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ABSTRACT

مؤشر  نتيجة  التنفس،  ومعدل  الارتباك،  كان  إذا  فيما  دراسة  الأهداف: 
الصدمة- العمر ≤65 عام  )CRSI-65(، شامله للمعلمات الفسيولوجية 
الأساسية، يمكن استخدامها لتوقع شدته في المرضى الذين يعانون من الالتهاب 

الرئوي المكتسب من المجتمع.

المنهجية: أجريت دراسة مستقبليه أترابية بمركز فردي خلال الفترة من يناير 
2018م حتى يونيو 2018م. درست الدراسة درجة CRSI-65 في توقع 
وفيات 4 أسابيع والحاجة إلى العناية المركزة لمرضى الالتهاب الرئوي المكتسب 

من المجتمع.

الرئوي  الالتهاب  من  يعانون  مريضا   58 على  الدراسة  اشتملت  النتائج: 
الذكور62.1%  نسبة  بلغت  الطوارئ.  قسم  في  المجتمع  من  المكتسب 
 4 بعد  عام.   72.87±12.30 كان  المرضى  عمر  ومتوسط  )العدد=36(، 
مماثلة  نتائج   CRSI-65 و   CURB-65 المتابعة،  نتائج  أظهرت  أسابيع 
والحساسية  النوعيه  من  لكلًا  التنبؤية  بالقيم  يتعلق  فيما  بالوفيات  التنبؤ  في 
لـ   0.926 كانت  المنحنى  تحت  التشغيليه  المنطقة  والسلبية.  والإيجابية 
لـ   0.954 و   )95% نسبة   0.853-0.999 الثقة  )فاصل   CURB-65

CRSI-65 )فاصل الثقة 0.999-0.899 نسبة 95%(.

الخلاصة: على غرار CURB-65، يبدو أن درجة CRSI-65 مفيدة في 
التنبؤ بمعدل وفيات 4 أسابيع. تقييم درجة CRSI-65 يمكن استخدامها 

في قسم الطوارئ، والرعاية الأوليه وأماكن غير المستشفيات.

Objectives: To investigate whether confusion, 
respiratory rate, shock index-age ≥65 years (CRSI-65) 
score, consisting of basic physiological parameters, 
can be used for severity prediction in patients with 
community-acquired pneumonia.

Methods: This is a prospective cohort and single-
center study conducted in Bolu Abant Izzet Baysal 
University Hospital, Bolu, Turkey between January 
2018 and June 2018. The study investigated CRSI-65 
score in predicting 4-week mortality and the need for 
intensive care for patients with community-acquired 
pneumonia.

Results: A total of 58 patients with community-
acquired pneumonia admitted to the emergency 
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department were included in this study. Of the 
patients, 62.1% were males (n=36), and the mean age 
of the patients was 72.87 ± 12.30 years. After 4 weeks 
of follow-up, CURB-65 and CRSI-65 scores showed 
similar results in predicting mortality with respect 
to specificity, sensitivity, and positive and negative 
predictive values. Area under the receiver operating 
characteristic curve was 0.926 for the CURB-65 (95% 
confidence interval [CI] 0.853-0.999) and 0.954 for 
the CRSI-65 (95% CI 0.899-0.999).

Conclusion: Similar to the CURB-65 score, the 
CRSI-65 score appears to be useful in predicting 
4-week mortality. The evaluation of CRSI-65 score 
can be used in emergency department triage, primary 
care, and non-hospital settings.
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Community-acquired pneumonia (CAP) is a lower 
respiratory tract infection caused by pathogens 

acquired from sources other than health institutions and 
represents a serious source of mortality and morbidity. 
The disease is common worldwide, occurs in almost 
all age groups, and is a major cause of mortality.1,2 
Emergency services are the first place of admission 
for patients with severe CAP as in many diseases. The 
severity of CAP in such patients is one of the reasons for 
the unexpected transfer of patients to the intensive care 
unit (ICU) in the emergency department. Delayed ICU 
admission has been shown to produce poorer outcomes 
compared with early ICU admission.3 This shows the 
prognostic importance of early risk identification. 
Confusion, serum urea nitrogen level, respiratory rate, 
blood pressure and age ≥65 years (CURB-65).  is a 
well-established scoring system and is recommended 
by different guidelines for the assessment of clinical 
risk in patients with CAP.4-6 The major disadvantage 
of the CURB-65 scoring system is that urea level 
measurement is necessary to evaluate patients’ score. 
This makes it difficult for the CURB-65 to be used 
for CAP risk scoring in the emergency department 
triage, in outpatients and in out-of-hospital settings. 
Moreover, blood pressure, one of the components of 
CURB-65, may cause false negatives in hypertensive 
patients. A scoring system most similar to the confusion, 
respiratory rate, shock index-age ≥65 years (CRSI-65) 
score was first reported by Curtain et al7 as the CRSI 
score without the age parameter. Confusion, respiratory 
rate, shock index-age ≥65 years  score is an acronym 
comprising confusion (C), respiratory rate per minute 
(R), shock index (SI), and age parameters. The shock 
index is calculated by proportioning the heart rate to 
systolic blood pressure.  Its normal range is considered 
to be 0.5-0.7. It is a scoring system used to demonstrate 
hemodynamic stabilization. SI ≥1 is significant in 
predicting the need for urgent treatment. It is a better 
indicator than systolic blood pressure and heart rate 
alone in the evaluation of hemodynamics.8 These 
parameters can be easily evaluated in every in-hospital 
and out-of-hospital settings. Due to the limitations in 
evaluating the CURB-65 score, different versions of 
the CURB-65 score have been previously discussed in 
the literature.1,7,9,10 In this single-center pilot study, the 
CRSI-65 score, which comprises entirely clinical and 
physiological parameters, to predict CAP mortality and 
the need for intensive care was investigated.

Methods. This study was conducted in Bolu 
Abant Izzet Baysal University Hospital, Bolu, Turkey 
with 320 service beds and 50 intensive care beds. The 

annual patient burden of the emergency department is 
73,000 patients. This was a prospective cohort, single-
center pilot study conducted between January  2018 
and June 2018. A total of 58 patients who met the 
inclusion criteria during this period were included in 
the study. The patients were followed up for 4 weeks 
after their admission to the emergency department. 
During this period, outpatients were followed up via 
telephone, while inpatients were followed up on the 
basis of hospital records. Primary outcome was defined 
as admission to the ICU and 4-week mortality. Ethics 
committee approval for the study was obtained from the 
institution (Ethics committee approval no: 2018/185).

Patients over 18 years of age who had new infiltration 
consistent with pneumonia in their chest x-ray and 
consistent clinical findings (namely, coughing, phlegm, 
dyspnea, and pleuritic chest pain, with or without fever) 
were included in the study. Factors that may affect 
the agent of pneumonia and factors that may affect 
calculated scoring system was excluded. Patients with 
terminal disease or malignancy, receiving chemotherapy, 
receiving corticosteroids or immunosuppressive therapy, 
with malnutrition or cachexia, or suspected of having 
nosocomial infection were excluded from the study. 

Pre-hypothesis power analysis with alpha 0.05 in 
95% confidence interval, sample size was calculated 
as 158 patients in each group, minimum sample size 
was 95 patients.11 However, only 58 patients who met 
the inclusion criteria were included in the study. In the 
post-hoc power analysis at alpha 0.05 and 95% CI, the 
power was evaluated as 87.90%.

All procedures that contributed to this study 
complied with the ethical standards of the relevant 
national and institutional committees on human 
experimentation and with the Helsinki Declaration of 
1975, as revised in 2008. Approval for the study was 
granted by the Bolu Izzet Baysal University Institutional 
Ethics Committee, and written informed consent was 
obtained from all participants.

The CURB-65 score of each patient included in the 
study was evaluated as described in previous studies. 
Consistent with the previous studies on the CAP severity 
index, patients with a risk score of ≥3 were considered 
to have severe CAP.11,12

For the CRSI-65 score, the urea parameter in the 
CURB-65 score was removed and the SI, which is the 
ratio of heart rate to blood pressure, was used instead 
of the blood pressure parameter. If the patient’s SI was 
≥1, the patient was given one point for high risk.1,10 
Other components of the CRSI-65 score-confusion, 
respiratory rate, and 65 years of age were evaluated in a 
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similar manner as that of the CURB-65 score. Thus, the 
CRSI-65 score was evaluated between 0-4 points. Using 
the method described by Lim et al12 to investigate the 
specificity and sensitivity of the CRSI-65 score, a score 
of ≥3 (as the risk score) was considered as severe CAP 
for both the CRSI-65 score and the CURB-65 score. 

Statistical analysis.  We analyzed the data using 
the Statistical Package for Social Sciences Version 20.0 
(IBM Inc., Chicago, IL, USA). Descriptive statistics 
of the variables were calculated. Categorical variables 
were expressed as frequency and percentage, whereas 
continuous numerical data were expressed as mean and 
standard deviation. The normality analysis of numerical 
variables was performed using the Kolmogorov-Smirnov 
test. The Monte Carlo corrected Chi-square method was 
used to determine the relationships between categorical 
variables. Receiver operating characteristic analysis 
was performed, and the areas under the curve were 
calculated to identify the success of the measurements 
performed for the re-evaluated indexes and the success 
of the indexes in predicting intensive care admission 
and mortality. The results were visualized using graphs. 
Type-I error rate was taken as 5% in the entire study, 
and p<0.05 was considered statistically significant. 
Scoring systems of agreement was calculated with 
Kappa Measure of Agreement test. The McNemar test 
was performed between the severity of the 2 systems 
and added to manuscript.

Results. Of the 58 patients, 62.1% were male (n=36). 
The mean age of the patients was 72.87 ± 12.30 years. 
Mean respiratory rate of the study group was 24.18 ± 
5.75 min, whereas its mean systolic blood pressure was 
120.94 ± 25.59 mm Hg, mean diastolic blood pressure 
was 72.39 mm Hg ± 13.58, pulse 98.15 ± 17.58 beats/
min, urea level 7.96 ± 4.26 mg/dL, and SI was 0.84 ± 
0.36. The ratio of severe CAP cases was 20.6% (n=12) 
according to the CURB-65 and 15.5% (n=9) according 
to the CRSI-65 scores. During the 4-week follow-up, 
mortality occurred in 6.9% (n=4) patients and 12.1% 
(n=7) patients were admitted to the ICU. The rate of 
hospitalization was 70.7% (n=41) in followed patients. 

Table 1 shows the characteristics of the subgroups 
formed according to the severity of CAP, based on the 
CURB-65 and CRSI-65 scores. There was no significant 
difference between the severity of CRSI and CURB 
systems (p=0.453).

Tables 2 & 3 show the specificity, sensitivity, and 
positive and negative predictive values of the CURB-65 
and CRSI-65 indexes in predicting the 4-week need for 
intensive care and 4-week mortality of the study group. 
Receiver operating characteristic analysis revealed that 
the CRSI-65 score had a diagnostic value in predicting 
4-week mortality and need for intensive care in patients 
with CAP. Receiver operating characteristic curve values 
(95% CI) of the CRSI-65 score in predicting 4-week 
intensive care need was AUC 0.737 (0.506-0.968, 

Table 1 - Basic characteristics of the study group according to CURB-65 and CRSI-65 scores.

Scores CURB-65 CRSI-65

Non severe (<3)
(n=46)

Severe (≥3) 
(n=12)

P-value Non severe (<3) 
(n=49)

Severe (≥3)
(n=9) 

P-value

Gender (male) (%) 29 (63.0) 7  (58.3) 0.765 32  (65.3) 4  (44.4) 0.236

Blood urea nitrogen (mg/dL, mean±SD)   7.19 ± 4.35 10.89 ± 2.17 0.006   7.71 ± 4.38   9.29 ± 3.42 0.320

Systolic BP (mm Hg, mean±SD) 127.10 ± 22.43   97.33 ± 28.95 <0.001 125.97 ± 22.01   93.55 ± 33.65 <0.001

Diastolic BP (mm Hg, mean±SD)   75.08 ± 12.04   62.08 ± 14.73 0.002   74.65 ± 11.46   60.11 ± 18.03 0.002

Respiratory rate (min, mean±SD) 22.80 ± 5.20 29.50 ± 4.68 <0.001 22.69 ± 4.70 32.33 ± 3.87 <0.001

Shock index (mean±SD)   0.75 ± 0.20         1.17 ± 0.59 <0.001   0.74 ± 0.19   1.37 ± 0.55 <0.001

Confusion (%) 2   (4.3) 8  (66.7) <0.001 6  (12.2) 4  (44.4) 0.019

Hospitalization (%) 29 (63.0) 12   (100) 0.012 33  (67.3) 8  (88.9) 0.192

Intensive care unit (%) 1   (2.2) 6  (50.0) <0.001 3    (6.1) 4  (44.4) 0.001

Mortality (28 days) (%) 0 4  (33.3) <0.001 0 4  (44.4) <0.001

Re-admission to hospital (28-day) (%) 4   (8.7) 3  (25.0) 0.123 6  (12.2) 1  (11.1) 0.924

CURB-65: confusion, serum urea nitrogen level >19.6 mg/dL, respiratory rate ≥30/min, low blood pressure 
(<90 mm Hg systolic or ≤60 mm Hg diastolic), and age ≥65 years.

 CRSI-65: confusion, respiratory rate ≥30/min, shock index ≥1, and age ≥65 years.
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Table 2 -  Specificity, sensitivity, and positive and negative predictive 
values of CURB-65 and CRSI-65 indexes in predicting the 
need for intensive care unit after 28-day follow-up of 58 
community-acquired pneumonia patients.

Values CURB-65
(95%CI)

CRSI-65
(95%CI)

Sensitivity 85.71
(42.13 to 99.64)

57.14
(18.41 to 90.10)

Specificity 88.24
(76.13 to 95.56 )

90.2
(78.59 to 96.74)

Positive predictive value 50.0
(30.79 to 69.21)

44.44
(21.85 to 69.59)

Negative predictive value 97.83
(87.97 to 99.64)

93.88
(86.64 to 97.31)

Area under curve 0.870 (0.710 to 0.999) 0.737 (0.506 to 
0.968)

P-value 0.002 0.044

CRSI-65: confusion, respiratory rate, shock index-age ≥65 years, 
CURB-65: confusion, serum urea nitrogen level, respiratory rate, blood 

pressure and age ≥65 years

Table 3 -  Specificity, sensitivity, and positive and negative predictive 
values of CURB-65 and CRSI-65 indexes in predicting 
mortality after 28-day follow-up of 58 community-acquired 
pneumonia patients.

Values CURB-65
(95%CI)

CRSI-65
(95%CI)

Sensitivity 100.0
(37.96 to 100.0)

100.0
(39.76 to 100.0)

Specificity 85.19
(72.88 to 93.88)

90.74
(79.70 to 96.92)

Positive predictive value 33.33 
(20.87 to 48.66)

44.44
(25.77 to 64.84)

Negative predictive value 100.0
(48.79 to 100.0)

100.0
(59.94 to 100.0)

Area under curve 0.926
(0.853 to 0.999)

0.954
(0.899 to 0.999)

P-value 0.005 0.003

CRSI-65: confusion, respiratory rate, shock index-age ≥65 years, 
CURB-65: confusion, serum urea nitrogen level, respiratory rate, blood 

pressure and age ≥65 years

Figure 1 - Receiver operating characteristic curve for confusion, serum 
urea nitrogen level, respiratory rate, blood pressure and age 
≥65 years (CURB-65) and confusion, respiratory rate, shock 
index-age ≥65 years (CRSI-65) indexes for predicting 28-day 
mortality.

p=0.044) and mortality was AUC 0.954 (0.899-0.999, 
p=0.003). Figure 1 shows the ROC curve for predicting 
4-week mortality.

 Tables 4 & 5 shows ICU admission and death rates 
according to CURB and CRSI scoring systems.  There 
are quite similar rates between the CURB and CRSI 
severe and non severe categories given in the tables. 

The rates shown in these tables are in line with the 
results obtained by McNemar and Kappa analyzes, 
indicating that the CRSI index can be used instead of 
CURB. Kappa measure of agreement was calculated 2 
scoring system. Strength of the kappa coefficients were 
substantial (kappa 0.695).

Discussion. In the present study, we determined 
that the CRSI-65 score can be used in predicting 
4-week mortality and the need for intensive care in cases 
of severe CAP (CRSI-65 score ≥3). The new scoring 
method proposed is based on patients’ vital signs and 
clinical characteristics. No laboratory tests are needed 
to calculate the CRSI-65 score. Owing to this feature, 
the CRSI-65 can provide a practical approach for pre-
hospital teams, emergency room triage, and outpatient 
treatment management. In primary care, it may be 
useful in referring patients followed by family medicine 
centers to hospitals.

The most important decision in managing CAP 
is predicting mortality and admitting a high-risk 
patient to the hospital. Other important decision is 
hospitalization and admission to intensive care unit. 
The decision is either hospitalization or admission to 
the intensive care unit, which is still a clinical decision 
in CAP management; however, the scoring systems 
may help clinicians in taking a better decision.3 For 
this reason, our study focused on patients with severe 
CAP. The CRSI-65 score was performed similarly as the 
CURB-65 score in predicting 4-week mortality (95% 

http://www.smj.org.sa/index.php/smj/index


477 www.smj.org.sa    Saudi Med J 2020; Vol. 41 (5)

A new scoring system CRSI65 to pneumonia ... Tekten et al

CI, AUC ROC = 0.954 [0.899-0.999], p=0.003). 
The CRSI-65 score was weaker than the CURB-65 in 
predicting the 4-week need for intensive care; however 
there was a statistically significant relationship (95% 
CI, AUC = 0.737 [0.506-0.968], p=0.044).

One of the improvements in the CRSI-65 score we 
recommend is the inclusion of the SI in the scoring 
system instead of the blood pressure parameter. This 
will reduce the risk of false negatives in hypertensive 
patients. The scoring system also includes the evaluation 
of heart rate, which is another physiological parameter 
and a component of the SI. The SI is a physiological 
parameter that has been shown to be prognostically 
useful in many diseases, and there is evidence showing 
that it can be used in CAP.10,13,14 Using the SI, which 
is the ratio of heart rate to systolic blood pressure, 
instead of the blood pressure parameter may be a better 
physiologic indicator.13 Sankaran et al13 investigated the 
relationship between the SI and CAP and reported that 
a SI of ≥1 could be used to predict 4-6-week mortality 
of patients with CAP.10 In another study, wherein the 
SI was included, the index value was significantly 
higher in patients with severe CAP than in patients 
without severe CAP (p=0.0001). In the present study, 
no adjustments were made in the calculations related to 
fever or hypertension, which could have affected the SI, 
or drug use (namely, beta blockers), which could have 
affected blood pressure and flow rate. Nevertheless, 
the SI values were statistically significant for both the 
CURB-65 and CRSI-65 scores in the groups with and 
without severe CAP (p<0.001, p<0.001). Therefore, 
the index is useful irrespective of the factors that can 
potentially affect the SI.13

The second improvement in the CRSI-65 score is 
the removal of blood urea nitrogen (BUN) from the 
scoring system. It has been suggested that CRB-65 score 
can be used in outpatients instead of the CURB-65 

score because the CURB-65 score leads to the difficulty 
in scoring BUN in outpatients.4,12 The CRB-65 score 
obtained by removing BUN shows results surprisingly 
similar to those of the CURB-65 score.15 A study by 
Ochoa-Gondar et al16 reported that CRB-65 was 
performed as well as, or better than, the CURB-65 
in all categories. There are other studies that question 
whether BUN is a mandatory parameter in the severity 
scoring of CAP patients.17,18 In the present study, BUN 
was significantly higher in the group with severe CAP 
according to the CURB-65 score (p=0.006). However, 
there was no statistically significant difference in BUN 
in the group with severe CAP according to the CRSI-65 
score (p=0.320). It seems that this difference in BUN, 
combined with other parameters in the scoring, did not 
affect mortality predictions.

The scoring system most similar to the CRSI-65 score 
was first reported by Curtain et al7 as the CRSI score 
without the age parameter. Curtain et al7 considered 
patients with a CRSI score of ≥2 to have severe CAP. 
For predicting 6-week mortality, they reported that 
the CRSI score had a specificity of 83.9% (74.1-90.6), 
sensitivity of 75% (35.6-95.5), positive predictive value 
of 30% (12.8-54.3), and negative predictive value of 
97.3% (89.8-99.5) at 95% CI.7 These results are in 
accordance with our findings; however, our results 
provide better specificity and negative predictive value. 
It is very important to safely and reliably predict 4-6 
week mortality in patients with CAP. In this respect, our 
results indicate that the CRSI-65 score may be useful in 
emergency department triage and outpatient follow-up.

Another issue that should be mentioned is the 
age parameter used in the CAP severity scoring. Age 
parameter increases false positivity rate in elderly 
patients and leads to false negativity in younger patients. 
We believe that the age parameter should be used in 
CAP severity scoring owing to the evidence showing 

Table 4 -  Intensive care unit (ICU) admission rate according to CURB 
and CRSI scoring systems.

Scoring systems ICU admission

Yes (n=7) No (n=51)

CURB
Severe  (n=12)
Non severe (n=46)

6 (50.0)
1 (2.17)

6 (50.0)
45 (97.8)

CRSI
Severe (n=9)
Non severe (n=49)

4 (44.4)
3   (6.1)

5 (55.6)
46 (93.9)

CRSI-65: confusion, respiratory rate, shock index-age ≥65 years, 
CURB-65: confusion, serum urea nitrogen level, respiratory rate, blood 

pressure and age ≥65 years

Table 5 - Death rate according to CURB and CRSI scoring systems.

Scoring systems Death

Yes (n= 4) No (n= 54)

CURB
Severe  (n=12)
Non severe (n=46)

4 (33.3)
0     (0)

   8 (66.7)
46 (100)

CRSI
Severe (n=9)
Non severe (n=49)

4 (44.4)
0     (0)

  
5 (55.6)
49 (100)

CRSI-65: confusion, respiratory rate, shock index-age ≥65 years, 
CURB-65: confusion, serum urea nitrogen level, respiratory rate, blood 

pressure and age ≥65 years
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a correlation between increasing age and increasing 
mortality in patients with CAP and the increasing 
comorbid conditions with increasing age that lead to 
complex conditions.19,20 However, if age is the only 
criterion, it is not inappropriate to evaluate patients 
as being at risk in the absence of other criteria, and 
close monitoring of the patient seems to be a better 
approach.16

Study limitations. Our study included patients who 
were admitted to the emergency department. Although 
the patients had a low risk score, their admission to the 
emergency department may have affected the clinician’s 
follow-up and treatment plan. In fact, the rate of 
hospitalization was high in this study (70.7%). We did 
not investigate underlying respiratory conditions, such 
as chronic obstructive pulmonary disease (COPD), but 
it has been previously reported that COPD does not 
affect mortality in CAP.13,21 This study was conducted in 
a single center. The general characteristics of hospitals, 
their patient population and the characteristics of the 
population served tend to vary; thus, the study needs to 
be generalized.

In conclusion, the CRSI-65 score provides remarkable 
results, indicating that it can be used as a severity score in 
patients with CAP and can guide mortality prediction. 
The CRSI-65 score, which includes the SI, can provide 
a useful and practical predictive tool in primary care 
and in emergency or pre-hospital settings where urea 
value cannot be measured, and hence, it can accelerate 
the initiation of treatment. The CRSI-65 score provides 
potential support for our hypothesis that mortality 
can be predicted in CAP without laboratory testing. 
However, there is a need for further studies in different 
populations with larger patient groups.
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