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ABSTRACT:  In community-acquired pneumonia (CAP) mortality may be reduced
by early identification of patients requiring intensive care treatment.  The purpose
of this study was to determine prognostic factors of outcome in patients with CAP
in order to establish a clinically applicable discriminant rule.

Ninety three episodes of CAP in 92 patients were retrospectively reviewed with
regard to epidemiological, clinical, laboratory and microbiological data.  The prog-
nostic analysis included a univariate as well as a multivariate approach, in order
to identify parameters associated with death using the Cox regression hazard func-
tion in a backward stepwise selection model.  The three parameters found to con-
tribute most to the significance of the model were used in a discriminant rule for
classification of outcome.

The parameters found to be significantly different between survivors and non-
survivors were heart rate, systolic and diastolic as well as mean blood pressures,
leucocyte count, percentage of lymphocytes, and lactate dehydrogenase (LDH) val-
ues.  The multivariate analysis revealed that heart rate, systolic arterial pressure,
and LDH serum levels were most closely associated with fatal outcome.  A prog-
nostic rule composed of the variables heart rate ≥90 beats·min-1, systolic arterial
blood pressure ≤80 mmHg, and LDH ≥260 U·l-1 achieved a sensitivity of 77%, a
specificity of 75%, and positive and negative predictive values of 42 and 93%, res-
pectively.  It was associated with a six fold increased risk of fatal outcome.

In conclusion, heart rate, systolic blood pressure, and LDH values were most
closely associated with death in a multivariate analysis.  A discriminant rule con-
sisting of these three variables achieved favourable classification results.  The rule
qualifies for further prospective validation, and may prove useful in the manage-
ment of hospital-treated CAP.
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An unchanged mortality of 4–21% [1–3] in hospital-
treated community-acquired pneumonia (CAP) has rene-
wed the interest in studying prognostic factors associated
with fatal outcome.  It is hoped that the knowledge of
relevant prognostic factors might be useful for early
identification of patients at high risk requiring intensive
care treatment.  This may, on the other hand, help to
clarify the value of intensive care treatment for survival
of severe CAP, a currently controversial issue [4–6].

Parameters correlated with mortality in univariate
analysis have invariably failed to be of clinical value,
mainly because of the large overlap making these para-
meters unreliable in an individual case.  Multivariate
analysis in a population fulfilling strict criteria of CAP
was first applied by the British Thoracic Society (BTS)
[7].  Three factors were found to be consistently cor-
related with death, respiratory rate ≥30 breaths·min-1,

diastolic blood pressure ≤60 mmHg, and blood urea
nitrogen ≥7 mmol·l-1 or mental confusion, and were includ-
ed in a clinically applicable discriminant rule.  The value
of this rule as an objective instrument for clinical deci-
sion making may be questioned, because of the extreme
cut-off values chosen for the parameters respiratory rate
and diastolic blood pressure.  It may simply qualify
patients at risk of death, who apparently suffer from a
severe clinical condition.  Thus, the rule may result in
redundant information.

Moreover, a recent study revealed a high rate of recur-
rence, and a mortality rate from pneumonia or any other
cause twice as high as expected in an average follow-up
period of 31 months after CAP, suggesting pneumonia
as an index (or, less likely, to establish a new index) for
another condition not yet fully understood [8].  It might,
therefore, be prudent to base a prognostic analysis on a
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model that allows the weighing of covariates by the
time until the event (i.e. death) occurs.  The time of dis-
charge from the hospital would be considered as cen-
sored observation.  Such a model could prove more
adequate in describing pneumonia as a dynamic event.
It may also result in a more accurate judgement of
relevant prognostic factors of the individual patient.  We
therefore performed a corresponding analysis in our pati-
ent population.

Methods

Definitions

Patients with CAP were retrospectively selected by
review of the hospital records of patients with pneu-
monia between 1985–1993.  Inclusion in the study pop-
ulation was based on the criteria of fever and a new
radiographic infiltrate developing before admission to the
hospital, and no other emerging diagnosis during treat-
ment that replaced the initial diagnosis of CAP.  All
patients with pneumonia due to an obstructive tumour,
tuberculosis, immunosuppressive diseases (with severe
humoral or cellular immunodeficiency), and as an expec-
ted terminal event of other underlying end-stage diseases
were excluded.

Data collection

Epidemiological, clinical, laboratory and microbiolog-
ical data were extracted manually, recorded on study
forms, and entered into a computerized data base.  Overall,
54 independent variables were tested.  These included
the following: 1) data from history - cough, expectora-
tion, haemoptysis, thoracic pain, dyspnoea, nausea,
diarrhoea, cephalgia, myalgia, arthralgia, smoking and
alcohol habits, and type and number of underlying dis-
eases; 2) clinical data - sex, age, ages grouped from 15
up to 89 yrs with increments of 15 yrs, height, weight,
body mass index, systolic, diastolic and mean arterial
blood pressure, heart rate, and body temperature; 3) labo-
ratory data - haemoglobin, leucocyte count, relative and
absolute band neutrophils and lymphocytes, platelet
count, aspartate aminotransferase (ASAT), alanine amino-
transferase (ALAT), γ-glutamyltransferase (GGT), alka-
line phosphatase (AP), bilirubin, total protein, albumin,
lactate dehydrogenase (LDH), creatinine, urea nitrogen,
and sodium, potassium; 4) capillary blood gases - oxy-
gen tension (PO2), carbon dioxide tension (PCO2), calcu-
lated alveolar to arterial oxygen difference (A-aDO2),
pH, and base-excess; and 5) microbiological - established
aetiology, specific aetiologies (S. pneumoniae, L. pneu-
mophila, M. pneumoniae), and bacteraemia.  All epi-
demiological and clinical data refer to the examination
at admission.  All laboratory data recorded were obtained
within 24 h after admission.  Range and consistency
checks were  performed on all data before the beginning
of processing.

Work-up of microbiological data

All microbial investigations were performed accord-
ing to clinical judgement.  Pathogenic bacteria isolated
from blood culture were considered definite evidence of
aetiology.  Serology consisted of a complement fixation
(CF) test for Mycoplasma pneumoniae, Chlamydia
psittaci, Coxiella burneti, Influenza A and B, Parainflu-
enza 1-3, respiratory syncytial virus (RSV) and adeno-
viruses, as well as an indirect immunofluorescence (IIF)
test for Legionella pneumophila.  A fourfold rise in
immunoglobulin G (IgG) titre in a paired testing in any
of the serological tests was considered definite evidence
of  infection.  Single initial IgG or convalescent titres of
≥1:80 in the CF of Mycoplasma pneumoniae, C. psittaci,
C. burneti or the viruses mentioned, or of ≥1:256 for L.
pneumophila in the IIF were also classified as definite
evidence of infection.  Results of sputum cultures were
not accepted as diagnostic, because no Gram stains were
available for validation of sample qualities.  Bronchosco-
pic examinations, including protected specimen brush
and bronchoalveolar lavage (BAL) were  performed in
25 pretreated patients.  Because no standards are avail-
able for interpretation of positive cultures for pathoge-
nic bacteria not achieving significant levels of growth
in quantitative cultures after pretreatment, the results
were discarded for analysis.

Statistical analysis

Descriptive statistics for continuous variables were
expressed as the mean±the standard error of the mean
(SEM).  Differences in mean values between survivors
and nonsurvivors were assessed using Student's two-
tailed t-test.  The Chi-squared test was used for catego-
rial variables, and Fisher's exact test in the case of small
expected frequencies.  Differences in mean values bet-
ween survivors and nonsurvivors were assessed by a two
factor analysis of variance (ANOVA) to correct for im-
balance in sex distribution.

The univariate comparison of parameters of survivors
and nonsurvivors, with survival time as dependent vari-
able and an observation period censored by hospital
discharge, was assessed using the Cox proportional haz-
ards model.  Factors found to be correlated with death
in univariate analysis, with a level of significance less
than 10%, were entered into a multivariate backward
stepwise selection model.  A Chi-squared test was used
for testing overall significance [9].

The three best parameters were included in a dis-
criminant rule, by defining cut-off values and assigning
one point for each parameter according to the cut-off
value.  The rule was tested by grouping cases with a
score of two or more as nonsurvivors versus cases with
less than two points as survivors.

In all cases, p-values of <0.05 were considered to be
significant.  Statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS) for
Windows™.



Results

Description of patient population

A total of 93 episodes in 92 patients represented the
study population.  Thirty two patients were treated in
the Intensive Care Unit (ICU), including 13 requiring
mechanical ventilation.  Mean age was 51±19 yrs (range
15–87 yrs).  Sex distribution was 62 males and 30
females.

Forty two patients (45%) had at least one underlying
chronic disease as a risk factor for acquiring CAP (29
one, 10 two and three patients three).  Of these, 21 pati-
ents had obstructive lung diseases, 2 fibrosing alveolitis,
10 congestive heart failure New York Heart Association
(NYHA) II–IV, 7 chronic renal failure, 9 diabetes mel-
litus, 2 systemic autoimmune diseases (lupus erythe-
matosus and scleroderma) and 7 disorders of the central
nervous system (CNS) (five vascular, one amyotrophic
lateral sclerosis, one epilepsy).

Microbiology

Microbial investigation was performed in 83 of the 93
cases (89%).  Nineteen investigations (23%) were defi-
nitely diagnostic by blood culture or serology.  The pat-
hogens identified were: Streptococcus pneumoniae (six
by blood culture); M. pneumoniae (five by serology); L.
pneumophila (four by serology); Influenzavirus (two by
serology); C. burneti (one by serology); Staphylococcus
aureus (one by blood culture).  Three pathogens, S. pneu-
moniae, M. pneumoniae and L. pneumophila accounted
for 15 of the 19 (79%) agents identified.

Therapy

Initial therapy consisted of a single antibiotic in 40
episodes and a combination regimen in 53 episodes.  The
most frequently used monotherapies were penicillins (11
patients), macrolides (11 patients), and fluoroquinolones
(8 patients).  Other agents prescribed included second-
and third-generation cephalosporins (five patients), tetra-
cyclines (three patients) and imipenem (one patient).  The
most frequently used combination was a broad-spectrum
penicillin and second- or third-generation cephalosporins
(27 patients).  Other combination regimens included
aminoglycosides (13), second- or third-generation cepha-
losporins (11), macrolides (8), broad-spectrum penicillins
(6), fluoroquinolones (5), rifampicin (4), tetracyclines
(3), fosfomycin (1) and aztreonam (1).  The antibiotic
regimen was changed at least once in 49 patients, and
more than once in 19 patients.  No general change in
antibiotic prescription attitudes could be detected over
the observation period.

Mortality

Twenty (22%) of the patient population had a fatal
outcome.  Seven of these patients died within 7 days of

admission, including two rapid deaths within 48 h, 6
within 14 days and a further 3 within 28 days.  Four
patients died after four weeks of treatment.  Eleven of
the 12 patients requiring mechanical ventilation died.
Four of the 19 (21%) patients with a definite aetiologi-
cal diagnosis had a fatal outcome (L. pneumophila (2),
S. pneumoniae (1) and Influenzavirus (1)).

Prognostic analysis

Comparing survivors and nonsurvivors in univariate
analysis, no significant differences could be found in
age (50.3±19.1 versus 52.6±16.1), ascending age groups,
sex (50/12 male versus 23/8 female), number or types
of underlying diseases, established aetiology, specific
aetiologies or bacteraemia.  The significantly different
values included seven parameters: mean values of heart
rate, systolic, diastolic and mean blood pressure, per-
centage of lymphocytes, total protein and serum albu-
min.  All remaining clinical and laboratory variables,
including blood urea nitrogen, were not significantly dif-
ferent.

Using length of time spent in hospital as dependent
variable in a univariate Cox regression hazard model,
the four parameters systolic, diastolic and mean blood
pressure, as well as percentage of lymphocytes, remained
significant, whereas heart rate, total protein and serum
albumin did not.  The leucocyte count as well as LDH
serum levels were added (table 1).
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Table 1.  –  Results of univariate Cox hazard statistical
analysis with length of survival time in hospital as depen-
dant variable

Variable n % NSu Su NSu

Heart rate b·min-1 89 21 98±2 110±5
Systolic BP mmHg 82 20 127±3 112±7*
Diastolic BP mmHg 82 20 74±2 67±4*
Mean BP mmHg 82 20 92±3 82±4**
Leucocytes·µl-1 88 22 14158±760 18453±2408*
Lymphocytes % 81 20 15±1 9±2**
LDH† U·l-1 84 21 254±18 399±4**

Results are expressed as mean±SEM.  †:  reference value 120–240
U·l-1;  Su: survivors;  NSu:  nonsurvivors;  % NSU:  percent-
age of subjects being nonsurvivors.  BP:  blood pressure as
measured by Riva-Rocci;  LDH:  lactate dehydrogenase;  *,
**:  p<0.03, <0.02 by Univariate Cox hazard p value.

Table 2.  –  Levels of significance in a multivariate back-
ward stepwise Cox regression hazard model (n=68)

Variable β-coefficient p-value

Heart rate  beats·min-1 0.0311 0.0352
SBP  mmHg -0.0173 0.1425
LDH  U·l-1 0.0021 0.0154

Overall significance Chi-squared p-value
of the model

Value 12.864 0.0049

SBP:  systolic blood pressure;  LDH:  lactate dehydroge-
nase.
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These six variables were included in a multivariate
backward stepwise selection analysis.  Sixty eight sets
of data were complete, including 13 sets of patients with
fatal outcome (19% mortality).  The parameters found
to contribute most to significance were heart rate, sys-
tolic blood pressure, and LDH values.  Levels of sig-
nificance are given in table 2.  Figure 1 shows the mean
values±SEM of the three parameters.  Figure 2 shows the
cumulative survival function at mean of the three cova-
riates.

Discriminant rule

The variables significant in the multivariate analy-
sis were also used to establish a discriminant rule.
Optimal cut-off values were the following: heart rate
≥90 beats·min-1, systolic arterial pressure ≤80 mmHg,

Table 4.  –  Test performance of different discriminant rules in predicting mortality: comparison of reported studies with
the present study

Reference BTS KARALUS FARR FARR Present
et al. et al. et al. study

[7] [11] [12] [12]

Subjects  n 433 92 241 237 68
Su/NSu 409/24 86/6 221/20 217/20 55/13
Deaths  % 6 7 9 9 19
Age range  yrs 15–74 13–97 17–80 17–80 15–87
Study period  months 13.5 10 25 25 108
Discriminant rule* 1 1 or 2 1 2 3
Sensitivity  n 21/24 5/6 14/20 7/20 10/13
% 88 83 70 35 77
Specificity  n 322/409 69/86 186/221 192/217 41/55
% 79 80 84 89 75
PPV  n 21/108 5/22 14/49 7/32 10/24
% 19 23 29 22 42
NPV  n 322/325 69/70 186/192 192/205 41/44
% 99 99 97 94 93
Overall accuracy  n 343/433 74/92 200/241 199/237 51/68
% 79 80 82 84 75
RR 21 16 9 3 6

*:  discriminant rules - two or more variables of the following: respiratory rate ≥30 breaths·min-1; diastolic blood pressure ≤60
mmHg;  blood urea nitrogen ≥7 mmol·l-1; (rule 1); the first two but with the presence of confusion instead of blood urea nitrogen
(rule 2);  heart rate ≥90 beats·min-1, systolic arterial blood pressure ≤80 mmHg;  lactate dehydrogenase ≥260 U·l-1 (rule 3).  BTS:
British Thoracic Society;  Su:  survivors;  NSu:  nonsurvivors;  PPV:  positive predictive value;  NPV:  negative predictive value;
RR:  relative risk.

Fig. 2.  –  Cumulative survival function at means of covariates heart
rate (beats·min-1), systolic arterial blood pressure (mmHg) and lactate
dehydrogenase (LDH) (U·l-1).
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Table 3.  –  Predicted outcomes of CAP using a dis-
criminant rule consisting of two or more of the following:
heart rate ≥90 beats·min-1, systolic arterial pressure ≤80
mmHg, and LDH ≥260 U·l-1

Predicted Predicted Total
survivors nonsurvivors
n % n % n %

Survivors 41 75 14 25 55 81

Nonsurvivors 3 23 10 77 13 19

Total 44 65 24 35 68 100

CAP:  community-acquired pneumonia;  LDH:  lactate dehy-
drogenase.

Fig. 1.  –  Mean values and SEM of the covariates heart rate (beats·min-1),
systolic arterial blood pressure (mmHg) and lactate dehydrogenase
(LDH) (U·l-1) in the Cox regression hazard function. bpm: beats·min-1.
● :  survivors;  ❍ : nonsurvivors.
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and LDH ≥260 U·l-1, resulting in a correct classification
of survivors in 75%, and of nonsurvivors in 77% of
cases, respectively (table 3).  The overall accuracy achie-
ved by the rule was 75%, the sensitivity 77%, the speci-
ficity 75%, the positive predictive value 42%, and the
negative predictive value 93%.  The relative risk (RR)
was 6.1 (95% confidence interval (95% CI) 1.86–20.1)
(table 4).

Seven of the 13 patients with fatal outcome required
mechanical ventilation.  When the discriminant rule was
applied to this subgroup, all seven patients were correc-
tly classified.  Six patients who died were not intuba-
ted, and the rule correctly classified death in three.

Discussion

We found that heart rate, systolic blood pressure, and
LDH serum levels were the variables most closely asso-
ciated with fatal outcome in our multivariate analysis.
Moreover, using these three parameters it was possible
to establish a simple and clinically convenient discrim-
inant rule.

Associations with fatal outcome that were confirmed
as compared to other studies in the univariate Cox haz-
ard analysis included decreased systolic, diastolic and
mean blood pressures [7, 10–12].  Conversely, the prog-
nostic significance of the mean leucocyte count, percen-
tage of lymphocytes and LDH has not been established
in previous reports.  Heart rate [7], total protein, and
serum albumin [1, 7, 13] - parameters shown to be sig-
nificant in other reports in univariate t-test analysis - did
not remain significant in the univariate Cox hazard analy-
sis calculation.

Whereas most previous reports showed age to be a
significant prognostic factor [1, 2, 5, 14, 15], we obser-
ved a mortality of 13–30% inconsistently distributed over
the ascending clusters of age.  In only one recent series
on severe CAP [16], was age also not related to death.
Moreover, in contrast to other studies [2, 15], we did not
find the type or number of underlying diseases to be
significantly associated with lethal outcome.  The most
likely explanation for these differences is the lack of a
standardized approach to grading pre-existing and age-
related morbidity in a manner that makes these variables
comparable.

As the number of definite aetiological diagnoses was
relatively low, due to a "routine" microbial investiga-
tional approach, we could not confirm the prognostic
significance of a specific pathogen, especially of Gram-
negative agents, as found by others [2, 14, 16].  It is
noteworthy, however, that two of four patients with L.
pneumophila pneumonia died, despite appropriate ther-
apy.  This is consistent with reports on L. pneumophila
as agents associated with increased mortality [5].

As we were interested primarily in prognostic factors
which independently add prognostic information to the
clinical judgement about the obvious current condition
of the patient, we did not consider variables derived from
intensive care treatment for our analysis.  Thus, para-
meters which were found of prognostic significance in

studies on severe CAP and which may imply severe or
progressive disease in itself, such as mechanical venti-
lation, positive end-expiratory pressure (PEEP), fractio-
nal inspiratory oxygen (FIO2), adult respiratory distress
syndrome (ARDS) and type or number of complications
[6, 14–16] were not included.

Because the respiratory rate was not recorded in our
population, we were not able to compare the classifica-
tion results to the rule established by the BTS [7].  Table
4 lists the results of the discriminant rules reported by
the BTS, two studies validating this rule [11, 12], and
our results.  Besides the different statistical approach
underlying the selection of parameters, the most impor-
tant difference lies in the population studied.  Our series
included a higher relative number of deaths, thus indi-
cating a population with more severe courses of CAP.
Bearing this limitation in mind, our results appear com-
parable, despite a slightly minor overall accuracy rate.
The positive predictive values were considerably higher
in our population, conserving the high negative predic-
tive values of the other studies.  As the predictive val-
ues determine the applicability of a prognostic rule in
clinical practice, our rule may contribute to a better se-
lection of patients at risk of fatal outcome when vali-
dated in an independent patient cohort.

Criticism of the rule established by the BTS may
address its clinical value, as parameters with extreme
cut-off values were chosen.  The respiratory rate and
diastolic blood pressure as measured by Riva-Rocci can
obviously prove sensitive only at the higher and lower
extreme values, respectively.  Moreover, as expected, the
discriminant rule proved of limited value in patients with
chronic renal failure and chronically elevated blood urea
nitrogen levels [12].  The replacement of blood urea
nitrogen for the variable of confusion - suggested as a
possible alternative by the BTS - added a third variable
that required extreme impairment by CAP, and consis-
tently lowered the sensitivity to 39% [7] and 35% [12],
respectively.  This discriminant rule may, therefore, fail
to contribute independent prognostic information to
unarmed clinical judgement.

Our rule uses systolic rather than diastolic blood pres-
sure, as a variable measured by sphygmomanometer
(Riva-Rocci) more reliably, and heart rate as confident
parameter at levels not necessarily indicating circulatory
failure.  The cut-off value of LDH also lies only slight-
ly above the normal.  Thus, our rule may prove of greater
clinical value even with slightly minor classification
results, as it includes parameters with cut-off values not
obviously implying a severe clinical condition.

Limitations of our study may include patient selec-
tion, the relatively low absolute number of patients tes-
ted, and the limited number of patients with complete
sets of data, due to the retrospective nature of the study.
The patient population was derived from a tertiary care
centre, thus, overrepresenting the number of hospital-
treated patients with severe CAP.  This fact is reflected
by the high mortality rate of 22%.  On the other hand,
it is the population at highest risk, for which a prognos-
tic analysis and a discriminant rule may prove most use-
ful.  Thus, the excellent predictive results achieved in
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the subgroup of mechanically-ventilated patients may be
considered as further evidence for its potential value.
Moreover, the high mortality resulted in a favourable
proportion of patients for comparison in the relatively
small absolute number of patients analysed.

In summary, we found heart rate, arterial systolic
pressure and LDH to be best correlated with death in
a multivariate analysis, and found a discriminant rule
consisting of these three variables to achieve high pre-
dictive values.  Thus, the rule qualifies for further pro-
spective validation in an independent patient cohort of
hospital-treated CAP.
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