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    Abstract

      The CURB-65 score (Confusion, Urea >7 mmol·L−1, Respiratory rate ≥30·min−1, low Blood pressure, and age ≥65 yrs) has been proposed as a tool for augmenting clinical judgement for stratifying patients with community-acquired pneumonia (CAP) into different management groups.

      The six-point CURB-65 score was retrospectively applied in a prospective, consecutive cohort of adult patients with a diagnosis of CAP seen in the emergency department of a 400-bed teaching hospital from March 1, 2000 to February 29, 2004. A total of 1,100 inpatients and 676 outpatients were included.

      The 30-day mortality rate in the entire cohort increased directly with increasing CURB-65 score: 0, 1.1, 7.6, 21, 41.9 and 60% for CURB-65 scores of 0, 1, 2, 3, 4, and 5, respectively. The score was also significantly associated with the need for mechanical ventilation and rate of hospital admission in the entire cohort, and with duration of hospital stay among inpatients.

      The CURB-65 score (Confusion, Urea >7 mmol·L−1, Respiratory rate ≥30·min−1, low Blood pressure, and age ≥65 yrs), and a simpler CRB-65 score that omits the blood urea measurement, helps classify patients with community-acquired pneumonia into different groups according to the mortality risk and significantly correlates with community-acquired pneumonia management key points. The new score can also be used as a severity adjustment measure.

    
	Community-acquired pneumonia
	prediction rule
	severity assessment


      Akey step in the management of community-acquired pneumonia (CAP) is the initial assessment of the severity of the disease. An accurate assessment helps the clinician determine the site of care, the extent of diagnostic testing, and the type and intensity of antibiotic treatment. However, a number of studies suggest that routine clinical judgement is often not sufficient for assessing the severity of CAP. Clinical judgement alone may underestimate its severity 1 and lead to variations in rates of admission to the hospital 2, 3 and intensive care unit (ICU) 4. In addition, the decision to admit a patient to the ICU based on clinical judgement alone has been found to be suboptimal 5. In this light, validated clinical prediction rules for CAP management offer a useful adjunct to the art of clinical practice.

      The Pneumonia Severity Index (PSI) 6, developed in the USA, has been shown to be a powerful tool for predicting pneumonia mortality in different countries 6–8. It can be used to predict the probability of death and other relevant medical outcomes within different risk classes. Because determining the PSI requires 20 criteria, it is advisable to use specific software for its routine application in hospital emergency departments (ED). The determination of the PSI in the primary care setting is more problematic, given that the analytic determinations necessary for its calculation are not always available.

      An international study conducted in Europe 9 proposed a new clinical prediction rule, the CURB-65 score (Confusion, Urea > 7 mmol·L−1, Respiratory rate ≥30·min−1, low Blood pressure, and age ≥65 yrs). It uses a six-point scale, ranging from 0 to 5. This score, based on a modification of an earlier CURB score 1, 10, facilitated the separation of patients into three management groups with mortalities ranging from 0 to 33% in the derivation cohort 9. The basic information required to determine the CURB-65, which is available at the initial hospital assessment, could provide objective support for clinical decision-making regarding the need for hospital admission or intensive care management. A similar tool that omits the blood urea measurement (the CRB-65 score) could be used in the community.

      The aim of the current study was to evaluate the ability of the CURB-65 score to stratify patients with CAP into different management groups. A large prospective cohort was employed that included all patients diagnosed with CAP in the ED of a general teaching hospital over a 4-yr period.

    

      METHODS

      
        Setting of study and design

        The current study was carried out in Galdakao Hospital (Galdakao, Spain), a 400-bed teaching hospital in the Basque Country (northern Spain) that serves a population of 300,000 inhabitants. This medical institution belongs to the network of public hospitals of the Basque Health Care Service, which provides free unrestricted care to nearly 100% of the population. The hospital staff is composed of full time physicians of various specialities qualified in standardised national residency programs. The hospital's ICU is an independent service assisted by specialised physicians. The ED staff is composed of full-time physicians of diverse specialities, including ED specialists and primary care physicians. During the study, a guideline for the management of patients with CAP (described in more detail elsewhere 7) was implemented. Explicit admission-decision criteria were established based on risk classes defined according to the PSI 6 with a series of additional criteria 7.

      

      
        Study population

        The study population was composed of a consecutive cohort of adults aged ≥18 yrs admitted to the hospital's ED with a diagnosis of CAP from March 1, 2000 to February 29, 2004. Only individuals in whom CAP was suspected within the first 24 h after arrival at the ED were included. Pneumonia was defined as pulmonary infiltrates on chest radiograph not known to be old and symptoms that were consistent with pneumonia, including cough, dyspnoea, fever, and/or pleuritic chest pain. Patients with pneumonia were excluded if they were known to be positive for HIV, were chronically immunosuppressed (defined as immunosuppression for solid organ transplantation, post-splenectomy, receiving ≥10 mg·day−1 of prednisone or the equivalent for >30 days, treatment with other immunosuppressive agents, or neutropenic, i.e. <1.0×109·L−1 neutrophils), or had been hospitalised for the previous 14 days.

      

      
        Patient characteristics and assessment of indicators

        Clinical and demographic characteristics of each patient were recorded, along with previous antibiotic treatment and variables needed to determine both the PSI and CURB-65 scores. To measure the severity of CAP, the PSI, CURB-65 and CRB-65 scores were independently calculated. For calculating the PSI score, all missing data or unperformed laboratory tests were considered to be normal. Classes of PSI, CURB-65 and CRB-65 were created according to the original authors' classifications 6, 9. All patients were treated with empirical antibiotics according to local guidelines: β-lactam with macrolide, levofloxacin, or β-lactam monotherapy.

        For patients initially treated as outpatients, the ED staff provided a telephone number to contact a member of the research team and a list of primary care providers. A follow-up telephone call was made within 3–5 days of the ED visit. Subsequent hospital admissions due to pneumonia-related complications and vital status within 4 weeks were recorded. Outpatients hospitalised within 4 weeks of the initial ED visit were included in the inpatient cohort. For inpatients, the following indicators were recorded: total duration of antibiotic therapy, duration of intravenous antibiotic therapy, vital status after discharge and within 4 weeks, admission to the ICU and use of a mechanical ventilator, hospital readmission within 4 weeks due to pneumonia-related complications, and length of stay (calculated as the discharge date minus the admission date, in-hospital deaths were excluded). Vital status was evaluated by use of medical records and a regional administrative database. Medical records of readmitted patients were evaluated independently by two trained pneumologists.

        The project was approved by the hospital's ethics review board.

      

      
        Statistical analysis

        Descriptive statistics of sociodemographic and clinical variables included frequencies, percentages, means and standard deviations (sd). Comparisons of differences in variables between groups with different CURB-65 and CRB-65 scores were performed using the Chi-squared test or Fisher's exact probability test for categorical variables. Either ANOVA, using Scheffe's method for multiple comparisons, or the Kruskal-Wallis test were used for continuous variables. Receiver-operating characteristic curves were calculated for the PSI, CURB-65, and CRB-65 scores to evaluate how well the scores discriminated between patients who survived CAP and those who died 11. The area under the curve (AUC) and 95% confidence intervals are given. Values were compared by using the nonparametric method described by Hanley and McNeil 12. A two-tailed p-value <0.05 was considered statistically significant.

      

    

      RESULTS

      A total of 1,776 patients, 1,100 inpatients (61.9%) and 676 outpatients (38.1%), were included in the study. Of these, 1,724 (97.1%) had datasets for all risk scores under evaluation (data were missing for >1% of patients for all variables). The mean (sd) age was 61.8 yrs (20.5; range 18–96); a total of 973 (54.8%) were aged ≥65 yrs. Baseline characteristics of the patients and PSI risk classes are shown in table 1⇓. The rates of mortality among inpatients and outpatients were 0% for PSI risk class I, 0.4% for risk class II, 2.1% for risk class III, 8.5% for risk class IV and 38.3% for risk class V. Of the 1,100 patients admitted to the hospital, 484 (44%) were assigned to low-risk PSI classes (I–III). Inpatient care was justified in 313 (64.7%) of these patients because criteria for admission decision were present. In the remaining 171 (35.3%) patients, although specific criteria for hospitalisation were absent, they were hospitalised according to the personal judgment of the emergency physicians.
View this table:	View inline
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Table 1— Characteristics of patients




      The 30-day mortality rate in the entire cohort was 6.7% (119/1,776); among inpatients it was 10.7% (118/1,100). In the inpatient group, 46 (40%) died from pneumonia as an expected terminal event of a chronic disabling illness. A total of 45 patients were admitted to the ICU, 18 (40%) of whom required mechanical ventilation. Among those admitted to the ICU, the 30-day mortality rate was 11.1% (5/45). The mean age of the patients admitted to the ICU was 60.6 yrs. Among patients aged ≥65 yrs, 2.9% were admitted to the ICU.

      The predictive potential of the CURB-65 score for 30-day mortality, mechanical ventilation and hospital admission are shown in table 2⇓. Mortality increased directly with the CURB-65 score (p<0.001). The mortality rate for a CURB-65 score of 3–5 was >20%. The rate of patients admitted to the hospital also increased directly with the CURB-65 score (p<0.001).
View this table:	View inline
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Table 2— Mortality, use of mechanical ventilation, and hospital admission according to CURB-65 and CRB-65 (Confusion, Urea, Respiratory rate, Blood pressure, and age ≥65 yrs) score




      The ability of the CRB-65 to predict 30-day mortality, mechanical ventilation and hospital admission was also evaluated. As with CURB-65 scores, CRB-65 was also significantly correlated with 30-day mortality, mechanical ventilation, and hospital admission (see table 2⇑).

      The receiver-operating characteristic curves of mortality prediction are shown in figure 1⇓. The AUC of the CURB-65 was similar to the CRB-65 (AUC 0.870 versus 0.864, p = 0.44) and to the PSI (AUC 0.870 versus 0.888, p = 0.12) with regard to prediction of pneumonia mortality. The results were similar when the 46 patients who died from pneumonia as an expected terminal event of a chronic disabling illness were excluded.
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Fig. 1— Receiver-operating characteristic curves of predicting 30-day mortality according to pneumonia severity index (PSI), CURB-65 and CRB-65 (Confusion, Urea, Respiratory rate, Blood pressure, and age ≥65 yrs; see text for exact definition) score. ———: PSI (area under the curve (AUC) 0.888, 95% confidence interval (CI) 0.864–0.912); – – – –: CURB-65 (AUC 0.870, 95% CI 0.844–0.895); -------: CRB-65 (AUC 0.864, 95% CI 0.835–0.892).




      Table 3⇓ shows the influence of additional criteria for hospital admission in patients with CURB-65 scores of 0, 1 and 2. In both in- and outpatient groups, the presence of coexisting disease, hypoxaemia, bilateral or multilobe radiographic involvement, and pleural effusion increased directly with the CURB-65 score (p<0.05). The proportion of patients with one or more additional criteria for hospital admission decision was 22.7% for a CURB-65 score of 0, 53.6% for a score of 1, and 72.4% for a score of 2. More than 26% of inpatients with CURB-65 scores of 1 and 2 had two or more additional criteria. The admitted patients have more of the additional criteria than those not admitted (p<0.01).
View this table:	View inline
	View popup



Table 3— Additional criteria for admission decision in patients with CURB-65 (Confusion, Urea, Respiratory rate, Blood pressure, and age ≥65 yrs) scores of 0, 1, and 2




      Table 4⇓ shows the distribution of CURB-65 scores according to PSI. Among patients with CURB-65 scores of 0 and 1, 92.4% (929) were in low-risk PSI classes (I–III) with 30-day mortality rates of 0.2%. The 474 patients with CURB-65 scores of 2 were distributed in two subgroups, with statistically significant (p<0.001) differences in 30-day mortality: 40.9% in PSI risk classes I–III (2.6% 30-day mortality), and 59.1% in PSI risk classes IV–V (11.1% 30-day mortality). Among patients with CURB-65 scores of 3–5, 92.6% (274/296) belonged to PSI risk class IV–V, with 30-day mortality rates of 28.5%.
View this table:	View inline
	View popup



Table 4— Distribution of CURB-65 (Confusion, Urea, Respiratory rate, Blood pressure, and age ≥65 yrs) scores according to the pneumonia severity index (PSI) and subgroup 30-day mortality




      Inpatient medical indicators by CURB-65 scores are shown in table 5⇓. In-hospital mortality and 30-day mortality increased directly with CURB-65 scores (p<0.001). The results were similar when the 46 patients died from pneumonia as an expected terminal event of a chronic disabling illness were excluded. There was a significant association between the CURB-65 score and other medical indicators. The duration of intravenous antibiotic therapy ranged from a mean of 2.6 days for patients with CURB-65 scores of 0–5.6 days for patients with CURB-65 scores of 5 (p<0.001). The percentage of patients hospitalised for <4 days was 44.8% for those with CURB-65 scores of 0 and 1, 40.1% for CURB-65 scores of 2, and 28.9% for CURB-65 scores >2 (p<0.001). Mechanical ventilation was required for 0.5% of patients with CURB-65 scores of 0 and 1, 2.3% of those with CURB-65 scores of 2, and 2.7% for CURB-65 scores >2 (p<0.05). The rate of subsequent hospitalisation within 30 days was 1.3% for patients with CURB-65 scores of 0 and 1, 3.5% for those with CURB-65 scores of 2, and 4.8% for those with CURB-65 scores >2 (p<0.05).
View this table:	View inline
	View popup



Table 5— Inpatient medical indicators by CURB-65 (Confusion, Urea, Respiratory rate, Blood pressure, and age ≥65 yrs) scores




      The proportion of patients initially treated as outpatients and subsequently hospitalised was 4.4%; none of these patients died, and only one was admitted to an ICU. The 30-day mortality rate in outpatients was 0.1%.

    

      DISCUSSION

      The current study demonstrates a significant correlation between the CURB-65 score and the risk of 30-day mortality, need for mechanical ventilation, and rate of hospital admission. Similar results were obtained with the even simpler CRB-65 score. Among hospitalised patients, the CURB-65 score was significantly associated with duration of hospital stay.

      The strength of the current study is that it included a large cohort of both inpatients and outpatients. This made it possible to assess the utility of the CURB-65 score in assisting the decision for hospital admission. The patients were unselected adults of all ages seen in the ED of a general teaching hospital with a wide catchment area. Data for each patient was recorded prospectively, which allowed the current authors to compile relevant clinical information. Furthermore, the profile of the patient population was comparable with the one in which the CURB-65 was developed and evaluated 9.

      A recent study has shown that the PSI has a higher discriminatory power for predicting 30-day mortality than the CURB-65 score 13. It was observed that CURB-65 scores were quite similar to those from the PSI scoring system with regard to the prediction of pneumonia global mortality. Differences between the two studies may be due to the fact that the sample of Aujesky et al. 13 may not reflect the full prognostic spectrum of patients with pneumonia because these investigators did not enrol more severely ill patients. The current study also shows that the CURB-65 score allowed for the stratification of inpatients according to increasing mortality risk and was correlated with the use of mechanical ventilation. However, the correlation observed between CURB-65 scores and ICU admission was not significant. This may be due to the low rate of ICU admission in this population (4.3%), which was slightly lower than the 5% rate in the study by Lim et al. 9 and much lower than the rates of 10–18% reported in the literature 14.

      Although there is no good indicator for assessing the appropriateness of the decision regarding ICU admission, some data do suggest underuse of the ICU. The percentage of patients aged ≥65 yrs admitted to the ICU (2.9%), the mean age of the total number of patients admitted to the ICU (60.6 yrs) and the mortality rate among patients admitted to ICU (11.1%) are lower than those reported in other studies 15, 16. In the current study, older age may have been used as a restrictive criterion for ICU admission. Nevertheless, accumulating evidence suggests that care given to critically ill elderly patients in the ICU is justified 17, 18. Underuse of the ICU also can be attributed to differing medical attitudes about the treatment of patients with severity criteria who do not require mechanical ventilation and/or vasopressors, as well as to the structural organisation of the services of the author's hospital. In any case, the decision to admit a patient to the ICU is always a clinical one.

      The data in the current study show that the CURB-65 score can be used to augment clinical judgement regarding the need for hospital admission. Patients with CURB-65 scores >2 had high mortality rates and required admission to the hospital. Most patients with CURB-65 scores of 2 need admission to the hospital; in the current study, 72.4% of patients in this category (78.5% of those admitted to hospital) had one or more additional adverse prognosis criteria. The new CURB-65 score, in contrast with the previous CURB score 10, 19, divides mild patients into two subgroups (score 0 and 1) with a slightly different behaviour. Most patients with CURB-65 scores of 0 had excellent outcomes (no deaths and only 0.7% admitted to the ICU) and most did not require hospital care (75.7% treated as outpatients). However, patients with CURB-65 scores of 1 need additional assessment to determine whether they should be hospitalised. In fact, 53.5% of these patients (68.8% of those admitted to hospital) had one or more additional adverse prognosis criteria. Therefore, the findings herein emphasise the importance of assessing the presence of other adverse features, such as the presence of coexisting disease, hypoxaemia, arterial pH <7.35, the extent of radiographic shadowing and the presence of pleural effusion, among patients with CURB-65 scores of 1 or 2 in order to identify those suitable for home treatment. This approach is in agreement with the British Thoracic Society guidelines for cases in which the CAP risk assessment is unclear 10. In all instances, the admission decision remains an “art of medicine” decision, and ≥30% of “low-risk” patients require hospital admission 20.

      The length of stay for CAP inpatients depends on the time needed to reach clinical stability, which is significantly influenced by the severity of disease 21. Patients with the most severe pneumonia take the longest to recover and remain in the hospital for longer periods. The current study showed that CURB-65 scores, like the PSI index 6, 21, can be used to estimate the length of time for clinical improvement and the duration of hospital stay. The assessment of the severity of illness at the time of hospital admission, as defined by the CURB-65 score, can help physicians determine which patients may be candidates for an early switch to oral antibiotic therapy and early discharge. Over 40% of patients with CURB-65 scores of 0, 1 and 2 stayed in the hospital for ≤3 days. The mean duration of intravenous therapy and hospital stay in the current study was consistent with that in studies published elsewhere 22, 23.

      One limitation of the current study is that the potential effect of applying the CURB-65 score was assessed only among a consecutive cohort of adults admitted to the hospital's ED with a diagnosis of CAP rather than assessing its use as the main admission criterion for all patients with CAP.

      It has recently been shown that implementing a guideline for the management of patients hospitalised for the treatment of CAP significantly improves the process-of-care and outcomes 24. Others have demonstrated similar improvements 25–27. The current study identified two areas for improvement: the proportion of patients admitted to the hospital (61.9%) was higher than in other studies 26, while the proportion of inpatients admitted to the ICU (4.1%) was lower than that reported in the literature 14. In this situation, the use of the CURB-65 score could add support to clinical judgement regarding the need for hospital admission or intensive care management.

      In conclusion, a simple severity assessment tool, the CURB-65 score, accurately classifies patients with CAP into different management groups: patients with CURB-65 scores of 0 who are at very low risk of mortality (0%) and who, thus, may be suitable for home treatment; patients with scores of 1 who are at a relatively low risk of mortality (1.1%) and who also may be suitable for home treatment, but who need additional criteria for admission decision; patients with scores of 2 who are at intermediate risk of mortality (7.6%) and who should be considered for short-stay inpatient treatment; and patients with scores >2 who are at high risk of mortality (26.7%) and who should be managed as having severe pneumonia. These four groups correlate significantly with key CAP management points: 1) admission decision criteria; 2) the timing of the switch from intravenous to oral antibiotics; and 3) discharge from the hospital. The CURB-65 score can also be used as a severity adjustment measure. Likewise, the CRB-65 score (which omits the blood urea result) may help general practitioners in the community decide when to hospitalise a patient with CAP.

      Further research in the form of prospective studies is needed to determine if the CURB-65 (Confusion, Urea >7 mmol·L−1, Respiratory rate ≥30·min−1, low Blood pressure, and age ≥65 yrs) score improves outcomes. In the meantime, the consistency of the findings of the current study with those of Lim et al. 9 suggest that this rule can be applied with some confidence in current practice while further prospective evaluation is underway.
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