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Introduction

Patients in general practice have more vague and diffuse symp-
toms and are often very early in the disease period, compared
with referred patients to hospital and specialist practices. Patients
are therefore more unselected in general practice, and the classic
problems of diagnosing a vague defined disease will be more
pronounced.

The probability of disease in general practice are lower, and pa-
tients often present only a part of the classic symptoms that make
up the clinical picture, which also reflects that the reliability of the
various test outcome is more uncertain than in patients at a
specialized hospital department. In Table 1 it can be seen that,
while the sensitivity and specificity is independent of the preva-
lence of the disease are the predictive values conversely ex-
tremely dependent of the prevalence.

Table 1. The relation between sensitivity, specificity, positive predictive value and
negative predictive value. The diagnostic universe. N = 1000.

Test +Disease +Disease Total
Positive a, true positi- b, false positi- | a+b, all with
ve ve positive test
Negative c, false nega- d, true nega- c+d, all with
tive tive negative test
Total a+c, all with b+d, all with-
disease out disease

Sensitivity = a/a+c

Specificity = d/b+d

Positive predictive value (ppv) = a/a+b

Negative predictive value (npv) = d/c+d

Given a disease in general practice has a prevalence of 10%, and
the test has a sensitivity and specificity of 90%, the figures in
Table 1 are as follows:

a=90
b =90
c=10
d=2810

Then, the positive predictive value = 50%, and the negative pre-
dictive value = 98%. Conclusion: a bad test.

If the prevalence on the contrary is 50%, and we assume that the
sensitivity and the specificity are unchanged, the following result
will be:

a=450

b =50

c=50

d =450

This means that the positive predictive value = 90% and the nega-
tive predictive value = 90%. Conclusion: a good test.

Likewise, can various symptoms and signs predictive value of a
given disease be calculated. If the disease has a low prevalence in
the population, e.g. in general practice then the strength of symp-
toms and signs rank lower, than at the hospital, where there will
be many more patients and most of these have more pronounced
symptoms and signs than in general practice. For the physician
working in the clinic, it is important to know the predictive values
when the final diagnosis has to be decided, as it is just based on
the result of the diagnostic test (1,2).

Definitions, pathophysiology and etiology.

The nasal sinuses include maxillary sinus, frontal sinus, ethmoid
cells and sphenoid cells. Only maxillary sinus, and the ethmoid
cells are developed at birth. Maxillary sinus is fully developed at
18 years of age. The frontal sinus is formed at 6-7 years of age
and is fully developed at 16 years of age. The sinuses affect the

DANISH MEDICAL JOURNAL 1



tone of the voice by serving as a resonance chamber. Acute si-
nusitis is both a common and frequent disease both nationally
and internationally (3,4). Most frequently is ethmoid cells and
maxillary sinus infected, often bilateral. Sinus ethmoidalis is more
or less involved in a common cold, and there is a gradual transi-
tion to the actual sinusitis. Sinusitis frontalis is more rare and
often unilateral. Sinusitis sphenoidalis only plays a minor role in
practice, and it is rarely diagnosed. All sinuses can be infected
simultaneously (pansinuitis) (5). Since the nasal mucosa is also
involved in the inflammation, is it now generally agreed to call the
disease acute rhinosinuitis (ARS) (4,6). The patients typically
consult their general practitioner (GP) with a statement that they
have sinusitis again, and that they have had it before. The chal-
lenge for the GP is in this situation either to agree with the pa-
tient - or provide a different diagnosis. A Dutch study showed that
the GP was insecure of the diagnosis in approx. 30% of patients
who were suspected of sinusitis maxillaris acuta (7). The latest
statement of antibiotic use in general practice in Denmark is from
1987 (3). According to that study, the most common upper respi-
ratory tract infection (URTI) was diagnosed among 15-44 years of
age, which led to antibiotic treatment, tonsillitis acuta with 21%,
followed by acute sinusitis by 17%. 90 % of the total oral antibi-
otic consumption in Denmark is prescribed in general practice.
This means that the disease either is very frequent, or it is highly
over diagnosed. Many specialists, allergologists, otolaryngolo-
gists, pulmonologists, paediatricians and general practitioners
make the diagnosis of ARS. In an attempt to clarify the different
diagnostic definitions, the task force behind the reference 4 in
2007 has reviewed the report published as reference 6, and latest
in EPOS 2012 (8) and proposed new definitions of the disease
used in epidemiological studies/general practice:

Common cold/acute viral rhinosinusitis is defined as: duration of
symptoms for less than 10 days.

Acute post-viral rhinosinusitis is defined as: increase of symptoms
after 5 days or persistent symptoms after 10 days with less than
12 weeks duration.

Acute bacterial rhinosinusitis (ABRS) is suggested by the presence
of at least 3 symptoms/signs of:

Discoloured discharge (with unilateral predominance) and puru-
lent secretion in cavum nasi,

Severe local pain (with unilateral predominance)

Fever > 38°C

Elevated ESR/CRP

Double sickening (i.e. a deterioration after an initial milder phase
of illness)

Pathophysiological there is an obstruction of the sinus ostium
leading to reduced O, tension, increased CO, concentration and
thus ciliary impairment. This causes obstruction of the normal
drainage through the ostium and risk of bacterial growth in the
sinus (9-11). The description of symptoms and objective signs
associated with pus in the maxillary sinuses are often imprecise
and mostly based on studies in selected patients (10,12-14). The
clinical picture in general practice is recently described in detail,
and has revealed important differences between signs and symp-
toms, compared with the clinical picture, as it is in patients re-
ferred on to the ear-nose-throat (ENT) doctor, the vast majority
of patients in general practice have the disease to a lesser degree
(7,15 to 23). Under normal conditions, the maxillary sinuses are
the only sinuses, which are accessible to antral aspiration
(14,18,24).

Alternative studies of the sinuses are: X-ray, ultrasonography, CT
and MRI scanning. CT and MRI are the two best methods in terms
of accuracy to detect pathology in the sinuses. CT is superior to
conventional radiography for detecting pathology since the ex-
amination provides more detail. Ultrasonography can be used in
the primary sector, but requires knowledge and experience of the
examining doctor to interpret the results. Detection of a fluid
level is in line with the X-ray. The imaging diagnostic studies are,
however, subject to the uncertainty that a fluid level or opacifica-
tion not only can be caused by pus, but also serous or mucopuru-
lent secretions (7,25-39). Blood tests performed as near-patient
testing to assess the severity of infection, includes C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR)
(18,22,29,40-43). The question if allergy predisposes to ARS has
been evaluated in several studies on the theory that an oedema
of the mucosa of the osteomeatale complex may cause obstruc-
tion of the sinus ostium reducing the ventilation, leading to mu-
cus retention and thereby increase the risk of bacterial invasion
(8,44-48). However, there are to date no reliable studies to con-
firm this hypothesis (6).

The etiology of ARS can be divided into acute viral rhinosinuitis
and acute bacterial rhinosinuitis often preceded by a viral rhinitis
or common cold (8,49,50). In our study we could not demonstrate
that acute maxillary sinusitis were more frequent in patients with
preceding catarrhalia (18). Pitkaranta found in patients with acute
sinusitis rhinovirus in 7 out of 14 maxillary sinus (51). Evans rhino-
virus found in 2 out of 32 maxillary sinus (52), and Hamory de-
tected virus in 11 out of 70 maxillary sinus (6 rhinovirus, 3 influ-
enza A and parainfluenza in the last 2) (53). The three references
are based on maxillary sinus puncture. Other works dealing with
viruses and ARS are based on nasopharyngeal swabs and from the
osteomeatale complex (54,55). It is not known with certainty how
the bacterial invasion of the maxillary sinuses occurs during a viral
infection, but sneezing, coughing and nose blowing causes pres-
sure differences between the cavum nasi and sinus so that the
bacteria in the nasal secretions probably can invade sinus (55). An
odontogenic sinusitis can occur if an infection arising from dental
sources breaks through to the maxillary sinus, or if, in connection
with a tooth extraction occurs perforation of the sinus (5). Ap-
proximately 10% of sinusitis maxillary is of odontogenic genesis
(56).

The etiology of the bacterial infection is commonly Streptococcus
pneumoniae (S. pneumoniae) and Haemophilus influenzae (H.
influenzae), which together accounts for approx. 50% of the
isolated bacterial species in pus obtain by lavage or aspiration
(8,18,22,43,57-66). However, it is also worth noting that in up to
30-40% is the bacteriological culture negative (63). The etiology of
the culture-negative cases is not clear, but undoubtedly many are
due to viruses or rare bacterial species. Another theory that has
been put forward is that the procedure by maxillary sinus punc-
ture (aspiration or lavage) results in diluting and oxygenation of
the material, which may result in a reduction of the amount of
bacteria in the sample. Finally, it is argued that lidocaine and
noradrenaline, which are used in local anaesthesia, are bacterio-
static especially against S. pneumoniae.

Differential diagnosis

A number of other conditions should be considered as possible
differential diagnoses: Purulent rhinitis, myogenic/neurogenic
facial pain, joint dysfunction (often unilateral), and allergic rhinitis
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in the pollen season. Benign tumours, polyps and osteomas only
play a minor role. Malignant tumours especially develop in the
maxillary sinus, less often in ethmoid cells, and almost never in
the frontal sinus and sphenoid cells. The most common type is
squamous cell carcinoma that accounts for 2/3; the rest is made
up by adenocarcinomas and sarcomas. Symptoms are nasal con-
gestion, rhinorrhea and pain accompanied by purulent or bloody
secretion from the nose (5). Cancer in the sinuses is rare, and was
not diagnosed in the study. During the time period in which this
material was collected, the incidence of cancer in the sinuses was
in 1992, 93 and 94, respectively 11, 23 and 33 new cases, accord-
ing to the Danish National Patient Registry. Up to and including
1993 was used ICD-8 code: 16 029, from 1994 ICD10 code: C 31.0

Is ARS a female disease?

The disease is found more frequently in women than men
(9,18,19,21,67). In the Cochrane review from 1999 (68) that in-
cluded 7,330 patients, were 55% women. This gender difference
may be caused by selection bias because women more frequently
than men consult the doctor (19,21). In the KOS study (Contact
and Epidemiological Pattern Survey) from 2010, were the propor-
tion of women and men respectively 62% and 38%, 46 women of
the fertile age was diagnosed with acute sinusitis versus 21 men
(69) (Table 2). The pathogenesis of the gender difference is not
fully understood, but hormonal conditions, allergies and the fact
that women are more often together with small children at home,
at work and in child care centres, increasing the risk of child-to-
adult infection (19). Studies have also shown that pregnant wom-
en have more often rhinitis/sinusitis than non-pregnant women
(70,71). Studies have not shown a clear relationship between
estrogen/progesterone concentrations during pregnancy nor in
relation to the menstrual cycle, however, there are several works
that suggest that the production of placental growth hormone is
involved in the development of gestational rhinitis/sinusitis, just
like smoking and allergies to dust mites are probably risk factors
(71-75). The relationship between hormonal contraceptives and
ARS has not been studied.

Table 2.
Gender distributi- | Contacts with sinusi-
Age on in KOS 2008 tis diagnosis
groups Men Women Men Women Total

% % (%) (%)
0-14 51 49 | 1(33) 2 (67) | 3(100)
15-30 31 69 | 2(15) 11 (85) 13
(100)
30+ 38 62 19 35 (65) 54
(35) (100)
All 38 62 22 48 70

Source: Kontakt - Sygdomsmgnsterundersggelse KOS 2008. Forskningsenheden For
Almen Praksis og Afdelingen for Almen Medicin, Aarhus University, Denmark

Background

Inflammation of the nasal sinuses is frequently occurring. When
the literature is searched , there is a differentiated picture of the
nature of disease and severity. When the disease is evaluated
from the otological point of view, it is characterized by malaise,
fever, and pus in the nasal cavity, pronounced facial pain pre-
dominantly unilateral, reduced or loss of smell, increased ESR and
or CRP and a disease duration of up to 10 days or worsening after
5 days and less than 12 weeks duration. This is the conclusion of
EPOS 2012 (8). However, according to this thesis a somewhat

different clinical picture is found in general practice with a pre-
dominantly milder disease, both in terms of symptoms and signs
and a somewhat faster disease course. The survey of 1991 - pub-
lished in 1994 - was inspired by a random survey of GPs, how they
diagnosed ARS, how they evaluated symptoms and signs, which
treatment they used, and a relevant question about their own
certainty if they had made the correct diagnosis (76). Literature
studies in the survey revealed at the time that studies in unse-
lected patient materials from general practice were more or less
missing to illustrate symptoms and signs predictive values of pus
in the sinuses (77,78). Today we would have used the term evi-
dence-based knowledge.

The thesis is based on an evaluation of the replies to the ques-
tionnaire continued in a prospective study of how GPs diagnose
acute maxillary sinusitis in order to establish reliable diagnostic
criteria to the following reference standards: Diagnostic sinus
puncture CT and bacteriological diagnosis. It is debatable whether
antibiotic treatment of ARS have any effect on the cure rate (79-
95), therefore, there is also included a randomized, double —
blind, placebo-controlled trial of penicillin V. The concept of Unit-
ed Airways covers the hypothesis that airway epithelium is similar
in both upper and lower respiratory tract, and therefore there is a
close relationship between diseases of the upper and lower respi-
ratory tract (96-104). This is evaluated in the study where the
lung function were examined during and after an ARS in lung
healthy and non allergic patients. Finally, | have through a ques-
tionnaire assessed how the later years of information and debate
on diagnosis and treatment of ARS, have affected the GP’s man-
agement of he disease up for today.

Aim

Much of the uncertainty about the disease is probably due to the
fact that the patients examined and treated in general practice
have the disease in a lesser degree, compared to the patients
treated by a medical specialist and the hospital, where the major-
ity of our knowledge comes from. | therefore wished to describe
this large group of patients in general practice, and establish
evidence-based guidelines for diagnosis and treatment in particu-
lar the issue of antibiotic treatment on the basis of the following
works: Firstly, how GPs diagnose and treat ARS based on a ques-
tionnaire (article 1). Secondly, to investigate the diagnostic value
of the described symptoms and signs, and the use of paraclinical
examinations in a prospective study with reference to, respec-
tively: sinus puncture, microbiology, and CT (articles 2, 3 and 4).
Thirdly, to investigate the effect of antibiotic treatment in a ran-
domized, double blind, placebo-controlled trial with penicillin V
(article 5). Fourthly, to investigate the effect of ARS on pulmonary
function in adult patients without chronic lung diseases or allergy
(United Airways) (article 6). Fifthly, to assess whether the later
years of debate on the diagnosis and treatment of the disease has
had an impact on the GPs' management of ARS (article 7).

Material and methods

300 general practitioners, who were representative in relation to
geographical location, gender and candidate age, were invited to
participate in the first survey (article 1). The clinical study (article
2) are based on patients aged 18-65 years suspected of acute
maxillary sinusitis either reason for encounter or after the doc-
tor's examination. This study included 8 general practices. Pa-
tients were included consecutively and only once. These are the
same patients as were analysed and described in article 3-4. In
the treatment study (article 5) attended 26 general practices. The
patients were aged 18-65 years. They were included consecu-
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tively and only once. Article 6 describes the association between
ARS and the lung function defined by changes in FVC, FEV1, F25-
75 and PEF. The patients ranged in age from 18 years and up. For
the final study, 300 randomly selected general practitioners were
invited. The studies are all done in general practice both in North
Jutland and on Funen partly in collaboration with the department
of Ear Nose and Throat Surgery, the department of Neuro Radiol-
ogy, the department of Clinical Microbiology Aalborg Hospital and
Aarhus University Hospital and department of Clinical Epidemiol-
ogy Aalborg Hospital and Aarhus University Hospital.

The statistical methods used are described in detail in each origi-
nal article. For the analyses have over the years been used SPSS
and MiM computer software and EXEL spread sheet (105,106).
The statistical calculations were performed partly by Biostatistics,
University of Aarhus, Centre for Health Statistics, department of
Mathematical Sciences, Aalborg University, and Centre for Car-
diovascular Research, department of Cardiology, Aalborg Hospi-
tal, Aarhus University Hospital.

CT scan

CT scans were performed at the Neuro Radiology Department
with 10 mm thick cuts, which were an accepted method for the
examination of the sinuses when the project was planned in
1992. Since at that time one could not change the KV and mAmp
in the CT scanner (which can be done in modern scanners to day),
the only way to reduce radiation dose was to make the cuts
thicker. In short: Fewer cuts, fewer rays. If you made 2-3-mm thin
cuts such as for example at some studies of the brain, the CT-
radiation dose would be much higher than for conventional X-rays
of the sinuses. The information at the 10 mm wide cut through
the sinuses was by general accepted at that time and also suffi-
cient to see what you wanted in connection with suspected be-
nign disorders, and thus more informative than plain radiography.
If the CT showed suspected tumour or other unresolved pathol-
ogy, one could supplement the examination with a thinner cut. 10
mm cuts through the sinuses were good standard at the time.
That we did not consciously make the cuts up through the sinus
frontalis was because it was the maxillary sinus we were inter-
ested in visualizing prior to any sinus puncture as we because of
ethical reasons, chose not to puncture a maxillary sinus if CT
showed neither mucosal swelling nor fluid level or opacification.
In that way we held the radiation dose as low as possible. The
modern scanners are far more radiation hygienic and can be used
without problems in a much more detail visualizing way.

Sinus puncture

The sinus puncture was performed at the department of Otorhi-
nolaryngology as described below. There were no recorded seri-
ous adverse reactions to the puncture. Initially the nose was
sucked clean. The local anaesthesia was performed as follows: A
solution of 10% lidocaine and 1% of norepinephrine on cotton
wool was applied to the posterior part of the meatus medius, and
meatus inferior. After topical anaesthesia an infiltrative anaesthe-
sia with a solution of 2% lidocaine and 0.5 % norepinephrine was
injected under the mucous membrane of the nasal cavity lateral
wall of the inferior concha. The puncture was performed with a
1.4 mm lumbar needle approx. 1.5 cm behind the front part of
the concha inferior with the direction laterally and slightly up-
wardly and rearward. In all cases, there was firstly attempted
aspiration of secretion through the needle with attached syringe.
If there was hereby-aspirated pus then the material was collected

on a sterile charcoal-coated cotton swab. If no material could be
aspirated spontaneously, irrigation was performed with 50-100
ml. 0,9% saline solution and consequence re-aspiration was per-
formed with the patient’s head bent forward to allow the irriga-
tion material to be collected in a sterile bowl (i.e. lavage). The
irrigation material was also collected on a sterile charcoal-coated
cotton swab, and placed in a glass tube with Stuarts transport
medium and sent to the Department of Clinical Microbiology for
bacterial culture.

Microbiological procedures

The specimens were plated on 5% horse blood agar with a
staphylococcus streak and on chocolate agar (both incubated for
48 hours at 35 °C in 5% CO,), on MacConkey agar (incubated for
48 hours at 35 °C in ambient air) and on 10% horse blood agar
with a 5 ug metronidazole disc (Oxoid, Cambridge, UK) (incubated
48 hours at 35 °C in an anaerobic chamber). For S. pneumoniae,
the diagnosis was confirmed by capsular swelling (OMNI serum,
Statens Serum Institut, Copenhagen, Denmark). H. influenzae
was identified by typical colony morphology, including satellism
around the staphylococcus. Strains with atypical colony morphol-
ogy were tested for the X - factor requirements by the porphyrin
test. Other species were identified according to standard meth-
ods.

In the aspirates were pathogens without contaminated nasal flora
in 61 %, while this was the case in 37 % of the irrigation material.
In addition, pathogens mixed with nasal flora in 6% of the aspi-
rates and in 20% of the irrigation material, in total numbers of
pathogens were found in 67% of the aspirates and in 57% of the
irrigation material (p = 0.39 *). Nasal flora was found in 17% of
the aspirates and in 44% of the irrigation material (p =0.006 *).
22% of aspirates and 19% of the irrigation material showed no
growth (p = 0.91). In 9 % of the aspirates and in 9% of the irriga-
tion material was detected co-culture with a mixture of 2 or more
pathogens. (*P values calculated by Fisher 's exact test)

No wonder that the irrigation material more than the aspirates
were contaminated with bacteria from the nasal cavity, but in
both types of samples were the contamination of minor and non-
dominant quantity in the case where there also were pathogens.
It can not be excluded that in samples with contamination in
quantities of some or more colonies (7 irrigation material and 2
aspirates) may pathogens have hidden themselves in smaller
quantities, which partly could explain that there were 44% of the
irrigation material without pathogenic and 38% of aspirates. The
fact that 22% of aspirates and 19% of the irrigation material were
completely without growth can be caused by the fact that the
anaerobic culture was hardly optimal at the time of collection.
We only found anaerobic growth in 1 irrigation material and in no
aspirates. The samples were incubated aerobically and anaerobi-
cally for 2 days, and many anaerobic bacteria will take longer to
grow. It was not at that time routine to examine the anaerobically
cultured plates with UV light. Anaerobic cultivation for 4 days
followed by inspection under UV light would probably have led to
the discovery of several anaerobic bacteria. This was supported
by the fact that in several samples were described that there
were smelly purulent secretions, but the culture showed no
growth.

Some respiratory viruses could be grown at the time the survey
was conducted, but it took a long time and was not routine. We
did not have the opportunity to culture the virus in Aalborg, but
SSI (Statens Serum Institut, Copenhagen) had some techniques
for testing. Only after alternative methods (e.g. antigen-antibody

DANISH MEDICAL JOURNAL 4



reactions) became common, the virus detection started, but it
was not until PCR was widespread that virus diagnostics in respi-
ratory infections became routine. As it was not possible to treat
virus infections at that time, the subject was not prioritized.
Pathogen-susceptibility testing on the cultures was performed. All
tested S. pneumoniae and haemolytic group A streptococci were
fully sensitive to penicillin, all H. influenzae were fully sensitive to
ampicillin. With the exception of 1 were S. aureus penicillin resis-
tant, but full sensitive to meticillin. Among positive cultures with
Moraxella catarrhalis (n = 4) 2 were tested, showing 1 penicillin-
resistant and 1 full sensitive to penicillin.

Bias

In the survey (article # 1) is a response rate of 67 after sending
out of the questionnaire and one reminder. A drop of 33% means
that there is the potential for selection bias. This means that the
group of GP’s who responded to the questionnaire are not neces-
sarily representative of all GP’s. | will assume that the answers
come from doctors who specifically are interested in the disease,
but of course this is only an assumption, since non- respondents
are not asked why they have not answered the questionnaire. On
the other hand, the purpose of the questionnaire survey was to
clarify how general practitioners evaluates signs and symptoms
when they have to make the diagnosis supplemented by the
reference choice of paraclinical examinations and treatments.
Symptoms and signs are taken from textbooks in ear nose and
throat diseases, and selection bias can at the most reprioritize the
weighting of symptoms and signs. These signs and symptoms
were used to define the choice of method in article 2 independ-
ent of the order of priority in the questionnaire. That we also
asked for the doctor's diagnostic certainty is a natural part of the
handling of the disease. When the general practitioner specifies a
diagnostic certainty of 70%, it means that the doctor expects to
make the correct diagnosis in 7 of 10 patients. A comparison the
diagnostic accuracy in patients with AOM offers a higher diagnos-
tic certainty, due to the eardrum can be visualized, while one can
not look into the sinuses (17). Data in articles 3-4 are based on
patient material described in article 2. In total, 282 patients were
included. 77 were excluded before the study, of which 53 did not
want to participate. The patients did not differ from those who
completed the study with regard to age and sex, whereas there
were not recorded symptoms and signs, and neither were meas-
ured OR nor CRP. Probably the patients had only had mild symp-
toms, and the influence on the final result is therefore considered
of minor importance. During the study 31 did not want to con-
tinue and were excluded. They did not differ significantly from
those patients who completed the entire study, with respect to
age, sex, symptoms, signs, and results of SR and CRP. The same
radiologist evaluated all CT scans, and the same otologist per-
formed 70% of the maxillary sinus puncture. There could be bias
in the reading of CT and to determine this, we should have made
an inter- and intraobserver variation study in order to assess the
reproducibility of the readings, which we did not do. The same
may be true for the assessment of pus or mucopus in the aspirate
and irrigation material in the maxillary sinus puncture. Overall, |
believe, however, that one cannot attribute bias great impor-
tance for the interpretation of the results, as both the radiologist
and otologist both were very experienced specialists. The ran-
domized treatment study included 167 patients. 28 were ex-
cluded prior to randomization. They did not differ from those
patients who were randomized. After randomization, an addi-
tional 6, 2 in the placebo and 4 of the group of penicillin excluded

due to non-compliance. 6 patients, 3 in each treatment group
discontinued treatment within 7 days. They were included in the
analyses until dropout. With the choice of method we discussed
in detail how we could control compliance and consumption of
painkillers. We did not find that it was a reliable method that
patients had to dispose of the medicines packaging at the control
visit, since the empty packaging did not exclude that the patient
had not taken the full dose, which was agreed. With regard to the
consumption of analgesic treatment, we concluded that it would
be difficult to control the consumption when it can be sold over
the counter. Conversely, we concluded that if there were an
uneven consumption in the 2 treatment groups, it would be most
likely that the highest consumption would be in the placebo
group, and it would lead to greater risk of type 2 errors. Finally, it
should be pointed out that there was a significantly greater de-
crease in CRP levels after treatment with advantage to penicillin,
which strongly speaks for an effect of penicillin. In the final survey
differs the group of non-responders not from responders with
regard to practice type or gender. | therefore assume that the
management of the disease is similar in the 2 groups so that the
risk of selection bias due to the relatively low number of re-
sponses are assumed to be small. The response rate of 50% also
means that it can be difficult to generalize the answers, but on
the other hand, there seem to be a certain accordance with the
first answers, which suggests that the attitudes to ARS has not
changed significantly over the years

Results and discussion

The following presents the results and discussion of each of the
seven published articles. At the end of the section the results and
discussion of the whole material is presented, followed by a con-
clusion, perspectives and summary.

Article # 1:

Diagnosis and treatment of acute sinusitis in general practice in
Denmark.

The aim of this study was to evaluate the GP’s weighting of symp-
toms, signs and use of paraclinical investigations for the diagnosis
of acute sinusitis in adults and highlight what treatments they
select to use.

A questionnaire was sent to 300 GPs, and after 3 weeks one
reminder. They were representative in terms of geographical
distribution, gender and candidate age. The response rate was
67%.

The questions were based on the usual signs and symptoms of
sinusitis acuta as described in text books (5).

The clinical examination included examination of the ear, nose
and throat, as well as palpation of the facial area and was used in
100 %, while the X-ray examination, pharyngeal swabs and meas-
uring the erythrocyte sedimentation rate (ESR) was used in 10%,
and leukocyte count was used in 5 % of the consultations. The
CRP analysis was not available at that time as a near -patient test.
The GPs’ assessment of their own diagnostic certainty was 70 %
(95 % Cl 70-75%). This statement should be interpreted, as the
doctor believes to provide the correct diagnosis in 70 % of the
cases, or im other words that the doctor expects to make the
correct diagnosis in 7 of 10 patients.

When differences in methodology and analysis of published stud-
ies are taken into account, the picture of the following symptoms
related to ARS is: Nasal congestion, purulent rhinorrhea, unilat-
eral pain over the maxillary sinuses, prior catarrhalia, facial pain,
maxillary toothache, decreased sense of smell, and the following
objective findings: purulent secretions over the inferior concha,
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purulent secretion in the pharynx back wall and nasal polyps. For
comparison the doctors weighted in this study pain and tender-
ness over the sinuses at the most followed by pain bending for-
ward, pain in the maxillary teeth and previous catarrhalia. In
addition, oedema of the sinuses and tenderness on tapping the
maxillary teeth. This means that the GPs’ are weighting pain
higher than the detection of purulent secretions in the nose,
which is in line with a Norwegian study (17). For comparison
evaluates ENT specialists’ purulence and pain alike in the diagno-
sis of ARS. This may be due to that the GPs meet the patients
earlier in the disease process than the ENT specialists and at a
time when purulence is not yet developed (17). The most fre-
quently used treatment is decongestants nose drops / spray and
in half of the cases were also used antibiotics, of which penicillin
V was 70 %. A questionnaire entails a risk that the doctors answer
from general considerations, which do not necessarily reflect the
daily clinical procedure (107). This study does not answer this
question. Furthermore, the problem of selection bias is discussed
above.

Article # 2:

Predicting acute maxillary sinusitis in a general practice popula-
tion.

The aim of this study was to investigate the diagnostic value of
symptoms, signs, CRP and ESR in order to establish a clinical
criterion of acute maxillary sinusitis. 174 patients were included
in the study. The median age was 35 years. 67% were women.
Patients were after an examination (the examination was similar
in all the general practises using a standardized form) by the GP
admitted to a CT (computer tomography) of the maxillary sinuses
within 24 hours. If the CT showed mucosal swelling and or fluid
the patient was immediately referred to a puncture of the maxil-
lary sinus. Both studies took place at Aalborg Hospital. The reason
why we chose to CT scan all the patients was that a normal CT
scan with very high probability could exclude pathology in the
sinuses (30). For ethical reasons we did not want to expose the
patients for a subsequent puncture of the maxillary sinuses, why
only the maxillary sinuses, on which changes were detected on
the CT were aspirated.

If the aspirate or the antral lavage contained either purulent or
mucopurulent material, the patient was diagnosed as having
acute maxillary sinusitis. Any purulent or mucopurulent material
obtained was sent to the department of microbiology for bacte-
rial culture. 70% had abnormalities on the CT and on 53 % were
detected purulent or mucopurulent material in the subsequent
puncture of the maxillary sinus. Patients who were referred to
sinus aspiration had a disease duration of 7 days (median value,
quartiles 5-14 days, range 1-28 days). Pathogenic bacteria were
found in 66% of the cultures (most commonly S. pneumoniae and
H. influenzae), negative culture in 22%, and missing cases 12%.
95% of the patients had maxillary sinus pain. The univariate anal-
ysis showed that only unilateral maxillary pain and maxillary
toothache and unilateral tenderness over the maxillary sinuses
was significantly associated with pus in the maxillary sinuses. The
patient's statement that they had previously had had acute maxil-
lary sinusitis was significantly negatively associated with pus in
the maxillary sinuses. CRP values >10 mg/| and ESR value in men >
10 mm/h and > 20 mm/h in woman was also significantly associ-
ated with pus in the maxillary sinuses. There is a dose-response
relationship between the result of CRP, and presence of purulent
maxillary sinusitis, whereas the correlation between the ESR
values and purulent maxillary sinusitis is less pronounced. There
may be several explanations for this. Firstly, CRP is an acute phase

reactant, which is very sensitive to a stimulus in contrast to ESR,
which is slower and, therefore, needs a longer time to react, and
it also takes longer time to normalize after the infection. Another
explanation may be that ESR is not particularly sensitive to the
infection in the sinuses, in contrast to CRP. In the section of dis-
cussion, | have evaluated the importance of ESR in the clinical
criterion. Subsequently a multivariate analysis was performed,
which showed that CRP and ESR were the only variables inde-
pendently and significantly associated with pus in the maxillary
sinuses. The results confirm that the disease is over-diagnosed if
the GP only use the usual and generally accepted diagnostic crite-
ria . A combination of ESR and CRP showed a sensitivity of 0.82,
specificity of 0.57, positive predictive value (ppv) of 0.68 and
negative predictive value (npv) of 0.74. On the basis of these
findings, we have defined a clinical criteria for acute maxillary
sinusitis: Pain over the maxillary sinuses either unilaterally or
bilaterally in combination with either the CRP value > 10 mg/I
and/or ESR value for men > 10 mm/h and > 20 mm/h in women.
Despite the fact that the predictive values are not optimal, re-
spectively, a ppv of 0.68 and a of 0.74, then it is a better basis to
diagnose the disease than based on the clinical findings. Using
this criterion 32% of the patients are over treated, as opposed to
approx. 50% if the doctor only base his diagnosis on the clinical
picture.

The disease is diagnosed most frequently in the younger age
groups. More than 2/3 of the patients are women and this gender
difference is also found in other studies (22). The reason for this
gender difference has not been established with certainty.

Article # 3:

Symptoms and signs in culture-proven acute maxillary sinusitis in a
general practice population.

The purpose of the study was to evaluate signs and symptoms in
patients with acute maxillary sinusitis and a bacteriological diagno-
sis. The study is a continuation of the study presented in article # 2,
where symptoms and signs were based on the diagnostic gold stan-
dard: Purulent or mucopurulent secretions macroscopically assessed
by maxillary sinus puncture. In this study, the aim was to evaluate
the same parameters in patients where there were a demonstrated
growth of either S. pneumoniae or H. influenzae that are the two
most frequently isolated bacteria from the sinuses in the context of
an acute infection. Temperature> 38 °C and maxillary toothache
were significantly associated with the presence of either S. pneumo-
niae or H. influenzae, and increasing values of ESR and CRP (cut-off
values: CRP values>10 mg/l and ESR value for men > 10 mm/h and
women >20 mm/h) was significantly associated with positive
growth. None of the other investigated symptoms and signs were
particularly sensitive to a specific bacteriological diagnosis. All the
patients complained of pain in the maxillary sinuses, but there were
no correlation between the patient’s indication of which side there
was pain, and the uni- or bilateral infection with either S. pneumo-
niae or H. influenzae. The same was true regarding tenderness over
the maxillary sinuses, where it was not possible to demonstrate a
relationship between uni- and bilateral - or absence of tenderness
OR 0.2 (0.02 -1.5) and OR 0.8 (0, 05-12).

The study confirmed that the most common bacteria in acute maxil-
lary sinusitis are S. pneumoniae and H. influenzae, 23% and 15%.
Furthermore, there are calculation errors in Table 5 in the original
article. The corrected table is inserted here. In the column “Absent”
CRP is missing in 1 patient.
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Table 5. Acute maxillary sinusitis. The association between the concentration of C
reactive protein (CRP) and the results of culture for Streptococcus pneumoniae or
Haemophilus influenzae from either one or both maxillary sinuses in 45 patients with
acute maxillary sinusitis compared with 82 patients with an absence of acute sinusi-
tis.

CRP Unilateral Bilateral Absent OR (95 % CI)

mg/| N n n

<11 8 4 49

11-49 10 7 24 2,89(1,77-
4,73)

>49 11 5 8 8,17 (3,81-
17,53)

Haemolytic streptococcus group A is not included in the analysis
because the epidemiology of this bacteria showed large variations
in time when the study took place (108). Moraxella catarrhalis
(Branhamella catarrhalis) were found in a relatively low fre-
quency and can be explained by the fact that it is most common
in children (109), who were not included in this study. Staphylo-
coccus aureus accounted for 5.3% of the isolates, but several
authors consider this bacteria to be contamination from the nasal
cavity (58). Similarly, the proportions of anaerobic isolates are
low compared to other studies (59,62). In 44% of patients failed
to detect bacteria in the aspirate. It is also shown in other studies,
where the proportion varies between 5-42% (59-62,65,66). Again,
we found that the patients own statement on previous maxillary
sinusitis was significantly negatively associated with the growth of
S. pneumoniae and H. influenzae.

Article # 4:

The association between paranasal computerized tomography
scans and symptoms and signs in a general practice population
with acute maxillary sinusitis.

CT is usually the preferred diagnostic test because the examina-
tion may show even minor pathological changes in the sinuses.
On the other hand, there are also studies that question the asso-
ciation between sino nasal symptoms and findings on CT by ARS
(26,34). The aim of this study was to evaluate the association
between symptoms and signs with changes on the CT of the
maxillary sinuses. The study is a continuation of articles 2 and 3. If
the doctor suspects acute maxillary sinusitis based on the clinical
examination, the patient was acute referred to CT within 24
hours. CT was performed in order to detect changes in the maxil-
lary sinuses. The following scoring system was used for the evalu-
ation of the pathological changes. Mucosal swelling: None (= 0),
moderate (= 2) and massive (= 3). Fluid level: None (= 0), moder-
ate (= 2), and total opacification (= 3). Scores were calculated for
2-6, where 6 represented the most pronounced changes. Patients
with score = 0 were diagnosed as healthy and did not continue in
the study, while all others were further referred to sinus punc-
ture. 122 (70%) had changes on CT. 45% had unilateral changes,
55% bilateral changes. In 78 patients were the ethmoid cells were
also identified on the CT, and of these 79% had abnormalities.
The sphenoid cells were identified in 21 patients, and of these,
57% had abnormalities. The frontal sinus was not identified in any
patients. The strongest association with pathology on CT was
purulent nasal discharge, unilateral oedema over the maxillary
sinus, and preceding URTI. Self-reported previous sinusitis was
significantly and negatively associated with maxillary sinusitis. To
investigate the association between the severity of changes on CT
and the clinical picture, we stratified the material into two clas-
ses: Score 5-6, or < 5. Based on this approach we found the
strongest association with purulent nasal discharge (p = 0.02),

preceding URTI (p = 0.06), maxillary toothache (p = 0.10), and
oedema over the maxillary sinuses (p = 0,10). There was a strong
association between increasing values of CRP and ERS and the
changes on the CT (n=187). It was not possible from the CT to
determine whether the infection was caused by S. pneumoniae or
H. influenzae. We were not able to demonstrate an association
between unilateral or bilateral changes on CT and unilateral or
bilateral pain. The overall assessment of CT in the diagnosis of
acute maxillary sinusitis shows that it can reduce the number of
suspected maxillary sinus infections by 30% compared to the
clinical diagnose (18). On the contrary, it does not seem realistic
to implement CT in the daily clinic, because there will be waiting
time for the examination in the hospital, and also economic costs
involved.

Article # 5:

Randomised, double blind, placebo controlled trial of penicillin
V in the treatment of acute maxillary sinusitis in adults in gen-
eral practice.

The aim of the study was to evaluate the effect of penicillin V in
adult patients with acute maxillary sinusitis in general practice.
The study was randomized, double blind and placebo-controlled.
26 general practitioners participated. The clinical evaluation was
based on the patients statements about pain intensity and degree
of sense of iliness the latter includes symptoms of nasal obstruc-
tion, nasal discharge and general discomfort. The patients scored
pain and sense of illness on a scale from 0 to 5, where 0 = no pain
or sense of illness and 5 maximum pain and sense of illness in a
diary each day and the scoring began the day after start of treat-
ment. The initial score was also recorded along with the duration
of symptoms before starting the treatment. CRP and ESR were
measured at the start and at end of the treatment. The patients
were randomized to either treatment with penicillin V 1333 mg
twice daily or placebo. 133 were randomized to treatment, peni-
cillin V =71, placebo = 62. During the study, 6 patients were
excluded. They were included in the analyses until dropout. The
study showed that treatment with penicillin V makes the patients
painless faster than placebo. Three days after the initiation of
treatment, the pain score was significantly lower in the penicillin
group, but only in patients with a pain score above 3. After 7 days
of treatment, the therapeutic gain = 34% as 71 % have recovered
completely in the penicillin group versus 37% in the placebo
group. From these figures one can calculate the number needed
to treat is 2.9 (1/0.34). However, there was no significant differ-
ence between the penicillin and the placebo groups in terms of
sense of iliness. At the end of treatment, 88 % of the patients had
achieved normal CRP in the penicillin group compared with 75%
in the placebo group (p < .05). However, there was no significant
difference in ESR values. The empirical choice of penicillin V as the
first drug of choice treatment is justified and in accordance with
the Scandinavian recommendations. Pathogen-susceptibility
testing were performed on the cultures. All tested S. pneumoniae
and haemolytic group A streptococci were fully sensitive to peni-
cillin, all H. influenzae were fully sensitive to amoxicillin. We have
in this study chosen to use one of us previously defined clinical
criteria, where the objective study of the ear, nose and throat
region is supplemented by a blood test for determination of CRP
and or ESR. Both tests are used in a near-patient-test design. CRP
is in another study found both robust, accurate and correct in
general practice, compared with results from laboratories (110).
Increased values of both CRP and ESR are usually considered good
predictors of a bacterial infection. In this study, there were rela-
tively low levels of both CRP and ESR which could be explained by
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the fact that the patients in general practice are less sick. The
study shows that by using the clinical criteria and a relatively
simple and inexpensive laboratory test, the doctor gets a good
tool to either explain to the patient why penicillin is not indicated,
or what the patient might expect if there is indication for treat-
ment with penicillin (111,112). This is in line with that patients are
more interested in the best treatment, and not so much in the
correct diagnosis (113).

Article # 6:

The effect of acute rhinosinusitis on pulmonary function in
adults.

The aim of this study was to examine how ARS affects the lung
function in lung healthy adults. The study was observational. 25
patients with clinical symptoms of ARS defined by unilateral or
bilateral maxillary pain, purulent secretions in the nose and an
elevated C-reactive protein (CRP) value above 10 mg/l and no
evidence of chronic lung disease or a history of allergy were in-
cluded consecutively and only once in the study. Exclusion criteria
were acute lower respiratory tract infection, recurrent ARS,
asthma, COPD, allergies or a chronic disease that could provide
increased value of CRP, duration of symptoms beyond 4 weeks,
pregnancy and unwillingness to participate. Exclusion criteria
were based on interviews with patients and review of their medi-
cal records; all participants were patients in my clinic. None of the
patients had symptoms or signs of acute lower respiratory tract
infection. The patients were asked to return to clinical control 8
weeks after the primary visit. CRP was measured with near-
patient testing in the clinic. Spirometry was performed with Vita-
lograf PFT Il printer. The best of three reproducible time/volume
curves were used as the patients lung function. The following
parameters were measured and corrected for BTPS: Forced vital
capacity (FVC), forced expiratory volume in the first second of a
maximal expiratory manoeuvre (FEV1), maximal mid expiratory
flow from 25-75 % of FVC (F25 -75) and peak expiratory flow
(PEF). The study was performed according to the ERS criteria
(114). Normal values were derived from the Danish Society of
respiratory Medicine (115). Patients were asked to record in a
diary how many days they had facial pain after the first visit. 8
weeks after the patient came back for a control visit where the
pain score and CRP were recorded and spirometry was repeated.
The variables FVC, FEV1, F25-75 and PEF showed normal distribu-
tion (Wilk-Shapiro test).

F25-75 and PEF were significantly improved between the first and
second visit, whereas no difference was found in the values of
FVC and FEV1. We found a significant association between CRP
and F25-75 (r = 0.65, p <0.05), but not with PEF (r = 0.29). There
was also found a significant correlation between the changes in
F25-75 and PEF (r = 0.75, p <0.05), whereas no association has
been demonstrated between pain score and F25 -75 (r = 0.16) or
PEF (r = 0.08). Prescription of antibiotics had no effect on the
results.

The study revealed (Table 3), that ARS is accompanied by a tran-
sient, but significant decrease in lung function evaluated on the
F25 -75 and PEF, possibly caused by inflammation of the small
airways or via a reflex mechanism that leads to an obstruction of
the small airways and air- trapping. The reason that no changes
were observed in FVC and FEV1 might be explained by the fact
that the two parameters are not very sensitive predictors of small
airway disease. The literature contains no information on the
identified findings in this study. Further studies are recommended
to further illustrate the results found.

Table 3. pifferences in the pulmonary function variables (median
values in litres) between initial (first) and final (second) visit. 95 %
confidence intervals given in brackets.

Variables First visit Second visit P value

FEV, 3.4(2.9-3.6) 3.4(3.1-3.7) ns

FvC 4.2 (3.8-4.5) 4.3(3.8-4.6) ns

FEV, /FVC 81 (77-83) 82 (77-84) ns

F25-75 3.1(2.7-3.7) 3.6 (3.0-4.1) 0.009

PEF 413 (363- 485 (410-526) 0.03
471)

Ns= non significance

Article # 7:

Management of acute rhinosinusitis in Danish general practice:
a survey.

There has over the years been an increasing focus on diagnosis,
use of CRP near -patient testing and the use of antibiotics. To
evaluate whether this increased debate has had an impact and
possible changes in GPs' approach to ARS diagnosis and treat-
ment, the aim of the study to evaluate GPs prioritization of symp-
toms, signs and the use of paraclinical tests in the diagnosis of
acute sinusitis in adults and describe what treatments they
choose to use. Three hundred GPs were randomly selected. The
selection was done in collaboration with the Research Unit for
General Practice, University of Aarhus. The questionnaire was
sent by mail with one reminder after 4 weeks. Half (149) an-
swered the questionnaire. The study showed that GPs put most
emphasis on pain over the sinuses and tenderness over the si-
nuses. To make the diagnosis they indicated that the most fre-
guent examination were objective ENT examination, palpation of
the maxillofacial area and in 75 % of cases the use of CRP near-
patient testing. The doctor's diagnostic certainty was found to be
70%. Almost all (90%) prescribed topical vasoconstrictors, in 20 %
of cases, topical nasal steroid, and in 70 % of cases were also
prescribed penicillin V. The use of local vasoconstrictor is wide-
spread, but the effect of treatment is controversial, as well as
treatment with local steroid to counteract oedema of the mucosa
of the osteomeatale area. The question of allergy pre disposes to
ARS has been debated in several works on the theory that an
oedema of the mucosa of the osteomeatale area may lead to
obstruction of the sinus ostium, reduce ventilation, leading to
mucus retention and thereby increase the risk of bacterial entry
of the sinuses. However, there are to date no reliable prospective
studies to confirm this hypothesis. Since other work has demon-
strated that CRP near-patient testing is a reliable examination to
both diagnose and assess the possible prescription of antibiotics,
it is surprising that the test is not used more frequently (110-112).
| have no explanation for this observation, but assume that the
doctors, who do not use the CRP analysis, feel more confident
with a diagnosis based on clinical assessment than the doctors
who report using CRP analysis. The choice of penicillin V is well
chosen also in the light of the Scandinavian tradition. Second
most frequently used is macrolides, almost always used as an
alternative by suspected penicillin allergy. The group of non-
responders did not differ from the responders with regard to
practice type or gender. | therefore assume that the management
of the disease is similar in the 2 groups so that the risk of selec-
tion bias due to the relatively low number of responses are as-
sumed to be small. Finally, they were also asked to indicate the
most common reasons why they prescribed antibiotics. 89%
answered the question. The major causes were the patient's
general condition, disease duration beyond 7 days, the degree of
pain and fever. But a number of doctors wrote somewhat surpris-
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ingly that they felt a pressure from the patient, and that they had
confidence that penicillin could reduce the length of the disease.

Discussion

We primarily chose to concentrate on acute maxillary sinusitis,
because we in the planning of the study had determined that
maxillary sinus puncture should be included to obtain material for
culture and susceptibility testing. But the study also showed that
the other sinuses to some extent were involved in the disease
after review of the CT. Because of this, | believe, therefore, that
the results obtained can be transferred to the diagnosis ARS.
During the years 1994 to 2011 many works on acute sinusitis have
been published, and in 2005 the first EPOS report (6) was pub-
lished, it was repeated in 2007 and 2012 (4,8). The aim was to
build consensus on the diagnosis and treatment of the disease
involving many specialties especially general practice. At the same
time it was suggested that the diagnosis of acute sinusitis was
changed to acute rhinosinuitis (ARS), since the disease also affects
the nasal mucosa. It is also clear that ARS is a differentiated dis-
ease that develops gradually, and where all the sinuses are more
or less involved, which is also confirmed in this thesis. The prob-
ability is that ABRS is preceded by a viral infection, but the specific
factors that determine whether a bacterial infection occurs is
unknown (54). We had in this study not made consistent CT scans
to illustrate the extent to which the other sinuses beyond maxil-
lary sinuses were involved, primarily in the interest of radiation
dosage, but upon review of all the CT's we found subsequently
that 45% had unilateral changes and 55% had bilateral changes of
the maxillary sinuses. In 78 patients the ethmoid cells were also
identified on the CT, and of these, 79% had abnormalities. The
sphenoid cells were only identified in 21 patients, and of these,
57% had abnormalities. The frontal sinus was not visualized in any
of the patients. The disease is frequent and a common problem in
general practice. There are no data from Denmark regarding
prevalence/incidence. A Norwegian study in 1992-93 from gen-
eral practice showed that the number of episodes per 1,000
patients per year was 21 (21). Similarly, from the Netherlands in
1987-88 were 21-28 episodes per year per 1,000 patients (7).
When the general practitioners have to diagnose they paid most
attention to the importance of pain, tenderness and oedema over
the sinuses, and maxillary toothache. Purulent nasal discharge
plays a minor role. It is in a way unfortunate that the doctors put
so much emphasis on pain, because there are many competing
causes of facial pain as stated in differential diagnoses. This clini-
cal assessment is not in full agreement with the European posi-
tion paper on rhinosinusitis and nasal polyps from 2005, 2007 and
2012 (4,6,8). When the ENT doctors diagnose they pay more
attention to pus in the cavum nasi than pain (17). One possible
explanation is that the patients see the GP’s at an early stage of
the disease, where purulence is not formed in large quantities,
while ENT doctors probably see the patients at a later stage of the
disease. Moreover, the ENT doctors have more experience in the
clinical examination. Pus is coming down and over the concha
inferiors rear edge from the meatus medius, and to visualize the
area requires experience in using a rigid or flexible scope. The
GP’s uses largely the clinical examination to make the diagnosis,
while the use of paraclinical examinations are modest, with the
exception of measurement of CRP as a near -patient testing after
reimbursement was introduced in 1999. | would have expected
that the use of CRP analysis over the years would lead to a de-
crease in antibiotic prescriptions, but it could not be shown in our
studies, as opposed to another Danish study (111), that concludes
that it cannot be excluded that other factors are involved in the

observed reduction of antibiotics. To test the diagnostic value of
the various symptoms and signs described in patients with acute
maxillary sinusitis, we have used three different reference stan-
dards in the clinical study of 174 patients: maxillary sinus punc-
ture, microbiological findings and CT. Patients were examined in
the same way by the general practitioners on a standardised
chart. Maxillary sinus puncture is the gold standard, as it provides
information of the secretion in the maxillary sinus, and by culture,
if possible, a microbiological diagnosis. Sinus puncture is not
possible in general practice, as it requires specialized knowledge
and equipment, and it is unethical to cause the patient the incon-
venience, unless it is strictly necessary and in the rare cases the
patient should be referred to a specialist. Only 53% of the pa-
tients primarily suspected of acute maxillary sinusitis met the
diagnostic criteria that were either purulent or mucopurulent
antral aspirate. The patient's statement that they had had previ-
ously acute maxillary sinusitis was significantly negatively associ-
ated to the presence of purulence. This statement further sup-
ports that the disease is over diagnosed, and it is easy to repeat
this error from time to time. The study showed that in a univari-
ate analysis were unilateral maxillary pain, maxillary toothache
and unilateral tenderness with elevated values of CRP and ESR
significantly associated with purulence. Compared to EPOS 12 (8)
it is only in accordance with unilateral pain and increased
ESR/CRP. The definition of EPOS 12 is based on Lindbaek's work
(29) where the reference standard is CT, Berg (9) where the ref-
erence standard is maxillary sinus puncture and Williams (23)
where the reference standard is X-ray. That means that there is
one invasive examination and 2 non-invasive. In our study, a
multivariate analysis showed, that only elevated levels of CRP and
ESR were independently and significantly associated with puru-
lence. 95 % of the patients complain of maxillary sinus pain. Com-
bined maxillary sinus pain with a high value of CRP (> 10 mg/I)

and or increased ESR (men > 10 mm/h and women > 20 mm/h)

has the clinical criterion a sensitivity of 0.82, specificity 0.57, ppv
0,68 and npv 0.74. Figurel illustrates the ROC curve for CRP com-
bined with gender adjusted ESR indicated by blue and CRP ROC
curve in red. The areas under the curves are, respectively, 0.75
and 0.70. Although the addition of ESR in the clinical criterion
increases the area under the curve by 5%, the difference is not
significant in relation to CRP alone, and a more clinically useful
criterion for the diagnosis of ARS would be only to use CRP. CRP
can be read faster, and while the patient is in the clinic, in con-
trast to the ESR, which can only be read after 1 hour. If the doctor
want to be very sure of the diagnosis and thus avoid giving un-
necessary antibiotics he must choose a high cut-off value, but in
doing so he loses patients with ARS with a lower CRP value in
exchange for fewer patients without disease treated unnecessar-
ily with antibiotics. The higher CRP cut-off the higher the sensitiv-
ity and corresponding lower specificity and vice versa.
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When CT is used, as reference standard, the analysis shows that
30% of patients primarily suspected of acute maxillary sinusitis
have a normal CT. CT is the preferred diagnostic test, also in most
scientific studies because it can show even minor pathological
changes in the sinuses, compared to X-ray. The limitation of the
interpretation is that the examination cannot determine whether
retained secretions are purulent or serous. Stratified this material
to the severity of changes (mucosal swelling and or fluid level) on
a scale from to 6, to either score 5-6 or score below 5, there was
a significant correlation with purulent nasal discharge and preced-
ing URTI. There was also a definite correlation between increasing
values of CRP and ESR. The patient's statement about previous
sinusitis/maxillary sinusitis was again significantly and negatively
associated with changes on CT.

When the microbiological diagnosis is used as a reference stan-
dard, then the temperature > 38 2C, maxillary toothache, in-
creased values of CRP and ESR (cut-off values: CRP > 10 mg/l and
ESR for men > 10 mm/h and women > 20 mm/h) were found to
be significantly associated with the presence of the two most
common bacterial species S. pneumoniae and H. influenza . Virus
diagnostics was not carried out. Some respiratory virus could at
the time the study was carried out, be grown, but it took a long
time and was not routine, and when the study focused on bacte-
rial infection and antibiotic treatment, the virus diagnostics was
deselected. None of the traditionally accepted symptoms and
signs were particularly sensitive to a specific bacteriological diag-
nosis. We again found that the patients' own statement on previ-
ous sinusitis/maxillary sinusitis, was negatively associated with
the growth of either S. pneumoniae or H. influenzae.

Treatment with vasoconstrictor (adrenergic agents) is wide-
spread. The questionnaire surveys (articles 1 and 7) showed that
doctors use this treatment in 90% of the cases, and the consump-
tion has remained largely unchanged over the years. Because the
medicine is sold over the counter, the search has been done on
www.medstat.dk and it appears that in 2010 were a total of 2.2
million dispensed packages with ACT codes RO1AAQ5, RO1AA06
and RO1AAQ7. Since it is sold over the counter, it is not possible
from the statistics to determine how much of that is given to
children. The purposes of treating locally are to reduce the muco-
sal oedema and thus improve the sinus ventilation, the drainage
from the sinus and improve the air passage in the nose. Experi-
mental studies have shown that the treatment has a pronounced
effect on the mucous membrane of the inferior concha and me-
dius, but not on the epithelium of the sinus. Studies also suggest

that the treatment has an anti -inflammatory effect, whereas past
in vitro studies of the mucociliary clearance, cannot be confirmed
in more recent studies that show that there is an improvement in
the mucociliary clearance (4). Treatment with topical steroid is
based on the allergy predisposes to ARS. However, there are to
date no reliable prospective studies to confirm this hypothesis (6).
The latter is corresponding to the fact that most patients in our
study were enrolled in December, January and February, while
the lowest number was found in May and June, and there was not
included patients in July (18). The same seasonal trend was found
in a Norwegian study from general practice (21).

Antibiotics are prescribed in 50-70 % of cases. There seem to be a
slight increase in consumption over the years, despite the intro-
duction of CRP near -patient testing. In the first survey the doc-
tors indicated to use antibiotics in 50 % of cases, whereas it was
increased to 70% in the second survey. The randomized treat-
ment study showed that treatment with penicillin V 1333 mg
twice daily for 7 days made the patients painless faster than
placebo, despite the fact that penicillin V was not prescribed in
optimal dosage, which is 1 million IE 3 times daily. The study
included 133 patients. The effect is already seen after 3 days of
treatment, but only in those patients with the most pain on a
scale from 0-5 above 3. After 7 days of treatment, the therapeutic
gain =44 %, as 71 % have recovered completely in the penicillin
group versus 37% in the placebo group. From these figures one
can calculate that the number needed to treatis 1/0.44 = 2,3.The
methodological problems associated with lack of control for
compliance and consumption of week analgesics are more fully
discussed in the section on bias. The empirical choice of penicillin
V as first-line treatment is justified. According to information
from the clinical microbiology department in North Jutland, the
resistance patterns for the county in 2004 (based on culture
results from the primary and the secondary sector) are calculated
to: 15% of H. influenzae strains are resistant to ampicillin and
3.7% of S. pneumoniae strains are resistant to penicillin, which
means that at least 75 % (38 % - (38 x 0.15) + 36 % - (36 x 0.037) +
8 %) of the patients, it would be preferable to initiate treatment
with penicillin V. Against this is that in our study were all exam-
ined S. pneumoniae and haemolytic streptococci group A fully
sensitive to penicillin, all H. influenzae were fully sensitive to
ampicillin . With the exception of 1, which was resistant to peni-
cillin S. aureus, but full sensitive to meticillin. Among positive
cultures with Moraxella catarrhalis (n = 4) were 2 examined,
showing 1 resistant to penicillin and 1 fully sensitive to penicillin.
Only at treatment failure is there an indication for changing ther-
apy to either amoxicillin or if you suspect a beta-lactamase-
producing H. influenzae to amoxicillin/clavulanate. The study
showed that there was a significant effect of penicillin V to a
subgroup of patients with acute maxillary sinusitis with strong
pain in the maxillary sinuses, which recovered more quickly dur-
ing penicillin treatment. However, the resistance pattern for H.
influenzae has changed over the years. The problem is if H. influ-
enzae is the dominant flora, then the oral penicillin is not effec-
tively anymore, and you should instead use either amoxicillin or
amoxicillin/clavulanate. The reason is that the MIC for penicillin V
is too high for the oral dosing to provide sufficiently high concen-
trations. This thesis, however, shows, that the doctor cannot
possible solely on the clinical picture assess which bacterial infec-
tion it is.

A Cochrane review from 2008 (91) studied the effect of antibiotic
treatment of acute maxillary sinusitis based on 59 separate stud-
ies with the following entry criteria: disease duration of 7-30 days
and at least 2 of the following symptoms and signs: tenderness of
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maxillary sinus, postnasal drip, unilateral facial pain, maxillary
toothache and reduced sense of smell, or positive imaging x-ray,
ultrasonography, CT, MRI or culture-proven sinusitis, which used
many different types of antibiotics (penicillin V, amoxicillin, amox-
icillin with clavulanate, cephalosporins, macrolides and tetracy-
cline) concluded that there was moderate evidence that antibiot-
ics for uncomplicated acute sinusitis in general practice and in
immunocompetent patients, could reduce the length of the dis-
ease marginally. The effect was only found in 6 studies in which
antibiotics were compared with placebo, while in the remaining
53 studies where different antibiotics were compared to each
other was no difference in the effect of the given antibiotics. It
should be noted that a possible explanation for the results is that
there are used very different diagnostic criteria in each study.
The relationship between upper and lower airways (United Air-
ways) has been studied in 25 patients with ARS (116). The follow-
ing parameters were measured at the initial visit at the GP and 8
weeks later: Forced vital capacity (FVC), forced expiratory volume
in the first second of a maximal expiratory manoeuvre (FEV1),
maximal mid expiratory flow 25-75 % of FVC (F25 -75) and peak
expiratory flow (PEF). The study showed a temporary and signifi-
cant reduction in the lung function rated at F25 -75 and PEF,
possibly caused by inflammation of the small airways or through a
reflex mechanism that causes an obstruction of the small airways
and air trapping. The reason that no changes were detected in the
FVC and FEV1 may be that the two parameters are not particu-
larly sensitive to changes in precisely the small airways. The litera-
ture contains no information or confirmation of the identified
findings in this study.

The final survey (117) summarizes whether the on going debate
through the years eventually have had any influence on the man-
agement of acute rhinosinusitis in general practice. Doctors still
give sinus pain and tenderness highest priority and cough and
swollen inflamed turbinates lowest priority. Purulent nasal dis-
charge is still given low priority. The preferred examinations are
still the examinations of ear, nose and throat, as well as palpation
of the maxilla facial area. In contrast to the first study in which
CRP was not available as a near-patient test it now indicated
being used in 75% of cases and has out ranked the other exami-
nations as X-ray, pharyngeal swabs and measurement of ESR,
which was used in 10% and leukocyte count in 5% of the cases in
the study from 1994 (76). Swabs from cavum nasi is not used.
There is a reasonable correlation between specimens taken from
the middle meatus under endoscopic control and antral aspira-
tion. According to EPOS12 studies have shown that purulent
rhinorrhea with unilateral predominance has a ppv of 50%, and
pus in the cavum nasi a ppv of 17% (8).

Conclusion

ARS and especially acute maxillary sinusitis in general practice are
over diagnosed because CT detects only changes in 70%, and
maxillary sinus puncture shows purulence or mucopurulence in
53% of the patients of whom the doctor suspected of having
sinusitis. The usual symptoms and signs are often identical in
patients with and without pus in the maxillary sinuses, and the
patient's statement that they previously had had the disease is
significantly negatively associated with current purulent infection.
Pain in the maxillary sinuses occurs in 95% of the patients and is
the most frequent symptom that leads the patient to the doctor.
Only raised levels of CRP and ESR are independently and signifi-
cantly associated with pus in the maxillary sinuses.

A clinical criterion defined as: Pain over the maxillary sinuses
accompanied by raised value of CRP and/or ESR gives the follow-

ing diagnostic values: ppv 0.68 and npv 0.74. The ROC curve for
CRP combined with gender adjusted ESR compared with the CRP
ROC curve shows that the area under the curves is, respectively,
0.75 and 0.70. Although the addition of ESR in the clinical crite-
rion increases the area under the curve, the difference is not
significant in relation to CRP alone and a more clinically useful
criterion for the diagnosis of ARS will be to use the CRP alone, CRP
can be measured in a few minutes while the patient is in the
clinic, in contrast to ESR, which takes one hour to read. The dis-
ease is most common in younger and 2/3 is women, although we
do not know the reason for this gender difference. A temperature
of 38 2C indicates an infection with either S. pneumoniae or H.
influenzae. Patients meeting the clinical criteria and have severe
pain (on a scale of 0-5, more than 3) is significantly healthy faster
during treatment with penicillin V.

In adults without chronic lung diseases or allergy can be shown a
significant association between acute rhinosinusitis and tempo-
rary impairment of the lung function (United Airways). This ob-
servation has previously only been demonstrated in patients with
asthma.

Perspectives

Studies via Audit Project Odense (APO) concerning respiratory
tract infections in general practice in 2010 have shown a decreas-
ing use of CRP analyses in the diagnosis of acute sinusitis in two
surveys conducted in 2009 and 2010 from 51% to 40%, and in the
same period a small increase in the penicillin prescriptions of 7%.
The studies are based on 1,868 patient contacts. Choice of antibi-
otic treatment is not only based on CRP analysis, but other factors
may also be involved in this process, as highlighted in this thesis,
and it is recommended that in future studies focus on the above
matters, just as it should be investigated further how the pre-
scription of antibiotics or no antibiotics influence on patient out-
come.

The issue is whether the acute sinusitis is a female disease is
unknown. The trend is the same in both general practice and ENT
practice. However, since both observations can be attributed to
an increased tendency to seek medical/treatment of the problem
, one can not on that basis say much about whether women are
actually more likely than men to have the disease - let alone why.
The challenge is therefore through a prospective cohort study
with the aim to reveal the factors that actually determine why we
seek doctors and when the ARS is an outcome.

It is well known that URTI can worsen a pre-existing lung disease,
when it comes to allergic persons, but that a response has been
demonstrated in otherwise lung healthy and not allergic individu-
als should be followed up with a larger study to elucidate this and
possible causes.

Summary

The idea behind this thesis is to present how ARS and especially
acute maxillary sinusitis in adults is diagnosed and treated in
general practice. The study extends over many years, beginning
with the first survey in 1991. Based on doctors' answers, we then
investigated the diagnostic values of the symptoms, signs and
examinations which the doctors reported using. All patients over
18 years suspected of acute maxillary sinusitis were included
consecutively and only once and, after a clinical examination with
the GP, they were offered the opportunity to enter into the pro-
spective study referred to acute CT scan and by changes in the CT,
immediately referred to sinus puncture. Both examinations were
conducted at Aalborg Hospital. The disease was found most fre-
quently in younger and 2/3 was women. The reason for this gen-
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der difference is unknown. We have assessed the diagnostic
values of the symptoms, objective findings and investigations
using 3 different reference standards: sinus puncture, microbi-
ological diagnosis and CT scan described in three articles. In all
examinations, it appeared that the usual signs and symptoms of
acute maxillary sinusitis occur almost equally often and with a
few exceptions in patients, with and without pus in the sinus
cavities. Pain in the sinus cavities occurring in 95 % of patients,
and only elevated levels of CRP and ESR are significantly and
independently associated with pus in the sinus cavities. This
finding is surprising, because they are two nonspecific markers.
CRP tested by near-patient testing has, within the investigations
period, been introduced in general practice, and from 1999 the
doctors also get reimbursed for performing the test. We have on
this background originally defined a clinical criterion with pain
over the sinuses accompanied by elevated values of CRP and / or
ESR giving a sensitivity of 0.82, specificity 0.57, ppv 0.68 and npv
0.74. But looking at the ROC curve we suggest that a more clinical
relevant diagnose will be based on use of CRP alone, as the test
can be made easily and fast while the patient is in the clinic com-
pared to the use of ESR.

The disease is over-diagnosed in general practice. In only 53 % of
patients, who the GP suspected of having acute sinusitis, was
there detected pus or mucopus at the sinus puncture, further-
more the patients’ statements that they had had sinusitis was
significantly negatively associated with current acute maxillary
sinusitis. Almost all patients are prescribed topical treatment to
the nose in the form of vasoconstrictor, and between 50 -70 %
also antibiotics. The most common bacteria that can be isolated
are S. pneumoniae and H. influenzae. For many years the first
drug of choice has been penicillin V, and treatment with penicillin
V has followed Scandinavian recommendations. However, the
resistance patterns in respect of H. influenzae have changed over
the years and if the dominant flora is H. influenzae, then oral
penicillin is not sufficient anymore, and should be replaced by
amoxicillin with or without clavulanate. It is reported that the
MIC of penicillin V is too high, such that oral dosage cannot pro-
vide sufficiently high concentrations. However, in daily clinical
practice the doctor does not have the possibility to decide
whether the infection is caused by either S. pneumoniae or H.
influenzae, unless a sinus puncture is performed and it is not
considered as a standard procedure. The recommended treat-
ment is therefore starting with penicillin V, and at treatment
failure switching to amoxicillin with or without clavulanate. It is
well known that URTI's can exacerbate a chronic pulmonary dis-
ease - like asthma - in allergic patients, but this influence is also
demonstrated as described in article 6 where ARS in adults with-
out any sign of chronic lung disease or allergy is accompanied by a
temporary reduction lung function. Future research should focus
on the use of CRP in general practice, analysing cost-effectiveness
of the use of CRP patient outcome in relation to antibiotic treat-
ment, clarification of ARS is a female disease, and a detailed
exploration of the relationship between URTI's and impaired lung
function in lung-healthy patients.
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