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Abstract

Aim: To assess how frequently measurements of relevant physiological variables are made in patients presenting acutely to hospital with

obstructive pulmonary diseases (OPD) and pneumonia.

Methods: Patients admitted to three hospitals in western Norway with OPD (asthma or chronic obstructive pulmonary disease (COPD))
and/or pneumonia over a 75-day period were included in the study. The assessing physicians in the emergency room (ER) were asked to
measure and record physiological variables according to normal practice.

Results: There were 338 patients (54% women), with an average age of 64 (SD 19) years. The initial diagnoses were OPD (176),
pneumonia (103) and a combination of OPD and pneumonia (59). Heart rate and body temperature were recorded in almost all patients,
whereas the recording of all other variables varied from 45% to 91%. Most variables were recorded more frequently in OPD than in

pneumonia.

Conclusions: The importance of recording respiratory rate, cutaneous oxygen saturation, and peak expiratory flow should be stressed in

the training of physicians.
© 2009 General Practice Airways Group. All rights reserved.
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Introduction

In textbooks of medicine there is no agreement on which
physiological variables should be recorded in patients with
suspected chronic obstructive pulmonary disease (COPD) and
pneumonia.”® When acute lung diseases are suspected,
physicians frequently measure respiratory rate, heart rate,
body temperature and blood pressure.”® A simple method of
assessing lung function in the emergency room (ER) is
measurement of peak expiratory flow (PEF),° cutaneous
oxygen saturation' and/or arterial blood gas concentrations."
Measurement of C-reactive protein (CRP) may be of value
when deciding whether or not a patient presenting with
infection should be treated with antibiotics.””" To our
knowledge there is no information on how often

physiological variables are measured and recorded in the ER,
and what distinguishes the recordings in OPD from the ones
in pneumonia.

The aim of this study was to estimate how frequently
respiratory rate, heart rate, body temperature, PEF, cutaneous
oxygen saturation, arterial blood gas concentrations, and CRP
were recorded in patients admitted to hospital with OPD
and/or pneumonia. We wished to establish whether the
recording of these variables was associated with the patients’
sex, age, initial diagnosis and/or severity of disease.

Methods
All patients admitted with OPD and pneumonia to the
Haugesund County Hospital, Haraldsplass Deaconal Hospital
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and Haukeland University Hospital were registered between
April 1 to June 15 1997."¢ The hospital district of Bergen,
with Haraldsplass Deaconal Hospital and Haukeland
University Hospital, covers 15 municipalities with a total
catchment area of 251,936 citizens aged over 15. The
Haugesund hospital district, with Haugesund County
Hospital, encompasses eleven municipalities with a
catchment area of 77,337 citizens aged over 15."

In total, 438 patients were admitted with a diagnosis of
OPD and/or pneumonia. Physicians and nurses in the ER
measured and recorded variables according to normal
practice. In addition the physician on duty filled in a
registration form for each patient. The form had been tested
in a pilot scheme. The patient’s age, sex, initial diagnosis and
disease severity were recorded. Each receiving physician was
asked to classify the patient according to disease severity (i.e.
mild, moderate, serious/life threatening) to the best of his or
her judgement. There were no demands for objective
measurements in order to estimate disease severity —i.e. every
physician assessed disease severity based on experience,
education and normal hospital routine. The initial diagnosis
was made by the referring physician or by the receiving
physician if there was no referred diagnosis. The patients
were diagnosed with OPD (COPD and asthma), pneumonia or
a combination of OPD and pneumonia.

Data were obtained on the frequency of recording of
respiratory rate (/minute), peripheral heart rate (/minute), PEF
(L/minute), body temperature (°C), cutaneous oxygen
saturation (%), arterial blood gas concentration (arterial
oxygen (P202) and carbon dioxide tension (PaCO3) (kPa)), and
CRP (mg/L).

Heart rate and body temperature were measured by
nurses. Respiratory rate was recorded by physicians.
Measurement of PEF was conducted by physicians or nurses
by means of a simple, portable peak flow meter. The
physicians were responsible for measuring CRP and
cutaneous oxygen saturation, and obtained blood samples for
arterial blood gas analysis; cutaneous oxygen saturation was
measured by nurses when asked by physicians, and the
patient’s venous CRP level was analysed at the local medical
biochemistry laboratory.

The registration form was filled in by 26 physicians who
were on primary duty at the three hospitals, and 110 nurses
measured heart rate, body temperature and cutaneous
oxygen saturation. The median number of registered patients
per physician was 11 (range 1-23). The data were coded in
SPSS (”Statistical Product and Service Solutions) 7.5 for
Windows. ™
Statistical analyses
All statistical analyses were performed using SPSS 13.0 for
Windows. Pearson’s Chi-square test was used to investigate
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possible associations between the initial diagnosis and the
patients’ age, sex and disease severity. We also investigated
any association between initial diagnosis and registration of
heart rate, body temperature, respiratory rate, PEF, cutaneous
oxygen saturation, arterial blood gas concentrations, and CRP
by means of Pearson’s Chi-square test. Odds ratios with 95%
confidence interval were calculated by multiple logistic
regression for how frequently these variables were registered
depending on sex, age, initial diagnosis and disease severity.
The level of significance for all analyses was set at 0.05.

Results

Sex, age, diagnosis and disease severity

The study population was 338 patients (77% of those
admitted in the timeframe) with either OPD (176 patients),
pneumonia (103 patients), or a combination of the two (59
patients) — see Table 1. Two hundred and twenty-six patients
(67%) were admitted to Haukeland University Hospital, 27
(8%) to Haraldsplass Deaconal Hospital and 85 (25%) to
Haugesund County Hospital. The average age (SD) was 64
(19), and 54% were women. The patients’ ages were, as
expected, unevenly distributed, with the median age being
71 years (range 14 — 93 years). There were no differences in
age between the sexes and diagnostic groups. Women (63%)
were admitted for OPD more frequently than men, while the
combination of OPD and pneumonia was a more frequent
diagnosis amongst men (64%) (both p<0.001). The condition
was classified as being mild, moderate or serious/life
threatening in 84, 163 and 90 patients, respectively. A higher
proportion of patients with pneumonia were classified as
being more severely ill (moderate, serious/life threatening)
compared to those with OPD (82% versus 69%; p<0.05).
There was no significant association between the patient’s
age and the initial diagnosis (p=0.321).

Recording of variables

Heart rate, body temperature and CRP were recorded in
almost all patients —i.e. in 99%, 97% and 91%, respectively
(see Table 2). Arterial blood gas concentrations were recorded
in 78%, respiratory rate in 66%, PEF in 49%, and cutaneous
oxygen saturation in 45% of patients. Arterial blood gas
concentrations were recorded more frequently in men (84 %)
than in women (75%) (p<0.05).

Measurement of PEF was performed in two-thirds of the
patients with OPD, in approximately half of the patients with
a combination diagnosis of OPD and pneumonia, but only in
one-sixth of the patients with pneumonia (p<0.001).
Measurements of respiratory rate, PEF, arterial blood gas
concentration and cutaneous oxygen saturation were all
associated with the initial diagnosis (p<0.001) — Table 2.
Cutaneous oxygen saturation was more frequently recorded
in patients with OPD and concurrent pneumonia than in
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Table 1. Age, sex and disease severity in 338 patients presenting with obstructive pulmonary disease, pneumonia or a

combination of obstructive pulmonary disease and pneumonia.

Obstructive pulmonary Pneumonia Obstructive pulmonary All p-value*
disease disease and pneumonia
N 176 103 59 338
Age, average (SD) ; years 63 (19) 63 (20) 66 (17) 64 (19) 0.321
Sex;
Women; % 63 50 36 54 0.001
Men; % 37 50 64 46
Disease severity;
Mild; % 31 18 17 25
Moderate; % 42 52 62 48 0.026
Serious/life treatening; % 27 30 21 27

*Pearson's Chi-square test

Table 2. Total number and percentage of patients in whom respiratory rate, heart rate, body temperature, peak
expiratory flow, cutaneous oxygen saturation, arterial oxygen tension, arterial carbon dioxide tension and venous

C-reactive protein were recorded by diagnosis.

Obstructive pulmonary  Pneumonia  Obstructive pulmonary In total p-value*
disease disease and pneumonia
n % n % n % n %
N 176 103 59 338
Heart rate (heart beats/min) 175 99 102 99 59 100 336 99 0.739
Body temperature (°C) 169 96 103 100 57 97 329 97 0.166
Respiratory rate (/min) 131 74 49 48 42 71 222 66 <0.001
Peak expiratory flow (PEF) (/min) Men 45 69 9 18 21 55 75 48 <0.001
Women 73 66 7 14 9 43 89 49
Cutaneous oxygen saturation (%) 90 51 29 28 33 56 152 45 <0.001
Arterial blood gases P,O; (kPa) 148 84 63 61 51 86 262 78 <0.001
PaCO; (kPa) 148 84 63 61 52 88 263 78
C-reactive protein (mg/L) 156 89 97 94 54 92 307 91 0.019

*Pearson's Chi-square test

patients who only had pneumonia (p<0.001).

Arterial blood gas concentrations were recorded less
frequently in patients below the age of 45 (66%) than in
patients aged 65 to 79 years (82%), and most frequently in
patients older than 80 years (93%) (p<0.001). Arterial blood gas
concentrations were recorded in almost nine out of 10 patients
with OPD or OPD and pneumonia, but only in two out of three
patients with pneumonia (p<0.001). CRP was recorded more
frequently when the initial diagnosis was pneumonia than when
the initial diagnosis was OPD (p<0.05).

Peak expiratory flow and respiratory rate were far more
frequently recorded in patients admitted to Haukeland
University Hospital (58% and 72%, respectively) than in
patients admitted to the other two hospitals (30% and 58%,
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respectively; p<0.01). CRP was more frequently recorded in
Haugesund County Hospital and Haraldsplass Deaconal
Hospital (94% of patients) than in Haukeland University
Hospital (90%) (p<0.05).

Multivariate analyses

In a multiple logistic regression adjusted for sex, age,
diagnosis and disease severity we found that respiratory rate,
PEF, cutaneous oxygen saturation and arterial blood gas
concentrations were less frequently recorded in patients with
pneumonia than in patients with OPD (Table 3). Cutaneous
oxygen saturation and arterial blood gas concentrations were,
as expected, more frequently measured in patients with
serious or life threatening disease, whereas respiratory rate
and PEF seemed to be recorded independently of disease
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Table 3. Odds ratio (95% ClI) for the registration of respiratory rate, peak expiratory flow, cutaneous oxygen saturation

and arterial blood gases adjusted for sex, age, diagnosis and disease severity, n=338

Respiratory Peak expiratory Cutaneous oxygen Arterial blood
rate flow saturation gases

Sex:

Man 1.0 1.0 1.0 1.0

Woman 0.9 (0.5, 1.4) 0.8 (0.5, 1.3) 1.1 (0.7, 1.8) 0.5 (0.3, 1.0)
Age:

< 65 years 1.0 1.0 1.0 1.0

> 65 years 1.3(0.8, 2.1) 0.7 (0.4, 1.1) 1.0 (0.6, 1.6) 2.7 (1.5, 4.8)
Diagnosis:

Obstructive pulmonary disease 1.0 1.0 1.0 1.0

Pneumonia 0.3 (0.2, 0.5) 0.1 (0.0, 0.2) 0.3(0.2, 0.6) 0.2 (0.1, 0.5)

Combination of obstructive pulmonary

disease and pneumonia 0.8 (0.4, 1.5) 0.5 (0.3, 1.0) 1.2(0.6,2.2) 1.0 (0.4, 2.6)
Disease severity:

Mild 1.0 1.0 1.0 1.0

Moderate 1.1 (0.6, 2.0) 0.9 (0.5, 1.7) 1.7 (0.9, 3.0) 1.8 (0.9, 3.5)

Serious/life threatening 1.2 (0,6, 2,2) 0.6 (0.3, 1.3) 3.5(1.8,6.7) 6.3 (2.5, 16.0)

severity and age. Measurement of arterial blood gas
concentration was performed almost three times more
frequently in patients aged over 65 years than in younger
patients. There were no differences between the sexes as
regards the recording of respiratory rate, PEF, cutaneous
oxygen saturation and arterial blood gas concentrations.

Discussion

Heart rate and body temperature were recorded in almost all
patients, CRP recorded in 91% of patients, whereas the other
variables were recorded in between 45% to 71% of patients.
The least frequently recorded variables were cutaneous
oxygen saturation and PEF. Respiratory rate, PEF, cutaneous
oxygen saturation and arterial blood gas concentrations were
recorded more often in patients presenting with possible OPD
than in patients presenting with possible pneumonia,
whereas CRP was recorded more frequently when pneumonia
was suspected. Arterial blood gas concentrations were
recorded more frequently in seriously ill patients and in the
elderly. It is worth noting that measurements made by nurses
were more often recorded than measurements made or
requested by physicians. A more intensive investigative
regime was applied to those with more serious disease.

The strength of this study is that we have data from a large
number of patients with OPD and pneumonia admitted to three
hospitals in western Norway. Participation in the study was high
(77%). Several hospital physicians took part, and our findings
should therefore reflect ER contemporary practice in Norway.

A weakness of this study might be that physicians had to
fill in a registration/recording form, thus leading to improved
recording rates of physiological variables compared to when
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a form was not available. Without this reminder, it is possible
that the number of performed tests and measurements
would have been lower. Future studies ought also to include
the frequency of chest X-ray and blood culture requests as
well as recording rates for blood pressure and, in particular,
spirometry measurements which can be used to rule out
airway obstruction in hospitalised patients.”® Spirometry is
also a widely recognised means of assessing COPD severity."

Optimal treatment and correct intensive care of acute
pulmonary disease demands knowledge of the levels of
several physiological variables. The categorisation of asthma
and COPD into mild, moderate or serious/life threatening
presentations is defined by the levels of heart rate, respiratory
rate, arterial blood gas concentrations and PEF."** Qur study
shows that physicians in the ER do not apply these variables
systematically when discerning mild, moderate and serious/
life threatening disease. The physicians’ assessment of disease
severity is possibly strongly influenced by the patients’ fear
and dyspnoea, and to a lesser degree by the values of the
recorded physiological variables. More complete recording of
these variables should be sought.

The highest frequency of recording was observed for body
temperature, heart rate, and CRP, where the measurements
were performed by nurses or bioengineers, not by physicians.
Respiratory rate is a central predictor for estimating disease
severity in pulmonary disease.® The poor rate of recording of this
variable and the PEF might come from a lack of emphasis on
these variables in the training of physicians, or insufficient
routine in medical examination in hospitals. Cutaneous oxygen
saturation was recorded in less than half of the patients
presenting with acute pulmonary disease. This simple and
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inexpensive test should be used more frequently. Measurement
of arterial blood gas concentrations ought to be required only
when cutaneous oxygen saturation is lower than 90%," or if
hypoventilation is suspected. However, arterial blood gas analysis
is indicated for patients presenting in the ER with acute
exacerbations of COPD; spirometric criteria cannot eliminate the
need for arterial blood gas analysis in COPD patients because
they can't identify patients with significant hypoxemia.? Thus,
the NICE Guideline recommends arterial blood gas analysis in
patients admitted to hospital presenting with acute
exacerbations of COPD.? Moreover, in order to distinguish
between cardiac and pulmonary dyspnoea, measurements of
PEF, P02, PaCO2 and indices of these variables are necessary
tools in the ER.* The percentage of OPD patients who had
arterial blood gas concentrations measured in our study (84%) is
considerably higher than the recording rate of 64% in 70,000
patients admitted to hospital with acute exacerbations of COPD
in the USA.*

Several papers®***’ indicate that physicians often fail to use
spirometry for routine monitoring of asthma and COPD. Our
study shows a similar failure in the use of PEF, which was
measured and recorded in only two-thirds of patients
admitted to hospital with acute exacerbations of OPD. PEF is
a reproducible and reliable test, and can be helpful in the day-
to-day management of patients with known COPD.?

This study has shown that there is considerable potential
for improving the management of patients admitted to
hospital with acute pulmonary diseases — in particular, more
complete recording of physiological variables in the ER.
Measures to improve management include: improved
education of medical students and physicians; increased
competence amongst other health  personnel; and
development of appropriate and easy-to-use computer
programmes for regular analysis and reporting.
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