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OBJECTIVE: To determine factors associated with the length of
stay (LOS) for patients with suspected community-acquired pneumo-
nia (CAP) who required hospitalization for treatment.

STUDY DESIGN: The authors studied a population-based prospec-
tive cohort of 2757 adults with suspected CAP who were admitted
over a two-year period. Logistic regression, multiple linear regression,
and classification and regression trees were used to determine the fac-
tors associated with LOS.

SETTING: The study was conducted in two community and tertiary
care hospitals, two community and secondary care hospitals, and two
community hospitals in the Capital Health Region of Edmonton,
Alberta.

RESULTS: Symptoms such as sweats, shaking chills and wheezing
were associated with an LOS of seven days or shorter, whereas weight
loss, functional impairment, heart, renal or neoplastic diseases and
time to first dose of antibiotic were predictive of an LOS greater than
seven days. Regression tree analysis indicated that rapid achievement
of physiological stability was associated with a shorter LOS. The use
of an indwelling urinary catheter was found to be an important deter-
minant of LOS.

CONCLUSIONS: The present study found several new associations
with increased LOS in patients with CAP, including functional sta-
tus, time to receipt of first dose of antibiotic therapy, use of certain
antibiotics, presence of a urinary catheter and the importance of time
to physiological stability. An intervention targeting avoidance of uri-
nary catheters may be associated with a shorter LOS.
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Les facteurs associés a la durée d’hospitalisation
a la suite d’une présomption de pneumonie
d’origine extra-hospitaliere

OBJECTIF : Déterminer les facteurs associés a la durée d’hospitalisation
(DH) des patients atteints d’une pneumonie d’origine extra-hospitaliere
(POEH) présumée devant étre hospitalisés pour étre traités.
CONCEPTION DE LETUDE : Les auteurs ont étudié une cohorte
prospective en population de 2 757 adultes atteints d'une POEH pré-
sumée, hospitalisés au cours d'une période de deux ans. La régression
logistique, la régression linéaire multiple et les arbres de classification et
de régression ont permis de déterminer les facteurs associés a la DH.
LIEU : Détude a été menée dans deux hopitaux généraux et tertiaires,
deux hopitaux généraux et secondaires et deux hopitaux généraux de la
région de la capitale d’Edmonton, en Alberta.

RESULTATS : Des symptomes comme la transpiration, les frissons et le
wheezing s’associaient & une DH de sept jours ou moins, tandis que la
perte de poids, l'atteinte fonctionnelle, une maladie cardiaque, rénale ou
néoplastique et le délai avant la premiere dose d’antibiotiques étaient
prédictifs d’'une DH de plus de sept jours. D’apres I'analyse des arbres de
régression, 'obtention rapide d’une stabilité physiologique favorisait une
réduction de la DH. Le recours a une sonde urinaire 2 demeure constituait
un important déterminant de la DH.

CONCLUSIONS : La présente étude a permis d’observer plusieurs nou-
velles associations a une augmentation de la DH chez les patients atteints
d’une POEH, y compris I'état fonctionnel, le délai avant la premiere dose
de Pantibiothérapie, l'utilisation de certains antibiotiques, la présence
d’un cathéter urinaire et I'importance du délai avant la stabilité physio-
logique. Une intervention visant a éviter les cathéters urinaires pourrait
favoriser une réduction de la DH.

Community—acquired pneumonia (CAP) is a common ill-
ness in Canada, with an annual incidence of 12 cases per
1000 adults per year, in which approximately 15% of cases
require admission to a hospital for treatment (1,2). Pneumonia is
the infectious disease with the highest health care costs (3,4). In
Alberta, CAP results in an annual hospitalization rate of four
cases per 1000 adults and accounts for 8500 annual hospital
discharges at a cost of more than $40 million per year (5). The
association between severity of illness and the length of stay
(LOS) in hospital is clearly established for CAP (6). However,
LOS is influenced by various other factors, such as clinicians’
practice style, availability of beds, and the availability of social
services such as long-term care facilities for placement of those
who can no longer care for themselves (7). It is evident that the
major cost factor in CAP is hospitalization, and LOS is a major
driver of that cost. A better understanding of the factors influ-
encing hospital stay should lead to measures to reduce LOS.

The objective of the present study was to determine factors
associated with LOS for patients admitted with suspected CAP
in the Capital Heath Region of Edmonton, Alberta.

PATIENTS AND METHODS

Study population

A pneumonia pathway, consisting of components for managing
pneumonia with or without hospital admission, was implemented
over the period from November 15, 2000, to November 14, 2002,
at six hospitals and one free-standing emergency room in
Edmonton. Six research nurses were hired to assist in implement-
ing the pathway and collecting data. These nurses had no role in
the delivery of care to patients with CAP.

The pathway consisted of an admission guideline (8), preprinted
orders covering routine aspects of care, and an algorithm for
administration and discontinuation of supplemental oxygen
and antimicrobial therapy (levofloxacin orally or cefuroxime plus
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azithromycin intravenously were the options provided); however,
other options were not prohibited. Reminders to medical staff
regarding assessment of vaccination status for pneumococcal and
influenza vaccines were provided, and a recommendation for
administration of these vaccines, if indicated, was included on the
order sheet. In addition, counselling and literature regarding ces-
sation of smoking were made available to tobacco smokers. A
three-part discharge algorithm was part of the pathway. Once the
patients had achieved physiological stability (9), as defined by an
oral temperature of 37.5°C or less for 24 h, a respiratory rate of
24 breaths/min or less for 24 h, an oxygen saturation of 90% or
greater while breathing room air or a return to baseline saturation
levels, and the ability to eat and drink enough to maintain hydra-
tion, functional (get-up-and-go test [10] and an assessment of activ-
ities of daily living if the patient failed the get-up-and-go test) and
mini-mental status assessments were carried out (8,10,11). In gen-
eral, functional status and mental status assessments were per-
formed only on those patients who were 65 years of age or older.
Functional status before admission was categorized as walking
independently, walking with assistance and walking with a pros-
thesis; wheelchair or bed-bound status was also recorded.

Adult patients (older than 17 years) were enrolled in the path-
way if they presented to the emergency department, at one of the
seven institutions in the Capital Health Region, with two or more
symptoms or signs of CAP, plus radiographic evidence of pneumo-
nia as interpreted by the emergency room physician or internal
medicine consultant. Symptoms and signs of CAP included cough
(productive or nonproductive), pleuritic chest pain, shortness of
breath, temperature higher than 38°C, and crackles or bronchial
breathing on auscultation.

Patients were excluded from the pathway if they required
admission to an intensive care unit from the emergency room, or
if they were thought to have aspiration pneumonitis (defined as
pulmonary opacities in the presence of recent loss of conscious-
ness, vomiting or observation of respiratory distress within 30 min
of feeding), tuberculosis or cystic fibrosis. Pregnant and nursing
mothers, as well as immunosuppressed patients (those who were
using more than 10 mg of prednisone per day or other immuno-
suppressive drugs), were also excluded. Those with HIV infection
were excluded if their CD, count was less than 0.25x 10%/L. During
the second year of the study, patients with aspiration pneumonia
were included in the pathway.

Cases selected for the present study were admitted patients
who were enrolled in the pathway. Patients who died during hos-
pitalization, who had multiple visits or whose LOS was longer
than 30 days were excluded from analysis. Finally, those whose
records were missing the date of presentation to the emergency
room or a date of discharge were also excluded.

Definite CAP patients were those who had a chest radiograph
interpreted by a radiologist as pneumonia.

Statistical analysis

The analyses were performed using SPSS version 12.0 (SPSS Inc,
USA) and SAS version 8.2 (SAS Inc, USA). Descriptive statis-
tics and the differences between means and proportions were tested
using Student’s t test, F test or 2 test.

Because the median LOS was 6.4 days, patients who stayed
longer than seven days were compared with those who stayed seven
days or less. The response variable LOS was treated in two ways: as
a binary variable (LOS longer than seven days and LOS seven
days or less); and as a continuous variable (days from emergency
room presentation to discharge). When the response variable was
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treated as a binary variable, logistic regression (12,13) and a clas-
sification tree (14,15) were used to predict whether the LOS
would exceed seven days. When the response variable was treated
as a continuous variable, multiple linear regression and a regres-
sion tree (14,15) were used to determine the factors associated
with the LOS. The variables with P<0.1 in the univariate analysis
were used in the logistic regression model, multiple linear regres-
sion model, and classification and regression trees (CARTS).

Multiple linear regression was also used to determine the fac-
tors associated with LOS in the patients with definite CAP.

The logistic regression analysis was performed using SPSS ver-
sion 12.0. Backward selection with an entry probability of 0.05 and
a removal probability of 0.1 was used to select the final model. The
Hosmer and Lemeshow goodness-of-fit test was used to evaluate
the adequacy of the logistic regression models.

CARTs were estimated using SAS Enterprise Miner 4.0
(SAS Inc). The data set was divided into training (75%) and vali-
dation (25%) data. A %2 with a significance level of 0.2 was set as
the splitting criterion for the classification tree, and an F test
with a significance level of 0.2 was set as the splitting criterion for
the regression tree. The minimum number of observations in a leaf
was 10. The observations required for a split search was 50. The
maximum number of branches from a node was two. The maxi-
mum depth of a tree was 10. Missing values were treated as accept-
able values. The best classification rate (proportion correctly
classified) was used as a model assessment measure for the classifi-
cation tree, and the average square error was used as a model
assessment measure for the regression tree. The subtree that pro-
duced the best results according to the selected model assessment
measure was chosen (ie, the tree with the highest classification
rate among the classification trees or the tree with the smallest
average square error among the regression trees was selected). A
Kass adjustment (P value multiplied by a Bonferroni factor depend-
ent on the number of branches) was applied before choosing the
number of branches, and a Bonferroni factor was applied to the
tree node before the split was selected; therefore, the split was
adjusted based on an adjusted P value. The Kass adjustment may
have caused the P value to become less significant. Depth adjust-
ment was also applied (ie, a Bonferroni adjustment for the number
of leaves to correct excessive rejections).

Proc DMREG (data mining regression procedure) (SAS 8.2,
SAS Inc) was used to develop a multiple linear regression model.
The data set was divided into training (50%), validation (25%)
and test (25%) data. The training data set was used to fit the ini-
tial model, the validation data set was used to compute assessment
statistics and to fine tune the model during stepwise selection, and
the test data set was used to compute assessment statistics. The
model option was defined as follows: the model type was linear;
the link function was the identity function; the input coding was
generalized linear modelling; and an intercept was included in the
model. The stepwise model selection method was used, and the
significance level for entry and stay was 0.05. The model selection
criterion was Schwarz’s Bayesian criterion.

RESULTS

A total of 3474 patients with pneumonia were admitted during
the two years of the study. Seven hundred seventeen (20.6%)
patients were excluded from the study. The reasons for exclusion
were as follows: 301 (42.0%) died; 162 (22.6%) had multiple vis-
its; 168 (23.4%) stayed longer than 30 days; and 86 (12.0%) had
missing admission or discharge dates. Thus, 2757 patients (79.4%
of the total inpatient group) were included in the analysis.
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TABLE 1
Demographic characteristics of the study group according
to hospital length of stay (LOS)

LOS LOS
Overall <7 days >7 days P

71.9+15.9 <0.001

Age, mean years + SD 68.3+17.8 65.7£18.7

Total patients 2757 1603 1154 0.007

Male, n (%) 1426 (51.7) 864 (53.9) 562 (48.7)

Study site*, n (%) 2757 1603 1154 <0.001
Site A 548 (19.9) 331(20.6) 217 (18.8)

Site B 969 (35.1) 497 (31.0) 472 (40.9)
Site C 392 (14.2) 220 (13.7) 172 (14.9)
Site D 373 (13.5) 239 (14.9) 134 (11.6)
Site E 157 (5.7) 109 (6.8) 8 (4.2)
Site F 318 (11.5) 207 (12.9) 111 (9.6)

CAP pathway used, n (%) 2730 1585 1145 0.008
Yes 1025 (37.5) 621(39.2) 404 (35.3)
Partially used 1307 (47.9) 719 (45.4) 588 (51.4)

No 398 (14.6) 245(15.5) 153 (13.4)

Smoking history, n (%) 2456 1431 1025 0.010
Nonsmoker 808 (32.9) 474 (33.1) 334 (32.6)
Smoker 694 (28.3) 433 (30.3) 261 (25.5)
Ex-smoker 954 (38.8) 524 (36.6) 430 (42.0)

Residence on 2744 1592 1152 <0.001
admission, n (%)

Home 1776 (64.7) 1116 (70.1) 660 (57.3)

Homecare 415 (15.1) 187 (11.7) 228 (19.8)

Lodge/group home 240 (8.7) 127 (8.0) 113 (9.8)

Subacute/continuing 245 (8.9) 117 (7.3) 128 (11.1)
care facility

Shelter/jail/homeless 68 (2.5) 45 (2.8) 23 (2.0)

Weight loss >5% of 2402 1394 1008 <0.001
body weight, n (%)

Yes 195 (8.1) 76 (5.5) 119 (11.8)

Functional status, n (%) 2655 1551 1104 <0.001

Walking with no problems 1710 (64.4) 1108 (71.4) 602 (54.5)
Walking with assistance 708 (26.7) 332 (21.4) 376 (34.1)

(cane, walker, person-

assisted)
Prosthesis 8(0.3) 2(0.1) 6 (0.5)
Bedridden 67 (2.5) 35 (2.3) 32 (2.9)

Wheelchair-bound
Mean hours from presenting  8.3%13.5 7.017.2
to ER to first antibiotic (n=2698)

162 (6.1) 74 (4.8) 88 (8.0)
10.2+18.9 <0.001

*Sites A and B are community and tertiary care hospitals, sites C and D are
community and secondary care hospitals, and sites E and F are community
hospitals. CAP Community-acquired pneumonia; ER Emergency room

The mean age of the study group was 68.3+17.8 years,
1426 (51.7%) were male, 32.9% (808 of 2456) were nonsmok-
ers, 28.3% (694 of 2456) were current smokers and the rest
were ex-smokers. The majority (64.7%) were admitted from
home with no home care, and 15.1% were admitted from a resi-
dence where they required some care. One thousand four hun-
dred forty-seven (53.8%) were confirmed as having
pneumonia by a radiologist (ie, definite CAP). The mean LOS
was 8.3+6.3 days, and the median LOS was 6.4 days.

Tables 1 and 2 compare those who stayed seven days or
less with those who stayed longer than seven days. Older age,
ex-smoker status, home care, reduced premorbid functional
status and longer time to first dose of antibiotic were all associ-
ated with a longer stay. In contrast, male sex, pathway use,
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TABLE 2

Symptoms, signs and comorbidities of patients with a
hospital length of stay (LOS) of seven days or less
compared with those who stayed more than seven days

LOS LOS
Overall <7 days >7 days P

Temperature, °C (n=2718)* 37.541.1 37.5¢1.1 37.3+1.1 <0.001
Respiratory rate, 26+7.7 25.6+7.4 26.5¢7.9 0.002

breaths/min (n=2669)*
Oxygen saturation on room

air, % (n=1648)*
Temperature, n (%) 2718 1581 1137 0.038

35.5°C to 38°C 1831 (67.4) 1040 (65.8) 791 (69.6)

<35.5°C or >38°C 887 (32.6) 541 (34.2) 346 (30.4)
Respiratory rate, n (%) 2669 1551 1118 0.014

16 to 24 breaths/min 1518 (56.9) 913 (58.9) 605 (54.1)

<16 or >24 breaths/min 1151 (43.1) 638 (41.1) 513 (45.9)

89.6+¢7.0 90.1+6.2 88.6+#8.0 <0.001

Oxygen saturation on 1648 1031 617 0.001
room air, n (%)
<90% 677 (41.1) 392 (38.0) 285 (46.2)
>90% 971 (58.9) 639 (62.0) 332 (53.8)
Symptom, n (%)
Sweats 260 (9.4) 182 (11.4) 8 (6.8) <0.001
Fever 1285 (46.6) 801 (50.0) 484 (41 9) <0.001
Shaking chills 649 (23.5) 438 (27.3) 211 (18.3) <0.001

Chest pain 620 (22.5) 382 (23.8) 238 (20.6) 0.047
Cough 2056 (74.6) 1239 (77.3) 817 (70.8) <0.001
1356 (49.2) 834 (52.0) 522 (45.2) <0.001
317 (11.5) 155 (9.7) 162 (14.0) <0.001
303 (11.0) 194 (12.1) 109 (9.4) 0.028
(
(

Sputum production

Altered mental state

Pleuritic chest pain

Wheeze

Crackles on auscultation
Comorbidity, n (%)

Asthma 389 (14.1) 249 (15.5) 140 (

COPD 895 (32.5) 494 (30.8) 401 (34.7

Diabetes, insulin-dependent 158 (5.7) 80 (5.0) 8(6.8) 0.049

Heart disease 1209 (43.9) 642 (40.0) 567 (49.1) <0.001
166 (14
3 (8.1
171 (14
153 (

604 (21.9) 380 (23.7) 224 (19.4) 0.007
1003 (36.4) 554 (34.6) 449 (38.9) 0.019

12.1) 0.011
34.7) 0.030

Cancer 356 (12.9) 190 (11.9) 14.4) 0.050

Dementia 177 (6.4) 84 (5.2) 8.1) 0.003

Psychiatric disorder 356 (12.9) 185 (11.5) 14.8) 0.011

Stroke 290 (10.5) 137 (8.5) 13.3) <0.001
Comorbidity using PORT criteria, n (%)t

Neoplastic disease 199 (7.2) 5(5.9) 104 (9.0) 0.002
Liver disease 85 (3.1) 9 (3.7) 26 (2.3) 0.032
Cerebrovascular disease 212 (7.7) 100 (6.2) 112(9.7) 0.001
Congestive heart failure 461 (16.7) 223 (13.9) 238 (20.6) <0.001
Renal disease 339 (12.3) 157 (9.8) 182 (15.8) <0.001
None of the above 1644 (59.6) 1056 (65.9) 588 (51.0) <0.001

*Data are presented as means + SD; 1See reference 6. COPD Chronic obstruc-
tive pulmonary disease; PORT Pneumonia Patient Outcomes Research Team

residence at home without home care, and shorter time to
receipt of first dose of antibiotic were associated with a shorter
stay. LOS was also site dependent.

Patients who stayed seven days or less were more likely to
have a higher temperature; to complain of fever, sweats, shak-
ing chills, chest pain, cough, sputum production and pleuritic
chest pain; and to have wheezes on examination of the chest.
They were also more likely to have a lower respiratory rate and
higher oxygen saturation while breathing room air. Those who
stayed longer than seven days were more likely to have altered
mental status and to have a variety of comorbidities.
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TABLE 3

Multivariate analysis of factors predicting a hospital
length of stay longer than seven days in patients with
suspected community-acquired pneumonia

P OR (95% CI)
Site* <0.001
Site A versus site D 0.026  1.40 (1.04 to 1.89)

Site B versus site D <0.001 1.96 (1.47 to 2.61)
Site C versus site D 0.005 1.68(1.17 to 2.41)
Site E versus site D 0.796  0.95 (0.62 to 1.45)
Site F versus site D 0.396 1.17 (0.81 to 1.68)
Weight loss >5% of body weight <0.001 1.94 (1.40 to 2.69)
Functional status <0.001
Walking with assistance versus <0.001 1.87 (1.52 to 2.31)
walking independently
Prosthesis versus walking 0.388  2.16 (0.38 to 12.45)
independently
Bedridden versus walking independently 0.009 2.09 (1.20 to 3.63)
Wheelchair-bound versus walking 0.001 1.84 (1.27 to 2.65)
independently
Sweats 0.011 0.67 (0.50 to 0.91)
Shaking chills 0.006 0.74 (0.60 to 0.92)
Wheeze 0.007  0.74 (0.60 to 0.92)
Heart disease 0.026  1.23 (1.02 to 1.47)
Renal disease 0.015 1.38 (1.06 to 1.78)
Neoplastic disease 0.041 1.43 (1.02 to 2.00)
Hours antibiotic given within 0.036
4 hto 8 hversus <4 h 0.886  0.98 (0.80to 1.21)
>8 h versus <4 h 0.027  1.28 (1.03 to 1.59)
Constant <0.001 0.35

*Sites A and B are community and tertiary care hospitals, sites C and D are
community and secondary care hospitals, and site E and F are community
hospitals

Ten factors were significantly associated with an LOS longer
than seven days on logistic regression analysis (Table 3). When
other factors were fixed, patients who had sweats, shaking chills
and wheeze stayed seven days or less (ORs of 0.67, 0.74 and 0.74,
respectively). Patients who were walking with assistance,
bedridden or using a wheelchair stayed longer than seven days
more often than those who walked independently (ORs of 1.87,
2.09 and 1.84, respectively). Patients who had weight loss, heart
disease, renal disease, neoplastic disease or who waited longer to
receive the first dose of antibiotic stayed longer than seven days
more often (ORs of 1.94, 1.23, 1.38, 1.43 and 1.28, respectively).

The classification tree yielded a tree model with five leaves
(Figure 1). After applying the classification rule to all data, the
classification rate was 62%. Indeed, five factors — walking with
difficulty, any comorbidity, no liver disease, no sputum produc-
tion and no shaking chills — were key in predicting an LOS
longer than seven days.

Because the distribution of LOS is positively skewed, the
natural logarithm of LOS (Ln[LOS]) was used as the response
variable in multiple linear regression and the regression tree.
To determine the factors associated with Ln(LOS) in multiple
linear regression, demographic characteristics, symptoms, med-
ical history, antibiotic use and in-hospital complications were
used in the analysis. Fifteen variables were associated with
Ln(LOS) (Table 4).

The median LOS of patients who had weight loss or who
walked with assistance was 1.29 times that of patients who did
not. The median LOS of patients who were treated with
ciprofloxacin, cefuroxime, clindamycin or metronidazole was
longer than that of patients who did not receive these anti-
biotics. If the patients had an indwelling urinary catheter or
empyema, they tended to stay longer in hospital. Patients who
had heart disease, shortness of breath, altered mental state or
chronic obstructive pulmonary disease stayed longer in hospital

n=2757
LOS <7 days (58.1%)
LOS > 7 days (41.9%)

( Walking independently )—

| |
Yes No —n=945

n=1710 and Missing — n=102

LOS < 7 days (64.8%) LOS <7 days (47.3%)
( Comorbidity )_ ( Sputum production )—

| | | |
Yes No No Yes
n=552 n=1158 n=603 n=444
LOS <7 days (52.5%) LOS <7 days (70.6%) LOS < 7 days (43.3%) LOS <7 days (52.7%)
| |
No Yes
nﬂ% 0 HZ‘;Sz n=354 n=90
< 0, < 0,
LOS <7 days (49.2%) LOS <7 days (75.0%) LOS <7 days (48.9%) LOS <7 days (67.8%)

Figure 1) Classification tree for predicting a length of stay (LOS) in hospital longer than seven days or an LOS of seven days or shorter
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TABLE 4

Multiple linear regression analysis of factors associated
with the median length of stay (LOS) of all patients with
community-acquired pneumonia

CAP length of stay

TABLE 5

Multiple linear regression analysis of factors associated
with the median length of stay (LOS) of definite
pneumonia patients

P Ratio* (95% Cl) P Ratio* (95% Cl)

Sitet Age (per additional year) <0.001 1.01(1.01 to 1.02)

Site A versus site D 0.007 1.21 (1.05 to 1.38) Clindamycin (used versus not used) 0.006 1.36 (1.09 to 1.68)

Site B versus site D 0.563  0.96 (0.84 to 1.10) Metronidazole (used versus not used) 0.002 1.41(1.13t0 1.75)

Site C versus site D 0.470  1.07 (0.90 to 1.27) Indwelling urinary catheter (new) 0.001 1.35(1.14 to 1.61)

Site E versus site D 0.084  0.84 (0.68 to 1.02) (yes versus no)

Site F versus site D 0.033  0.83(0.70t0 0.98) Respiratory failure requiring mechanical 0.009 1.97 (1.19 to 3.26)
Functional status ventilation (yes versus no)

Walking with assistance versus <0.001 1.29 (1.17 to 1.43)

walking independently
Prosthesis versus walking independently 0.760
Bedridden versus walking independently 0.143

1.16 (0.45 to 3.00)
1.24 (0.93 to 1.64)

Wheelchair-bound versus walking 0.779 1.03 (0.86 to 1.23)
independently
Weight loss >5% of body weight 0.001 1.29 (1.12 to 1.48)

(yes versus no)
Heart disease (yes versus no) 0.002 1.14 (1.05 to 1.25)
Indwelling urinary catheter (new) <0.001 1.29 (1.15 to 1.45)

(yes versus no)

Empyema (yes versus no) <0.001 2.47 (1.78 to 3.42)
Liver disease (yes versus no) 0.006  0.73 (0.59 to 0.91)
COPD (yes versus no) 0.002 1.15 (1.06 to 1.26)
Altered mental state (yes versus no) 0.009 1.20 (1.05 to 1.37)
Shortness of breath (yes versus no) <0.001 1.18 (1.08 to 1.30)
Cefuroxime (used versus not used) 0.001 1.19 (1.07 to 1.32)
Ciprofloxacin (used versus not used) 0.001 1.42 (1.15t0 1.74)
Clindamycin (used versus not used) <0.001 1.39 (1.17 to 1.64)
Metronidazole (used versus not used) 0.001 1.31 (1.13 to0 1.53)
Hours from presenting to ER to first dose <0.001 1.01 (1.0 to 1.01)

of antibiotic (per additional hour)

*Ratio of two median LOS (for example, the ratio of median LOS of site B to
median LOS of site D is 0.96); tSites A and B are community and tertiary care
hospitals, sites C and D are community and secondary care hospitals, and
sites E and F are community hospitals. COPD Chronic obstructive pulmonary
disease; ER Emergency room

than those who did not. A longer time to first dose of antibiotic
also contributed to a longer median LOS. Patients who had
liver disease tended to have a shorter LOS in hospital.

Table 5 lists the 10 factors associated with Ln(LOS) for the
definite CAP patients. Patients who had in-hospital complica-
tions such as indwelling urinary catheter, respiratory failure requir-
ing mechanical ventilation, empyema, new-onset diabetes
mellitus and new-onset hypokalemia stayed longer in hospital.
The median LOS of patients who were treated with clindamycin
or metronidazole was longer than that of patients who did not
receive these antibiotics. Older age, longer time to first dose of
antibiotic and weight loss all contributed to a longer median LOS.

The regression tree had 15 leaves (Figure 2). From the tree, it
can be seen that the time to be able to eat and drink well enough
to maintain hydration is an important determinant of LOS.
Patients who were able to eat and drink well enough to maintain
hydration in three days had a shorter LOS than those who could
not reach this milestone. Use of an indwelling urinary catheter is
another important determinant of LOS; patients who had an
indwelling urinary catheter tended to stay longer in hospital than
those who did not. For patients who were not able to eat and
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Empyema (yes versus no) 0.001 2.33(1.39t0 3.91)

New-onset diabetes mellitus (yes versus no) <0.001  2.62 (1.59 to 4.30)

New-onset hypokalemia 0.008 3.55(1.41 to 8.96)
(potassium <3 mmol/L) (yes versus no)

Weight loss >5% of body weight 0.001  1.40 (1.16 to 1.70)
(yes versus no)

Hours from presenting to ER to first dose 0.003 1.01(1.00 to 1.01)

of antibiotic (per additional hour)

*Ratio of two median LOS (for example, the ratio of median LOS of using clin-
damycin to median LOS of not using clindamycin is 1.36). ER Emergency room

drink well enough to maintain hydration in three days, and who
did not have an indwelling urinary catheter, functional status was
another factor associated with LOS. Patients who walked inde-
pendently stayed in hospital for a shorter time than those who
walked with assistance. For patients who were able to eat and
drink well enough to maintain hydration in three days and had an
indwelling urinary catheter, antibiotic therapy within 12 h was
associated with a shorter LOS. For patients who were able to eat
and drink well enough to maintain hydration in three days, and
who did not have an indwelling urinary catheter, site of care, hav-
ing had a comorbidity, not achieving an oxygen saturation level
of 90% or greater in five days were all associated with a longer
LOS. Table 6 lists the factors that were associated with LOS in a
logistic regression model for all suspected pneumonia patients and
in multiple linear regression models for all suspected and definite
pneumonia patients. Weight loss and time of first administration
of antibiotics were included in all three models; this suggests that
these may be important factors associated with LOS.

DISCUSSION

LOS for patients with CAP has been the subject of intense
investigation over the past few decades. Previous studies (16-34)
show that a large number of factors influence LOS. Low socio-
economic status predicted a 5.9 days longer LOS in one study
(32). In other studies, patients with CAP cared for by hospital-
ists had a shorter LOS than those seen by primary care physi-
cians (25), and patients cared for by subspecialists practicing
within their subspeciality had a shorter LOS than those cared
for by subspecialists practicing outside their subspeciality (19).
In one study, variation in clinician behaviour accounted for
13% of the variability in LOS (20). In another study, early
mobilization of patients with CAP led to a reduction in LOS:
6.9 days for those who received the usual mobilization versus
5.8 days for those who received early mobilization (23). These
studies usually examined one factor in isolation.

In an administrative database study (24) of all patients with
CAP admitted to hospital over a five-year period in the
province of Alberta, increasing age, comorbidity, admission to
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Figure 2) Regression tree of analysis of factors predicting hospital length of stay (LOS) in patients with suspected community-acquired pneumonia.

ER Emergency room; Site B Community and tertiary care hospital

a regional or urban hospital (versus a rural one), special care
unit admission, mechanical ventilation for more than 96 h,
respiratory failure, hypotension, female sex and requirement
for in-hospital dialysis were all associated with a longer LOS.
While administrative data allow one to capture all patients
with a disease, the data are unfortunately limited to a few
items, and the accuracy of diagnosis is often an issue.

The administration of antibiotics within 4 h of arrival at the
emergency department has been associated with a shorter LOS,
as has been the type of antibiotic administered (18,27,33).

Our prospective study of all patients who had a clinical
diagnosis of pneumonia and who were admitted to hospital for
treatment in a large Canadian city allowed us to take a more
comprehensive approach to determining the factors associated
with LOS in patients with CAP. We used a variety of analyti-
cal techniques to elucidate the factors associated with LOS. In
addition to confirming many of the previous factors associated
with LOS, we have shown that many others are also associated
with increased LOS. Our results are consistent with those cited
above — site of care, older age, functional status and increased
time to first dose of antibiotic were all associated with
increased LOS in our multivariate analysis. Our data add to the
list of factors impacting LOS (16-34).

Functional status has been known to be a predictor of
both in-hospital and long-term mortality from CAP (35-38).
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In the present study, we found that walking independently was
associated with a shorter LOS than walking with assistance.

The use of either ciprofloxacin, cefuroxime, metronidazole
or clindamycin was associated with increased LOS. In a multi-
centre, multinational study of 844 patients with bacteremic
pneumococcal pneumonia, Yu et al (39) noted that therapy
with cefuroxime was associated with higher mortality when the
penicillin minimum inhibitory concentration was increased.
We have now shown that it is associated with a longer LOS.
Diarrhea (including Clostridium difficile-associated diarrhea) is
an adverse effect of clindamycin, which is frequently used to
treat aspiration pneumonia (40,41). Therefore, there are at least
two reasons for the association of clindamycin and increased
LOS. Metronidazole is frequently used to treat C difficile-
associated diarrhea. Ciprofloxacin is often used to treat infec-
tion due to a variety of Gram-negative bacteria. It is likely that
this antibiotic was used to treat patients in whom secondary
infection was suspected or confirmed. Our recommendations
for antibiotic therapy were levofloxacin orally or cefuroxime
plus erythromycin intravenously. There were 25 patients in the
present study who were treated with cefuroxime only; the mean
LOS for this group was 8.5+7.1 days.

Most instructive, however, were the results of the regression
tree analysis. CARTs are used to predict membership of cases
or objects in the classes of a categorical dependent variable
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from their measurements on one or more predictor variables.
CARTs can deal with incomplete data and multiple types of
features both in input features and predicted features; more-
over, the trees produce interpretable rules (14).

Time to physiological stability was very important at a vari-
ety of levels in the regression tree. In a study of 688 adults hos-
pitalized with CAP, Halm et al (9) found that the median time
to stability was three days using a lenient definition and seven
days using a conservative definition. Our definition of physio-
logical stability is given in the Methods section. It is notewor-
thy that three of the four factors — ability to eat and drink,
oxygen saturation and respiratory rate less than 24 breaths/min —
were important in determining LOS. In another study, Halm et al
(42) noted that patients discharged with two or more instabil-
ities had a fivefold greater risk of death or readmission.

The requirement for a urinary catheter was an important
factor in LOS in the regression tree. Urinary tract infections
account for 40% of all nosocomial infections, and the majority
of these are in patients with indewelling urinary catheters
(43). These infections result in increased mortality and LOS
(44). Avoidance of urinary catheters in patients with CAP is a
testable strategy that may lead to a reduction in the LOS for
this group of patients.

In some studies, introducing pathways of care has resulted
in a reduction in LOS (2,28). However, in a seven-site, cluster-
randomized clinical trial involving 325 control and 283 inter-
vention patients, Fine et al (22), using a guideline for
discharge similar to ours, were unable to show a reduction in
LOS, although fewer patients in the intervention arm had
complications.

The strengths of our study are that we enrolled every
patient with pneumonia over a two-year period. The prospec-
tive, observational nature of the study allowed us to collect a
lot of data that are missing from administrative databases.

The limitations of the study are that it was conducted in
one geographic area of Canada, and the results may not be gen-
eralizable to other countries or even to the rest of Canada. Our
definition of pneumonia, which relied on the attending physi-
cian’s interpretation of the chest radiograph as pneumonia,
may be considered a limitation by some. However, the inter-
observer variability of radiologists in the radiographic diagno-
sis of pneumonia is at least 20% (45) and, furthermore, these
patients were admitted for pneumonia and did not have a
change in diagnosis during hospital stay. Moreover, we also
analyzed patients with definite pneumonia separately.

In the present study, we have used several statistical tech-
niques to investigate factors related to LOS in CAP patients.
This kind of investigation is inherently difficult, and the
results should be interpreted with caution. Commenting on
CARTs, Hastie et al (46) wrote, “One major problem with
trees is their high variance. Often a small change in the data
can result in a very different series of splits, making interpreta-
tion somewhat precarious”. Similar considerations apply to
variable selection methods in multiple linear regression; for
example, Ramsey and Shafer (47) advised, “The explanatory
variables chosen are not necessarily special. Inclusion of indi-
vidual explanatory variables is affected strongly by the correla-
tions between them”. Given the limitations of each approach,
we have chosen to report the results of several substantially dif-
ferent analyses. If a variable is included in several models, then
that suggests somewhat stronger evidence that the variable is
relevant.

Can Respir J Vol 13 No 6 September 2006

CAP length of stay

TABLE 6

Factors associated with hospital length of stay in the logistic
regression model and the multiple linear regression model
Logistic

regression

Multiple linear
regression

Pneumonia patient All suspected All suspected Definite

Age No No Yes
Site Yes Yes No
Functional status Yes Yes No
Weight loss >5% of body weight Yes Yes Yes
Hours from presenting to ER to Yes Yes Yes
first dose of antibiotic
Symptom
Sweats Yes No No
Shaking chills Yes No No
Wheeze Yes No No
Altered mental state No Yes No
Shortness of breath No Yes No
Comorbidity
Heart disease Yes Yes No
Renal disease Yes No No
Neoplastic disease Yes No No
Liver disease No Yes No
COPD No Yes No
Complication Not used
Indwelling urinary Yes Yes
catheter (new)
Empyema Yes Yes
Respiratory failure requiring No Yes
mechanical ventilation
New-onset diabetes mellitus No Yes
New-onset hypokalemia No Yes
(value of potassium <3 mmol/L)
Antibiotic Not used
Clindamycin Yes Yes
Metronidazole Yes Yes
Cefuroxime Yes No
Ciprofloxacin Yes No

COPD Chronic obstructive pulmonary disease; ER Emergency room

CONCLUSIONS
We have confirmed many of the previous associations with
increased LOS, including age — and we have added several new
ones, including functional status, home care, time to receipt of
first dose of antibiotic, use of certain antibiotics, presence of a
urinary catheter and time to physiological stability.
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