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Abstract
Background- Community acquired pneu-
monia remains an important cause ofhos-
pital admission and carries an appreciable
mortality. Criteria for the assessment of
severity during admission have been de-
veloped by the British Thoracic Society
(BTS). A study was performed to deter-
mine the sensitivity and specificity of a
severity rule based on a modification of
the BTS prognostic rules applied on ad-
mission, to compare severity as assessed
by medical staff with the modified rule,
and to determine the microbiological
cause of community acquired pneumonia
in Christchurch.
Methods - A 12 month study of all adults
admitted to Christchurch Hospital with
community acquired pneumonia was
undertaken. Three hundred and sixteen
consecutive patients with suspected com-
munity acquired pneumonia were
screened for inclusion. Variables obtained
from the history, examination, in-
vestigations, and initial treatment were ex-
amined for association with mortality.
Results - Two hundred and fifty five
patients met the inclusion criteria. Their
mean age was 58 years (range 18-97). A
microbiological diagnosis was made in 181
cases (71%), Streptococcus pneumonia
(39%), Mycoplasma pneumoniae (16%),
Legionella species (11%), and Haemo-
philus influenzae (11%) being the most
commonly identified organisms. Patients
had a 36-fold increased risk of death if
any two of the following were present on
admission: respiratory rate > 30/min, dia-
stolic BP < 60mm Hg, urea >7 mmol/l, or
confusion. The severity rule identified 19
ofthe 20 patients who died and six of eight
patients admitted to the intensive care unit
as having life threatening community
acquired pneumonia. The sensitivity ofthe
modified rule for predicting death was 0.95
and the specificity 0.71. In 47 cases (21%)
the clinical team appeared to under-
estimate the severity of the illness.
Conclusions - The organisms responsible
for community acquired pneumonia in
Christchurch are similar to those reported
from other centres except for Legionella
species which were more common than in
most studies. The modification ofthe BTS
prognostic rules applied as a severity in-

dicator at admission performed well and
could be incorporated into management
guidelines.
(Thorax 1996;51:1010-1016)

Keywords: community acquired pneumonia, severity
assessment, mortality, aetiology.

Community acquired pneumonia is the most
common serious infection encountered in med-
ical practice with 1-10% of patients requiring
admission to hospital. The mortality rate of
patients admitted is significant, ranging from
6.7% to 18%.1 It has been recommended that
the choice of initial antibiotic be guided prim-
arily by the severity of illness23 together with
local information about the range of organisms
responsible. This rationale is derived from stud-
ies showing that the clinical45 and radiographic
features67 of the common causes ofpneumonia
are not sufficiently specific to predict the micro-
biological cause accurately.
The range of micro-organisms reported as

being responsible for community acquired
pneumonia varies between studies and depends
on the patient population studied, the extent
of laboratory investigations, and the micro-
biological techniques employed. In 1987 the
Research Committee of the British Thoracic
Society (BTS) and Public Health Laboratory
Services published a comprehensive study of
community acquired pneumonia.' Of the 453
patients enrolled (aged 15-74 years) a micro-
biological diagnosis was established in 67% of
cases. Streptococcus pneumoniae (34%), Myco-
plasmapneumoniae (18%), and influenza A virus
(7%) were the commonest micro-organisms
detected. Legionella infection appeared to be
uncommon (2%). The only previous study in
New Zealand reported a microbiological diag-
nosis in 72% of the 92 patients enrolled and
detected a similar range of organisms to the

8BTS series.
Multivariate analysis of prognostic factors

associated with death from community
acquired pneumonia in the BTS study led to
the development ofthree prognostic rules based
on variables obtained either at presentation to
hospital or during admission (table 1).1 These
rules have been validated by others who have
emphasised their potential use in severity as-
sessment and triage on presentation to hos-
pital.9 We elected to use modified criteria which
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Community acquired pneumonia

Table 1 British Thoracic Society discriminant rules for
prediction of mortality'
Rule

Rule 1 Two of three criteria
Respiratory rate 2 30/min
Diastolic blood pressure < 60 mm Hg
Blood urea >7.0 mmol/l (during admission)

Rule 2 Two of three criteria
Respiratory rate > 30/min
Diastolic blood pressure < 60 mm Hg
Confusion

Rule 3 Three of four criteria
Confusion
Pao2 <6.6 kPa
White blood count <10 x 109/l or lymphocytes
< 1 x 109/1

Blood urea . 7.0 mmol/l (during admission)
Modified Two or more of four criteria on admission
BTS rule Respiratory rate 2 30/min

Diastolic blood pressure < 60 mm Hg
Blood urea >7.0 mmol/l
Confusion*

* Where a Mental Status Quotient (MSQ) was recorded con-
fusion was defined as an MSQ <8."

simplified the three rules into a single rule
which could be applied on admission.
A 12 month study of adults admitted to

Christchurch Hospital (a 600 bed acute facility
serving a population of 350 000) with com-
munity acquired pneumonia was performed to
assess the microbiological cause, severity, and
outcome. We prospectively studied a severity
rule (based on BTS criteria) applied on ad-
mission by comparing it with a clinical severity
assessment performed by medical staff. Our
hypothesis was that the use of the modified
rule would improve the identification of those
patients at increased risk of dying or requiring
admission to the intensive care unit. We also
conducted a multivariate analysis of data ob-
tained at admission to determine which, if any,
additional variables might improve the pre-
diction of mortality.

Methods
All adults admitted to Christchurch Hospital
over a 12 month period (July 1992 to July
1993) were screened for possible inclusion in
the study. The inclusion and exclusion criteria
were based on those used in the original BTS
study.' Pneumonia was defined as an acute
illness with radiographic pulmonary shadowing
which was at least segmental or present in one
lobe, and was neither pre-existing nor of other
known cause. Patients were excluded when
pneumonia was not the main reason for ad-
mission or was an expected terminal event,
and when the pneumonia was associated with
bronchial obstruction, bronchiectasis, or
known tuberculosis. Patients with severe
immunosuppression - neutropenia, AIDS, or
receiving cancer chemotherapy - were ex-
cluded. Those with less profound immuno-
suppression on account of co-existing illness
(renal failure, diabetes, liver impairment, al-
coholism) or prolonged treatment with pred-
nisone (. 7.5 mg/day), methotrexate, or
cyclosporin were included.

All chest radiographs were reviewed by a
radiologist (RJ) to confirm radiological entry
criteria and to document the extent of con-

solidation and presence of any additional ab-
normalities.
Enrolment was by resident medical staffwho

collected clinical data, completed an in-
vestigation check list, and recorded a severity
assessment (mild, moderate or severe) based
on their usual clinical criteria. The clinical team
was responsible for all aspects of patient care
while in hospital, including choice of antibiotic.
The clinical severity assessment performed

by the attending doctors was prospectively
compared with a severity assessment based on
a modification of the first two BTS prognostic
rules (table 1). We defined severe pneumonia
as occurring when two or more variables (res-
piratory rate . 30/min, diastolic BP <60mm
Hg, a blood urea concentration of >7.0 mmol/
1, and confusion) were present at the time of
admission.

INVESTIGATIONS
A chest radiograph was obtained on admission
and at six weeks. Venous blood was sampled for
urea, creatinine, electrolytes, albumin, calcium,
and liver function tests (aspartate amino-
transferase (AST), ALP, bilirubin). Arterial
blood gas tensions were measured in most
cases. Nasopharyngeal and throat swabs, spu-
tum, blood and urine specimens were obtained
on admission and processed according to stand-
ard protocols. The criteria used for the labor-
atory diagnosis of infection were the same as
those used in the BTS study.'

OUTCOME
Outcome was assessed by measuring survival
to hospital discharge, duration of hospital stay,
the development of any clinically relevant com-
plications, whether the patient had returned to
the usual level of activity, and the extent of
radiographic resolution six weeks after ad-
mission. Initial antibiotic treatment, oxygen
requirements, and the volume of intravenous
fluids received during the first 24 hours were
also recorded. A physician (AN) who was blind
to the outcome retrospectively classified co-
morbidity into three categories based on past
medical history."1

DATA PROCESSING AND STATISTICAL METHODS
Data were entered onto a desk top computer
using EPI INFO (version 5.01, 1990). Seventy
one independent variables obtained from the
history, physical examination, laboratory tests,
and initial treatment were examined for as-
sociation with mortality and duration of hos-
pital stay. The association between categorical
variables and survival was assessed by x2 (or
two tailed Fisher's exact test when the expected
cell frequencies were less than five). Results
are reported as significant at p<0.05 or by
relative risk with 95% confidence intervals.
ANOVA was used to assess differences between
means for normally distributed data" and Kru-
skal-Wallis one way analysis of variance for
non-parametric data.'2
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Table 2 Demographic and clinical features according to outcome

No. Entire group Survived Died
Variable recorded (n = 255) (n = 235) (n = 20) p value*

Demographics and history:
Microbiological diagnosis (%) 255 71 72 65 NS
Age (years) 255 58 (22) 57 (22) 78 (11) <0.001
Male sex (%) 255 55 50 70 NS
Duration of stay (days) 255 8.5 (7.8) 8.6 (7.6) 7.4 (9.4) NS
Smoker (%) 254 70 70 80 NS
Any chronic illness (%)** 255 60 58 90 0.005
Co-morbidity score*** 255

1 (%) 46 49 10
2 (%) 49 46 85 <0.001
3 (%) 5 5 5

Prior antibiotic (%) 255 40 42 20 0.05

Examination findings:
Temperature (°C) 254 37.7 (1.1) 37.8 (1.0) 36.9 (1.4) 0.008
Pulse rate (bpm) 255 99 (18) 98 (17) 113 (20) <0.001
Respiratory rate (breaths/min) 251 26 (8) 25 (7) 33 (7) <0.001
Diastolic BP (mm Hg) 255 72 (13) 73 (13) 66 (15) 0.01
Confusion (%) 255 16 13 50 <0.001
Reduced peripheral perfusion (%) 245 12 8 61 <0.001
JVP not visible (%) 250 20 18 40 <0.001
MSQt 212

9 or 10 83 86 41
6, 7 or 8 9 9 12
Less than 6 8.5 5 47 <0.001

Values are mean (SD) or percentages.
* Statistical tests detailed in the methodology section. Significance value for comparison between those who survived and those
who died.
** Disorders include COPD, asthma, cardiac failure, cancer, alcoholism, cirrhosis, chronic renal failure.
***Co-morbidity score'": 1 =no important chronic illness; 2 =moderate/severe disease of heart, lungs, GI tract; 3 =any cancer
(except skin), end stage renal/liver disease, HIV.
t Difference between a score of 1 compared with 2 or 3.
tMental Status Quotient.'3

Stepwise logistic regression was used to as-
sess the relative importance of variables that
showed a significant (p<0.05) univariate as-
sociation with mortality. Two logistic regression
models were used. In model A age was forced
into the model because of its importance in
previous studies of outcome of pneumonia. In
model B the modified BTS score was forced
into the model to determine which additional
variables would significantly improve the pre-
diction of mortality. Where additional variables
were used, cut off points were selected which
maximised the sensitivity and positive pre-
dictive value.
The modified BTS rule was compared with

the three original BTS rules for relative risk,
sensitivity, specificity, positive and negative pre-
dictive values.

Results
During the 12 month study period 316 patients
were screened for possible inclusion. Clinical
and radiographic review resulted in 55 ex-
clusions. There were six patients who satisfied
the entry criteria but in whom consent could
not be obtained (all but one of these patients
survived to hospital discharge). Two hundred
and fifty five patients remained for analysis.
The mean age was 58 years (range 18-97 years)
and 55% were men. Twenty patients (7.8%)
died in hospital, and a further four patients
died following discharge and prior to the six
week follow up visit. Complete follow up data
were obtained in 200 (87%) of the survivors.

HISTORY
The mean duration of symptoms prior to ad-
mission was 7.7 days (table 2). Cough (88%),
sputum production (64%), and chest pain

(57%) were the most commonly reported res-
piratory symptoms. A significant proportion
reported headache (34%), myalgia (26%), and
arthralgia (19%). Abdominal pain occurred in
13%, resulting in admission to a surgical ward
in two cases. Underlying illness was present
in the majority, including chronic obstructive
pulmonary disease (33%) and cardiac failure
(18%). According to our criteria, immuno-
suppression was present in 24%. On admission
103 (40%) patients were taking oral antibiotics
of which amoxycillin-clavulanate (50%) and
erythromycin (18%) were the most frequently
prescribed.

PHYSICAL FINDINGS ON ADMISSION
A temperature higher than 37.5°C was re-
corded in 135 patients (53%), tachycardia
(pulse > 100/min) in 133 (52%), and tachy-
pnoea (respiratory rate . 30/min) in 74 (29%).
A mental state quotient (MSQ)13 was obtained
in 212 (83%). Systolic hypotension (BP
< 100 mm Hg) was noted in 10% and diastolic
hypotension (BP <60 mm Hg) in 28%. A low
jugular venous pressure (JVP) was found in
20% and reduced peripheral perfusion (defined
as cool peripheries with poor capillary return
on blanching of a digit) in 12%. The majority
(81%) had abnormal chest signs. Abdominal
tenderness was noted in 13%.

INVESTIGATIONS
A chest radiograph was obtained on admission
in all but one patient who died in the emergency
department and whose pneumonia was later
confirmed by necropsy. Pulmonary shadowing
was confined to a single lobe in 60%. An arterial
blood gas sample was obtained in 238 cases
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Table 3 Initial investigations and severity assessment according to outcome

No. Entire group Survived Died
Investigation recorded (n =255) (n =235) (n = 20) p value*

Blood gases: 238
pH 7.44 (0.06) 7.44 (0.05) 7.37 (0.1) <0.001
Pao, (kPa)** 9.46 (2.53) 9.60 (2.53) 8.13 (2.13) 0.006
Paco2 (kPa) 4.93 (1.06) 4.96 (1.04) 5.17 (1.41) NS

Biochemistry and haematology:
Urea (mmol/l) 247 8 (6) 7.4 (4.8) 17.0 (10.5) <0.001
AST (mmol/1) 247 41 (70) 37 (58) 95 (147) <0.001
White cell count (109/l) 255 14.2 (6.9) 14.1 (6.7) 14.6 (8.8) NS

Radiographic findings:
Chest radiograph 254
Number of lobes involved:
One (%) 58 59 47
Two (%) 30 29 31
Three or more (%) 12 12 21 NS

Bilateral consolidation 27 6 26 NS
Parapneumonic effusion (%) 21 5 37 NS

Severity assessment:
Clinical severity assessment: 227
Mild (%) 31 33 11
Moderate (%) 51 53 26
Severe (%) 18 14 63 <0.001

Modified BTS criteria: 248
Mild or moderate (%) 66 71 5
Severe (%) 34 29 95 <0.001

Values are mean (SD) or percentages.
* Statistical tests detailed in the methodology section. Significanc
who died.
** 40% of patients on oxygen at the time of sampling.

(93%) and hypercapnic ventilatory impairment
(Pco2 >6.0 kPa) was present in 29 (12%) (table
3).

MICROBIOLOGY
A satisfactory sputum sample was obtained in
77% of cases (table 4). Obtaining a sputum
sample significantly increased the likelihood of
making a microbiological diagnosis (p<0.001).
A microbiological diagnosis was established in
181 cases (71%). In 121 patients (67%) this
consisted of a single organism and in 60 (33%)
more than one organism was identified. Strepto-
coccus pneumoniae was the most common diag-
nosis, found in 100 cases (39%), followed by
Mycoplasma pneumoniae in 41 (16%), Haemo-
philus influenzae in 28 (11%), and Legionella
species in 27 (11%).

OUTCOME

Two hundred and thirty five patients (92%)
survived to hospital discharge. Two hundred
(87%) of the 231 patients alive six weeks after

Table 4 Microbiological diagnosis*

Organism Number Percentage Number of deaths#

Streptococcus pneumoniae 100 39 7
Mycoplasma pneumoniae 41 16
Legionella sp## 27 11 2
Haemophilus influenzae 28 11 1
Influenza A 12 5 1
Chlamydia pneumoniae 8 3
Moraxella catarrhalis 8 3
Staphylococcus aureus 7 3
Enterobacteriaceae 4 2 1
Pseudomonas sp 3 1 1
Others** 13 5 3

* Criteria for diagnosis as in BTS study.' 121 patients had a single organism identified, 50 two
organisms, 9 three organisms, and 1 four organisms.
** Rhinovirus (2), RSV (1), para-influenza 3 (1), varicella zoster (1), Pasteurella multocidia (1),
group C streptococcus (1), group B streptococcus (1), Meningococcus (1), Mycobacterium bovis
(1), Aspergillus (1), coxsackie B (1), echovirus (1).
# There were 16 organisms identified in 13 of the fatal cases. Two organisms were identified in
three patients.
## Of the 27 Legionella cases, 13 were L pneumophilia, six L micdadei, two L longbeachae, two
L dumoffii, one L jordanis, and three dual identifications.

-e value for comparison between those who survived and those

admission returned to a follow up clinic. Direct
interview and, in seven cases, telephone in-
terview revealed that 82 (40%) had not re-
turned to their usual level of activity. This was
significantly associated with age (p<0.00 1),
co-morbidity (p<0.001), blood urea level
(p<0.001), and severity of illness according to
modified BTS criteria (p = 0.05). A follow up
chest radiograph was obtained in 202 (87%)
cases. The pneumonic shadowing had com-
pletely resolved in 119 cases (59%). Incomplete
radiographic resolution was not associated with
failure to regain normal activity levels.
Admission to the intensive care unit was

required for eight patients, seven of whom
required mechanical ventilation and four sur-
vived to hospital discharge.

MORTALITY
Twenty patients (8%) died before hospital dis-
charge and, of these, 13 died within 72 hours
of admission. All but one were over 60 years
ofage and most (90%) had a chronic underlying
illness. Only four of the 20 patients who died
were taking an antibiotic before admission.
Pneumonia was considered to be the main
cause of death in all cases.
A microbiological diagnosis was made in

13 of the 20 fatal cases with S pneumoniae,
accounting for six of the deaths. Two patients
died from Legionella pneumonia. A post mor-
tem diagnosis of invasive pulmonary asper-
gillosis was made in one patient who had been
on oral corticosteroid treatment for severe
COPD. Two patients died from Gram negative
pneumonia (E coli and P aeruginosa).

Univariate analysis
Twenty five of the 71 variables measured at
admission were significantly (p<0.05) as-
sociated with mortality (tables 2 and 3). These
included age, a past medical history of COPD,
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Table S Multivariate analysis offactors associated with mortality

Variable Odds ratio 95% Confidence interval p value

Model A: stepwise logistic regression of all significant independent variables
Age >65 years 21.6 (1.6 to 287.8) 0.020
Pao2 <7.3 kPa 3.33 (1.0 to 10.0) 0.049
AST >57mmol/I 13.4 (3.1 to 57.6) 0.001
Reduced peripheral perfusion 10.5 (2.6 to 41.7) 0.001
Respiratory rate . 30/mim 4.3 (1.1 to 16.5) 0.031

Model B: stepwise logistic regression with modified BTS score forced into the model
Modified BTS score 9.4 (1.1 to 82.3) 0.043
Age >65 years 13.6 (0.9 to 209.2) 0.061
Pao2 <7.3 kPa 5.0 (1.11 to 10.0) 0.038
AST >57mmol/1 10.1 (2.3 to 43.2) 0.002
Reduced peripheral perfusion 10.9 (2.7 to 44.1) 0.001

alcoholism, immune suppression, and chronic
renal failure. The four variables (respiratory
rate 30/min, diastolic BP < 60mm Hg, blood
urea >7.0 mmol/l, and confusion) used in our

modified severity score were each significantly
associated with mortality. The physical sign
most strongly correlated with fatal outcome
was reduced peripheral perfusion which was

noted in 11 of those who died but only 19
of the 227 who survived. Hypoxaemia (Pao2
<7.3 kPa) was recorded in nine of the patients
who died and a raised AST level of >57 mmol/
in 11. Bacteraemia was also significantly as-

sociated with mortality.

Multivariate analysis
Two hundred and twenty eight subjects (89%)
had sufficient data for multivariate analysis. Of
the prognostic variables obtained on admission
(table 2), age >65 years, Pao2 <7.3 kPa, AST
>57 mmol/l, reduced peripheral perfusion, and
a respiratory rate of 2 30/min were selected by
the stepwise logistic regression analysis (table
5, model A). When the modified BTS criteria
severity score was forced into the model, Pao2
<7.3 kPa, AST >57 mmol/l, and reduced peri-
pheral perfusion were selected (table 5 model
B). With regard to mortality, the addition of
variables selected in model B reduced the sensi-
tivity from 0.95 to 0.50, but improved speci-
ficity from 0.71 to 0.95 and positive predictive
value from 0.22 to 0.50. Further modelling
was performed to assess the potential value of
adding Pao2 <7.3 kPa to the modified rule or

incorporating this variable into the rule itself.
In both instances sensitivity was reduced but
specificity improved. In the presence of a pos-
itive modified rule and a Pao2 of <7.3 kPa,
specificity for predicting mortality was 0.95.

SEVERITY ASSESSMENT
When the severity assessment performed by the
clinical teams was compared with the severity

assessment based on modified BTS criteria
there was an apparent underestimation of se-

verity by the clinical teams in 47 (21%) cases.

If two or more of the variables used in the
modified BTS rule (tachypnoea, diastolic hypo-
tension, raised urea, or confusion) were present
on admission there was a 36-fold increased risk
of death (table 6). This rule identified 19 out
of the 20 patients who died as having severe

pneumonia while the clinical teams identified
12 of 19 who died as severe, five as moderate,
and two as mild. As a predictor of mortality
the rule had a sensitivity of 0.95, specificity
0.71, positive predictive value 0.22, and neg-
ative predictive value 0.99 (table 6). This com-
pares favourably with the BTS rule 1 which
had a sensitivity of 0.90 and specificity of 0.76.

Six of the eight patients who required ad-
mission to the intensive care unit fulfilled the
severity criteria, but only three were considered
to have severe pneumonia by the clinical teams.
As a predictor of mortality or the need for ICU
admission the severity rule had a sensitivity of
0.88, specificity 0.72, positive predictive value
0.26, and negative predictive value 0.98.
Although we did not instruct the clinical

teams as to what criteria to use in their severity
assessment, they appeared to classify the
patients' illness as severe when there was evi-
dence of renal impairment, acidosis and signs
ofhypovolaemia, but did not seem to recognise
the significance of a raised respiratory rate as

an indication of life threatening pneumonia.

INITIAL TREATMENT
Antibiotics were given in 253 cases (99%).
Treatment during the 12 hours following ad-
mission was with a single agent in 224 cases

(89%), two in 28 (11%), and three in one

case. At least one antibiotic was given by the
intravenous route in 200 cases (79%). The
most frequently prescribed antibiotics were

amoxycillin-clavulanate in 99 (44%), erythro-
mycin in 48 (21%), amoxycillin in 24 (11%),
cefuroxime in 25 (11%), and benzyl penicillin
in 21 (9%). A single antibiotic was given as

initial treatment to 21 of the 25 patients who
died or required admission to the intensive care

unit and was given by the intravenous route in
20. Antibiotic therapy was subsequently
changed to a broader spectrum regimen in-
cluding two antibiotics in seven of those who
died. Most of the patients (71%) classified
as severe (n =41) by the clinical teams were

initially given a single antibiotic.
Intravenous fluids were given during the first

24 hours following admission in 42% of cases

including 12 of the 20 patients who died. In

Table 6 Severity assessment: analysis of ability to predict mortality

Severity assessment n RR (95% CI) Sensitivity Specificity PPV NPV

BTS rule 1 252 22.1 (5.3 to 92.7) 0.90 0.76 0.25 0.99
BTS rule 2 255 9.9 (4.2 to 23.5) 0.65 0.88 0.33 0.97
BTS rule 3 239 9.1 (3.8 to 21.5) 0.63 0.88 0.32 0.97
Clinical assessment (severe) 227 7.8 (3.3 to 18.5) 0.63 0.86 0.29 0.96
Modified BTS rule 251 36.5 (5.0 to 268) 0.95 0.71 0.22 0.99

RR= relative ratio; PPV= positive predictive value; NPV= negative predictive value.
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the eight patients who died and in whom intra-
venous fluids were not given, signs suggestive
ofhypovolaemia (low JVP and/or reduced peri-
pheral perfusion) were present in five.

DURATION OF HOSPITAL STAY
The mean duration of hospital stay was 8.5
days (range 1-60) and was longer (p<0.001)
in the presence of co-morbidity. A positive
modified BTS rule was associated with a longer
duration of stay (p<0.001). Pneumonia due
to Staphylococcus or Legionella resulted in the
longest duration of stay (mean 15.4 days and
13.4 days, respectively) and that due to Myco-
plasma the shortest (mean of 4.9 days).

Discussion
In this 12 month study of 255 patients with
community acquired pneumonia a micro-
biological diagnosis was achieved in 71% and
the mortality rate was 8%. We have shown
that a severity assessment based on prognostic
variables available at the time of admission
identifies a subgroup of patients at increased
risk of admission to the intensive care unit or
death from community acquired pneumonia.
A positive modified BTS rule was associated
with a 36-fold increased risk of death. The
sensitivity (0.95) and positive predictive value
(0.22) of this rule in our cohort was similar to
that found in the BTS study in which prog-
nostic variables were obtained either at ad-
mission or during the hospital stay.' Our study
population was less restrictive than that re-
ported by the BTS as it included older patients
and had a greater proportion with underlying
chronic illnesses.' The severity criteria were
readily applied at admission and are applicable
to an unselected population of patients pre-
senting to the general medical services of a
large community hospital.

Univariate analysis identified 25 admission
variables as predictors of mortality. These in-
cluded the four variables (tachypnoea, diastolic
hypotension, raised urea, and confusion) we
selected for our severity rule. However, only
tachypnoea remained as an independent pre-
dictor of mortality in the stepwise logistic re-
gression (model A). According to this model,
age >65 years, respiratory rate . 30/min, re-
duced peripheral perfusion, and AST
>57 mmol/l were independently predictive of
mortality. This is likely to be due to differences
between our population and the population
from which the prognostic variables were ori-
ginally derived, the most notable being ad-
vanced age which has been reported as an
independent predictor of mortality by
othlers. 1 14 15

The normal range for serum urea is increased
in the elderly'6 which may explain why 66 of
81 patients in our study who were over the age
of 74 years had a blood urea concentration of
>7.0 mmol/I and why a raised urea was not
independently predictive of mortality. Sim-
ilarly, the presence of confusion was not in-
dependently predictive of mortality which may
have been related to the prevalence of cognitive

impairment in this older population. In our
study all 13 patients with a previous history of
dementia were over 74 years of age. Of these,
two died and 11 survived.
A raised AST concentration (>57mmol/1)

was an independent predictor of mortality. Pre-
vious studies have identified raised liver en-
zymes to be an independent predictor of
prolonged hospital stay but not mortality. '
Elevation of liver enzymes in the setting of
community acquired pneumonia is likely to
reflect impaired hepatic perfusion in the unwell
septic patient.
We have shown that reduced peripheral per-

fusion is an independent predictor of mortality
in community acquired pneumonia. Although
there is likely to be interobserver variability in
the interpretation of this sign, in our institution
it specifically implies cool peripheries with re-
duced capillary return on blanching the pulp
of the digit. This valuable sign needs greater
emphasis as an indicator of severe community
acquired pneumonia.

Co-morbidity, particularly pulmonary and
cardiac disease, was present in many of our
patients and was significantly associated with
a poor outcome. Brancati et al found co-mor-
bidity to be a more important predictor of
mortality than advanced age with respect to
both hospital and long term mortality.'0 Ana-
lysis of our population using the same co-
morbidity classification showed age alone to be
a more important predictor of mortality. The
difference is likely to be due to the populations
studied. The cohort reported by Brancati et
al had a much higher proportion of younger
patients (18-44 years) with severe co-morbidity
including HIV related disease and cancer,'°
whereas our cohort was more representative of
a general medical population.
The severity rule identified a subgroup of

patients at increased risk of death or admission
to the intensive care unit. Nineteen of the 20
patients who died had a positive rule giving a
high sensitivity (0.95). The only fatal case in
which the rule was not positive on admission
was an elderly woman with bacteraemic pneu-
mococcal pneumonia. Initially the only adverse
prognostic feature was a raised urea level, but
she rapidly deteriorated on the third day de-
veloping hypotension and tachypnoea before
death.
The main limitation of the severity rule re-

lates to its specificity which was 0.71 and pos-
itive predictive value which was 0.22. In an
attempt to improve the accuracy of the severity
rule a second stepwise logistic regression model
was applied (model B, table 5) in which ad-
ditional variables (raised AST, reduced peri-
pheral perfusion, and Pao2 <7.3 kPa) were
selected. The addition of these variables im-
proved the positive predictive value for mor-
tality to 0.50 and the specificity to 0.95 but
significantly reduced sensitivity to 0.50. Thus,
this model appeared to trade specificity (pre-
diction of survival) for sensitivity (prediction
of mortality). We regard the more sensitive rule
as having greater value clinically and in this
regard our modified rule performed better than
any of the BTS rules. Furthermore, all of the
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relevant variables can be assessed on admission
allowing the immediate identification of those
at risk of a fatal outcome.
The range of causative organisms identified

in this study was similar to that found else-
where, although there are some differences in
the relative proportions. As in most other stud-
ies, Spneumoniae was the most common micro-
organism identified (39%).'1 8 Mpneumoniae was
a common diagnosis (16%), particularly in
younger patients. The high incidence was pre-
sumably because the study was done during
a cyclical epidemic.'7 C pneumoniae was in-
frequent at 3% which is less than the commonly
quoted range (6-10%).'8 A diagnosis of Le-
gionella infection was relatively common at
11%. Most studies report figures of up to 6%
but there is a wide range (1-27%).815'920 Our
high rate may in part be due to the fact that
particular attention was directed towards de-
tection of Legionella species.
The application of the severity rule at ad-

mission in a general medical population reliably
identified a subgroup of patients who were at
increased risk ofdying or admission to intensive
care unit. The apparent underestimate of se-
verity of community acquired pneumonia by
the clinical teams appeared to be due to the
lack of significance attached to tachypnoea as
a severe prognostic sign. They did recognise
features of shock. Other studies have shown
that recognition of life threatening community
acquired pneumonia by clinical staff is often
delayed,2' however it remains unclear whether
treatment protocols based on these rules will
influence outcome. Some have suggested that
death from pneumonia is predetermined and
that admission to intensive care merely pro-
longs the interval before death.22 However, we
contend, as others have done, that iden-
tification of a high risk group and the ap-
plication of optimal care for these patients has
the potential to reduce mortality.23
The recommendations regarding initial anti-

biotic treatment from the BTS study' which
have been emphasised more recently in con-
sensus guidelines2 3 state that, in cases of severe
community acquired pneumonia, a regimen of
two intravenous antibiotics should be started
promptly. This strategy has been recommended
because of the lack of specificity of clinical45
and radiographic67 features for particular or-
ganisms, and the need to provide adequate
antibiotic therapy while awaiting the results of
microbiological investigations. We found that
most patients were initially treated with a single
agent, including many of those with severe
pneumonia. Since 23% of those patients with
severe pneumonia and a microbiological diag-
nosis had either Legionella or Mycoplasma in-
fection (including some dual infections), we
support the use of an empirical regimen of an
intravenous macrolide plus a broad spectrum
beta-lactam antibiotic. Antibiotic therapy
should be instituted without delay, particularly
in those patients meeting the criteria for severe
pneumonia.23

In conclusion, we have completed a large
study of community acquired pneumonia in
patients presenting to a community hospital in
New Zealand and found the range of causative
organisms to be similar to those reported else-
where with the exception of Legionella pneu-
monia which was more common. The
application on admission of a simple modi-
fication of the BTS criteria for severity proved
a robust tool for the immediate identification
of those most at risk of admission to the intens-
ive care unit or death.
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