value of abnormal
chest findings for pneumonia, which was in contrast wilh the great emphasis laid
on these signs by the doctors. The grading of dyspnea and chest pain enabled us
to demonstrate high diagnostic vaiues of these symptoms. Strong lateral chest
pain and very annoying dyspnea had likelihood ratios of similar size as crackies,
4.8, 4.0 and 3.7, respectively. Logistic regression indicated that abnormal chest
signs was of minor diagnostic value when added to the variables elicited through

a thorough history.

Paper 1§

The diagnostic efficacy of temperature measurement, WBC-count, ESR, and
CRP-test for radiographic pneumonia were evaluated, and the impact of the
duration of illness on diagnostic values was studied. The four iests, and in
particular ESR and CRP showed to be useful in the diagnosis of pneumonia.

The greatest discriminative power of ESR and CRP was found when the illness
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had iasted one week or more. Accordingly, the duration of iliness should be

taken into account when the result of the tests are interpreted. The diagnostic
usefulness of ESR and CRP showed to be highly significant when added to
symptoms and signs in logistic regression analysis. The study confirmed that 2
CRP value > 30 mg/i sirongly support a clinical diagnosis of pneumonia. When
the duration of illness exceeded one week CRP values between 20 and 50 mg/1
were also of diagnostic value. ¥ both ESR and CRP values are within the normal

range, pneumonia is unlikely.

Paper I

Serclogical investigations revealed that bacterial infection, mycoplasma and
chlamydia inciuded, occurred as often in the 22 patients whose clinical diagnosis
of ppeumonia was not evident radiclogically, as in the 20 patients with

radiographic pneumonia. However, in the patients with radiographic pneumonia
significantly higher ESR and CRP values was demonstrated, and cough, dyspnea,
and chest pain were more {requently reported. Although WBC-count had a low
sepsitivity for radiographic pneumonia, as shown i paper I, probably due to the
high frequency of viral, mycopiasmal and chlamydial ppeumonias, this test seemed
to be of greal value in distinguishing the pneumococcal pneumonias from
mycopiasmal and chlamydial pneumoenias. The study supports the common view
that patients with a positive chest radiograph usually present more sericus

manifestations of lower respiratory pathology than patienis with a normal
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radiograph. However, radiography alone did not seem to offer sufficient
information for selecting patients for antibacterial therapy. The results indicated

that some early pneumonias were radiographically invisible.

Paper IV

In this study the impact of patient selection on the diagnostic value of some
clinical cues, ESR and CRP was studied. By following a standard diagnostic
pathway, subgroups with increasing prevalence of pneumonia were defined. A
tendency of lower specificity of symptoms and signs in selected patients with a
high prevalence of pneumonia compared to unselected patients with a lower
prevalence of the disease, was demonstrated. This decline in specificity resulted
in great change in likelihood ratic. The LR of very annoying dyspmea, for
instance, dropped from 5.7 in all the 581 patients included in the study, to 2.0 in
the 79 patients who were referred to chest radiography by the doctors. Decline
in specificity may reflect the diagnostic process. The use of a clinical cue in the
selection, increasing the prevalence of the cue in the selected patients, may
explain the decrease in specificity. The impact of prevalence on positive predic-
tive values, according to the rule of Bayes’, was strongly modified by the changes

in diagnostic properties.
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Paper V

A considerable interobserver variability was demonstraled between a radiclogy
panel and routine reports from the Department of Radiclogy. Twenty-seven
patienis were diagnosed as having pneumonia by either the panel or routine
interpretation, and there was agreement on pneumonia in 15, yielding a
kappa-value of 0.71. While the panel interpreied both acute and follow-up
radiographs, the routine reports were only based on acute radiographs (and old
{ilms in a few cases), and this difference may have contributed to the discrepancy
of interpretation. Still lower kappa-agreements (0.50) were found between the
panel and two residents in radiology who independently interpreted both acute
and follow-up radiographs. The study thus underlined the importance of exper-

ience in the interpretation of chest radiographs.

Paper VI

In this study a compound reference standard was constructed, based on both
radiographic, serological and laboratory results. When typical symptoms and
chest signs were evaluated against this new reference standard, the LR values did
not significantly differ from the LRs presented in paper I It was concluded that
bias due to insufficiency of the radiographic reference standard probably only had

a moderate influence on the evaluation of diagnostic tests.
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GENERAL DISCUSSION

Methodological considerations
Evaluations of diagnostic tests will always be biased due 10 methodological
limitations (62). The possibilities of bias will here be reviewed and the impact

of bias on the results will be discussed.

Sources of bias:

A, The reference standard

The radiographic reference standard has been discussed in all the six papers,
from different viewpoints. Bias from the reference standard may be summarized
as follows.

1. Bias due to incomplete specificity of the reference standard.

The interobserver variability described in paper V implies that both over and
underdiagnosis of pneumoria probably has occurred. However, since the
interpretations were based on both acute and follow-up radiographs the risk of
overdiagnosis was probably small.  Non-infectious pulmonary infiltrates
radiographically mimicking pneumonia are rare disorders (2), and could probably
not be expected to occur in our material. The fact that all the radiographic

pneumonias were included in the compound reference standard presented in
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paper VI, also weigh against overdiagnosis.

2. Bias due to incomplete sensitivity of the reference standard

We know that early pneumonia may lack a radiographic counterpart (20,22), but
the quantitative role of this phenomenon has not been determined. Some few
patients with true pneumonia may have been falsely classified as having

non-pneumonia by our radiographic reference standard, as discussed in paper i1l

and V1.

3. Bias due to the randomization for radiography

Since none of the patients in our random sample was diagnosed as having
radiographic pneumonia, and most clinical data had been registered in all the
patients subjected to randomization, we could choose between two alternative
approaches when calcutating specificities: We could either four-fold the findings
of the random sample (the only alternative if only the randomized patients had
been enrolled in the study as a conirol group), or we could make the assumption
that there really was no pneumonia among the patients subjected to randomi-
zation and include 211 of them in the calculation. We chose the last approach,
and by doing so the calculation of sensitivities and specificities in subgroups of
the participating patients also became straight forward.

Among the patients subjected to randomization, bul not radiographed at entry,

a chest radiograph was obtained in 49 patients with persistent symptoms at the
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Chest Clinic few days later. The fact that no pnewmonias were diagnosed in
these patients support our assumption of no pneumonias among the patients
subjected to randomization.
(As mentioned in paper I, radiographic preumonia was diagnosed in one patient
who were first radiographed at the chest clinic. This patient was diagnosed as
having LRTI and had an ESR of 30 mm/k at entry, and should, according to
Instruction, have been radiographed in the first place. Since the iliness of this
patient had worsened clinically and biochemically after entry, he was not regarded
as a pneumonia case in the analyses.)

In retrospect I see problems with the randomization for radiography not
foreseen when the investigation was planned. If there had been pneumonias in

the random sample the analyses would have been much more complicated.

Conseguencies of misclassifving patients into the pneumenia (PN)Y and

non-pneumonia (NPN) groups

Misclassification will in general fead to a thinning cut of the differences between
the PN and NPN groups, lowering the sensitivity and specificity of the actual
clinical finding. In our investigation the sensitivities are more fragile compared
to the specificities, beeing calculated from only 20 patients. Let us suppose that
one patient without true pneumonia was misclassified into the PN group and five
patients with true pneumonia were misclassified into the NPN group. If the
initial sensitivity of a certain finding was calculated to be 0.5, and this finding was

absent in the false positive pneumonia and present in the five false negative
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preumonias an increase in sensitivity from 0.50 1o 14/24=0.58 would result. If
the initial sensitivity was zero, the revised sensitivity would be 5/24 or 0.21, which
is the maximal error in sensitivity. If the initial sensitivity was 0.50 the error
would be less than G.08.

Let us calculate the maximal error in specificity in our material of 402, 382
without pneumonia, supposing the same misclassification: If the initial specificity
was (.90 (344/382) the revised specificity would be 345/378 or 0.91. If the initial
specificity was 0.99 (377/382) the revised value would be 378/378=1.0. Greater
changes would occur with low initial specificities, but not exceeding 0.02. When
the specificity is high, a change of 0.01 may be substantial. A drop in specifity

from 0.99 to 0.98 leads to a halving of the likelihood ratio.

B. Study population

Great differences in diagnostic properties were demonstrated when the same
symptoms and signs were evaluated in different subgroups of patients (paper IV).
"This fact calls for caution as regards generalization from the study.

Characteristics of the patients at the Emergency Ward have probably influenced
the results, especially the underrepresentation of elderly people and patients with
chronic diseases. The most seriously ill patients were not included, as they
usually are visited by the doctors at home. This selection bias may, as discussed
in paper I and II, have resulted in too low sensitivities for some symptoms, signs
and laboratory tests. The underrepresentation of elderly people with chronic

bronchial or pulmenary disease but without pneumonia, may have resulted in too
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high specificities of chest signs. However, it would be difficult to find a separate
health care setting with a more representative material of otherwise healthy
aduits comsulting general practitioners with respiratory compiaints than the
Municipal Emergency Ward in Tromseg.

The main evaluation of symtoms, signs and laboratory results were done in the
402 patients who underwent physical chest examination. The implications of this
choice are indicated in paper I'V. Although the doctors were asked to examine
the patients as usual, the participation in the study may have influenced their
practice, and physical chest examination has probably been carried out more
frequently than usual. According to the results of paper IV, this bias may have
increased the specificities of symptoms and signs, since additional patients without

chest symptoms probably were included.

C. Other sources of bias

A considerable inter-doctor variation in recording of chest findings have been
demonstrated (62,63). However if the participating doctors are representative of
general practitioners, the average diagnostic values of the findings in medical
practice may be determined. All the doctors working at the ward were willing 1o
participate. Although they were not all general practitioners, they were working
regularly at the ward. Auscultation of the chest is moreover a frequent
examination in other specialities as well,

Symptoms and duration of illness was reprorted by the patients in retrospect.

Since the duration of illness seldom exceeded two weeks, recall bias has probably
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been of litile significance. The use of sclf-administered questionnaire is not quite
comparable 1o real life history-taking. Doctor’s recording of patient history is
frequently coloured by inference (31), for instance when pleuritic pain and
expectoration is registered. Important questions may be forgotten during a busy
interview, and some of the patients complaints may be ignored. However, details
concerning symptoms and clinical course appreciated through history-taking may
be missed in a guestionnaire. After all, the registration by questionnaire
represents a standardization of the recording of symptoms. The recording of
chest signs, on the other hand, was dependent on the average examinatory skills

of the doctors.

D: Suymmary of bias

The most important source of bias is probably connected to the selection of
patienis to the study, as indicated in paper IV. Misclassification of paticnts due
to insufficiency of the reference standard may also have influenced the results,

but to a smaller degree.
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Implications for bayesian reasoning

The probability of a disease after a diagnostic test has been performed may be
estimated, when the prevalence of the disease and the sensitivity and specificity
of the test is known, by applying Bayes’ theorem (30,31,64). In a clinical setting
the prevalence is to be understood 2s the pre-test probability. However, the pre-
test probability of a disease in a certain patient is difficult to assess, and is to be
based both on the prevalence of the disease in the clinical setting and on clinical
features of the patient appearent to the doctor (31).

The problem of determining pre-test probability (63) is not the only objection
raised against the application of Bayes’ rule in clinical medicine. Instability of
sensitivity and specificity due to variation in spectrum of patients has been
demonstrated by some studies (58,63,06,67), and czution in transferring the
diagnostic value of a test from one clinical setting to another has been advocated,
The importance of selection bias in the evaluation of diagnostic tests has been
strongly undezlined by this study. A strong tendency of lower specificity of typical
symptoms and signs of pneumonia in subpopulations with high prevalence of
pneumonia compared to case-mixes with lower prevaience was demonsirated,
even within our frame of general practice. Selection of patients with increased
probability of pneumonia may lead to accumulation of false positive as well as
true positive test results. The influence of the duration of illness on sensitivy and
specificity of ESR and CRP, as shown in paper II, revealed another possible

source of selection bias. Since the diagnostic properties of one test may show
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such dependency on other clinical cues, (in this case the duration of illness) the
calculation of posi-test probability of a disease based on an assumed pre-test
probability and a fixed likelihood ratio, using Bayes’ theorem, may be
guestionable, even when the LR has been determined in a similar case-mix.
Selection of patients is in clinical practice usually based on the presence of
symptoms or signs. The diagnostic value of clinical cues on which the selection
depends are strongly affected when these cues are evaluated in the selected
patient population. The high diagnostic value of lateral chest pain and dyspnea
found in this investigation contrasts the insignificance of these {indings in a recent
study by Heckerling et al (68). Not only the grading of the symptoms, but also

the selection of patients in the two studies may explain this difference (paper IV).

Limitations of univariate analysis

The diagnostic values’ dependency on selection and case-mix, reflects not only the
use of the clinical cues in the selection of patients, but also associations between
cues. Cough and dyspnea, for instance, do not coexist in a paiients with
pneumonia by chance. One {inding may be useless when added to another. For
instance, temperature measurement may be useless when the CRP value is
known. On the other hand, 2 finding may be useless when not combined with a
certain other finding. The diagnostic cfficacy of raised body temperature is

dependent on the duration of illness, as shown in paper IIL. In recent studies
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evaluating diagnostic tests, multivariate analysis has frequently been used
(44,68,69,), In our investigation logistic regression was applied primarily to
confirm the results of the univariate analysis, but the significance of adding
laboratory tests to history and physical examination could not have been
demonstrated by univariate analysis alone. A disadvantage of multivariate
analysis is the complexity of the method. Being difficult 1o sce through and
comprehend, one may find it hard to really trust in the results. Sensitivity and

specificity, on the other hand, is easy math.

A case history

To further extend this discussion I will refer to a patient who recently consulted
me at the emergency ward. A 53 year old man, non-smoker and previously
healthy, bad felt a slight pain in the middle of the chest, when he woke up in the
morning the day before. e felt feverish, and on arising he startet to cough. The
chest pain was strongly aggravated by coughing. This was Sunday, and he stayed
al home the whole day. He felt fatigue, but had ne coryza, no soreness of the
throat, and no myalgia. In the afternoon he felt some tightness in the chest and
wheezing could be heard. He coughed up considerable amounts of greenish and
bloody sputum, and then the wheezing disappeared. The next morning he felt
well enough to go to work. However, he soon realized that the chest pain on
cough and the fatigue persisted. In the evening he got a shaking chill and
decided to consult a doctor.

At the consultation he appeared to be at good health, the chins were maybe
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somewhat reddish. The respiration seemed untreubled and he denied dyspnea.
He had not measured the temperature, but counied the pulse io be 90 per
minute. Physical chest examination did not reveal any adventitious lung sounds,
and there was no dullness 1o percussion. After chest examination he coughed
carefully, while holding his hand over the chest, and he spitted a big purulent clot
on a paper. A CRP-test was carried out, and a valee of 50 mg/! was measured.
Chest radiography was not ordered.

When reflecting on the diagnosis, I tried to apply the resulis of paper I and 1L
He did not present lateral chest pain or very annoying dyspnea. Iis chest was
clear. He had chilis, very annoying cough and purulent sputum, but none of these
cues has a high likelihood ratio, according to paper I. A CRP of 50 mg/] also is
of little use during the first week of illness, as determined in paper . T returned
to the classic descriptions of diseases. "Pneumococcal pneumonia”, I site from
Harrisons' textbook (29), "begins abruptly with a single shaking chill, fever,
pleuritic chest pain, and a cough productive of purclent, often bloody sputum”.
This description lists a combination of symptoms, conirasting the univariate test
evaluation of this thesis. Could it be crucial that certain combinations of
symptoms have a high specificity, while the single symptoms are unspecific 7
In previously heaithy adults influenza may frequently be a differential diagnosis
to pneuwmonia. Purulent sputum rmay occur in influenza as well as in
pneumococcal pncumonia, but is usually scanty the first day of iiness (70), and
expectoration is usually preceeded by coryza and/or myalgia. In my patient the

diagnostic dilernma was to decide whether the chest infection he obviously
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suffered from was influenza or a bacterial bronchitis/pneumonia. The combi-
nation of fever, purulent expectoration, absence of upper respiratory tract
symptoms, and above all, a short duration of iliness was the reason why I thought
early pneumonia or a acute bacterial bronchitis was more likely than influenza,
and treated the patient with pexnicillin,

This case illastrated that, until the complexity of the clinical course of iliness has
been sensibly acted on in the evaluation of symptoms and signs, we also have to
look to classical descriptions of diseases. Particular combinations of physical
chest findings certainly also have a much higher specificity compared to the single
signs. Crackles combined with diminished breath sounds and an obvious dullness
to percussion over the same part of the hang would probably show to have a high
LR. Because classical combinations are seldom met in walk-in patients in general
practice, evaluation of such combinations needs to be based on a larger
population of patients than enrolled in our investigation, or on a selection of

patients also including house calls.
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Clinical implications

Adjustment of diagnostic approach

1. Decreased emphasis on crackles,

Paper I showed that the doctors’ overestimation of crackles and other abnormal
chest signs is an important source of misdiagnosis. Awareness of the fact that
sbnormal chest signs only can be found in about half of the patienmts with
pneumoeniz may lead Lo a greater emphasis on history taking. The low specificity
of ecrackles also implies that other possibilities than pneumomnia should be
considered when crackles are heard, and thal a diagnosis of pneumonia should
be supported by a typical hisiory and/or laboratory tests. This adjustinent implies
a changed pathophysiological reasoning, affecting not only the diagnosis of
pneumonia, but also acute bronchitis and aggravation of asthma and COPD.
Forgacs theory about the origin of crackles (71) yields a rationale for this change.

One may guestion whether the value of chest findings would improve if doctors
were betier irained in the examination of the chesl. As far as we know, no
investigation has indicated an answer 1o this question. A recent study (72)
demonsiraied improved sensitivity of crackles when the patient was examined in
the lateral decubitus position. By following this advice, the specificity might be
reduced, and the LR would possibly be unchanged.

After all, abnormal chest signs remain to be manifestations of disorders of the
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lungs and bronchi. The relative depreciation of chest signs showed by this thesis
may only represenl a step into a renewed upgrading of chest auscullation,
facilitated by future studies on lung sounds and their pathophysiological corre-
lates. The doctors interpretation of lung sounds may in turn both be adjusted and
become more uniform, and a more efficient diagnosis of pneumonia, bronchial

obstruction and other pathological changes of the lung may come forth.

2. Upgrading of history taking.
History taking is still a very important part of the clinical examination (31,73,74).
Too low attention payed to the history has also been demonstrated in other
clinical settings (59). The symptoms emphasized in hippocratic medicine, chest
pain, dyspnea and fever are still of substantial diagnostic value, even in the
moderately ill patients of our investigation. Why do doctors overestimate the
value of chest signs at the expence of chest symptoms ? Both a survival of
Laennecs optimistic view regarding the diagnostic properties of auscultation and
the doctors weakness for technology and "objective” signs, may be reasons for this,
The doctors should not only record the presence and abscence of symptoms, the
degree of discomfort from the symptoms should also be explored. Knowledge
about the duration of illness showed to be of great impeortance when temperature
and blood tests are interpreted. Illness duration should also be kept in mind
when symptoms are considered. A rapid clinical course is probably more
frequent in bacterial pneumonia compared to bronchitis and upper respiratory

tract infection, and chest pain and dyspnea may develop withir few days. In the
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pilot study duration of iliness less than 24 hours was the clinical cue {rom history
of greatest diagnostic value (46). Patients were enrolled at home calls in addition
io general practice offices and the Emergency Ward, and two oui of the three
pneumonia paticnts with duration of illness less than 24 hours were visiled at
home. The diagnostic value of such short duration of iliness was not confirmed

by this study, as none of the pneumonia patients had been ill less than 24 hours.

3, Temperature measurement and laboratory tests are useful.

The importance of inflammatory markers: temperature, WBC-count, ESR and
CRP in the diagnosis of pneumonia was confirmed by our investigation (paper II).
Preumonia may be ruled out il both CRP and ESR show normal values. Raised
values of thesc tests may strongly support a clinical diagnosis of pneumonia, but
the duration of illness should be considered when test resulis are interpreted.
Paper 1V indicates that ESR may be useful in rather unselecied patients with
respiratory infection, while CRP is most useful when the patient is classified as
having lower respiratory tract infection. The implementation of these iests in
general practice depends mosily on practical aspects: financial costs, the
consumption of time by performing the test, and how many minutes 10 wait for
the result. A mew semiquantilative CRP-test (Nycocard-CRP, Nycomed, Oslo,
Norway) yielding result in five minutes seems 1o be an atiractive alternative in

general practice.
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Preumonia as diagnostic cathegory

One may question whether it is worthwhile to differentiate pneumonias from
other lower respiratory tract infections. A correct diagnosis should not be an
objective in itself, only a means for an optimal treatment (75). Owing to the
difficuity in distinguishing pneumonia from bronchitis, and the similarity in
therapeutic approach abserved in the two diseases, Fry and co-authors have
argued for the use of the term "chest infection” in a textbook for general
practitioners (76). A subclassification into "chest infection with crackles" and
“chest infection with wheezes" was also suggested, and the authors emphasized the
possibility of obstructive pulmonary disease in the latter group. Although the
objective of this differentiation is rational (77,78), such weight on chest findings
was not supported by this investigation. The term "chest infection” may thus
obscure the important difference between pneumonias and obstructive pulmonary
disease (although they may coexist), diseases with many similarities in clinical
presentation but with quite different treatments. As discussed in paper 11, both
blood tests and spirometry may be valuable adjuvants to history and physical
examination in the differentiation of these diseases. Besides, a differentiation
between pneumonia and acute bronchitis may contribute {0 a more rational
treatment of the latter disease. The current treatment consisting mainly of antibi-
otics {79-81), is probably not optimal. Antibiotics are probably useless in the
majority of cases diagnosed as acute bronchitis (82}, as is also indicated in paper
IL, and sole expectance or symptomatic treatment with an antitussivum or a

bronchodilator {77) is probably preferable in most cases. Moreover, the mortality
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of pneumonia referred to in the introduction, tells us that the concept of

pneumonia should survive as a clinical entity.

Directions for future research.

Diagnosis of pneumonia will remain an important field for research in the years
1o come. Tesis identifying specific infectious agenis will be sought for, and the
trend of dividing pneumonias into eticlogical subgroups will be strengthened.
Laboratory investigations will play a greater role in the diagnostic work-up of
lower respiratory tract infection in "avant garde” general praclice, but practical
and economical limitations will still call for simple clinical tests, which can be
performed without advanced technology. Symptoms and signs will be evaluated
in the light of the advances in ctiological diagnosis.

Rough diagnostic classification of respiratory infection for use in general
practice, as examplified by this thesis, will be brought further. Such studies have
alse heen carried out in the third worid and has, for instance, documented a
considerable diagnostic value of couniing the respiratory raic for childhood pneu-
monia (83,84). More atlention will probably be paid to the diagnosis of
pneumonia in the elderly in future studies. The differentiation of patients
according to need of antibiotics will probably be clarified, both in patients with
acute bronchitis and COPD, in order to reduce unnecessary antibacterial

treatments. Patients diagnosed as having pneumonia will probably be treated
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with antibictics, until bacterial infection can be excluded with nearly 100 %

certainty, due to the possibility of a severe clinical course.



57

Conclusive remarks

Many problems connected to the evaluation of diagnostic test have been
demonstrated by this investigation. Interobserver variability in the interpretation
of chest radiographs has been confirmed to add uncertainty to the reference
standard. The seclection of study population has been shown 1o be of great
importance for the results, indicating that caution should be shown when
generalizing diagnostic properties of clinical cues and diagnostic tests. These are
valuable experiences worthy of being shared with other researchers. Some
knowledge of importance for the clinician has although emerged from the
investigation. The myth of crackics as almost pathognomonic of preumonia has
been challenged with greater strength than previously, and the study make
allowances for doctors 1o pay more attention to the patients’ symptoms. The
utility of laboratory tests for pneumonia in a primary care seiting has been
clucidated, and the efficacy of ESR and CRP-test have been confirmed. The
serological study of the patients with lower respiratory tract infection showed that
these iests and while blood ecll count may be useful in the differentiation of viral
and bacterial infection. Although viral infection was more frequently established
than bacterial infection, pneumococcal and mycoplasmal infections were not
uncommon. As bacterial infection were established in many patients without
radiographic pneumonia, radiography alone did not seem io offer sufficient

information for selecting patients for antibacterial treatment.
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‘Fhe dizgnostic value of fypical symptoms and abnormal chest signs for preumonia have been
eviluated against a radiographic reference standard in 482 adult patients with respiratory
tract inflection in general practice. Paenmonia was diagnosed in 20 patients by a positive chest
radiograph. The doctors dizgnosed pneuronia in seven of these on the basis of history and
physical examination alone, and in addition in 22 patients with normal radiographs. The
diagnestic value of the typical symptoms cough, chest pain, and dyspnaea, reported by the
patients on a guestionnaire, increased with increasing intensity of the symptoms, and both
syery annoving fateral chest pain™ and “very annoying dysproea™ had likelihood ratios (LR}
beiween 4 and 5. The LR of crackles was 3.7. When evaluated against the doctor’s clinical
diagnhosis of pneumonia as reference standard, crackles achieved an LR of 14.8, while the
typical symptoms achieved Jower LR than whea evaluated against the radiographic reference
standard. These discrepaneies, which were confirmed by logistic regression, indicate that
crackles and other abnormal chest findings are intepreted too freguently as features of
pneumonia and that the importance of typical symptoms is underestimated in the diagnosis of
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Norvay.

The diagnoesis of pneumonia in general practice is
frequantiy based on history and physical examin-
ation alone. The difficulties in differentiating pneu-
monias from other respiratory tract infections in un-
sclected patients have been clearly demonstrated by
Dichr ¢t al. {1). The diagnostic values of chest pain
and dysproga. svmptams often referred to as typical
of pncumonia. were fow in that study. Crackles
{rales). the cardmal suscuitatory finding. were heard
in only 19% of lhe patients with pnoumonia. A
higher sensitivity of abnormal chest signs bas been
found in selected patients judged to have a possible
preumaonia {2. 37, and in hospitaiized paticnts with
radiographic pneumonia {4},

In previous studies. the typical symptoms have
usually been recorded ax present oy not present. Ia

Scandd 4 Prive Flealth Care 19920 1

this study we wanted Lo assess the usefulness of these
symptoms for pneumonia in adulls in primary care.
taking the associated degree of discomfort into ac-
count. Tn addition. we wanted to describe the diag-
postic value of the symptoms and signs as seen by
doctors. An overestimation of crackles has previ-
cusly been indicated (2. 5). and we wanted further to
clucidate whether the emphasis laid on symploms
and chest signs could be betier balanced.

MATERIAL AND METHQDS

The jnvestigation took place between 17 October
1988 and 31 May 1989 at the Municipal Emergency
Clinic in Tromse. This clinic is organized in cooper-
ation with general practitioners (GPs) in Tromse for
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the management ol out-of-hours calls. 40 doctors,
matinly GPs, participated in the examination of the
patients.

Patients

Consecutive walk-in patients aged 18 years or more,
who attended the ward between 1600 and 2100 hrs.,
presenting with sympioms suggestive of a respiratory
tract or throat infection, were asked to participaie.
Pregnant women and patients with dyspnoea severe
enough to need urgent trestment were excluded.
The pacticipants gave informed consent. and the
study was approved by the Regional Committee of
Medical Research Ethics.

Examinations

The patients were interviewed and examined by spe-
cially trained nurses. Using a self-administered ques-
tionnaire, the patients reported duration of illness,
respiratory symptoms, and general symptoms of in-
fectious disease during the present illness. Graded
discomlort from cough, chest pain, and dyspnoea
was also reported, and the site of the chest pain.
Blood was taken for erythrocyte sedimentation rate
(ESR) (Seditainer, Becton Bickenson Co., France)
and a semiguaniitative test for Coreactive protein
(Nycocard-CRP, Nycomed, Norway). The doctors
were told to examine and treat the patients as usual.
They recorded on & form whether auscultation and
percussion of the chest were carried out, and
whether crackles, wheezes, pleural rubs, diminished
breath sounds or duilness to percussion were heard.
The patients were classified as having upper respira-
tory tract infection, URTI, (including throat infec-
tion). or tower respiratory tract infection {(LRTI), or
both, and one main diagnosis based on history and
physical examination alone was reported, referred to
as the clinical diagnosis.

Radiography

For practical and ethical reasons we found it inap-
propriate to performe x-ray examination in all the
patieats, and decided to order a chest radiograph in
only a random sample of those with the lowest prob-
ability of preumonia. The guidelines for radiogra-
phy, to be performed the same evening or the fol-
lowing day {three patients), were as follows:

1. When the doctors thought that pneumonia was a
diagnostic possibifity, a radiograph was to be or-
dered.

2. Because pneumontas are freguently associated
with elevated ESR and CRP levels (2. 6). radiog-
raphy was ordered by the nurse it the ESR ex-
ceeded 50 mm/h or CRP exceeded 60 myg/d. I the
docter reported LRTH, the thresholds for order-
ing were 20 mm/h and 20 mo/l, respectively.

. A chest {ithn was ordered in a 23% random sam-
ple of the remaining patients.

L%

To disclose pneamonias not diagnosed because of
the randomization. patients were lovited to attend
the Chest Clinic at the University Hospital of
Tromse if pronounced cough or dyspnoea persisted
when the illness had lasted ten days, or after three
days if the iness had abready lasted a weeX. A chest
filrn was taken, if it had not been obtained at entry.,
All the acute-phase radiographs were read by the
Department of Radiotogy at the University Hospi-
tal.

The patients were asked to return 4-3 weeks later.
A follow-up radiograph was taken if the doctors had
reported an LRTL. or if the Depuartment of Radiol-
ogy had interpreted the acute-phase radiograph as
indicative of pneumonia.

Table 1. Age and malelfemale ratio in 626 adult pa-
tienls with respiratory infection, according (0 sub-
groups referrved to in the texi.

il Age Male/
(mean)  female
rato

Patients

asked to participate 626 319 (.73

refused 45 290 (.96

included 8L 3201 071
Chest radiography

ordered by the doctor 79 382 .08

ordered because of

pathotogical blood tests 161 30.8 0.63

ordered after randomization 90 32.2 0.76

tuken al the Chest Chinic 49 373 .73

net done w7 298 .74
Chest examination

auscultation performed 402 332 0.7¢

pereussion alsoe done 214 340 0.70
Foliow-up

came for follow-up 438 33.1 0.67

follow-up radicgraph done 138 384 (.73

Scwnd 1 Prime Health Care 1992; 1)
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Table 1} Reasons for conswdtation and associated frequencies of physival chest examinaiion. The suggesied
diseases and svinproms were used as criteria for asking 626 putients to participate. The frequencies of chest
exanination are hased on the 381 patients who participated.

Reason for consuitation

No. of paticnis IFrequencey of chest

cxnmination (%)

Diseuse suggested by the patient

b Common cold 32 83
10T RS %)
3. Sinusitis w7 38
4. Exacerbation of asthma 5 00
3. Bronchitis, acute or chronic 30 10
0. Pncumonia 46 100
Svmplom presented by the patient
7. Cough 08 Y7
4. Fatigue. with no probuble cause ouiside the respiratory tract 2 1}
% Fever without genital svimptoms or other obviots cause
autsice the respiratory Lract 3 H0
10, Sore throat 188 45
1. Earache, combined with commoen cold. sere throat or fever kit 56
12, Dyspnoca. when myocardial infarction is not suspected or
urgend treztiment 4 not needed 6 0
13, Chest pain. non-iraumatic. made worse by deep inspiration.
movements. or coughing, when myvocardial infarction is not
suspecied 20 o0
B4, Acute hourseness 4 10
No repson recorded 14 80

The reference standard

A density on chest {ilm. showing signs of resofution
on a follow-up radiograph. was used as the reference
standard of pneumonta. The interpretation of the
films. deseribed in detail elsewhere (7). may be sum-
marized as follows. When the investigation was com-
pleted,  the fitms interpreted
independently by two radiologists (residents) and
one senior chest physician. I an obvious or possible
preumonia was diagnosed by at least one interpret-
er. or if the Department of Radiology reported the
same conclusion. the lilms were judged by a radiol-
oay panch. Only one finat diagnosis of pneumeonia
was based on the acute-phase radiograph alonc.

chest WETe

Sradiseical analysis

The disgnostic value of symptoms and signs was
cvalgated in the patients who underwent physical
chest examination. The data were analvsed in three
ways. First. sensitivities. specificities. and likelihood
ralios {LR) {8) were caleulated against the radio-
graphic reference standard of pneumonia, as well as

Scerted J Prine Flealtht Core 19420 10

93% confidence intervals for the LRs (9. LR is the
frequency of & Ginding in patients with the disease
{sensitivity} divided by the frequency of the finding
in patients without the discase (I-specificity) (10).

Sccond. to estimate the diagnostic usefulness of
the clinical variabics perecived by the doctors. the
same calculations were made using the doctors” clin-
ical diagnosis of pncumonia as reference standard. B
this LR was cutside the 93% confidence limits of the
LR based on the radiographic diagnosis. the differ-
ence was regarded as significant.

Third. logistic regression (L1} was performed for
two separate models. To compare “actual”™ and per-
ceived weight of the clinical variables, radiographic
and clinical diagnoses were used as dichotomous
outcomes. Independent variables were selected as
follows: sex. age, and variables significantly associ-
ated with cither radiographic or clinical pncumonia
in contingency tables or in stepwise lingar regression
(p <003}, Missing values were interpreted as ab-
sence of the variables. The adjusted diagnostic
weight obtained by the vartables are presented as
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Table ML Diagnosiic value of typiced sympioms for prewmaonia in 402 paiients with respivatory infeciion in
general praciice, wsing radiographic prewanonia (n = 207 ay reference standurd, and corresponding dingnostic
values perceived by the doctors, using the doctors” clinical diagrosts of pnewmonia (n = 29) as reference

standard. LR = likelihood ratio, C1. =

5% confidence limils.

Typicad svmptoms Dingnostic values for

Perceived diagnostic values

raciographic pnewmonia

Sensitivity  Speciticity LR (CL) Sensitvity Specifichy LR

Cough during iflacss

more annoving thun normal .95 .22 210-1.5) 0.22 1.3

YOIy annoying 0.63 .65 [LE{1.2-2.9} .63 1.4

dry cough 0,40 (L51 2L .81 1.3

purulent sputum .33 .63 L —-1.8) .35 1.
Dysproca during iltness

more annoying than normal 53 137 1AL 1.8) .76 (.37 1.2

VCEY AnToying (035 Lyl 20{2.0-8.72) (.31 .92 3.7
Chest pain duriag illness )

medial only (.20 .67 .ol 3-1.43 (.24 .67 .5

stroag, medial only .10 0.92 1.200.3-3.8) 003 0.91 0.3

tateral (3.4 079 1.901.0-3.0) 0.31 (.79 1.3

strong fateral (123 .95 F3{2.0-11.4) 017 3,95 32
Fever. day of consultation

reported by patient as

nmwasured or asswmed (.03 {151 1.3{0.9-2.0) .39 (.32 1.2

combmed with duration of

iness exceeding 6 days (.40 0.86 281554 .21 (.83
Chills during illness (.30 0.67 L9231 .61 0.68 Y
* The perceived LR is below the 95% confidence limits of the LR for radiographic ppeumonia.

chi-square values (12, 13}, with minus sign if beta
was negative,

SAS software was used in all the statistical analy-
505,

RESULTS

Of 626 patients who were asked to participate, 581
entered the study, 339 women (mean age 32.5 years,
range 18-78) and 242 men (mean age 31.8 years,
range 18-76). Meuan age and male/female ratio of the
entire material and in relevant subgroups are lsted
in Table §. A reluctance to bloodsampling was the
reason most frequently stated by the 43 patients who
refused. Mean duration of liness at entry 10 the
study was nine days. 85 participants had previously
consubted a doctor for the present iliness, and anti-
biotics had been prescribed for 43 of them. Chest
examination was carried out in 402 patients. The
frequency of chest examination according o reason
for consultation is shown in Table [1.

The chest filmg of 31 patients were selected for a
final judgement by the radiology panel. Radio-
graphic preuntonia was diagnosed in 21 patients; 12
were among the 79 whose chest Hilms were ordered
by the doctor, gight among the 102 whe were re-
terred 1o x-ray examination hecause of pathological
blood tests, and one was radiographed at the Chest
Clinic, a few days after entry to the study. The illness
of this patient. clinically diagnosed as bronchitis, had
become worse after the first consuitation, both clin-
ically and biochemically, and in the further analysis
he has not been classified among the pacumonias.
No prncumonias were diagnosed in the 253% random
sample (seven of the 97 whe were randomized re-
fused). We have made the assumption in the analysis
that there was no radiographic preumonia among
the 401 patients, who were randomized.

Two of the patients with radiographic preumonia
were later diagnosed as having lung cancer. They
were classified as preumonia in the analysis. Ac-
cordingly, the group referred to as having radio-

Scund 1 Prim Health Care 1992: {(
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Table }V. Diagnostic values of sympioms, not regarded as (ypicad of ppewmonie, for ppeamonia in 402 patients
with respiratory infection in general praciice, using radiographic preumaonia (n = 20) as reference standard.
and corresponding diagnostic values pereeived by the doctors, using the doctors” clinical diagnosis of preumo-
nig (n = 29) as reference standard. LR = likelihood ratio, CL = 93% confidence limits.

Not ivpical symploms

Dingnostic values for radiographic preumonia

Perceived diagnostic vatues

Sensitivity Specificity LR {CL) Sensitivity Specificity LR
Sweating and clamminess G.80 016 1.9 (0.8-1.2) .76 (.15 0.9
Fatigue 1.00 0.11 11 (L0-1.3) {193 (L1 1.0
Headache .73 (.23 LO{0.8-1.3) .76 (.23 1.4
Myalgin/arthralgia (.55 (.43 1.0 {0.7-1.5) (.64 0.45 1.2
Coryza .65 0.18 0.8 (0.o-1.1) (176 .18 0.9
Sore throat .43 (.25 0o {thd4-1.0 (.50 .25 .7
Earache 0.1% .61 0.4 {0.1-1.1} (132 .62 0.3
Fascial pain 00.37 (L0635 PO (0619 (.32 0.64 .9

graphic preumonia consisted of 20 patients, nine
men and 11 women. Physical chest examination had
been carricd out in all. The mean age was 38 years
(range 18-71). and mean duration of ilness at entry
was 10 days (range 2-30}. None had been treated
with an antibiotic in advance. The reason for the
consuitation was influcnza in three, sinusitis in one,
bronchitis in five, pneumonia in three, cough in six,
fatiguc in ong, and dyspnoca in onc.

The doctors diagnosed pneumonia clinically in 29

patients, referred to as the perceived pneuronias.
The diagnosis was confirmed radiographically in
seven of these,

Univariate analysis

The LR of the typical symptoms for radiographic
preumonia increased with increasing degree of dis-
comfort {Table [11). This was most evident for dys-
proca and lateral chest pain, reaching LRs of 4.0
and 4.8, respectively. Diry cough was a more specific

Table V. Diagnostic value of ehnormal chesi findings for preumonia in 402 patients with respiratory infection
in general practice, using radicgraphic prnewmonia {(n = 20) as reference standard, and corresponding
diagnostic values perceived by the doctors, using the doctors’ clinical diagnosis of pnewmonia {n = 29} s
reference standard. LR = likelihood ratio, CL = 95% confidence limity.

Abnormal chest findings

Diagnostie values for
radivgraphic preumonia

Pereeived diagnostic
valucs

Sensitivity  Specificity LR {CL) Scasitivity  Specificity LR
Auscultazion {n = 4(2)
Wheezes. no crackies .15 .85 1.0 (0.3-2.8) (.03 (.84 .2*
Wheeres and crackles .15 57 3.3{1.3-8.7) (.28 .98 12.9%°
Crackles no whoezes 0.20 (.94 4.4 (1.4-13.6) .52 .97 6.1
Crackles with or without wheezes 0.35 (.91 3T (1.8-7.6) 0.79 095 14.8%%
Pleural rubs [USIE: .98 6. {1.6-25.3) 0.17 .99 214
Decreased breath sounds 0.15 .95 3.241.0-104) .41 .98 17,177
Percussion (n= 21, 14 “true” pReRmOntas}
Duilness to pereussion {394 .46 4.0 (10167 .56 1,084 PRt
“Pneumante” chest findings
{crackices. pleurat rubss diminished breath
sounds or dullness to percussion) .40 (.88 3.3 (1.8-5.9) (156 0.92 10,777

The pereeived LR is below the 95
“* The pereeived LR is above the U
4 When calculating the LR, the specificity is corrected 1o 9.995.

Scard § Prim Health Care 1992: 10
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Table VI, Weight of clinical variables as predictors of

radiographic and perceived prnenmonia analysed by
{ogistic regression, in 402 patients with respiratory
infecrion.

Sysmpiom or sign Actual Perceived
weight weight
Fever combined with duration of
Hiness of one week or more +4.7% 3.1
Coryza -4.57 +L.8
Sore throat -2.1 —4. 1
Dyspnocu. very annoying +5.0° +3.2
Chest pain, strong, lateral +y.25 +{1.9
Crackles 0.y +37.0%%*

P 005, p< 0003, T FF p < 0L0001.

cue than coloured sputum for radiographic pneumo-
nia, and it had a higher LR. This difference was not
perceived by the doctors. The LR of fever at the
time of consultation, as reported by the patient,
combined with 2 duration of diness exceeding six
duys, way significantly higher than perceived by the
doctors.

Among the symptoms not regarded as typical of
pneumoniz, no statstically signilicant association
with pneumonia was found, neither when dichoto-
mized as preseni/not present, as shown in Table 1V,
nor as much discomfort/not much discomfort {dawa
not shown}.

The most sensitive chest finding. eruckles. had an
LR of 3.7 (Table V). The LR ascribed to crackles by
the doctors, 14,8, was far above the 95% confidence
Hmits of this value, (1.8-7.0). The perceived LRy of
dullness 1o percussion and pleural rubs were also
much higher than the corresponding LRs for ra-
dicgraphic pneamonia.

{ogistic regression

The following independent variables were entered in
the two models: age, sex, patient report of fever
combined with a duration of iliness of one week or
more, sweating/clumminess, sore  throat. corvza,
carache, cough, dyspnoea, lateral chest pain, crack-
les, dimimshed breath sounds, and dullness to per-
cussion. The vartables significantly associated with
either radiographic or percefved pneumonia are pre-
sented in Table VI Strong lateral chest pain and
very annoving dvspnoca got the highest weights for
radiographic pneumenia, but they were both insig-
nificant independent predictors of perceived pneu-
monia. Crackles got a bigh weight for perceived

pocumonia, while the corresponding weight against
radiographic pneumonia was insignificant.

DISCUSSION
Grading of the typical symptoms enabled us to dem-
onstrate thelr importance in the diagnosis of pneu-
monia. When the symptoms were dichotomized as
present/not present, the diagnostic usefulness was
far less, in accordance with previous studies (2. 3). A
considerable discrepancy between actual and per-
ceived diagnostic values of erackles and other chest
signs was strongly confirmed {3). particularly by lo-
gistic regression. [n contrast (o the study by Dichr ¢t
al. the presence of myaigia did not achieve signif-
icant diagnostic value (13, while absence of cc

AL

was contirmed as mnportant by logistic regression.
The credibility of the results depends on the val-
wdity of the reference standard. A density on an
acute-phase radiograph s generally accepted as a
diagnostic criterion of pneumonia in hospital prac-

tice and medical Lterature {14, 13). but it Is not &
perfect gold standard, The consistency of different
radiologists” interpretation of the same chest radio-
graphs is far from pertect (16, 17). This was abso
demonstrated when the interpretations by our radio-
togical panel were compared with the reports of the
acute-phase radiographs by the Department of Ra-
diclogy (7). Since the pancel based their judgement
on both scute-phase and follow-up radiographs. the
bias from this inconsistency. as well as the risk of
overdiagnosis, was probably minimized. We know
that carly pnewmonic changes may lack a radio-
graphic counterpart (15, 18). The possibility of mis-
classifying g true pneumonia as non-pneumaonia was
also somewhat increased by the assumption that
there wus no preumonia in the patients who were
randomized for radiogruphy. However. any patient
with pneamonia not radiographed at entry would be
fikely 10 attend the chest clinic and undergo radiog-
raphy a few days later. Accordingly, bias dug 10 the
randomization for radiography probably had little
fmpact on the results.

fnterebserver variation in the recording of ab-
normal chest findings is a weli-known source of bias
(19.20). However, the average diugnostic uscfulness
of findings in medical practice may be demonstrated
in studies like ours, with a large number of doctors,
all willing to participate.

In our study the sensitivity of crackles for ra-
diographic pneumonia was higher than found by

Scand § Prim feafth Core J992; 1
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Pichr et al. (1), 035 and (119, vespectively. Fow
cases of pneumonia in both studies may pardy ox-
phain this difference. but a more valid reference stan-
dard in our study. being based on both acute-phase
and follow-up radiographs. may also have contrib-
uted. A higher sensitivity of crackies. exceeding
{130 has been found in bospital-based studies (4. 6.
21y, and this may be explained in two ways. Pneu-
monia patients with crackles may on average be
mare seriousty ill than those without. and thus be
admitted more frequently, The lower sensitivity of
crackles found in atypical pncumonia as opposed to
pneumococcal preumonia (6, 22) lends support to
this mechanism. A second explanation. supported
by our study. implics that the diagnosis of paeumo-
nia may freguenty be missed when crackles are not
heard, decreasing the probability of admission, A
more thorough auscultation in hospitalized patients
supposcd to have pneumania probably also contrib-
utes to the difference in seasitivity.

As regards gencralization from this study. we will
make some reservations. At the Emergency Chinic in
Tromss, voung and otherwise healthy adults are
overrepresented. Patients with heart insufficiency.
chronic obstructive pulmonary discase or known
asthma were accordingly less frequent in this study
than expected in an ordinary general practice pop-
ulation. This sclection bias has probably tended to
increase the specificity of crackles and other ab-
normal chest findings (2. We found. however,
about the same speetficity of crackles as Dichr et al.
(1)

The prcumenias were all minor or moderate and
all cases were managed outside hospital. If the study
had also covercd house calls. more severe pncumo-
nias would probably have occurred. The tack of sc-
vere preumontas may oxplain why our study did not
confirm the high diagnostic value of a duration of
illness shorter than 24 hours. found tn a previous
study from Tromsg (2). None of our pncumonia
paticnts had such a short duration of illness.

Elderiy patients were sparsely represented. Cough
and probably also chest pain are less frequently pre-
sent in pneumonias of geriatric patients. and history-
tking is more often troubled by mental confusion
(21).

Conclusion

The typical symptoms. dyspnoca, chest pain. and
fever are of considerable value in the diagnosis of
pncumonia in voung and middic-aged adulis with

Scenel J Prise Health Care §992: 10

respiratory tract infection in primary care. and por-
mal chest findings should not overruie a typical his-
tory. More attention must be paid by geoeral pract-
tioners to the typical symptoms, if their performance
in diagnosing pncumaonia is to be improved.

ACKNOWLEDGEMENT

We wish to thank the Norwegian Rescarch Counct! for
Science and the Humanitics. of which Hasse Melbyve was a
rescarch fellow. We also thank the Norwegian Heart and
Lung Association for financiad support.

REFERENCES

1. Dichr P, Wood RW ., Bushyvhead I, Krucper L. Wolcoly
B, Tompkins REK. Prediction of pneumonia in out-
paticnts with acute cough: o statistical approach. I
Chronic Dis 1984 37 215-25.

. Melbye H. Straume B. Aascbo UL Brox 1. The ding-
nosis of adult pneumonia in general practice. Scand §
Prim Health Care 1988: 61 111-7.

. Heckerhing PS. The need for chest roentgenograms in
adults with acute respiratery ilness. Arch Intern Med
1986 146: 1325-4.

4. OQsmer JC Cole BK. The stethoscope and roentge-
nogram in acute preumonia. South Med 119660 59
73-7.

. Bushyvhead JB. Christensen-Szalanski 1)1 Feedback
and the illusion of validity in a medical clinic. Med
Dacis Making 19870 1 115-23.

6. Lebtomaki K. Clinical diagnosis of pnewmococcal,
adenoviral, mycoplasmal and mixed pncumonias in
young men. Eur Respir J 1988: 1: 324-9.

. Melbye H. Dale K. Interobserver variability in the
radiographic diagnosis of adult outpaticnt preumontia,
Acta Radiol 1992: 33 TU-81.

8 Radack KL, Rounn G, Hedges 1 The likelibood ratio,

Avch Pathol Lab Med 198060 THE 689-493,

9. Morris JA, Gardner ML Caleulating confidence in-
tervals for relative risks. odds ratios. and siaadardised
ratios and rates. Tn: Gardner MY, Alunan DG eds,
Statisties with confidence: Confidence intervals and
statistical guide-tines. London, England: British Med-
feal Association: 1989 30-03.

). Sacket DI Haynes RB. Tugwell P. Clinicat epidemiol-
ogy. A basic science for clinical medicine. Boston:
Little, Brown and Co. 1985 71,

FE Wigton RS, Use of hncar models to analyze physicians’
decisions. Med Decis Making 1988 §: 241-3

12, Centor RM. Witherspoon, Dalton HP. Brody CE.
Link K. The diagnosis of strep throat i adults in the
emergency room. Med Decis Making 19810 1 239-46.

13, Hlatky MA. Pryor DB, Harrell FE jr. Calilf RM.
Mark DB. Rosati RA. Factors affecting the sensttivity
and specificity of the exercise clectrocardiogran: A
multivariable analysis. Am J Med 1984: 77 6471,

14. Goodman LR, Goren RA. Teplick 8K, The radio-
graphic evaluation of pulmonary infection. Maed Clin
North Am 19805 6d: 55374,

1=

=

h

¥




13N

o

Didgnosis of puewnoniv in adults in generad practice

Conte P Helzman ERC Markarion B. Viral pneamo-
nia. Roenigen pathuological corrchuions. Radiology
1970; 930 2067-72.

Stein MT. Delayed roenigenographic signs associnted
with geute pacumonia in children. § Fam Pract 1981
12: 63944,

Herman PG. Gerson DE.L Hlessel S1 et al. Disagree-
ments in chest roentgen interpretation. Chest 1973 68:
27882,

. Stickler GB, Hoffman AD. Tavlor WE Problems in

the clinical and roentgenographic dingnosis of pneumo-
nia in young chitdren. Clin Pediatr 1984 23: 3989,
Smylic HC. Blendis LM, Armitage P Observer dis-

24.

27

233

agreement i physical signs of the respiratory system.
Lancet 1965 §; 4123,

Bege CB. Biases in the assessment of dingnostic wests.
Statistics 1o medicine 1987 6; 31123,

Marrie TI. Durant M, Kwuan O, Nursing home-ae-
quired pnesmonta. A casc-control study, J Am Geriatr
Soc T986: 34: H9T-TR2.

- Atmar RL. Greenberg SB. Pneamonia caused by My-

coplusma pueumonise and the TWAR agent. Semin
Respir Infect 1989: 4: 19-31.

Received October 1991
Accepted February 1942

Scwnd 7 Prim Fealih Care 1992 10









Scand J Prim Health Care 1992, 10 234-240

Laboratory Tests for Pneumonia in General Practice: The
Diagnostic Values Depend on the Duration of Illness
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Melbye H, Straume B, Brox J. Laboratory tests for prewmeonia in general practice. The
diagnestic values depend on the duration of illness. Scand ] Prim Health Care 1992:
234-40.

The usefulness in the diagnosis of pneumonia of temperature and the laboratory tests:
ervthrocyte sedimentation rate (ESR), leucocyte count, and C-reactive protein (CRP) was
evaluated against a radiographic reference standard in 402 aduit patients with respiratory
tract infection in general practice. Radiographic paneumomnia was dizgnosed in 20 patients.
CRP and ESR were the most useful tests. CRP > 50 mg/l had lower sensitivity and likelihood
ratio (LR}, 0.50 and 4.8, respectively, compared with previous studies of selected patient
poputations. Among patients whose duration of illness exceeded six days the corresponding LR
was FF.3, due to a higher specificity in this subgroup of patients. ESR and aral temperature
were also more useful in this subgroup than in patients with a shorter duration of illness. A
highly sigaificant diagnestic contribution of adding ESR and CRP to history and physical
examination, particularly when the illness had lasted one week or more, was demonstrated by
fogistic regression.

Key words: pneumonia, diagnosis, {emperature, ESR, leitcocyte count, C-reaclive protein.

Hasse Melbye, MB, Institute of Commuanity Medicine, University of Tromse, Breivika, 9000

Tromse, Narway.

Differentiating paeumonias from other respiratory
tract infections, on the basis of history and physical
examination alene. is a difficalt task, as demon-
strated by several studies (1-3}) The erythrocyte
sedimentation rate (ESR). white blood cell count
(WBC). and C-reactive protein analysis (CRP),
which are general indicators of infectious discase.
are of value in this differentiation (2,06-8). Most
pneumonias it adulis are of bacterial origin (9},
tending 1o cause a greater rise in WBCL ESR, and
especially CRP level than occurs in pneumenias
caused by mycoplasmal or viral agents (10, 11).
Temperature., WBC count. and CRP rise quickly
in serious bacterial infections, often reaching a peak
in one or two days, returaing to normal within a fow
days when adequate treatment is given (12). ESR
rises more stowly, and may remain raised (07 two oF
three weeks, despite a favourable clinical course
(13). The diagnostic uscfulness of the CRP-test was
promisingiy high in previous studies (2,7, 8} How-

Scand J Prim Health Care (992 10

ever. those studies were cither hospital-based, ot
based on patient populations with a high probability
of pneumania. In the present evaluation of blood
tests and body temperature. the study population
comprised unsclected adults with respiratory tract
infection in general practice. Apart from determin-
ing test uscfulness in & primary care sefling, we also
wantced to study the impact of the duration of illness
on the diagnostic propertics.

Taking the diagnostic values of symptoms and
signs into account, as evaluated in the same popula-
tion of patients {3}, we also wanted to assess the
uscfulness of adding the laboratory tests to history
and physical examination.

MATERIAL AND METHODS
Patients
The investigation took place at the Municipal Emer-
gency Clinic in Tromse. between 17 October 1988
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and 31 May 1989, Consecutive paticnts aged 18 years
or more. presenting with symptoms suggestive of a
respiratory or throat infection were asked to enter
the study. Patients with dyspnoea, severe enough to
need urgent teatment, and pregnant women were
excluded. 48 doctors participated in the examination
of the patients.

The doctors were told 1o examine and treat the
patients as usual. Physical chest examination was
carried out in 402 of the 381 patients eorelled, and
our analyses concern ihis subgroup of patients. The
mean age of 33.2 vears, male/female ratio of 0.7, and
mean duration of iliness of 10.2 days did not differ
significantly from the total material {3).

The study was approved by the Reglonal Commit-
tee of Medical Research Ethics.

Temperature neasuramneni and dlood lests

Before consulting the doctor the patients were
examined by a specially trained nurse. Bloed sam-
ples were taken, and the patients completed a gues-
tionpaire concerping symptoms and duration of ik
ness. Oral emperature was measured by a digital
thermometer {Citizen Watch Co, China). ESR was
examined using closed vacuum tubes (Seditainer,
Becton Dickinson Co, France). An automatic cell
counter. Linson CX 320 (Sweden) was used in
WEBC-counting. CRP was analysed by an immunoas-
say method in RATNO awtoanalyser with reagents
from Orion (Finland).

The reference standurd
A radiology pancl diagnosed pneumomnia in 20 pa-
tients, based on the acute-phase and follow-up chest
films. The diagnostic procedures, deseribed in detatl
clsewhere (3, 14), may be summarized as foliows:
The doctors at the Emergency Clinic, who were
not informed about the laboratory results untid after
the consultation, reported on a form whether the
paticnt had upper or lower respiratory tract infection
([LRT1), or both. X-ray examination was to be or-
dered when preumonia was considered @ diugnostic
possibility. Not to overlook pneumonias. a radio-
graph was also ordered by the nurse when a patient
hud an ESR of 50 mm/h or more, or CRP 60 mg/! or
more, judged by a semiguantitative test (Nycocard
CRP, Nycomed, Norway), When the doctor re-
ported LRTI. the thresholds for ordering were 20
mm/h and 20 mg/l, respectively. X-ray examination
was performed in a 25% random sample of the rest
of the patients, who were anticipated 1o have a low

jo)
L
N

probability of piacumoma. The radiographs were
taken the same evening. or the following day {three
casesy. Patients with persistent cough or dyspnoea
after 10 days of ilness were invited to attend the
Chest Clinic at the University Hospital of Tromse for
further examinations. and a chest radiograph was
mken i not obtained at entry. A follow up chest film
after 4-3 weeks was obtained in most of the patients
except those radiographed after randomization.

The 20 radiographic pneumonias were all diag-
nosed among the 302 patients who underwent phys-
ical chest examination. Twelve were based on the 79
radiographs ordered by a doctor and 8 on the 102
radiographs ordered because of raised ESR and
CRP wvalues. No radiographic pncumonias were
found among the 97 patients randomly selected for
radiography, and in the analysis we made the as-
sumption that there were no pneumoniay among the
402 patients who were randomized.

Statistical analvsis

Univariare analysis

Mean temperature and blood test values were caleu-
lated according to duration of iiness in patients with
and without preumonia. Mean values when the du-
ration was more ot less than a week were compared,
and differences were statstically assessed by Stu-
dent’s t-test and the Wilcoxon rank sum test. For the
presented ditferences the same p-values were ob-
tained by both tests.

Sensitivity, specificity, and likelihood ratio {LR)
(13) were caleulated for various thresholds of the
tests, as well as 93% confidence intervals for the LRs
{16). LR s the frequency of » finding in paticnts with
the disease (sensitivity) divided by the frequency of
the finding in patients without the diseases (1-speci-
ficity}. Receiver Operating Characteristic (ROC)
curves (17) were used in the presentation of the
resuits. in order to obtain a clear picture of the LR
from the figures. we have plotied the function: sensi-
tivity = LR X {l-specificity), as straight dashed
lines, radiating from the lower left corner (Fig. 2},
for integer values of LR from | 10 3,

Laogistic regression

In order to evaluate the significance of applying the
tests as part of a tull clinical evaluation, the follow-
ing six clinieal variables. found o be most strongly
associated with pneumonia in our previous study {35),
were entered as independent variables in a model
with radiographic diagnosis as dependent variable:

Scand J Prim Healtly Care 19927 18
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Frg. 1. Oral temperature. erythrocyte sedimentation rate
(ESR). white bleod cell count {WBC). and C-reactive pro-
tein {CRP} according to duration of illncss in 402 patients
with respiratory tract infection. 20 with radiographic pneu-
monia (PN) and 382 without (NPN).

strong lateral chest pain, very annoying dyspnoea.
patient report of fever combined with a duration of
tiness of 7 days or more, coryza, sore throat. and
crackics (rales). The significance was assessed of
each of the laboratory tests added one by onc as well
as in combinations by a stepwise procedure.

The analyses were carricd out in all 402 patients
and in the two complementary subgroups with dura-
tion of ilingss either more or less than a week, The

Seaned § Prin Heaftt Care 19920 70

chi-square values achieved by the laboratory tests
are presented.

SAS soltware was used in all the statisGeal analy-
5C8.

RESUHTS

Among the 402 patients included in the analyses.
valid measurements of temperature were obtained in
399, WBC count in 400, ESR in 401, and CRP in all.
These differing numbers of observations are not
specitied in the tables and figures.

Test results according o duration of ifhiess
For all the tests, bigher mean values were found in
the pneumonia patients than in those without ra-
diographic pocumonia, irrespective of the duration
of illncss, with one cxeeption {Fig. 1).

in patients without radiographic pneumomna,
there were significantly higher temperature and
CRP-values (Fig. 1) when the iliness had lasted less
than seven days. p-values < 0.0001. Due to the low
number of patients with pncumonia. the impact of
duration of illncss on the test results was not statisti-
cally assessed in this group of patients. There was a
tendency for the temperature and WBC-count to
decrease as the duration ol illness increased. while

Specificity

Sensitivity

¥—+ Temperoture

a—m ESR
e——o WBC count
+—¢ CRP

c.0

Fig. 2. ROC curves showing the disgnostic properties of
oral temperature, erythroevie sedimentation rate (ESR).
white blood cell count {(WBC). and C-reactive protein
(CRP} for radiographic pncumonia in 402 adult paticnts
with respiratory tract infection in gencral practice.
Footnote: The foliowing thresholds are used:

Oral temperature: 37.0. 37.5, 38.0 and 38.5°C. ESR: 20.
40, 60 and 80 mm/h., WBC-count: 9. 100 11, 12 and
B4 10771 and CRP: 200 40, 60, 80 and 100 mg/t,
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Fable 1 Sensivivity, specificity, and likelihood ratio (LR} of temperature and blood rests for radiographic
prcirronia in F02 adult patients with respiratory infection, 20 with radiographic preamonia.

Sensitivity Specificity LR (934% confidence interval)
Temperatare 2 37.5°C (.50 (.70
ESR =33 mmvh (150 0,89
WBC count = 10.4 .33 0.85
CRP =50 myl 0.50 .90

Threshelds were chosen that corresponded to a seasitivity of

the opposite tendency was tound for ESR (Fig. 1).
No tmpact of duration on the CRP values could be
inferred in the pneumonia group.

Diagnostic value of the tests

CRP and ESR were the most useful tests, shown by
the fact that their ROC-curves are positioned over
and to the ket of the ROC-curves of the other two
tests (Fig. 2). At thresholds with a sensitivity of 0.50.
the LR of CRP and ESR was between 4 and 3 (Table
). When higher thresholds of the tests were evalu-
wted, with seasitivities between .20 and 0.30, ESR
had the best LR. ESR above 8¢ mm/h had a sensitiv-
ity of 0.20 and an LR of 77. All patients with ra-
diographic pneumaenia had cither CRP > 20 mg/l or
ESR > 20 mm/h.

The disgnostic usefulness of ESR and CRP im-
proved when the duration of iliness exceeded six
duys {Tablke H). A shift 1o the left ol the ROC-curves
of these tests is shown in Fig. 3. The diagnostic value
of an oral temperature > 38.0°C also improved after
one week's illness, and a temperature above 38.5°C
had aa LR of 3.3 at a duration of less than one week
and 22,1 when the duration was more than one
week.

aboat 0,30,

Logistic regression

Each of the four tests contributed significantly in the
discrimination of patients with and without preumo-
nia (Table 1), When the patients had been Ul for
less thun one week. the weights obtained by the tests
hardly achieved significant values. but with a longer
duration of iiiness ESR and CRP in particular had
high weights. In a stepwise analvsis, combinations of
tests in all the patients were modelled with the same
independent clinical variables. WBC count and tem-
perature did not reach significance when added 1o
CRP or ESR. CRP contributed significantly only
when added 1o WBC count and temperature, while
ESR did 50 when added 10 any of the three other
wests,

DISCESSION

ESR and CRP contributed with high significance in
the diagnosis of pneumonia only when the patients
had been il for one week or more. Although the
high sensitivity of the CRP-test was confirmed in the
carly phase of illness, o substantial increase in speci-
ficity after one week was the reason why the LR of

Table [L Sensitivity and likelihood ratio (LR) of temperature and blood twsis for radiographic preumonia
uccording to diration of illness. CI = 93% confidence internal,

Days of iloess: <7

Days of iflness: 7 or more

no= 2427 n= 1607

Sensitivity  Specificity LR (CH) Sensitivity  Specificity LR {CD)
Temperature = 37.5°C 0N (3.63 19 {(.9-3.8) .38 0.83 2.2 (L33
ESR =35 mméh 0.29 0.8¢ 2.6 (0.7-9.6) 0.69 0.85 46 (24~ 8.7
WBC count 2 104 x 101 0.57 0.83 3.3 {1.4-7.9) (.42 .88 36 (13-8%
CRP 2= 50 mgh .43 0.86 34 (1.1-8.6) (.54 0,95 113 (512308

Thresholds were chosen that corresponded 10 a sensitivity of
* 7 with radiographic pacumonia.
“* 13 with radiographic pneumonia.

about (.30 in the total material.

Scand ! Prim Healtlh Care 1992; 16
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Fig. 3. ROC carves showing the diagnostic properties of oral temperature. erythrocyte sedimentation rate (ESR). white
hlaod ccll count {WBC), and C-reactive protein (CRP) for radiographic preumonia in 402 adult paticnts with respiratory
infection. The resultx in patients with a duration of iliness less than seven days (n = 242), and one week or more {n = 1601,

are compared.

CRP improved. Moderate elevation of CRP in un-
complicated viral vespiratory infection has previ-
ously been demonstrated (18). diseases usually sub-
siding within one week, and peak vaiwes of CRP
have been [ound after three days of illness in experi-
mentally induced influenza (19). The improvement
in the diagnostic escfulness of the £8R was due o
higher sensitivity of high ESR valucs after one weck.

The sensitivity of CRP > 50 mg/t of only 0.58 was

Scand § Prien Healiht Care 1992, 115

low, compared with previous reports (2.7.8.18),
Home visits were not inchuded in the present study.
and none of the patieats with pacumaonia was so ill
that hospital admission was necessary. There was
abviousty a selection bias towards mild and moder-
ate pneurnonias. while severe preumonias have
probably been overrepresented in other studics {8,
i), The low sensitivity of WBC counts above
1) % H0” may have been caused by a relatively high
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Table T, The significance by logistic regression of adding a laboraiory rest to clinical information obiained by
history and physical examination in predicting radiographic pneumonia. Chi-square values are presented.

Laboratory test Duration of itnness

0 =<7 days 11 7 days or more Al

n =247 ne= |34 n =402
Oral temperatare 6.0 * 517
ESR 4.4 7 29.0
WEBC count ! 32{NS)
CRP 244 e
NS Not statsticably significant a1 0,05 {evel
top<ills
Eop

w5y <2 0,000

frequency of viral, mycoplasmal, and chlamydiad
acticlogy (10.24).

Our radiographic reference standard is not perfect
(3. 14), and misclassification of patiemts mto the
poeumonia and non-poncumonia groups may have
influgneed the results. Because the radiographic di-
agnosis was based on both acute-phase and fol-
low-up radiographs, the risk of overdiagnosis was
probably mintmized. Early pneumonias may be in-
visible (21}, and the risk of misclassitying a true
prewmonia as nor-preumonia was in addition some-
what increased by the assumption that there was no
paeumoenia among the patients who were rando-
mized. However, if only few patients were misclassi-
fied mto the non-pncumonia group. the speaficitics
computed lrom 382 patients would only be slightly
influenced.

fomay be argued that the use of ESR and CRP in
the selection for chest radiography lcads to circular
argumentation. The random sample was intended to
compensate for this, but if there was indecd a pneu-
monia case among the patients not radiographed, a
selection bias in fuvour of increased value of these
two tests, by raising their sensitivity, would be
brought about.

Clinical implications

ESR and the CRP-test are valuable suppiementary
tools in the diagnosis of pncumonia in general prac-
tice. Our stwdy indicates that pneumonia may be
ruted out if bath CRP and ESR show normal values,
a message supported by previous studies {6-8). The
study also contirmed that a value of CRP > 3 my/l
strongly supports a clinical diagnosis of preumonia
(2.6-8). The comparable predictive value of ESR
=35 mm in our study was probably dependent on

the otherwise good heahth of the population consult-
ing the Emergency Clinic, securing a high specificity.
Cur study shows tha moderately raised CRP-values
should be interpreted in the light of illness duration.
CRP-values between 20 and 30 mgd in the first week
of illness may frequently be found in respiratory
infections without pneumonia. as has also previously
been demonstraied in uncomplicated viral infections
(18.19). With a duration of iliness exceeding one
week, however, such CRP values may support a
diagnosis of pneumonta.

Temperature measurement is sl indicated. at
least when the laboratory tests are not pragticuble.
Significant weight wus obtained from oral tempera-
ture in the logistic regression, even when added to a
report of fever by the patient. Even better dingnostic
value might probably be achieved if rectal tempera-
ture had been meusured. due to u higher reliability
{21).
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Pneumonia — a Clinical or Radiographic Diagnosis?

Etiology and Clinical Features of Lower Respiratory Tract Infection in Adults in General
Practice

MELBYE'. RIORN P. BERDAL®. BIORN STRAU!
LY. LARS VORLAND® and W. LANIER THACKER”
Frenw the Instities of "Conununity Medicine, and “Modical Biology, University of Tromso,
Nowway, the ‘National Center for Infectious Diseases, CDC, Atanta. GA. USA. and the
Depuriment of Medical Microbiology, University Hospird, Tromse. Nonvay

2 HAROLD

Etiology and clinical manifestations have been stugied in 153 adult patients with lower
respiratory fract infection, and the resulis are presented according 1o clinical and radio-
graphic diagnosis. Laboratory investigations revealed that bacterial infection, mycoplasma
and chiamydia included. occurred as often in 22 patients whose clinical diagroses of pneumo-
nia were not evident radiographicaily, as in 20 patients with radiographic pneamania. In the
latter group significantly higher values of ervthrocyte sedimentation rate and C.reactive
protein were demanstrated. The most commen pathogen was influenzavirus A, followed by
respiratory syncytial virus, Streptococcus pacumoniae, and Myceplasma pneamoniae. Chla-
mydia pneumoniae infection was found in 3 patients with radiographic pneumonia. The study
supports the traditionat view that patienis with 2 positive chest radiograph as a rule present
mere serious manifestations of lower respiratory tract pathology than patients with a normal
radiograph. However. as only 179 patients with paeumococcal infection and 2/7 with my-
coplasmal infection had radiographic evidence of pneumonia, radiography alone did not seem
to offer sufficient information for selecting patients for antibacterial therapy.

H. Mcibye, MD, Institure of Community Medicine, University of Tromso, Breivika, N-9037
Tromso, Norway

INTRODUCTION

When dingnosing patients with a possible lower respiratory tract infection. the following two
questions are of crucial interest: which parts of the respiratory tract are involved. and what is
the etiological agent? Most general practitioners have experienced the discrepancy between
their own clinical diagnosis of pneumonia. based on history and physical examination. and
the radiographic diagnosis. This discrepancy has been clearly demonstrated in previous
studies [1.2). A similar experience is underdiagnosis of asthma in the evaluation of respira-
tory infection in children (3): this feature may be an important problem in adulis as well.
Adult community-acquired pneumonia has been found to be caused by bacteria in at least
half of the cases. Preumococceus species being the most {regquent agent (4). In the ill-defined
clinical entity “acute bronchitls™. many investigators consider viral ctiology 1o be more
frequent than bacterial etiology. and a number of placebo-controlled cHnical trials evaluat-
ing treatment with antibiotics in acute bronchitis have not demonstrated uny effect {3).
Acule airway infcction may bring about aggravation of asthbma and chronic obstructive
pulmonary disease (COPD) (6). A considerable part of these aggravations has been shown
to be caused by respiratory viruses (7).

The aim of this study from general practice was to describe clinical features and etiology in
unsclected adull patients with a lower respiratory tract infection, and to reate the Gindings
both to the clinical diagnosis based on history and physical examination alone. and to the
radiographic diagnosis of pneumonia. In particular we wanted to shed light on the ctiology
and clinical features of the patients diagnosed by doctors 1o have pneumonia, but who had a
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normal chest radiograph, by comparing these patients with the patients diagnosed as having
prneumonia radiographically but sot clinically and with the acute bronchitis paticents.

MATERIALS and METHODS

Patienis

Among 581 patients aged 18 years or more attending the emergency ward in Tromse because of a
respiratory tract infection, 147 patients were dingnosed as having an infection of the lower respiratory
tract: ppeumonia, acute bronchitis, or aggravation of asthma or COPD. Six of the other patients had
radiographic evidence of pncumonia. Accordingly, 153 patients could be regarded as having a lower
respiratory tract infection, and these constitute the patient population of this study. The investigation.
which took place between October 1988 and June 1989, and had 40 physicians participating in the
examination of the patients, has also been described elsewhere (8).

Exuminations

The patients reported the symptoms associated with the present illness on a self-administered question-
naire. Oral temperature was measured and blood sumples were drawn for seroiogical analyses, and for
the analysis of erythrocyte sedimentation rate (ESR}, C-reactive protein (CRP), and white blood celt
(WBC) count. Valid measurements of oral iemperature were obtained in 130 patients, ESR in 151,
WBC count in 149, and CRP in all of the 153 patients. Additional details abour these non-specific
laboratory tests, as well as the distribution of the test results with reference 10 paticnts with and without
radiographic signs of pneumonia, have been presented elsewhere {9)

Spirometry was carried out with the patient standing upright. Vitalograph Alpha (Vitalograph Lid.,
UK}, an electrenic spirometer with a pneumotachograph-type flowhead, was used, with recalibration
carried out daifly. The best result of FEV, (forced expiratory volume in I second) afier 3 altempts was
registered, and pereent value of predicted FEV, was caleulated. Reference valucs from a Norweglan
urban population were used (10). Only one patient. presenting viclent chest pain, were unable 10
perform spirometry.

The participating physicians. who were not informed about the results of the tests, were asked 1o
examine and treat the patients following their usual practice. Physical chest examination was carried out
in ail the 153 patients, and the findings were recorded. The main clinical diagnosis, based on history and
physical examination alone, was noted.

A chest radiograph was to be ordered by the physicians when pacumonia was considersd likely.
Radiography was aiso ordered for patients preseniing raised levels of ESR or CRP, and of a 25%
random sample of the remaining paticnts. Patients with pronounced discomfort from cough or dyspnea
after [0 days of iliness were asked o attend the Chest Clinic of the University Hospital of Tromss, and a
chest radiograph was taken. Thus, an acute-phase radiograph was obtained in 133133 patients. At a
lollow-up consultation after 4-5 weeks, control radiographs were obtained. The acute and control
radiographs were judged by a radiology panel blinded for ail clinical information about the patients,
Additional information sbout the interpretation of the radiographs has been presented in a previous
publication {i1).

Patieats who attended the Chest Clinic were tested with “reversibility tests” and bronchial challenges
in order to diagnose asthma and COPD. If bronchial hyperresponsiveness was found, the patients were
followed up for a period of T year.

The study was approved by the Regional Committee of Medical Rescarch Ethics.

Classificarion imto diagnostic groups
According to both the clinical and the tadiographic diagnosis the patients were classified jnto 5
diagnostic groups, as follows:

1. XPO Radiographic pneumonia only: patients with a diagnosis of pheumonia aceording to the
radiology panel, but not diagnosed by the physicians 25 having preumonia.

2. CXp Clinical and radiographic pneumonia: patients diagnosed as having pneumonta, both by
the physicians, bused on history and physical examination, and by the radiclogy panel.

3. CPO Clinical preumonia only: patients diagnosed clinjcally as having pneemonia, but who had 2
normal chest radicgraph.

4. AB Acute bronchitis: patieats diagnosed as having acute bronchitis, and with no rudiographic

signs of pneemonia.
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Fig. /. Clincal diagnosis of the paticats in the study. based on history and physical examination alone.
and the concordance with radiographic dingnosis. COPD = chronic obstructive pulmonary discase.

5. ACOPD Asthma or COPD: patients disgnosed as having an aggravation of asthma. COPD or
chronic bronchitis. and with no radiographic signs of pacumonia,

Microbiological analvses

At the return consultation bloed samples for convalescence serology were obtained in 117/153 paticnts,
The serum specimens were frozen @t —45°C for later paircd-sera analyses, confined to these 1317
paticnis. The sera were assayed for IgG antibodies against the following agents: Streptococeus POCUMo-
nine. Chiumydia specics. Mycoplasina preumoniac. Legionclla spegies, influenzavirus A and B. pa-
rainfluenzavirus T and 3, adenovirus, Epstein Barr {EB)-virus and respiratory syneytial (R$)-virus. The
preumaococcal antibodics. against a 37 k> protein (12). were determined by ELISA at Division of
Bacterial and Mycotic Diseasces. National Center for Infectious Discases, CIDC, Atlanta, GA. USA.
Antihodies against legioncHa, 14 different serotypes (L.pneumophila serogroups 1-6. L. longbeachae
serogr. [-2. L. bozemanii serogr. Wiga and serogr. Mi-13, L. dumoffi. L. gormanii. L. miedadei and L.,
jordunis) were analysed at the Norweglan Defence Microbiological Laboratery. Oslo. Norway, usiag a
microagglutination method and their own reagents (13). With this procedurc. a 4-fold risc in antibody
titer or a single tier of = 236 is considercd as ¢vidence of infection. The serological analyses for
complement-fixing (CF) antibodies against chlamydia, mycoplasma and the respiratory viruses were
pecformed at the Department of Microbiology, University Hospital of Tromsg. The mycoplasma
serology results were confirmed at the Division of Bacterial and Mycotic Diseases, CDC, Atlanta. The
chiamydia CF-test was carried out with reagents from Behring (Behringwerke AG. Marburg. Ger-
many). If a 4-fold risc in antibody titer ot a single titer 2 80 was found, a specics-specific microimmu-
nofluorescence test for Chlamydia pneumoniac was donce (14). The CF reagents for mycoplasma and the
respiratory viruses were provided by the Department of Virology, National Institute of Public Heaith.
Oslo., and a 4-fold risc in antibody titer or a single IgG-titer of 2 80 was considered as evidence of actual
infection. The serological diagnosis of EB-viras infection was based on Monosticon {Qrganon. NC.
USA) and FgM-test (DuPont Lid). in acute and convalescence sera. respectively,

Statistical analyses

According 1o the distribution of results, mean or median values were caleulated for the different groups.
The statistical significance of differences between groups was tested with student’s i~test. Wilcoxon rank
sum test ot chi-square test. A significance level of 3% was chosen. SAS software package (SAS Institute
Inc.. NC. USA) was used in all the statistical analyses.
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Table 1. Age, sex. current smoking habits and duration of illaess in 153 adult paticits with
lower respiratory tract infection, divided into 5 diagnostic groups

XPO = radiographic pocumonia only, CXP = clinical and radiographic pnewmonia, CPO = chniea
peamonia oaly. AB = acute bronchitis, ACOPD = asthma or ciironic obsinwtive palmonary diseame

Background XPO CXP Ccro AB ACOPD
{(n=13) {n=T) {(n=22 {n=89 {1=22)

Age (median} 38 3 275 31 415
Male (M) 46 43 55 33 34
Smokers () 4 (& Sl ot} 58
Duration {days} of iif-

ness at entry (modian) 9 18] 3 5 7
RESULTS

The distribution of diagnoses among the 133 respiratory disease paticnts is shown in Fig. 1
wgether with the concordance between clinical and radiographic diugnoses. A clinical
diugnosis of pacumonia was confirmed radiographically in 7/29 patients, the CXP-group,
whereas the remaining 22 patienss bad no corresponding radiographic signs. and thus
constituted the CPQ-group. Among the 13 other patients with radiographic pncumonia, the
XPO-group. 5 where clinically diagnosed as having acute bronchitis, 1 as aggravation of
asthrmz, and 1 as COPD. Accordingly. the AB-group comprised 89794 puticnts diagnosed us

Table W, Reported symptoms, clinical findings, remperature, white blood cell count. erythro-
evte sedimentation rate, and C-reaetive protein in 133 adull padents with lower respiratory
tract infection

XPO = radiographic penumonia only, CXP = clinfcal and radiographic pnewmonia. CPO = cinical
prcumonia only. AR = acute bronchitis, ACOPD = asthma or chronic obstructive pubmonary disease

Xy CXP crPo AB ACOPD
{2=13) (n=7) {(n=22) (21=289) (=22}

Reported symptoms (%}

Fatigue {{H} 160 ol 9 91
Hleadache 85 57 82 79 59
Sore throut 31 71 43 75 53
Coryza 54 &6 73 87 86
Chest pain: medial 38 29 33 47 36
lateral 31 57 4 26 23
Cough (more than nermal) Y2 100 82 Y2 73
Dyspnea {more thag normal) 77 100 o8 4 77
Chills 67 86 62 51 30
Findings
Wheezes {9%) 31 29 39 43 73
Crackles (%) [ 71 i i 14
Temperature, oral (mean) 378 37.6 37.6 3z RTAY
WEBC x 1Y (median) 10.2 9.1 u.0 7.5 6.8
ESR mm/h {median) 435 30 16 i )
CRP mg/l (median) 50+ 33 1 <1 <t

#pf 05,57 p<0.003, 7 p<0.001 inclicate significant differences between the XPO- and CPO-groups
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Fig 2. Forced expiratory volume in | second {FEV,} as % of predicted in 153 adult patients with lower
respiratory tract infection. according to diagnostic group. Mean values are indicated. COPD = chronic

obstructive puimonary discase.

Table 1. Causal pathogens established by serological investigations of paired sera in {17

adult patienis with lower respiraiory fract infection

XPO = radivgraphic pneumonia only, CXP = clinical and radiographic preumonia, CPO = clinical
oncumonia only, AB = acute bronchitis, ACOPD = asthma or chronie obstructive pulmonary discase

Pasitive serology XPG CXp CPO AB ACOPD
(=15 f=0" (n=17) (=067 {n=14}
n (%) " n{%) n (%) n A%}
Chlamydia pneumoniac 2 (15} I G i 1]
Mycoplasma pneumoniae 2(15}) {1 3(18) 2 (3 0
Streptococcus
preumoniac P8 0 3(18) 4 {6) i (T
Influcnzavivus (A+B) 538 0 2 (12) 7A{I0) 2 (14}
Parainflucnzavirus ¢ 0 Q 4 (& 1D
RS-virus (8 1 3(18) 5 (N 32D
Adenovirus G 0 ] T () 0
EB virus ¢ ¢ ] (1) 2{14)
Total 17 (83) 2 i1 {p1y 24 (36) 9 (64)

* Qne of the paticnts with negative serelogy in this diagnostic group turned out to have a pulmonary

cancer.
* Significant difference between the CPO- and AB-groups, p<0.05.
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Tabte ¥V, Laberatory and sprirometric resudts in 19 adults with lower respiratory wract infection
due to bacterial ageis. The patients have been divided into 3 diagnostic groups

APO = radiographic pneumeniy only, UXP = dinical and radiographic pneumonia, CPO = clinical
pocumaonia only, AB = acute bronchitis, ACOPD = asthma or chronie obstructive pulmonary discuse.
i = female, M = male.

Pat. Sex Age Dingoostic Duration Temp. ESR CRP WiBC FEV, %
1, {v.) wroup of iHness < mmih gl x 1 predicted
B CI!H'}'
(ditys)
Pneumocoeccal
intfeetion
I M 41 XPO 3 378 10 39 128 31
2 F 2z PO 13 377 i <l R w7
3 I Iy PO § 382 3} [N HIRY w7
+ M 8 PO 1 383 2 <l 4.3 i
5 I 44 AB 0 .z S 82 2003 e
§ M 21 AB ! 30 ) 1Y 13,3 hel
7 3 6 AB 4 38.0 Y w2 12.5 s
8 M ke AB HY 3.8 34 32 1.2 bS]
9 F 30 ACOPD i 371 9 Il 1L a5
Mycoplasmat
infection
0 F 14 XPO 7 37.3 43 32 64 71
i 3 21 XPO 5 37.4 30 33 5.4 T
12 hYl 14 CPG 5 37.2 . ES G.h 57
i3 F 21 PG i3 EF 70 3 8.4 36
14 M 37 PG 4 37.1 74 iz T 72
i3 M 33 Al 5 K6 iy 48 1.2 u7
0 8 24 Al 3 370 20 <l 28 K2
Chlamydia
pheumonize-
intection
17 r 3y oXp 14 R 35 34 Y.l 94
18 F I8 HPG G 372 a9 17 7.3 G4
19 M 25 XPG 14 37.0 17 24 7.8 96

" Evidence of recent R8-viros-infection was also found in this patient.

having acute bronchitis by the doctors. and 22 patients were classificd into the ACOPD-
aroup.

The CPG-paticnts tended to be younger than the XPO-patients and also had a shorter
mean duration of illness at entry (Tablc [}, but the dilferences were not statistically signif-
ieant. Cough. dyspnea and chest pain were more frequent in the XPO-group compared with
the CPO-group. while the opposite was the case for coryza and sore throat {Table 11}, but the
dilferences did not reach statistical significance. Nor did the CPO-group differ significantty
i symptoms {rom the AB-group.

Crackics were heard in 86% of the CPO-patients und in 15% of the XPO-group (p <
8.001Y. Significantly higher levels of CRP and ESR were found in the XPO-group compared
to the CPO-group {Table ). The mean FEV, in % of predicted value was significantly lower
in the CPO group. with 75.5%, compared to 87 1% in the AB-group. (p < 0.05) (Fig. 2},

85/153 patients aitended the Chest Clinic a few days after entry due 1o persistent symp-
toms. Bronchial hyperresponsiveness was demonstrated in 4, who were not known 10 have
asthma, but with a previous history and a later clinical course consistent with bronchial
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asthma. Two of these patients belonged to the CPO-group, one to the XPO-group. and one
to the AB-group.

Microbiology

Seralogical evidence of infection according o diagnostic group is shown in Table 1T[. None
of the patients had positive serology for legionella. Influenzavirus was the causal agent most
frequently cstablished. with influenza A in 14 patients and influenza B in 1 paticnt. RS-virus
was next in frequency. followed by pneumococci ané M. pneemeniac. The 3 patients with C.
preumeniace infection had all radiographic evidence of pneumonia. One patient classified in
Table 1T} as having preumococcal infection, also presented serological evidence of recent
RS-virus infection. Generally in the pneumonia groups (XPO. CPO. CXP). bacterial
ctiology was established with the same [requency as viral etiology.

In the AB-group. with infectious ctiology established for 36%., viral infection was dom-
inating with a frequency of 27%. whereas bacterial infection accounted for 9%. The
corresponding frequencies in the ACOPD-group were 57% and 7%. respectively. As for the
total material influenza- and RS-virus were the viral agents most frequently established.
followed by parainfluenzavirus. Infection with EB-virus was established in 3 patients and
adenovirus only i 1.

Preumococcal. mycoplasmal and chlamydial infections were frequently associated with
increased CRP and ESR values (Table IV). §/9 patients with pneurnococcal infection had a
WBC count > 10 x 10%, whereas increased WBC count occurred in only 1/10 patients with
mycoplasmal or chlamydial infection. This difference was statistically significant (p <t 0.001).
Oral temperature above normal was also often seen in the patienis with pneumococcal
infections. FEV, < 80% of predicted was most common in the mycoplasmal group. whereas
normal FEV, was found in the 3 patients with C. pneumeniae infection.

DISCUSSION

A considerable discrepancy between the clinieal diagnosis and the radiographic diagnosis of
preumoniz was demonstrated. Our study lends some support 1o the validity of the ra-
diographic diagnosis. becausce significantly higher levels of ESR and CRP was found in the
XPO-group compared with the CPO-group. That serologic evidence of bacterial infection
was demonstrated with equal frequency in the two groups may indicate that some of the
CPQ paticnts actually had lung infection, but at an carly stage. not visible on a chest
radiograph. A positive chest radiograph was found in only 1/9 patients with pneumococcal
and 2/7 with mycoplasmal infection. Both these bacterial infections call for treatment with
antibiotics. The absence of radiographic signs of infection indicates that a2 normal radiograph
should not be strongly emphasized when a rational decision on antibacterial treatment is to
be made. Diagnostic inaccuracies in lower respiratory tract infections, as shown in our study,
make allowances for the high frequency of antibiotic prescription (5) encountered in such
patients.
The CPO-group appeared to comprise 3 clinical entities:

1. Paticnts with a disease clinically indistinguishable from pneumonia, charscierized by
chest symptoms, impaired FEV,, substantially raised levels of ESR, CRP or WBC count,
and serological evidence of pneumococcal or mycoplasmal infection. These patients
possibly did have a preumonia, although not visible on a radiograph.

Another subgroup consisted of patients with obstructive pulmonary disease, presenting
characteristic symptoms. physical findings. and spirometric results. Only 2 of the CPQ-
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putients could with certainty be categorized into this group, although other patients may
prove to develop asthma in years to come (15), The patients of our study consisted
predominantly of voung adults. In an average general practice population, patients with
aggravation of COPD are common. Since crackles may be heard in such patients (16).
and since physicians put great emphasis on erackles as a sign of pneumonta (2.8}, a speciad
chunce for misdiagnosing COPD as pneumonia may be present. Aggravation of asthma
and COPD is usuaily associated with normal ESR, CRP and WBC count (17).

3. The greater part of the patients in the CPO-group probably had AB (acute bronchitis).
Although wheezes is the tvpical abnormal auscultatory finding in AB, crackies may also
be heard. and may represent an important source of diagnosuc error. ESR. CRP, and
WBC values are typically normal or slightly elevated in AB, and the spirometric perform-
ance usually within the normal range.

Among the patients diagnosed by the physicians to bave AB. 3 had radiographic pneumonia.
Another 6 patients had either pneumococcal or mycoplasmal infection. Diagnostic error and
such occurrence of bacterial infection may be one of the reasons why both physicians and
paticnts so often find antibiotics to be efficient against “acute bronchitis™. However, accord-
ing to our serological study, acute bronchitis was most frequently caused by virus, and as for
the ACOPD-group influenza and RS-virus dominated the eticlogical picture.

Elsewhere. rhinovirus has been indicated as a common cause of acute bronchitls and
aggravation of asthima and COPD (7). In the present study, however, thinovirus was not
included, due 10 the unavailability of suitable group-specific reagents.

The insignificant Tole of EB-virus in our patients was as expected. Adenovirus infection
has more frequently been found associated with lower respiratory tract infection in previous
studies {18-20).

If unnecessary prescription of antibiotics s 10 be reduced m lower respiratory fract
infection, more diagnostic means for early dizgnosis of viral as well ns bacterial infections are
needed. Qur study indicates that ESR, CRP and WBC count may be useful in this respect. A
possibility of carly differentiation between pneumococcal as opposed to mycoplasmal or
chiamydial infection by taking into account the WBC count (21} was alse supported by this
study.

Spirometry may represent a neglected technique in the diagnosis of acute respiratory
infection. The C, ppeumoniae patients as a group, all with positive radiography. had normal
FEV, values, contrasting with distinctly lower values in both the mycoplasmal and pacumo-
coccul patient groups. Normal spirometry is possibly not 4 characteristic feature of chiamy-
dial pneumontas: an assoctation between C. pneumoniae infection and bronchial obstruction
was indicated by a recent study (22).

When airflow limitation is associated with normal ESR, CRP and WBC count, aggrava-
tion of asthma or COPD or a transient now-specific inflammation of the bronchi {bronchial
hyperresponsiveness) may be the main reason for the patients’ symptoms. With such
findings a bronchodilator rather than an antibiotic may be the treatment to be tried first (23).

A previous study has indicated that chest radiography usually plays & minor role in the
physicians decision to start antibacterial treatment (24), Our study seems 1o justify this
practice. and we conclude that antibictics should not be withheld because of a normal chest
radiograph, if prescription otherwise scems reasonable.

ACKNOWLEDGMENTS

This research was supported by a grant from the Norwegian Research Councit for Scienee and the
Humanies, MRC. Program for Research in General Practice o H. Medbye, We thank for taboratory



Seandd J Infoet [is 24 Puewmnonta — a clinical or radiographic diagnosis?

o

LA

assistance from Ms Valeria Gacek at the Norwegian Defence Microbiological Laboratery in Osle and
Mg Sissel Andrewssen and the staff ot the Virology Seetion. Department of Microbiology. University
Hospital of Tromse.

REFERENCES

I Diehr P. Wood RW. Bushyhead 1. Krueger L, Wolcott B, Tompkins RK. Prediction of preumonia
i ouipatients with acete cotgh: a statistical approach. 3 Chronie Dis 37: 215-225 1984,

20 Melbve H. Strawme B, Aaseba UL Brox J. The diagnosis of adult pneumonia in general practice.
Scand } Prim Health Care 07 TH-117. 1988,

3 Levy M. Detay in dingnosing asthma, is the nature of general practice to blame? 3 R Coli Gen Pract
36; 32-33 1980,

4. McFartane JT, Treatment of lower respiratory infections. Lancet 20 [446--1449. 1987,

5. Verheij TMIL Kaptein AAL Mulder I Acute bronchitis: Actiology, symptoms and treatment.

Fam Pract 6; H6-69, 1989

6. Beastey R. Coleman ED. Hermon Y. Helst PE. O Doneell TV, Tobias M. Viral respiratory tract

infections and cxacerbations of asthmay 1 adult patients. Thorax 43: 679-683. 1988,

. Ainor TE. Dick EC. Baker JW. Guellette 3. Cohen M, Reed CE. Rhinovirus and influenza type

A infections as precipitants of asthma, Am Rev Respir Dis 113 149-153 1970,

8. Melbye H, Straume B. Aascbo U, Dale K Diagnosis of preumonia in aduits in general practice.
Relative importance of typical symptoms and abnormal chost signs evaluated against a radiographic
reference standard. Scand I Prim Health Care 100 226-233, 1992,

9. Mclbye H. Straume B. Brox 1. Laboratory tests for pneumonia in gencral practice: The diagnostic
vatues depend on the duration of illness. Scand J Prim Health Care 10: 234-240. 1992,

1. Gulsvik AL Obstreciive lung discase in an urban population. Doectoral dissertation. Oslo: Unive
of Oslo, 1979,

i Melbye Ho Dale Ko Interobserver variability in the radiographic diagnosis of adelt outpationt
pcumonia, Acta Radiol 33 79-81, 1992,

120 Russcll B Tharpe JE, Wells DE, White EH. Johnsen JE. Monoclonal antibody recognizing a
spuecies-specific protein from Streptococcus pncumoniae. J Clin Microbiol 28: Z191-2195. 1990,

13 Phakkey AL Lindquist KL, Omband T, Berdal BP. Legionelia antibodics in human and ammal
populaiions in Kenva, APMIS 98 4344, (990,

14, Berdal BP, Frelds PL Melbye H. Chlamyvdia pneumoniag respiratory tract infection: The in-
terpretation of bigh titres in the complement fixation test. Scand J Infect Dis 23: 303307, 1991,

15 Hallenn 15, Jacobs RL. Recurrent acute bronachitis: the association with undiagnosed bronchiat
ssthma, Ann Allergy 550 S68-37( 1985,

6. Phrili P Soviirvi ARA, Kaisla T, Rajala HM. Katila T. Crackles in patients with fibrosing
abveolitis, bronchicetasis, COPD. and heant failure. Chest 990 1076-1083, 1991,

17, Ritland N. Melbye H. C-reakiive protein. SR og hvite blodicgemer ved akutte nedre luftveisti-
defser. ten v blodprever | dingnostisering av pncumoni. {The uselulness of blood tests in
distinguishing prewmonia from asthma and bronchitis. Summary in English] Tidsskr Nor Lacgefo-
ren FEE 2249-2257 1091,

18, Woodhead MA, MacFartane JT, MeCracken JS, Rose DH. Finch RG. Prospective study of the
actiology and cutcome of preumonia in the society. Lancet 10 671674, 1987,

19, Lehtomiki K. Clinical dingnosis of pnoumococcal. adenoviral, mycoplasmal and mixed pacumoniag
in young men. Eur Respir 11 324329, 198,

20, Sundsfiord AL Vortand L. Melbye HL Serologi ved nedre luftveisinfeksjoner. | Diagnostic serology
in lowcer respiratory tract infections. Summary s English | Tidsskr Nor Licaeforen 108 2719-2720,
2750, 1988,

21, Holmberg H. Bodin L. Jansson 1. Krook A, Rapd agoological diagnosis of pneumonia based on
routine laboratory features. Scand 1 Infect Dis 220 537-545. 1994,

22, Hohn DL, Dodge RW. Golubjatnikov. Association of Chlamydia pnecumoniac (strain TWAR)
infection with wheezing. asthmatic bronchitis and adult-onsct asthma. JAMA 266: 225-230. 1991,

23, Metbye Ho Aasche UL Straume B, Symptomatic cffect of inhaled fenoterol in acute bronchitis: a
placeho-controtled doubic-blind study. Fam Pract 8 216-222. 1991,

24, Bushyhead JB. Wood RW. Tompkins RK. Wolcott BW . Dichr P. The cffect of chest radiographs on
the management and clinical course of patients with acute cough. Med Care 21 661-673. 1983,

-

sity













The Spectrum of Patients Strongly Influences the Usefulness of

Diagnostic Tests for Pneumonia.

Hasse Melbye and Bjgrn Straume,
Institute of Community Medicine, University of Tromse,
Breivika, 9000 Tromse, Norway. Telephone: 47 83 4481l6.

Telefax: 44 83 44831.

Correspondence: Hasse Melbye, Institute of Community
Medicine, University of Tromse, Breivika, 9000 Tromse,
Norway.

Running head: Pneumonia diagnosis and spectrum of patients

Key words: Pneumonia, diagnosis, selection bias, specificity.



The Spectrum of Patients Strongly Influences the

Usefulness of Diagnostic Tests for Pneumonia.

ABSTRACT: The diagnostic values of five clinical cues for
radiographic pneumonia were studied in 581 adult patients
consulting a municipal emergency clinic for respiratory
infection. Following a standard diagnostic pathway in the
diagnosis of pneumonia, predictive values of the symptoms
"very annoying dyspnea", "strong lateral chest pain”, the
sign crackles and the laboratory tests C-reactive protein
(CRP) analysis and erythrocyte sedimentation rate (ESR)
were evaluated at four levels of selection, associated
with increasing prevalence of pneumonia: 1. in all the 581
patients dincluded, 2. 1in 402 of these patients who
underwent physical chest examination, 3. in 188 patients
classified by the doctors as having a lower respiratory
tract infection, and 4. in 79 patients referred to
radiography by the doctors,

A tendency of decreasing specificity with increasing
prevalence of pneumonia was demonstrated for ali tests,
except for CRP. This tendency may be explained either by
the emphasis laid on the tests by the doctors in their
selection of patients, or by an association between the
evalnated tests and those emphasized by the doctors. As
the diagnostic value of symptoms and signs are strongly
influenced by selection, cautior should be shown when
transferring diagnostic values from one clinical setting

to another.
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The sensitivity and specificity of diagnostic tests
evaluated in a clinical setting are subject to selection
bias (1-3)+ The impact of the spectrum of patients with and
without the disease in issue has attained appreciable
theoretical concern, but the significance in real life has
been demonstrated in a few studies only (4-6)- When we
evaluated clinical cues in the diagnosis of pneumonia in
patients assumed to have a possible pneumonia {7), we were
struck by the differences in sensitivities and specifi-
cities in our study compared with a study by Diehr et al
{8), where unselected adults with acute cough were
included. Selection bias was suggested as contributing to
the difference.

In & recent investigation on pneumonia diagnosis, 581
adults were included, who consulted general practitioners
for an acuie respiratory infection. The diagnostic useful-
ness of symptoms, signs and laboratory tests evaluated
againts a radiographic reference standard in 402 of these
patients who underwent physical chest examination, have
been presented elsewhere (9,10). In this paper we evaluate
two symptoms, one physical chest finding and two laboratory
tests which showed to be the most useful clinical
variables. To determine the impact of selection, the
diagnostic value of the variables have been assessed in
all the 581 patients and, by fellowing a standard
diagnostic pathway, in subgroups associated with increasing

prevalence of pneumonia.



MATERIAL AND METHODS.

Patjents

The investigation took place at the Municipal Emergency
Clinic in Tromse between Oktober 1988 and May 1986,
Consecutive patients aged 18 years or more, presenting
complaints suggestive of a respiratory or throat infection
were asked to enter the study. Pregnant women and patients
with dyspnea, severe enough to need urgent treatment, were
excluded. 581 patients were included, 339 women and 242
men. Mean age was 32.1 years. 40 doctors participated in
the examination of the patients. The study was approved by

the Regional Committee of Medical Research Bthics.

Examinations

The examinaticons carried out, described in detail
elsewhere (9,10) may be summarized as follows: Before
consulting the doctor the patients were examined by
specially trained nurses. Blood samples were taken for the
analysis of C~reactive protein analysis (CRP), and
erythrocyte sedimentation rate (ESR), and on a quest-
ionnaire the patients reported symptoms associated with
the present illness. Dyspnea was graded as follows: No
dyspnea — as usual - more annoying than normal - very
annoying. Medial and lateral chest pain was graded as
light or strong pain. The doctors, whe were not informed
about the laboratory results before the end of the
consultation, were asked to examine and treat the patients

as usual. Auscultation of the chest was carried out and the
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findings recorded in 402 patients. Of these 188 were
classified as having lower (or ccmbined upper and lower)
respiratory tract infection (LRTI). A chest radiograph was
crdered by the doctors because of & possible pneumonia in
79 patients. Among these 68 had been classified as having
LRTI (Fig 1l.}. Age, sex, duration of illness and frequency
of radiographic pneumcnia in all the patients and the three

subgroups 1s presented in Table 1,

The reference standard

Radiographic pneumonia was diagnosed in 20 patients, as
judged by a radioclogy panel (9). A density on chest f£ilm,
showing signs of resolution on a follow-up radiograph, was
the diagnostic criterion. In addition to the radiographs
ordered by the doctors, the nurses ordered chest films in
101 patients with raised values of ESR or CRP, and in a 25%
random sample of the remaining patients, assumed to have a
low probability of pneumonia. Patlents with persistent
cough or dyspnea after ten days of i1llness were invited to
the Chest Clinic at the University Hospital of Tromse for
further examination, and a chest radiograph was thus
obtained in 49 patients not radiographed at entry. Follow—
up radiographs were taken 4 to 5 weeks after entry.

No pneumonias were dlagnosed in the 25 % random sample
or among the other randomized patients who were radio-
graphed at the Chest Clinic. In the calculation of
diagnostic values we made the assumption that there were no

pneumenias among the patients who were randomized.



Statistical analyses

Sensitivity (proportion of pneumonia patients with the
finding), specificity {(proporticn cf non—pneumonia patients
without the finding), likelihood ratic (LR}
(sensitivity/ 1 - specificity) and positive predictive
value (PPV) (the frequency of pneumonia among patients with
the finding) were calculated (11). The following clinical
variables and blood tests were evaluated, all dichotomized
at boundaries previously shown to yvield substantial
diagnostic values (9,10): Very annoying dyspnea, strong
lateral chest pain, crackles, CRP > 60 mg/l and ESR > 60
me/h., The analyses were carried cut at the four levels of
selection shown in fig. 1. The diagnostic efficacy of ESR
and CRP as continious variables have been presented as
Receiver Operating Characteristic {ROC) curves (12). In
order to obtain a clear picture of the LR from the figures,
we have plotted the function:
sensitivity = LR x (1 — specificity)}, as straight dashed
lines, radiating from the lower left cornmer (fig. 3), for
integer values of LR from i1 to 5.

S48 software (SAS Institute Inc.,NC, USA) was used in the

statistical analyses,



RESULTS

The diagnostic values of the clinical variables and blood
tests at the different levels of selecticn are shown in Fig
2. The specificity of very annoying dyspnea decreased with
increasing prevalence of pneumonia from 0.94 to 0.79. The LR
dropped from 5.7 te 2.0, resulting in only 2 slight

increase in PPV with increasing prevalence of radiographic
pneumoniaz. For strong lateral chest pain the corresponding
drop in specificity was smaller, from 0.23 to 0.90.

Crackles was the only finding with a marked increase in
sensitivity through the levels of selection, from 0.35 to
0.58. The specificity dropped from 0.91 to 0.60, the LR
from 3.7 Lo 1.4, and the PPV was nearly unchanged as the
prevalence of radiographic pneumonia increased.

A marked drop in specificity, from 0.97 to 0.89, and in
LR, from 9.2 to 2.3, was demonstrated for ESR. There was
little change in the PPV. A different pattern of changes
was found for CRP. ‘The specificity was lower in the total
material compared with the 402 auscultated patients and the
188 patients classified as having lower respiratory tract
infection. A corresponding rise in LR from 3.7 to 6.7 was
found. PPV increased from 0.12 to 0.43 through the four
levels of selection.

The change in diagnostic value of ESR and CRP according to
prevalence of pneumonia shown in Fig. 2, were not only
confined to the selected thresholds. Similar changes in LR
were also found for other thresholds of the tests, as shown

by the ROC-curves of the tests (Fig. 3). ESR showed better
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diagnostic properties in the unselected patients and the
402 patients who were auscultated compared to the two other
selection groups, as shown by the positioning of the ROC-
curves towards the upper left corner. The ROC-curve of CRP
evaluated in the patients referred to radiography, followed
an unexpected path, crossing the other curves. Low LRs at
values below 60 mg/l and much higher LRs at values above 80

mg/l were found.



DISCUSSION

The study demonstrated a substantial impact of selection on
diagnostic values. The sensitivity of the clinical cues,
particularly crackles, and the laboratory tests tended to
increase with increasing prevalence of pneumonia. A more
important observation, however, was the changes in
specificity due to altered spectrum of patients without

pneumonia.

The changes in specificity reflect the diagnostic process.

The first step in the diagnostic process consists of the
evaluation of the presenting complaint and a short
interview highlightening the patients main symptoms. The
decision to carry out a physical chest examination in 402
patients, assumed here to be the second step in the
diagnostic process, would depend on the symptoms presented
by the patients. Most patients with strong lateral chest
pain or very annoying dyspnea would be expected to undergo
this examination, explaining the higher frequency of these
symptoms in patients without pneumonia among the auscul-
tated compared to all the patients, and why the specifi-
city of the symptoms accerdingly were lower.

Among the patients who were auscultated, abnormal chest
findings were recorded in 113 patients. Of these 43
patients had cracklies. A provisicnal classification of 188
patients inte the LRTI-group, assumed to be a third

diagnostic step, was done in 107 of the 113 patients with
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abnormal auscultatory findings, and in 42 of the patients
with crackles. The prevalence of crackles thus increased
from 11 % in the 402 auscultated patients to 22 % in the
LRTI patients. As the frequency of crackles did not only
increase among pneumonia patients, but also in patients
without pneumonia (NPN-patients), a substantial decrease in
specificity could be observed. The doctors could be
expected also to emphasize dyspnea and chest pain when
classifying patients into the LRTI-group, and this may be
the reason for a higher prevalence of these symptoms among
NPN-patients in this group compared to NPN-patients in the
402 auscultated patients. Anyway, the increased prevalence
explains the further decrease in specificity of the
symptoms.

A similar explanation may be applied toc the fourth step
in the diagnostic process, the decision to order a chest
radiograph. Radicgraphy was ordered by the doctors in 79
patients, and in 34 of the 43 patients with crackles. Of 46
patients with wheezes but without crackles radiography was
ordered in 16. Radiography was alsc ordered in 11 patients
not classified as having LRTI (Fig. 1). Crackles was
obviously a finding used by the doctors in their decision
to order a radiograph, but clinical cues as chest symptoms,
age and duration of illness (indicated in Table 1y
certainly also contributed.

The ESR and CRP results were unknown to the doctors and
accordingly not invoived in the diagnostic process.

Nevertheless, a similar drop in specificity was found for
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ESR as for the clinical cues. This may reflect that
elevated ESR and some cf the findings guiding the doctor in
their selection of patients are asscciated with each other.
Dependency between clinical cues may also be an alternative
explanation for the difference in specificity of lateral
chest pain and dyspnea between the auscultated subgroup and
the group refererred tc radiography. These symptoms and
crackles do not coexist in patients by chance alone, and as
the doctors used crackles in the selection of patients
through the diagnostic process, the accumulation of
patients with dyspnea and chest pain could be secondary to
this.

The change in the diagnostic value of CRP showed a
pattern different from that of ESR. The difference may be
explained as follows: Among the patients not selected for
chest examination, about one third had either =
streptococcal threoat infection or otitis media, diseases
more ILrequently associated with marked elevation of CRP
than ESR. Among the patients who were auscultated, but
classified as having an upper respiratory tract infection,
influenza was freguently diagnused by the doctors. Among
the influenza patients moderately elevated CRP values were
trequently found, in accordance with CRP levels previously
demonstrated in influenza and adenoviral infection {13).
Because a great part of the patients with slevated CRP
values were not classified into the LRTI~group, the high
specificity of CRP was preserved into this next step of

selection.
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Bias from ingufficiency of the reference standard

Weakness of the reference standard, may also represent an
important source of bias. We have reported a substantial
interobserver variability in the interpretation of chest
radiographs (14). Normal radiographic findings may be
present in early pneumonia (15,16). In addition, pheumonia
cases may in this study have been misclassified due to the
assumption that there was no pneuwmonia among the patients
subjected to randomization for radiography. However,
because no pneumonias were discovered in the examination of
patients with persistent cough or dyspnea at the Chest
Clinic, bias from the randomization for radiography has
probably played a minor role, if any at all.

Bias of the reference standard may have influenced the
pattern of changes in diagnostic values according to
selection. Patients with "true" preumonia falsely
diagnosed as not having pneumonia by the radiclogical
interpretation, would have an increased probability of
being auscultated, considered as having lower respi-
ratory tract infection and being referred for radiographic
examination. Through the stages of diagnosis false
negative pneumonias might accumulate, resulting in lower

specificity of findings associated with pneunmonia,
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Comparison with other studies
In two recent studies by Heckerling (17} et al and Singal
et al (18) the symptoms dyspnea and chest pain were not
found to be useful in the diagnosis of pneumonia in adulz
emergency room patlents who had a chest radiograph to
evaluate fever or respiratory complaints. Quite different
results were found when symptoms and chest signs were
evaluated in the 402 auscultated patients in our
investigationg. Very annoying dyspnea and strong lateral
chest pain were the clinical cues of greatest diagnestic
value. Although this usefulness partly could be ascribed to
the grading of the symptoms, ungraded dyspnea and lateral
chest pain were also significantly associated with
radiographic pneumonia. Heckerling et al (17) and Singal et
al (18) suggested that the use of the symptoms in the
selection of patients for radiography probably was the
reason why the symptoms turned out to be insignificant
predictors of pneumonia. Our study strongly supports this
view.

This study demonstrates the difficulty of transferring
diagnostic valiunes from one c¢linical setting to ancther.
According tec Bayes’ theorem the positive predictive value
of clinical cues improve substantieslly (and predictably)
with increasing prevalence of the disease. This may fail to
occur due Lo instability in the diagnostic properties of
the cues. In this study only the PPV of CRP changed
corresponding to the rule of Bayes’. As stated by

Feinsteln (19), adjustment for prevalence, following this
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rule, may often be misdirected.

Clinical implications

A study like this may indicate at which stages in the
diagnostic work—up clinical cues or diagnostic tests

should be emphasized. Our study underlines that dyspnea and
lateral chest pain should not only be emphasized in the
decision to carry out physical chest examination, but also
later in the diagnostic considerations. ESR may be useful
even in rather unselected patients, while CRP is most
useful as predictor of pneumonia when the patient can be
provisicnally classified as having a lower respiratory

tract infection.
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Table 1

Mesn age, sex, duration of illness and occurence of radiographic pneumonia in 581
adult patients with respiratory tract infection and in subpopulations of the
patients selected according to a standard diagnostic pathway.

Age Male/famle Duration Radiographic

ratio of illness, pmemmnia
N (mean) days (mean) n %

All patients included 581 32.1 G.71 9.1 20 3.4
Patients who were
auscultated 402 33.2 0.70 10.2 20 5.0
Patients classified
as having IRTT® 188 35.4 0.68 10.7 i5 8.0
Patierts referred
to chest radiography 79 38.6 0.72 13.3 12 15.2

* IRTI= Lower respiratory tract infection.
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Iegend to the fiqures.

Fig.l
Venn—diagram showing four levels of selection in 581
adult patients with resplratory infecticn, according to

a standard diagnostic pathway.

Fig.2

Diagnostic values for radiographic pneumonia of three
clinical variables and two laboratory tests according to
four levels of selection of adult patients with
respiratory infection in general praccice.

(Footnote: LRTI= Lower respiratory tract infection.)

Pig. 3

Receiver operating characteristic (ROC)—curves showing
diagnostic value of ESR (erythrocyte sedimentation
rate) and CRP (C-reactive protein) for pneumonia
according to four levels of selection of adult patients

with respiratory infection in general practice.

Footnote 1: The following thresholds of the tests have
been used, marked from left to right in the curves:

CRP: 20, 40, 606, 80, and 100 mg/ml, ESR: 20, 40, 60, and
80 mm/h.

Footnote 2: LRTI= lLower respiratory tract infection.



Figure 1

581 adult patients with respiratory infection

Auscultation carried out, n=402

Classified as lower
respiratory tract infection, n=188

Chest radiograph ordered
by doctor, n=79
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consultani in chest medictne was . respeetively, the
corresponding lu;.\ hc< and the panel

-

dingnosed was 8,56 between th
ology. and 0.39 hetween the pane
pared Lo {136 between the panel and
sirales the difficuliy of dizgnosing
importance of exparience.

and the chest consultant. con
the residents T“c st ld_\' demon-
+ and the

mivetio oy and radi-

criormancee.

A noteworthy interobserver variabifiy the interpretation of
chest radiographs (7). inchiding the radiographic diagnosis of pnec-
monia in children (10 has been demonsirated. We assessed the
diagnostic agresments on the diagnosis of pncumonia between the
reports giver by the specialist i tadiclogy a1 the Department of
Radiology, 3 independent interpreiors, znd a radiologic panel. Our
aim was o shrow fight on the ficance of inlerobserver v
#bility in the radiographic diagnosis of zdult ouwtpationt pn:.umo

Material ané Meihods

Acute chest radiographs were obtained froms 319 patients.
1§ years or more. whe consulied the Musicipal Emergency Ward
in Tropwse for a respiratory infeclion between Octoher 1988 and
May 1989, Radiographs waere ob aned from o total population of

81 putienis (Fable 1) using the following oriterion: 17 pncumo HES
was considered por he physician. chest radiograp
be ordered. The o seleeted for chest radiography i
the ervthrocyle sedimen 1 [ESR) exceoded 36 mimh or if
C-reactive protein (CRP} exceeded 68 mg/i 3 g
ported that the patient Rad » lower re

Aeie Rudiolagica 33 £ J962, Fuse f

Table 1

wir efurrs siunving the sequence of ehtaining wid interpresng des?

radiogiapis i 581 adutt patients widh sospivaiory fifeciion

Patients enrelled ! hh¥

Radiography at entey due to order- !
ek Dlood st

sampli

i
P79 1 10] | 90

ihe Chest Clinie 3
1w & duyvs after enlry

Interpreted by radiologist at Dept
of Rudiclogy secord
{old ru ¥

ing 1o routine i

W

patients) 29
‘@
iy i
i i
Judged by 3 independeni !
interpreters | Rk ;

syowere 26 mam /b (ESR ) and 26
c putienis, anticipaied 1o have @
aphy was performed
ioaraphed @ pa. and
fateral projections the sume evening o ke following duy (3 pa-
tienis). The films were interpreted und report Hsis in
radiotony at the Dcpus'lmcni 01' R;:dioiom accord
The radiographs weve
a1 the Emergency Ward. ©
The patienis were @
hadd a cough or dyspr
as then pertormed i not done at en
,\ TRHUTR Appoinia wrardde For ‘111 piticnts 4 to 5 weeks
cittry and 7% complied. Follow-up aphy wis pcrlvnm.d J
the rediologisis” report had revealed paeumonia 121 PREGRTST OF
the putient had been reported Lo have 2 fower respiratory m!t.(.tmn
{117 patients).
When the investigation was completed, the acute and Toflow-up
chest radiographs {and old radiographs available) were interpreted
independently by 2 residenis in radiclogy, who had been working
110 2 vears at the department. and onc consultunt iy chest medicine.
The patients’ purticipalion in the study was known to the doctors,
but no further information was given, The radiographs of 40 10 50
puitents were interpreted at cach reading ton in o standurd
interpretation room ol the Department of Rudiology. 1f the conclu-
sion of one or more of these dociors was an obvious or probable
preumonia. the chesi radiographs were judged by « radiology panel
consisting of the same 3 doctors who had made the independent
interpretations and an expericnced consultani in radiotogy (K. D
i E ¢ routine radiotogy report of the uevte radiograph had described
2 g‘mcumoniu or any other pathologic feature {8 patients). the fHms
were also judged by the panet After discussing the radiographs.
cach member of the pusel gave a wrilten voig: preumonia or rot.
i 3 of the doctors voled for pneumonia, this became the final
dingnosis, IF the diagnosis of preumonit was bused only on an
acute chest radiograph, o foflow-up examination was performed
and the dingnosis revised by the panel. Only one finat diagnosis of
mmeumonin wis based on 1he acuie radiograph stone.
The proportion of agreement beiween cach i

oids for order
mg 1L CRPL
to\\ probability o' naTu
randoat su

chest n'dm"

az

(o o Jl"cnd ‘hc Chest Cl
tness, Chest radiography
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‘Table 2

Agreements on the vadiographic dingnosis of prewnonia hetween a radivlogy panel und other |
infection. 20 peticnts were judged by the panel © have o prewmonic

in 3719 adult patients with respiraiory
e 7 E

G

Interpreter Judged Preumonia- Agreement Agreeement L-agreement
as prneumenia diagnosts when no- L (Cly
in agreement preumoria
with the panel was diagnosed
n n p{ChH

Radictogist. ai Dupt. 21 i35 0.96(0.53-0.98) 3.7H{0.39-0.83)
of Radiclogy
Residen: in radiology A 9 8 0.36(0.16-0.56) 4.94(0.97-0.96) 0.36(0.40-0.60)
Resident in radiology B 17 1o 0.36(0.18-0.53) 4.95(0.93-0.97) 43.30(0.40-0.6G)
Consullart in chest 25 17 05500 51-0.76) 0.96(4.94-0.98) 0.72(0.60-0.84)

medicine

p==proportion of agreement, Cl

93%, confidence interval, k=kappa

Table 3

Kappa-agrevmen! on the radivgraphic diagnosis of prewmonia ohained bovween variows interpreters in 319 adult pativits with respiy

Dfeciive

Radiotogy Radiologist at Resident in radiclogy Resident in radiotogy
panel Department of Radielogy A B
Radiologist at Depi. of Radiology 0.71
Resident in radiology A 0.50 0.44
Resident in radiology B 0.58 0.43 u.51
Consultant in chest medicine 4.72 0.49 0.39 .34

and the panel and the 95% conlidence inlerval of the proportions
were caleulated when « diagnosis of pneumonia was made by any
of the 2 and when any of the 2 diagrosed non-pnesmonia {5).
Kappa-agreemenis were also culeulated (3). beiween the panel and
the individual Interpreters, and between pairs of inlerpreters.

Results

Diagneses made by the panel. The filims of 51 of the patients were
finully judged by the radiology panel. Pneumonia was diagnosed
by the panel in 21 paients, 10 men and 1] women. Mean age was
{range 18-713 The mean duration of iliness at entry was
10 days (range 2-30). None had been treated with an antiblotic in
advance. A radiographic diagnosis of pneumonia was made in 12
of the 79 patients who had chest rudiography ordered by the doctor;
in & of the 102 patients who were rudiographed because of patho-
togic Blood kests: and in one of the 49 patients whe were radio-
graphed uz the Chest Clinie a few days after entry. No pnewmonia
was found among the 90 patients radiographed after randomization
£7 of the 97 in the random sample refused).

Discrete densities were {found in most of the pneumonias, and no
patient had lobar consolidaiion, Twe of the patients turned out to
have & pulmonary cancer. In the analyses it was assumed that none
of the radiographs considered 1o be normal by the 3 independent
interpraters and the Departmen: of Radiology, would have been
diagnosed as pneumonia by the panch.

Diagnases made by the other interpreters. Twventy-one of the acule
radiographs were judged by the Department of Radiology to show
pheuno The chest physician diagnosed preumonia in 25 pa-
tients, und the residents in radiotogy in ¥ and 17 patients, respec-
tvely. The doctors at the emergency ward who interpreted 157 acute
chest radiographs, made a radiographic diagnosis of pneumoniz in
30 patients.

Interahserver agreements. Agreements on the dingnosis of pnee-

meoniz are shown in Table 2. The radt 13 & the Depariment of
Radiology und the consultant in chest medicine obtained similar
kappa-agreements with the panel, .7t and 0.72, respectively, while
@ lower kappa-vaiue, 0.50. was found between the residents and the
panel. Kappa-values obtained berween puirs of the independeni
interpreters were generally lower than between the panel and the
interpreters (Tuble 3). A low kappa-agreement, 0.35, was found
between the general pructitioners and the panel. There was an
agreement on preumonia in 11 patients ondv, and the proportion
of agreement on a positive diagnosis was 0.

Diiscussion
The difficuity of diagnesing pnewmonia is confirmed by the study.
The proporiion of agreement between the panei and the radiologists
at Department of Radiology on u positive diagnosis was not satis-
factory, although affected by the relatively low number of pr
nias. However, similar results were found in the study of
et al. (10). Betier agreement would probably have been obrained if
follow-up {ilms had been available for both. Swggestive clinic
informazion presented only 1o the radiologists at Department of
Radiology, may 2lse have contributed 1o the disagreament (2},
The agreements between the residents and the panzl were still
poorer. Low agrsemeni with authorized judgment has previously
been described in the first year of residency (81 The eement
between the general practitioner and the panel was fower than a
corresponding agreement in a previous siudy (6], probably due
10 a4 greater experience in interpreting chest radiographs among
American family physicians. The low agreement indicates that gen-
erul practitioners should be very cavtious when interpreting chest
radiographs.
Preumonias may be invisible on radiographs at an cadly stage of
disease (9. Although supplementary information about the pati
should be of concern in the overall chinical judgement, &
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Abstract:

Diagnostic values of symptoms and signs for pneumonia were
evaluated against a compound referance standard, based on
several indicators of pneumonia, and compared with the
diagnostic values obtained when a traditional radiographic
reference standard was used. Qur objective was to estimate the
magnitude of errors which could be expected, due to the use of
a radlographic reference standard in a ciinical epidemioclogic
study. Twenty-nine patients were classified as having pneumonia
according to the compound reference standard, including all the
20 radiographic pneumonias. Four of the additional nine
patients had been diagnosed, based on history and physical
examination alone, as having paneumecnia and five as acuke
bronchitis. $Six had serological evidence of pneumccoccal
infection and three of mycoplasmal infection. When the LRs of
clinical cues evaluated against the two different reference
standards were compared, no significant difference was found.
We conclude that the use of a radiographic reference standard
of pneumonia in the evaluation of diagnostic tests probably

does not represent an important source of srror.

Key words: Reference standard, bias, pneumonia, diagnosis.
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In most medical publications on pneumonia, an acute radio-
graphic density is used as criterion of pneumonia (1). Single
cases of early pneumecnia without radiographlc signs have been
reported (2,3) but we do not know the freguency of such cases
in medical practice. A roentgen pathological correlative study
of viral pneumonia showed that all but the esarliest pathe-
logical changes found by autopsy had a radiographic counter-
part (4). The most obvious indication of unreliability of the
radlographic diagnosis 1s probably the variability of inter-
pretation between radiologists Jjudging the same radiographs
(5,6,7).

A radiographlc reference standard was used in evaluating the
diagnostic value of respiratory symptoms and chest signs for
pneumonia in a recent study from general practice (8). Based
on the same material clinical cues have been evaluated against
an alternative reference standard in this study, based on
combinations of indicative findings, a radiographic densgity
being one of them. Diagnostic values against this new
referance standard have been compared with those obtained when
the traditional radicgraphic reference standard was used. Qur
obijective was to estimate the magnitude of errors which could
be expected, due to the use of a radiographic reference

standard in a clinical epidemioclogic study,

MATERIAL AND METHODS
Patients
The investigation took place at the Municipal Emergency Ward

of Tromsg, between Oktober 1988 and May 1989%. Forty doctors
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participated., Consecutive patients aged 18 years or more,
presenting an illness suggestive of a respiratory tract
infection or throat infection were asked to enter the study.
Patients with dyspnea, severe enough to need urgent help, and
pregnant women were excluded. Among 581 patients who were
included, the doctors carried cut chest examination in 402, and
our analyses are based on these patients. 70% were women, and
mean age was 33.2 years. The study was approved by the Regional

Committee of Medical Research Ethics.

Examinations

The examinations carried out, accounted for in detail elsewhere
(8,9,10), may be summarized as follows: Before consulting the
doctor the patients were examined by a specially trained nurse,
Oral temperature was measured and blood samples were drawn for
the analysis of eythrocyte sedimentation rate (ESR), C-reactive
protein (CRP}, white blood-cell (WBC) count, and microbio-—
logical serology. On a questionnaire the patients reported
symptoms associated with the present illness. The doctors
recorded physical chest findings and one main diagnosis was
noted. 29 patients were diagnosed as having a pneumonia, based
on history and physical examination alone. A chest radiograph
was ordered in 79 patients, because the doctor regarded
pneumonia to be possible, and 101 patients were in addition
radiographed due to elevated CRP or ESR values. A chest radio—
graph was also ordered in & 25% random sample of the remaining
patients, assumed to have a low probability of pneumconia.

Four to five weeks after entry 75% of the patients met for
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a return consultation. Blood were drawn for convalescent

serology, and follow—up radiographs were cbtained.

The radicgraphic reference standard

Radiographic pneumonia was diagnosed in 20 patients, as iudged
by a radiology panel. The radiocgraph had been ordered by doctor
in 12 of these patients and because of raised ESR and CRP
values in eight. No pneumonias were diagnosed in the 25% random
sample, and in the calculation of diagnostic values we made the
assumption that there were no pneumonias among the patients

subjected to randomization.

The compound reference gtandard

The radiographic pneumcnias were included if:

i. pneumonia had alsc been diagnesed clinically or

2. if ESR > 25 mm/h, or CRP > 20 mg/l or WBC-count > 11x1079/1,
or positive serologi for respiratory pathogens (10} was

established.

In additicn were the following patients included:

Patients diagnosed as having a lower respiratory tract
infection (pneumonia, acute bronchitis, aggravation of asthma
or chronic obstructive pulmonary disease (COPD)) 1f positive
serology for pneumococcal, mycoplasmal, chlamydial infection
or legionellosis was established (10) and the value of ESR, CRP
or WBC-count was above the reference limits listed above.

Twenty-nine patients were classified as having pneumonia
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according to the compound reference standard. All the 20
radiographic pneumonias met the inclusion criteria, and nine
of the other patients. Four of these had been clinically diag-
nosed as having pneumonia and five as having acute bronchitis,
Six had seroclogical evidence of pneumococcal infection and

three of mycoplasmal infection (10).

Statistical analvses

Sensitivity, specificity, and likelihood ratio (LR} (11) were
calculated against the compound reference standard for the
symptoms and physical signs found be most significantly asso-
ciated with radicgraphic pneumonia (8), and of oral temperature
dichotomized at a threshold of 38°C. If LR was outside the 95%
confidence (12) limits of the corresponding LR evaluated
against the radiographic reference standard, the difference was
regarded as significant. SAS statistical scftware package was

used in the statistical analyses.

RESULTS

The diagnostic values of symptoms and signs cbtained when using
the coumpound reference standard are shown i table 1, together
with the previously published results (8,9) from the evaluation
against the radiographic reference standard. No significant
difference in LR was found when the evaluations gainst the two

different reference standards were compared. The largest



7
difference was found for the least prevalent finding: pleural
rubs. The LRs of cough, temperature and crackles were a little
higher when evaluated against the compound reference standard
compared to the evaluation against the radiographic reference
standard, while the opposite was found for lateral chest pain

and dyspnea.

DISCUSSION

The compound reference standard may be subjected to criticism.

Including patients with a normal chest radicgraph only when
pneumccoccal, mycoplasmal or chlamydial infection was esta-
blished, may be too restricted. However, the possible
pneunonias calling for antibacterial treatment have probably
been included. Moreover, the distinction of radiographically
invisible wviral pneumonias from viral acute bronchitis is
probably not c¢linically significant.

The inclusion criteria of the compound reference standard may
also be criticized of being to liberal. The patients with a
normal chest radiograph who were included in the compound
reference standard may have suffered solely £from acute
pronchitis, at least some of them. The greater diagnostic
values of typical findings like crackles and pleural rubs when
the compound reference standard was used compared with the
evaluation against the radiographic reference tandard,
indicates that at least some of the additional pneumonias were
real. The lower value of dyspnea and chest pain may be
explained by a possible association between the size of

infiltrate and the degree of dyspnea and chest pain, thus being
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more frequent in pneumonias visible on radiographs.

The liberal criteria for including the radiographic pneumo-—
nias in the compound reference standard relies on the assump-—
tion that the risk of a false positive radiographic diagnosis
is low. This is probably justified by the fact that the panels
interpretations were based on both acute and follow-up radio-
graphs, which may reduce the risk of false positives.

Error of the radiographic diagnosis has implications for the
emphasis to be laid on the radiological report in the clinical
evaluation of patients. One cannot always rely on a normal
chest radiograph when a decision on antibacterial treatment is
to be made (10). However, the use of a radiographic reference
standard of pneumonia in the evaluation of diagnostic tests

does not necessarily represent an important source of error,
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Table I

oy tract infecticon in gEneT 1 ice,

Evaluated against the
ompoiy] reference standard

Sensi- Speci- Likelihood Sensi- Speci~ Likelihood

tivity ficity ratio tivity ficity ratio

Very annoying cough 0.65 0.65 1.8 (1.2~2.9) 0.6 0.66 2.0
Very annoying dyspnesa 0.35 0.91 4.0 (2.0-8.2) 0.31 0.92 3.7
Strong lateral chest pain 0.25 0.95 4.8 (2.0-11.4) 0.21 ¢.95 4.1
Tesrpe >= 389C 0.40 (.88 3.5 (1.9-6.4) 0.45 0.90 4.3
0.35 0.91 3.7 (1.8-7.6) 0.45 0.92 5.6
0.15 0.85 1.0 {0.3-2.8) 0.14 0.84 0.9
0.10 0.98 6.4 (1.6-25.3) 0.14 0.9¢ 12.9
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Nedre luftveisinfeksjoner i allmenn praksis

skjema

OBS!
Alle spprsmélene pd dette sperreskiemact gielder den akutie

svkdommen .

som du oppseker legevakta for i dag.

Dersom

du kommer for en kronisk svkdom, gjelder spersmilene bare

den akutte forverrelsen av svkdommen,

som har fert til at du nd

copszker lege,

Hvor mange dager har den :ryvkiommen som du nd oppssker
iege for, vedvart med daglige symptomer eller plagexr? ..,..dager

Har det veart slik ved denne sykdommen at du
pilutselig er blitt betydelig verre, etter at
du har vert syvk noen dager?

¥vis ja, hvor mange dager er det

Har du vert til legeundersgkelse
for denne sykdommen?

Hvis nei hopp til spersmdl 7.
Hvis ja, besvar ogsd sporsmal 4-6.:

Har du fatt penicillin eller annen antibiotika
mot sykdommen?

Nei:I I

Ja:I T

«esodager

Nei:I T

Nei:i I

T 58 fall nvilken LYDPE? ceevovccosscocssnvonnssaasaesss

Har astmamedisin mot sykdommen?

Har du £+t hostemedisin mot sykdommen?

Nei:I__ T

Nei:T T

JarI__ T
Ja:I__ 1
Ja:i__ T
Jarl_ T




7. Den viktigste grunnen eller de 2 viktigste

10.

1.

12.

i3.

14,

15.

6.

17.

18.

grunner til

at du oppseker lege i dag ?

{Sett ett eller toc kryss).
a. trenger sykemelding.

b. gnsker

¢. annen grunn

Har du veart

Har du wvert

Har du vaert

Har du hatt

I
4 f& vite hva jeq feiler, I
c. for & £4 medisin, hvis det trengs. I
d. jeg trenger penicillin eller annen antibiotika. I
e, jeg trenger medisin mot hoste eller astma. I
f. jeg vil utelukke at jeg har alvorlig sykdom. I
I
Var det mindre enn en ukes opphold mellom forrige
luftveisinfeksjon og den sykdommen du har nd? Nei:I T
plaget med svette/klamhet? Nei:I_ T litt:I_ T
plaget med slapphet? Nei:T T 1itt:I_ T
plaget med hodepine? Nei:X I littsI_ I s
vondt i halsen ? Nei:I I Iitt:I T
eller

Hvis mye, blir det varst ved svelging av spytt:I__ I

Har du hatt

Har du hatt

Ear du hatt

Har du hatt

muskel eller leddsmerter? Nei:I I 1itt:I

snue eller tett nese ? Neis

_ T

presmerter 7 Nei:I

ansiktssmerter(kinn/eyne)? Nei:l

Kommer det siim bak i halsen som du
enten svelger ned eller hoster opp ? Nei:l

Har du hatt

frysetokter med skielving?

I

litk:T_ T

I litt:T_ T
T litt:T_ I
T lite:I T
Nei:I ¥

Hvis ja, sett kryss der det passer {ett eller to}:
Det forste degnet:I__T
sykdomsforlspet:I I

Senere

H

e W B B B e B o B

Ja:i_ T
mye:I T
aye:I T
mye:l T
mye:I 1
mat:I__ T

mye:I T
myve:l_ T
mye:I_ T
mye:I__ T
mye:I T

Ja:l__ T



HOSTE.

19. Har du hostet wved denne sykdommen? Nei:
{sett bare ettt kryss) Som normalt
Mer plagsomt enn normalt
Svert plagsomt

L N e B

Hvis "nei” eller "som normalt", hopp videre til spersmal
Hvis svaret er "mer plagsomt enn normalt" eller

o
"svart plagsomt”, besvar ogsd spersmél 20 - 23,

20. Forverres hosten sarlig, {sett kryss der det passer):

ved ansitrengelser

ndr du trekker inn kald luft
nadr du kommer inn fra kulden
{til et varmt rom.)

ved revking eller reykfull luft
om natta

om morgenen

av andre arsaker

ikke av noe spesielt

21, Hvilket av de 3 utsagnene nedenfor passer best for deg?
{Sett bare ett kryss).

- Jeg kremter for det neste, hoster ikke sd mye.
- Jeg hoster p.g.a. slim eller irritasjon i halsen
- jeg hoster p.g.a. slim eller irritasjon i brystet

22. N&r du hoster, kommer det oppspytt? Nei(tgrrhoste)}:I_

Hvis ja, hvordan ser oppspyttet ut?

{sett ett eller flere kryss): bare hvitt,blankt I
gult eller grent I
av og til bledig T
vet ikke T

23. Har du noen gang mattet brekke deg eller kaste

opp ndr du har hostet ved denne sykdommen ? Neis:l

[ IR e I e |

23.

1

_ I
I
I
I

I

Ll R

=t

Jasl__

ja:l

I



Brystsmerter.
24. Har du hatt brystsmerter ved denne sykdommen? Nei:I T dJa:I I

Hvis ja, sett kryss der det passer (ett eller flere):
Bare litt midt i brystet
Bare 1litt i brystkassa forevrig
Sterke midt 1 brystet
Sterke 1 brystkassa forevrig
Smertens sitter averst i magen

|

HHEHHH
o o o

25. Forverres brystsmertene i spesielle sitasjoner? WNei:I T da:I_ I

Hvis Jja, sett kryss der def passer (ett eller flere):

ved anstrengelser I_ I
ndr du hoster I I
ndr du puster dypt T T
nar du ligger eller sitter

1 spesielle stillinger I I

Tung pust.
26. Har du vart tung i pusten ved denne sykdommen? Nei:I__ I ja:I I
Hvis ja, hvor tung i pusten har du vert?

Som normalt

X
Mer plagscomt enn normalt I
Svart plagsomt T

Raykevaner,

27. I hvor mange &r har du revkt? = ... ces &T

28. Hvor mange sigaretter revkte du pr. dag
for du ng ble syk?  ...... . pr. dag

28. Hvor mange sigaretter har du reykt
pr.dag mens du na& har vert syk? masecsse Pr. 4ag



l.nr: H Nedre luftveisinfeksjoner i allmenn praksis skijema 5

Dette skjema skal inkluderte pasienter ha med seg til legevaktslegen,
som skal fylle det ut. Pasienten tar det med seg tilbake til syke-
pleier etter undersekelsen.

1. Perkusjon av thorax. Ikke utfert:I_ I Utfeprt:I_ T
Hvis utfert, finner du:
Nei h.lunge wv.lunge begge lunger

2. Dempning ? S i_ I I I I 1
3. Hypersonor perk.lyd.? I_ I Iz I_ I I_ T
4. Lungeauskultasjon. Tkke ubtfert:I I Utfert:I_ I

Hvis utfert, finner du:
Nei h.lunge v.lunge begge lunger
5. XKnatrelyder

(krepitasjoner/bisrer) I I I I I 1 I T
6. Pipelvder
{Rhonki/sibili) I_ 1T T_1 I I I I
7. Svekket respir.lyd I T I I I I I_ I
8. Pleural gnidningslyd T I I T I T I T
9. Vurdering av respirasjonen. Ikke utfert:I_ T Utfert:T T

Hvis utfert:
10. Har pasienten en besvarei respirasion? Nei:I_ I Ja:IT T

11. Har pasienten forlenget expirium? Hei:T__ T Ja:i_ I

Luftvelisinfeksjon, svre eller nedre 2
12. Dersom pas. har en luftveisinfeksjon, er badde evre og nedre
juftvelier affisert? (nedre iuftveier: bronkier, bronkioler
og lunger.}

ikke luftveisinfeksjon:I I

Bare gvre:I I Bare nedre:I__ I Bdde gvre og nedre:I__ T

Etiologisk diagnose.

13. Tror Jdu pasienten har: a. virusinfeksion
b. bakteriell infeksijon
¢. B&de wvirus- og bakteriell infeksjon
d. Ingen av delene

=

I
I
I
I_.....-.

Snu arket !



14. Har pasienten en infeksjon med influensavirus? Nei:I I Ja:I 71
Merk av grad av sikkerhef pé skalaen med et kryss.

Nei,; sikkert ikke. Ja, helt sikkert.
I I
15. Har pasienten en streptokokkinfeksion? Nei:I T Ja:I I

Merk av grad av sikkerhet pd skalaen med £t kryss.
Nei, sikkert ikke. Ja, helt sikkert.

I I

Svaret pd strepckokktesten kan nid innhentes!

16. Har svaret pa streptokokktesten betydd noe for din behandling
av pasienten?
Nei:I T Ja:TI__ I Provesvar ikKe innhentet:I I

17. Hoveddiagnose, (Organ/nivi-relatert, fylles ut pd klinisk grunnlag
uten rty, bilde). Sett bare ett kryss:

a. Rhinitt I_ 1 . Faryngitt I_ T
c. Otitis media I_ I d. Sinusitt I T
e. Tonsilitt I T £. Larvngitt I I
g. AKULL bronkitht ..cceevencecccasacan ceee I T
h. Exacerbasjon av astma, kronisk bronkitt

eller kronisk cobstruktiv lungesvkdom I T
i. Pneumoni I_ I
j. ITkke luftveisinfeksion. I

Hvis "3", dilaUNOSETI .osessaascoccunnnsns R,

Pneumoni ?
18. Er det noen mulichet for at pasienten kan
ha pneumoni, som er av klinisk betydning? Nei:I_ I Ja:l I

Hvis ja, send pasienten til rtg.u.s. med vedlagte remisse og
vurder bildet feor du fyller ut resten av skjemaet.

Hvis nei, hopp til spersmdl 20 og fyll ut resten av skiemaet.

Resultat av Rtg. Thorax.
19. Din vurdering av rtg.bildet: Ikke pneumoni:I__ T Pneumcni:I T

Medikamentell behandling som institueres na.

20. Antibiotikabehandling? Nei:l I Ja, rp. til evt. bruk:I I
Ja, starter behandling i kveld:I T
Hvis Ja, hvilket medikamentiesosocoscooosoceocooonsanscossccssane

21, I_ T Astmamedisin, hvilKen?:....eccocsccccccccosss ceveavssassaca

22. I__I Hostemedisin, hvilken?l..ceeeesascsooncocancoonanaoossnas
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