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Summary

QUESTIONS UNDER STUDY: Community acquired
pneumonia (CAP) and sepsis are leading causes of hos-
pitalisation after admission to a medical emergency de-
partment (ED). Identifying these potentially life-threaten-
ing diseases is not always easy due to often unspecific or
minimal symptoms. However, quick application of antibi-
otics is known to be crucial and is correlated with better
outcome. The international guidelines of the joint commis-
sion suggest a 4 hour-rule for optimal quality of care in
CAP and sepsis. In this study we assessed the door-to-
needle time (DNT) in patients admitted to our ED with the
diagnosis of CAP and/or sepsis. Furthermore we investig-
ated the CRB-65 score, its clinical performance and its in-
fluence on DNT.
METHODS: Retrospective observational study of all pa-
tients admitted and hospitalised through the ED of a Swiss
hospital with the diagnosis of sepsis or pneumonia from
June 2009 to June 2010 (n = 139).
RESULTS: In 73% of the cases DNT was lower than the
recommended 4 hours. In CAP, a correlation between the
CRB-65 and DNT was not found (ρ = 0.13, p = 0.30). Fur-
ther parameters, e.g. temperature or blood pressure did not
improve DNT significantly. Analysis of the CRB-65 score
was regularly impeded due to absent documented informa-
tion on respiratory rate or confusion state.

Abbreviations
BP: Blood pressure
CAP: Community acquired pneumonia
CRB-65: Confusion, respiratory rate, blood pressure and age
over 65
CRP: C reactive protein
CURB-65: Confusion, urea, respiratory rate, blood pressure
and age over 65
DNT: Door-to-needle time
ED: Emergency departement
PCT: Procalcitonin
PSI: Pneumonia severity index
RR: Respiratory rate
WBC: white blood cell counts

CONCLUSION: In most cases it was feasible to fulfill the
4 hours DNT. The CRB-65 score is an easy bedside tool,
which was not routinely assessed by our emergency room
personnel but its assessment did not affect DNT in our hos-
pital.
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Introduction

Community acquired pneumonia (CAP) and sepsis are
leading causes of hospitalisation after admission to a med-
ical emergency department (ED) and are potential life-
threatening situations [1, 2]. An early and correct diagnosis
is crucial for an optimal treatment of patients with severe
infections. However, that is often difficult due to symp-
toms, which are unspecific or similar to other noninfectious
conditions. The blood culture results are not immediately
available and common laboratory parameters are not spe-
cific enough to separate critical infections from other con-
ditions [3]. The addition of procalcitonin, a laboratory
value, has been proposed to guide clinicians, but has not
resolved by this issue [4]. Furthermore, unnecessarily giv-
en antibiotics are known to contribute to antibiotic res-
istance and cause preventable health costs [5]. Therefore,
guidelines for the diagnosis of sepsis as well as CAP have
emerged to assist in diagnosis and empirical therapy [6–8].
However, there are several reasons that lead to non-adher-
ence of these guidelines, e.g. comorbidities or the recom-
mendation from a consulting physician [9]. In infectious
diseases early administration of antibiotics according to
evidence-based quality guidelines have been reported to be
associated with decreased morbidity and mortality [10–12].
The so-called door-to-needle time (DNT) is defined as the
time between arrival at the ED and the administration of
intravenous antibiotics and it is used as a quality marker
in treatment of CAP and sepsis. Therefore, a short DNT
is pivotal for good clinical practice [12–14]. Most studies
suggest a DNT of four to eight hours for better outcome
and sufficient management quality [15, 16]. These recom-
mendations are based on several studies that found an as-
sociation between reduced mortality, decreased length of
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hospital stay and improved outcome with timely antimi-
crobial therapy [14, 17, 18]. To achieve the quality of care
standards the resident staff and nurses must be trained and
be aware of existent guidelines, definitions, and clinically
helpful tools.
One such tool is the confusion, respiratory rate, blood pres-
sure and age over 65 (CRB-65) score. It represents a clinic-
al prediction rule that grades the severity of community-ac-
quired pneumonia in terms of 30-day mortality [19–21]. A
score from 0-1 means a predicted mortality rate of 2–5%.
A score of 2 indicates a mortality rate of 12% and scores
of 3 and 4 a mortality rate of 31% [22]. It is used to define
the group of patients, which are most likely to present
a severe pulmonary infection, and therefore needs to be
treated in hospital. The CRB-65 score is a modification
of the CURB-65 score, which additionally includes serum
urea measurement. Both scores are claimed to perform
equally and as the CRB-65 score does not require a blood
test, it is the faster and easier bedside tool in primary care
[21]. Furthermore, urea determination is not widely used
in Europe to assess kidney function. A further pneumonia
severity assessment system is the pneumonia severity index
(PSI), which uses 20 clinical and investigational variables
to divide patients into 5 severity classes [23]. Compared to
the CURB-65 score, the PSI seems to be more specific and
sensitive in predicting patients who will require admission
to the intensive care unit [24]. However, the high number of
variables used for the PSI is not practical in an ED, hence
the CRB-65 score is often preferred. All these scores were
developed to facilitate the decision-making process, if a pa-
tient needs to be hospitalised or if he can be treated ambu-
latorily. Therefore, these scores might help to reduce health
care expenditure.
The purpose of this study was to determine DNT in our
hospital setting in the treatment of patients with severe in-
fections such as CAP and sepsis. In patients admitted with
the diagnosis of CAP, the CRB-65 score was retrospect-
ively calculated. We examined if the CRB-65 score had an
influence on the timing of antibiotics administration. The
correlation between DNT and the CRB-65 score was our
main focus and furthermore we investigated if other para-
meters might lead to a shorter DNT in CAP patients and
patients with sepsis.

Methods

A retrospective data analysis of adult patients (age >18
years) with demission diagnosis of CAP or sepsis was per-
formed. We applied the following definitions. CAP refers
to pneumonia acquired outside of hospitals. The diagnosis
of pneumonia was ascertained by clinical signs (productive
cough, fever, shortness of breath) an auscultation which
was typical and an infiltrate on a chest X-ray, which was
confirmed by 2 observers (radiologist and clinician). Sepsis
was defined by SIRS criteria and bacterial growth in cul-
ture or by a confirmed infection in body tissue [25]. Pul-
monary comorbidity includes chronic obstructive pulmon-
ary disease, asthma or lung fibrosis. Cerebrovascular co-
morbidity includes ischemic or hemorrhagic stroke. He-
patic comorbidity includes liver cirrhosis, known hepatitis
A-C or unknown elevated liver transaminases (4 times up-

per the limit of normal value). Renal comorbidity denotes
acute renal failure or known a creatinin clearance <30 ml/
h.
We included all patients admitted by the ED of the Clinic
of Internal Medicine of a Swiss hospital with a reach of
160,000 habitants from June 2009 to June 2010. Only data
sets with either main or second diagnosis of pneumonia or
sepsis were included and one of these had to be the reason
of the hospital stay. Therefore, the dismissal diagnosis had
to be the same as the entrance diagnosis after quitting the
ED. Data from 309 patients admitted to our hospital with
the diagnosis of pneumonia were obtained and analysed for
DNT. A data set was considered complete, if (1) time of
admission and time of antibiotic administration were dis-
tinctively noted, (2) the first diagnosis was approved by ra-
diology or clinical examination and (3) the first diagnosis
was also the main cause of hospital stay. Excluded were pa-
tients presenting to our ED who had already received anti-
biotics or who had been transferred from another hospital.
Also excluded were patients who did not receive antibiot-
ic treatment in a palliative situation or because of patient
preference. Patients who received antibiotics on the med-
ical ward (e.g. due to a crowded ED) were excluded, due
to difficulties in securing the precise timing of the antibi-
otic treatment. After application of inclusion and exclusion
criteria, 113 complete data sets from a total of 309 (36%)
were investigated for CAP. In figure 1 the final identifica-
tion and numbers of missing respiratory rate (RR) and con-
fusion state are illustrated.
The same selection process was applied to patients with
the demission diagnosis of sepsis. Out of 120 patients, 65
(54%) data sets were complete. Forty-two patients fulfilled
both sepsis and pneumonia criteria and were used in both
data sets. DNT was defined as the time interval between the
first contact of the nursing staff at our ED until the intra-
venous antibiotic therapy was given.
Due to the retrospective nature of the study, the CRB-65
score had to be calculated out of clinical examination notes.
If this was not possible the data was denoted incomplete

Figure 1

Flow chart of CRB-65 data set obtained from patients with
community acquired pneumonia (CAP).
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and therefore excluded. In 68 data sets (60% from the com-
pleted data sets of CAP), the CRB-65 score could be cal-
culated. All other collected parameters, e.g. temperature,
pulse and blood pressure, were only used if they had been
taken before any intervention took place and they had to
be clearly declared as first measurements. CRP and WBC
were collected from the first blood examination, which had
to be taken prior to the antibiotic treatment.
Results are displayed as mean ± standard deviation. To cal-
culate correlation coefficients between the different para-
meters we applied Spearman correlation analyses (ρ). For
all statistics PASW statistics (Version 18.0, SPSS Incorpor-
ated, Chicago, USA) was used. p-values <0.05 were con-
sidered statistically significant.

Results

Figure 2

Door-to-needle-time (DNT) in community acquired pneumonia
patients.

Patients’ characteristics are shown in table 1.

CAP
In figure 2 the DNT for CAP patients is presented. More
than half of the patients (59.3% (67/113)) were diagnosed
and treated within 3 hours of admission to our ED. 73%
(83/113) of all patients received antibiotics within the re-
commended 4 hours. In 4 cases (3.5%; 4/113) the DNT was
longer than 6 hours. The fastest application took place after
15 minutes, the longest time interval for DNT was over 10
hours.
Figure 3 shows the relation between the CRB-65 score and
DNT.
In table 2 all sub-categories of the CRB-65 score and the
score itself are listed. A considerable number (n = 50) of
patients were hospitalised in spite of having a low risk pro-
file (CRB-65 scores of 0–1). In those cases hospitalisation
took place due to significant comorbidities (e.g. chronic
obstructive pneumopathy or asthma (n = 11), immunodefi-
ciency (n = 6; HIV, diabetes, cancer on treatment) or sepsis
(n = 9). Furthermore, social situations of elderly, alone-liv-
ing patients with otherwise impaired clinical performance
status had led to hospital admission.

Sepsis
Figure 4 presents the DNT for patients with the diagnosis
of sepsis. The fastest DNT was 15 minutes, the longest
DNT was 9 hours after ED admission.
In table 3 the different parameters in relation to DNT are
shown (n = 64, one data sheet did not contain initial blood
pressure and temperature). Significant correlations were
not found (highest correlation was between DNT and
WBC, ρ = 0.15, p = 0.24).

Table 1: Characteristics of the patients with community acquired pneumonia and sepsis.

CAP (n = 113) Sepsis (n = 65)
Age (years) 67.0 ± 17.3 65.8 ± 16.9

Number of men, n (%) 69 (61) 33 (50)

Chronic heart failure, n (%) 15 (13) 11 (17)

Diabetes mellitus, n (%) 14 (12) 16 (25)

Neoplastic disease, n (%) 10 (8) 8 (12)

Pulmonary comorbidity, n (%) 31 (27) 11 (17)

Cerebrovascular comorbidity, n (%) 12 (10) 1 (1)

Hepatic comorbidity, n (%) 4 (3) 0

Renal comborbidity, n (%) 24 (21) 13 (20)

CAP: community acquired pneumonia

Table 2: CRB-65 score in patients with community acquired pneumonia.

n (%)
Number of CRB-65 data sets 68

Confused patients 9 (13)

Respiratory rate >30/min 13 (19)

Systolic <90 mm Hg 3 (4)

Diastolic <60 mm Hg 13 (19)

Age >65 years 42 (61)

CRB-65 score 0 18 (26)

CRB-65 score 1 32 (47)

CRB-65 score 2 11 (16)

CRB-65 score 3 5 (7)

CRB-65 score 4 2 (3)

BP: blood pressure
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Discussion

A short time to first antibiotic dose has been reported to im-
prove patient outcome in CAP and sepsis [26–28]. In our
hospital, CAP and sepsis patients received their first antibi-
otic dose in most of the cases within the anticipated time of
4 hours after admission to the ED. To grade quality of care,
the DNT has been suggested to be an indicator. Delays in
antibiotic administration may be due to different reasons.
Since our hospital is engaged in education of postgraduate
physicans and pregraduated nurses, persons in training may
lack knowledge or awareness of the benefits of short DNT.
This might be one of the factors that lead to a longer DNT.
Correlation of DNT with the availability of a more experi-
enced physician in the ED was not assessed, but might be
of influence. The presence of an educated nurse might as

Figure 3

Relation between door-to-needle-time (DNT) und CRB-65 in
community acquired pneumonia patients.

Figure 4

Average door-to-needle-time (DNT) in sepsis patients.

well be of importance. Also, a crowded ED with a high pa-
tient load and restricted resources at specific hours of the
day could delay the time until a physician or a nurse has
contact with the patient and this might increase DNT. This
however could be excluded in our hospital since an extern-
al quality assessment (performed by the Verein Outcome
[29]) revealed that the time interval to first patient con-
tact was below 15 minutes. In our sample, the main reason
however seemed to be the difficulty to identify those pa-
tients suffering from CAP and/or sepsis. In elderly patients
with additional comorbidities, symptoms of pneumonia or
sepsis maybe less distinct or difficult to assign to a specific
organ system. However, in most cases the DNT was within
an acceptable time range in our ED.
With respect to the CRB-65 score, our study has some lim-
itations. The retrospective design led to the fact that some
variables such as confusion and RR were not found in the
medical charts. In nearly 50% of the cases the CRB-65
score could not be calculated, due to lack of this data. To
determine confusion of a patient with some degree of de-
mentia can be difficult and in some cases it was not pos-
sible to distinguish between baseline dementia and actual
confusion, but mostly the physician did not comment on
the confusion state of their patients at all. Unexpectedly,
the biggest loss of data was attributed to missing RR doc-
umentation. Some of the missing RR was possibly due to
the fact that vital signs such as temperature, blood pres-
sure and heart rate were measured by a nurse and docu-
mented in a sheet where the RR could not be easily in-
cluded. Furthermore, some of the vital signs, for instance
blood pressure and heart rate were measured by an auto-
mated monitoring system, but not the RR. Most of the
nurses and the physicians do not carry a watch which al-
lows them to measure the RR reliably over 30s. Because of
hygienic concerns watches on the forearm were banned in
our hospital. Furthermore, this implicates that the assess-
ment of the CRB-65 score was not routinely done. This is
also reflected in the fact that there was no significant cor-
relation between DNT and the CRB-65 score. To facilit-
ate the application of the CRB-65 score and the 4-hours
rule, we raised the awareness regarding this particular rule
and score in our ER staff. Furthermore, all nurses at the
ER received a watch attachable to their clothes for easy as-
sessment of the RR and the documentation sheet has been
changed accordingly. As for pneumonia the CRB-65 score
was originally designed to be a tool to predict severity
of the disease and to decide where to treat a patient with
CAP. In our sample the most represented CRB-65 scores
were 0 and 1. According to earlier published guidelines
[30] the major part of our study population should actually

Table 3: Average door-to-needle-time in sepsis patients with clinical and laboratory variables in the different time slots.

DNT (mean ± SD) n (%) Systolic BP (mm Hg) Diastolic BP (mm Hg) Pulse (min–1) Temperature (°C) CRP (mg/L) WBC (*103/uL)
<1 hour 4 (6) 101 ± 22 53 ± 5 106 ± 47 37.8 ± 1 218 ± 192 10.2 ± 4

<2 hours 17 (26) 117 ± 30 67 ± 14 105 ± 19 37.4 ± 2 199 ± 158 11.6 ± 6

<3 hours 19 (30) 140 ± 38 74 ± 16 108 ± 13 38.2 ± 1 124 ± 111 12.2 ± 6

<4 hours 8 (12) 123 ± 42 64 ± 19 100 ± 20 37.2 ± 1 153 ± 125 12.3 ± 5

<5 hours 8 (12) 124 ± 34 65 ± 18 106 ± 22 37.3 ± 1 161 ± 196 17.6 ± 21

<6 hours 4 (6) 120 ± 27 70 ± 20 107 ± 23 37.9 ± 1 50 ± 36 13.3 ± 5

≥6 hours 4 (6) 109 ± 20 63 ± 12 101 ± 9 37.7 ± 2 284 ± 71 16.9 ± 8

DNT: door-to-needle-time; BP: blood pressure; WBC: white blood cell count; CRP: C-reactive protein; Temperature: measured axillary
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have been dismissed from the hospital setting with an am-
bulant antibiotic therapy. The fact that a score from 0–1
was the most represented cannot be explained by the num-
ber of patients younger than 65 years old, conversely, the
CRB-65 score might overestimate patients older than 65.
These findings supported the notion that maybe not only
the severity of the pneumonia had led to hospitalisation but
that there were also other influences. Important paramet-
ers are not taken into account in the CRB-65 score: func-
tional impairment, living alone at home and comorbidit-
ies, which require an inpatient treatment. However, it has
already been found, that the CURB-65 score, and therefore
also the CRB-65 score, does not perform equally in all co-
horts of patients, because it does not assess the impact of
comorbidities [24]. The CRB-65 score cannot be used as
a single decision making tool and the clinical presentation
does and should influence the process of decision-making.
Nevertheless, as a consequence of the results of this study,
clinicians were instructed to use the CRB-65 score to as-
sess the mortality risk of the patients with pneumonia cor-
rectly. Patients with low mortality are to be managed am-
bulantly or if comorbidities or social circumstances do not
allow this, it should be noted on admission.
As an alternative score the PSI would provide a higher
sensitivity and pretest probability in patients with CAP
[31, 32]. In our study we did not test the PSI due to its
more complex calculation with several variables. In gener-
al, scores can be a decision-supporting tool, but only a few
among them also allow an impact on treatment manage-
ment [33–35]. They do not include rare medical conditions
or immune-status and it lies in their nature that they over-
simplify some conditions. Also do they not account for cer-
tain important states, e.g. hypothermia, functional impair-
ment, living alone or comorbidities.
We collected further parameters, of which we thought they
could support the physician in shortening DNT. The fact of
present fever and high WBC did not result in significant
correlations to DNT. We interpret the spread of DNT time
also with the difficulty of obtaining CAP or sepsis specific
parameters. To identify the patients without typical symp-
toms of CAP and sepsis, rapid and accurate laboratory
test are necessary. The isolation of microorganisms from
body fluid specimens as in blood cultures takes definitely
more than 4 hours. And the quickly available parameters
CRP and WBC only have a limited specificity. Having an
infection-specific parameter would be of high interest.

Conclusion

We conclude that clinical prediction rules such as the
CRB-65 were not routinely assessed by the staff in our ED,
due to practical limitations such as documentation and as-
sessment of the RR and confusion state. We are aware of
the limitation of clinical prediction rules and can conclude
that the DNT in CAP and sepsis patients was according to
good clinical practice.
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Figures (large format)

Figure 1

Flow chart of CRB-65 data set obtained from patients with community acquired pneumonia (CAP).

Figure 2

Door-to-needle-time (DNT) in community acquired pneumonia patients.
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Figure 3

Relation between door-to-needle-time (DNT) und CRB-65 in community acquired pneumonia patients.

Figure 4

Average door-to-needle-time (DNT) in sepsis patients.
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