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ABSTRACT: Processes of care and adherence to guidelines have been associated with improved

survival in community-acquired pneumonia (CAP). In sepsis, bundles of processes of care have

also increased survival. We aimed to audit compliance with guideline-recommended processes of

care and its impact on outcome in hospitalised CAP patients with sepsis.

We prospectively studied 4,137 patients hospitalised with CAP in 13 hospitals. The processes of

care evaluated were adherence to antibiotic prescription guidelines, first dose within 6 h and

oxygen assessment. Outcome measures were mortality and length of stay (LOS).

Oxygen assessment was measured in 3,745 (90.5%) patients; 3,024 (73.1%) patients received

antibiotics according to guidelines and 3,053 (73.8%) received antibiotics within 6 h. In CAP

patients with sepsis, the strongest independent factor for survival was antibiotic adherence (OR

0.4). In severe sepsis, only compliance to antibiotic adherence plus first dose within 6 h was

associated with lower mortality (OR 0.60), adjusted for fine prognostic scale and hospital.

Antibiotic adherence was related to shorter hospital stay.

In sepsis, antibiotic adherence is the strongest protective factor of care associated with survival

and LOS. In severe sepsis, combined antibiotic adherence and first dose within 6 h may reduce

mortality.

KEYWORDS: Audit, community-acquired pneumonia, compliance, length of stay, mortality, status

T
he incidence of community-acquired pneu-
monia (CAP) ranges from two to five cases
per 1,000 persons [1, 2] and it is the main

cause of death due to infection worldwide [2].
Severe sepsis is a major healthcare problem due to
its high mortality, with the main cause being CAP
in hospitalised patients. In fact, up to 70% of hospi-
talised CAP patients initially have sepsis or may
develop sepsis during their hospital stay [3, 4].

The purpose of CAP guidelines and initiatives,
such as the Surviving Sepsis Campaign (www.
survivingsepsis.org), is to provide recommenda-
tions aimed at improving patient care. Indeed,
implementation of these guidelines is associated
with improved quality outcomes [5–8]. The rec-
ommendations of the most recent evidence-based
guidelines include several processes of care
linked to improved prognosis [9–11]. In the
CAP guidelines, the three most recommended
processes of care are adherence to antibiotic

guidelines, first dose within 6 h and oxygen
assessment reflecting care on admission. In an
audit of quality of care in hospitals in the USA
[12], blood cultures, smoking cessation advice
and pneumococcal vaccination on discharge were
also included. Nevertheless, in the case of blood
cultures, current recommendations are aimed
more at identifying a target population with
a higher diagnostic yield than at a universal
indication [13].

Several prior studies have demonstrated improve-
ments in patient outcomes based on bundles of
processes of care both in CAP [5, 6, 14–16] and in
sepsis [17, 18]. However, despite the interest in
analysing the processes of care, their potential
impact on prognosis is still a subject of debate [19,
20]. We hypothesised that compliance with guide-
lines on the processes of care is related to better
outcomes, including mortality and length of stay
(LOS) in CAP with sepsis or severe sepsis.
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Our primary objective was to evaluate compliance with guide-
lines on processes of care and the effect of each or several
combinations in patients hospitalised for CAP with sepsis and
severe sepsis. A second goal was to investigate its impact on
survival and LOS. We selected processes of care that depend
on the care provider (physicians and nurses). Furthermore, we
aimed to identify the most important combinations of processes
of care that affect outcome measures.

PATIENTS AND METHODS
Design and study population
A prospective, multicentre, observational study was carried
out from November 2005 to November 2007 in 13 hospitals
belonging to the Spanish National Health System. Inclusion
criteria were a new radiographic infiltrate compatible with
the presence of acute pneumonia and at least two signs or
symptoms of CAP. Exclusion criteria were admission with-
in the previous 15 days, nursing-home patients, immunosup-
pressive treatment and/or steroids (.15 mg?day-1) and do not
resuscitate orders. The study was approved by the Ethics
Committees (ISS, Hospital La Fe, Valencia, Spain; July 15, 2004)
and the patients provided written informed consent.

We recorded data on age, sex, prior antibiotic treatment,
adherence to guidelines, comorbidity and risk class according
to FINE et al. [21]. Follow-up was performed after discharge to
assess evolution and mortality after 30 days.

Sepsis and severe sepsis were defined according to previously
accepted criteria [3, 22] Sepsis was defined as the presence of
pneumonia and systemic inflammatory response syndrome
[3, 22]. Severe sepsis was considered if the criteria for sepsis
were met, together with acute organ dysfunction: arterial
hypoxaemia, creatinine .2 mg?dL-1, acute confusion, thrombo-
cytopenia or hyperbilirubinaemia.

Processes of care for in-patients
The following processes of care in accordance with Spanish
guidelines were recorded: 1) assessment of arterial oxygenation
on presentation (by pulse oximetry or arterial blood gas analysis);
2) time until first antibiotic dose (,6 h); and 3) antibiotic
adherence to the Spanish guidelines [11]. Antibiotic adherence
was considered as follows: in hospitalised CAP patients, either
third-generation cephalosporin, amoxicillin-clavulanate combined
with a macrolide, or third- or fourth-generation fluoroquinolone in
monotherapy and, in intensive care unit patients, a combination of
third-generation cephalosporin or amoxicillin-clavulanate plus
macrolides or fluoroquinolone. All other regimens were consid-
ered nonadherent.

Outcome measurements
The outcome evaluated comprised mortality during hospitalisa-
tion and at 30 days.

LOS was defined as the number of days from admission to
hospital to discharge.

Statistical study
Univariate analysis
Statistical analyses were performed using the SAS 8.2 software
(SAS Institute, Inc., Cary, NC, USA). Categorical variables were
compared using the Chi-squared test. Continuous variables
were analysed using ANOVA or the Kruskal–Wallis test. Values

of pf0.05 were considered statistically significant. In order to
evaluate the effect of several processes of care in combination,
we stratified patients with one process of care (adherence
to Spanish guidelines), two processes (antibiotic adherence to
guidelines along with treatment within 6 h) or three processes
(antibiotic adherence, treatment within 6 h and oxygen assess-
ment). LOS was dichotomised as short (f7 days) or long stay.
Pneumonia severity index (PSI) was categorised as low risk
(I–III risk classes) and high (IV–V) risk. Three Kaplan–Meier
survival curves were constructed to assess the effect of processes
of care and sepsis status on survival.

Multivariate analysis
Several logistic regression analyses were performed for each
outcome: in-hospital and 30-day mortality, and LOS. For each
dependent outcome variable, several logistic regression ana-
lyses were performed for the whole cohort and stratified by
sepsis criteria using processes of care in one to three combina-
tions as independent variables. We included the prognostic
scale PSI and the hospital as independent variables in order to
adjust for the independent effect of processes of care. The
Hosmer and Lemeshow goodness-of-fit test was used to
evaluate the adequacy of the models [23]. The areas under the
receiver operating characteristic curves were also calculated.

RESULTS
We included 4,137 patients in our study after excluding 237
who lived in nursing homes: 2,966 (67.8%) had sepsis and 1,572
(38%) severe sepsis. The main demographic characteristics,
comorbidities and PSI scores of the population are shown in
table 1.

The overall rates for the processes of care were as follows: 3,745
(90.5%) patients had oxygen assessment; 3,024 (73.1%) received
antibiotics in accordance with the guidelines; and 3,053 (73.8%)
received the first dose of antibiotic within 6 h after arrival at
the emergency department. The most frequent nonadherent
regimens were: b-lactam monotherapy (53% in the nonsepsis
group, 46% in the sepsis group and 37% in the severe sepsis
group) and fluorquinolone plus b-lactams (27% in the
nonsepsis group, 32% in the sepsis group and 36% in the
severe sepsis group). The combination of two processes of care
was observed in 53.4% of patients and three processes of care
in 48.4% of patients (table 2).

Patients with severe sepsis were more likely to receive the first
dose of antibiotic within 6 h and to have oxygen assessment,
whereas compliance with antibiotic treatment recommended
by the guidelines was significantly lower. Patients with severe
sepsis had a higher probability of adherence to the three
processes of care. Blood cultures were obtained in 645 (55.1%)
patients without sepsis, in 901 (64.6%) of those with nonsevere
sepsis and in 1,044 (66.4%) of those with severe sepsis (p,0.001).

Outcome measures: univariate results
A total of 167 (4%) patients died during hospitalisation and 214
(5.2%) died at 30 days. In-hospital mortality was 38 (2.7%) in
patients with nonsevere sepsis and 109 (6.9%) in patients with
severe sepsis, with the mortality at 30 days being 51 (3.8%) and
131 (8.5%), respectively. Adherence to the different isolated or
combined processes of care with respect to mortality are
shown in table 3.
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In-hospital mortality was significantly lower in patients with
nonsevere sepsis who adhered to a process of care (antibiotic
adherence) compared with patients who did not. An increase in
the number of indicators did not reduce mortality. In patients
with severe sepsis, the mortality was significantly lower (in-
hospital and 30-day mortality) in those with adherence to
at least two indicators (table 3). LOS (expressed as median
(interquartile range)) was analysed, excluding patients in the
whole group who died and those in the groups with severe and
nonsevere sepsis who died, according to adherence to the
different combinations of processes of care (table 4).

LOS was found to be 1 day shorter in patients with nonsevere
sepsis and adherence to one or more processes of care.
Statistically significant differences were not found in the group
with severe sepsis (tables 4 and 5).

In the group of patients with adherence to antibiotic treatment,
we analysed the impact on mortality when the effect of other
processes of care was added. The mortality tended to be lower
when the first antibiotic dose was administered within the first
6 h (p50.053) (table 4). Furthermore, the Kaplan–Meier survival

curves comparing survival of patients according to sepsis status,
the effect of antibiotic adherence and timing within 6 h are
provided in figure 1. The survival was significantly higher
in patients with antibiotic compliance and timing ,6 h in
nonsevere (log rank Mantel–Cox 9.01; p50.01) and severe sepsis
(log rank Mantel–Cox 9.39; p50.009).

Multivariate analyses
Several multivariate logistic regression analyses were carried
out with the dependent variables (in-hospital mortality, mor-
tality at 30 days and LOS). The independent variables were
processes of care, entered as compliance with one (antibiotic
adherence to guidelines), two or three processes of care
(table 6).

Adherence to antibiotic guidelines was the strongest protective
factor for mortality in the whole population and in patients
with nonsevere sepsis, and adding further processes of care
did not improve survival. In the group with severe sepsis, the
odds ratio for the protective effect of the combination of two or
three processes of care (ORs 0.6 and 0.62, respectively) was

TABLE 2 Processes of care and community-acquired pneumonia with and without sepsis

Total No sepsis Nonsevere sepsis Severe sepsis p-value#

Abx 3024 (73.1) 881 (75.8) 1043 (75.0) 1100 (70.1) 0.003

Timing 3053 (73.8) 814 (73.6) 1012 (76.8) 1227 (81.3) 0.004

Oxygen assessment 3745 (90.5) 1050 (89.7) 1164 (83.5) 1531 (97.4) ,0.001

Abx plus timing 2208 (53.4) 599 (53.8) 753 (56.6) 856 (56.1) 0.7

Abx plus timing plus oxygen assessment 2004 (48.4) 539 (48.0) 634 (47.3) 831 (54.4) ,0.001

Data are presented as n (%), unless otherwise stated. Abx: antibiotic adherence to guidelines; Timing: first antibiotic dose ,6 h. #: p-values are the comparison between

severe and nonsevere sepsis.

TABLE 1 Demographic characteristics, comorbidities and pneumonia severity index (PSI) scores

Total Sepsis p-value#

Nonsevere sepsis Severe sepsis

Subjects n 4137 1394 (33.7) 1572 (38.0)

Age yrs 65.6¡18.2 61.5¡19.3 68.7¡16.5 ,0.001

Males/females 2740 (66.2)/1397 (33.8) 909 (65.2)/485 (34.8) 1091 (69.4)/481 (30.6) 0.01

Smoking 926 (22.4) 349 (25.0) 348 (22.1) 0.001

Pneumococcal vaccination 396 (9.6) 106 (7.6) 166 (10.6) 0.001

Influenza vaccination 1749 (42.3) 513 (36.8) 727 (46.2) ,0.001

Comorbidity

Diabetes 875 (21.2) 204 (14.6) 305 (19.4) 0.001

Liver disease 176 (4.3) 49 (3.5) 73 (4.6) 0.1

Cardiopathy 591 (14.3) 148 (10.6) 239 (15.2) ,0.001

CNS disease 422 (10.2) 126 (9.0) 170 (10.8) 0.1

COPD 987 (23.9) 244 (17.5) 488 (31.0) ,0.001

PSI

I–III/IV–V 2240 (54.1)/1897 (45.9) 959 (68.8)/435 (31.2) 559 (35.6)/1013 (64.4) ,0.001

Data are presented as mean¡SD or n (%), unless otherwise stated. CNS: central nervous system; COPD: chronic obstructive pulmonary disease. #: comparison between

severe and nonsevere sepsis.
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better than the odds ratio of a single process of care (OR 0.75)
compared with in-hospital mortality. With regard to mortality
at 30 days, only the odds ratio for two processes of care
maintained a trend towards lower mortality (p50.06). The Chi-
squared goodness-of-fit analysis demonstrated the adequacy
of the model (p50.2).

In the multivariate models to predict a short stay (f7 days) in
the whole population and in the group with nonsevere sepsis, a
significant association was found with adherence to one, two or
three processes of care (ORs in the sepsis group was 0.71, 0.71
and 0.61, respectively). No significant association was found
with any process of care in the subgroup with severe sepsis.

DISCUSSION
The most important findings of our study are as follows: 1) 38%
of the patients with hospitalised CAP had severe sepsis with a
30-day mortality of 8.5% compared with ,2% in those without
sepsis; 2) only 48% of patients were managed with adherence to
three processes of care and oxygen assessment was not initially
performed in 10%; 3) in patients with nonsevere sepsis,
adherence to antibiotic guidelines was the strongest indepen-
dent protective factor associated with lower mortality and LOS;
and 4) in patients with severe sepsis, the in-hospital mortality,

adjusted for PSI and hospital effect, was only significantly lower
when two processes of care (antibiotic adherence to guidelines
and first dose within 6 h) were followed.

In the present study, we have corroborated that severe sepsis
increases mortality by CAP, although our figures of mortality
are lower than those reported by DREMSIZOV et al. [3] (13.1%
versus 8.5%), which is probably due to the exclusion of nursing-
home patients, and are closer to those of SCHAAF et al. [4] in
pneumococcal pneumonia. Both CAP and sepsis are frequent
infectious causes of death worldwide and, thus, the interest in
developing guidelines designed to clarify their management
and make recommendations regarding all the steps to be taken
is not surprising [11, 18, 24]. Processes of care that are
dependent of the actions of healthcare professionals play a
key role, as intervention directed to implement compliance is
feasible. We found that the most commonly used process was
oxygen assessment, and that adherence to antibiotic treatment
and time until first dose guidelines were around 73%. When
the results were analysed for more than one process of care in
the same patient, the percentage fell progressively, in line with
the increase in processes. Thus, only 48% of patients received
care that adhered to three processes, a figure similar to that
found for sepsis by MIKKELSEN et al. [25]. Interestingly, this

TABLE 3 Mortality in community-acquired pneumonia (in hospital and at 30 days) with or without sepsis related to compliance
with processes of care

Mortality All No sepsis Nonsevere sepsis Severe sepsis

Abx yes/no

In-hospital 103 (3.4)/64 (5.8)+ 15 (1.7)/5(1.8) 19 (1.8)/19 (5.5)+ 69 (6.3)/40 (8.5)

At 30 days 135 (4.5)/79 (7.3)+ 23 (2.6)/8 (2.9) 25 (2.4)/27 (7.9)+ 87 (8.1)/44 (9.5)

Abx plus timing yes/no

In-hospital 68 (3.1)/89 (5.1)" 9 (1.5)/8 (1.6) 13 (1.7)/23 (4.0)" 46 (5.4)/58 (8.6)"

At 30 days 92 (4.2)/108 (6.2)" 16 (2.7)/12 (2.4) 18 (2.4)/32 (5.7)" 58 (6.9)/64 (9.7)*

Abx plus timing plus oxygen

yes/no

In-hospital 64 (3.2)/93 (4.7)* 7 (1.3)/10 (1.7) 12 (1.9)/24 (3.4) 45 (5.4)/59 (8.5)*

At 30 days 87 (4.4)/113 (5.8)* 13 (2.4)/15 (2.6) 17 (2.7)/33 (4.8)# 57 (7.0)/65 (9.5)

Data are presented as n (%). Abx: antibiotic adherence to guidelines; Timing: first antibiotic dose ,6 h. *: p,0.05; #: p50.051; ": pf0.01; +: pf0.001.

TABLE 4 Impact of additional processes of care in patients with antibiotic adherence to Spanish guidelines

In-hospital mortality p-value Mortality at 30 days p-value LOS days p-value

Timing ,6/.6 h

Nonsevere sepsis 13 (1.7)/4 (1.8) 0.9 18 (2.4)/5 (2.3) 0.9 6 (4–9)/7 (5–9) 0.04

Severe sepsis 46 (5.4)/18 (9.0) 0.053 58 (6.9)/20 (10.2) 0.1 8 (5–13)/7 (5–11) 0.2

Oxygen assessment yes/no

Nonsevere sepsis 18 (2.0)/1 (0.6) 0.2 24 (2.8)/1 (0.6) 0.1 6 (4–9)/7 (4–10) 0.08

Severe sepsis 67 (6.3)/2 (6.9) 0.8 85 (8.1)/2 (7.4) 0.9 8 (5–12)/9 (5–14) 0.5

Timing plus oxygen yes/no

Nonsevere sepsis 12 (1.9)/5 (1.4) 0.6 17 (2.7)/6 (1.7) 0.3 6 (4–9)/7 (4–10) 0.003

Severe sepsis 45 (5.4)/19 (8.4) 0.09 57 (7.0)/21 (9.5) 0.2 8 (5–13)/7 (5–12) 0.3

Data are presented as n (%) or median (interquartile range), unless otherwise stated. LOS: length of stay; Timing: first antibiotic dose ,6 h.
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percentage was higher in patients with severe sepsis (54.4%),
with more patients treated within the first 6 h, although with
lower antibiotic adherence (mainly due to a broader antibiotic
spectrum).

Our findings show that antibiotic adherence to Spanish guide-
lines and first dose within 6 h were associated with a lower
mortality (in-hospital and at 30 days) and a lower LOS in
the whole cohort. Interestingly, antibiotic adherence was the
strongest protective factor for in-hospital mortality and mortal-
ity at 30 days in patients with nonsevere sepsis, and a further
process of care did not improve outcome. Conversely, in CAP
with severe sepsis, the in-hospital mortality was only signifi-
cantly reduced when both processes of care were applied.

Adherence to antibiotic treatment is the process of care that has
most consistently shown a positive effect in many studies
[6, 7, 26–28]. Moreover, in the subset of patients who received
guideline-adherent antibiotics, treatment within the first 6 h
was found to significantly reduce mortality. Although it has
been shown that a shorter time to antibiotic initiation improves
outcome [19], some authors have pointed out the harmful
consequences of this measure, such as inappropriate use of
antibiotics before confirming diagnosis [29, 30]. Despite the
debate regarding the number of hours, we corroborated the
fact that when antibiotic is administered within 6 h, several
outcome measurements are improved (in-hospital mortality in
severe sepsis (p50.05) and lower LOS in sepsis (p,0.05)). This
effect was specifically shown in patients with severe sepsis
who received guideline-adherent antibiotics, which is precisely
where the effect should be most evident.

Curiously, oxygen assessment has been found to be associated
with higher mortality and poorer prognosis. The apparent
discrepancy between this process of care and prognosis can be
explained by the fact that the lack of this assessment corresponds
to younger patients without comorbid conditions and, conse-
quently, a lower mortality. In fact, in patients with severe sepsis,
oxygen assessment performed with in nearly 98% of cases and it
has been reported that early assessment in severe pneumonia
improves survival [31].

The best combination of processes of care in hospitalised
patients with CAP and severe sepsis, as confirmed by the
multivariate analysis, includes at least two processes of care
(antibiotic adherence and treatment within the first 6 h).
However, in less severe patients with nonsevere sepsis and a
single process of care (antibiotic adherence), the protective
factor is very similar to that of several processes of care. This
finding confirms the importance of the impact of quality and the
effect of two concomitant processes of care in patients with
severe sepsis. Bundles of care have been shown to increase
survival in patients with sepsis of different aetiologies [17, 32].
Our findings, at least in the subset of patients with severe sep-
sis, contradict the recent recommendations of the American
Academy of Emergencies that consider it useless to measure the
time until the first dosage of antibiotics in CAP [30].

LOS is an end-point that depends on several factors related to
the patient, comorbidities and social factors [33, 34]. However,
in the whole cohort and in patients with sepsis, we consistently
found that the median LOS was 1 day shorter if antibiotic use
adhered to guidelines [35, 36].

One limitation of our study is that the observational design
makes it difficult to establish a cause–effect relationship between

TABLE 5 Length of stay in days and processes of care

All No sepsis Nonsevere sepsis Severe sepsis

Abx yes/no 7 (4–10)/7 (5–11)* 6 (4–9)/7 (5–10)** 6 (4–9)/7 (5–11)* 8 (5–12)/8 (6–12)

Abx plus timing yes/no 7 (4–10)/7 (5–10)* 6 (4–9)/7 (5–10)* 6 (4–9)/7 (5–10)* 8 (5–12)/8 (5–12)

Abx plus timing plus oxygen yes/no 7 (4–10)/7 (5–10)* 6 (4–9)/7 (5–9)# 6 (4–8)/7 (4–10)* 8 (5–12)/8 (5–12)

Data are presented as median (interquartile range). Abx: antibiotic adherence to guidelines; Timing: first antibiotic dose ,6 h. #: p50.057. *: p,0.05; **: p,0.01.
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FIGURE 1. Kaplan–Meier survival curves in a) nonsevere and b) severe sepsis

community-acquired pneumonia patients comparing the effect of antibiotic

compliance and timing ,6 h. Abx: antibiotic adherence to guidelines.
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processes of care and prognosis. Their effect on outcome could
be due to changes in unmeasured processes of care or better
medical care [37]. While it is difficult to attribute improvements
in outcome to improvements in quality of care, some investiga-
tors have demonstrated improvements based on implementation
of bundles of processes of care [37]. Additional measures, such as
the efficiency of care during hospitalisation, are clearly needed,
despite being difficult to describe.

In summary, we have confirmed that there are areas where
improvement is needed to increase quality care in hospitalised
patients with CAP, mainly in those with severe sepsis. In CAP
with severe sepsis, selection of an antibiotic and timing of the
first dose within 6 h may reduce mortality, whereas in nonsevere
sepsis, antibiotic selection is more decisive. Our findings might
have clinical implications in managing hospitalised CAP in the
emergency room. Efforts should be directed toward identifying
factors that affect poorer compliance with quality indicators in
order to prepare specific strategies for their resolution.
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