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ABSTRACT

Background. Mortality associated with community-acquired pneumonia (CAP) continues to be a crucial health
problem worldwide. Correct assessment of CAP severity and the level of care is pivotal in the disease outcome.

Aim. To evaluate the prognostic value of the CURB-65 and CRB-65 scores and their modifications in determining
the risk of in-hospital mortality in patients with CAP.

Materials and methods. The retrospective study included 1,412 patients with CAP aged over 18 years. In a
population of 1,020 patients, which was subsequently split into test (» = 676) and training (n = 344) samples
in the ratio 2 : 1, we compared the predictive value of the CURB-65 (confusion, urea > 7 mmol / 1, respiratory
rate > 30 / min, low blood pressure (BP), and age > 65 years) and CRB-65 (confusion, respiratory rate > 30 / min,
low blood pressure (BP), and age > 65 years) scores in identifying patients at high risk of in-hospital death. The
specified scoring systems were modified by changing the cut-offs for each criterion to increase their accuracy. For
comparison, we used the ROC analysis with the calculation of the area under the curve (AUC).

Results. The modified CURB-65 score with new cut-off values (age > 72 years, respiratory rate > 21 / min, urea
level > 9.5 mmol / 1, systolic blood pressure < 105 mm Hg, and diastolic blood pressure < 65 mm Hg) was more
accurate than the original one in predicting death and was named CURB-72. The AUC for CURB-72 and CURB-65
was 0.946 (95% confidence interval (CI): 0.916-0.967) and 0.905 (95% CI: 0.869-0.934), respectively (p = 0.0034).
The modified CRB-65 (CRB-72) score also outperformed the original model, but showed no statistically significant
difference. While comparing the modified scoring systems, the new CURB-72 score surpassed the CRB-72 score
and demonstrated maximum accuracy in identifying CAP patients at risk of in-hospital mortality (p = 0.0347).

Conclusion. The modified CURB-65 (CURB-72) and CRB-65 (CRB-72) scores demonstrated potential for
assessing the prognosis of CAP and are superior to classical scoring systems. CURB-72 showed the highest
sensitivity and specificity.
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CpaBHUTENbHbIN aHAIN3 MPOrHOCTUYECKON 3HAYMMOCTHU LLKan
CURB-65, CRB-65 n nx mogndukauuin B oueHKe rocnntasibHom
NneTanbHOCTN Y NaLMeHTOB C BHEOONIbHUYHON NHEBMOHNeEN
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PE3IOME

Benenne. CmepTHOCTE OT BHeOOIbHIYHOM MHeBMOHNH (BII) ocraercs cepbe3Hoi MpobiieMoi cCHCTEM 3/1paBOOX-
paHeHus pa3HbIX cTpaH. [IpaBHiIbHAs OLlEHKA TSHKECTH M MECTa JIeUeHNUs OONFHOTO NMEeT pellaroliee 3HaueHHe B
ucxoje 3a00JICBaHUs.

Heas. Ouernuts nporaoctideckyto 3HaunMocty mkan CURB-65 u CRB-65 ¢ ux Momudukanueii B onpeaeaeHun
PHCKa CMEPTH y TOCITUTATH3UPOBAHHbBIX O0NBHBIX ¢ BIL

Matepuajsl u MeTobl. B perpocniexkTuBHOE nccnenoBanue BKounan 1 412 manuentos ¢ BII crapiue 18 mer.
Ha nonymsmun 1 020 GonbHBIX, ¢ HOCIEAYIOIUM pa3ieieHueM Ha TeCTOBYIO (n = 676) u oOyuaroutyio (n = 344)
BBIOOPKH 2 : 1, BBINOJIHEHO CpaBHEHHE NMporHoctuueckoit nenHoct mkan CURB-65 (cmytanHOCTh CO3HaHMSA,
MOYEBHHA > 7 MMOJIb/JI, 4acToTa AbixaHus > 30/MuH, HU3KOe apTepuaibHoe naBinenue (A/l) u Bospact > 65 jet)
n CRB-65 (uckioueHa MOYEBHHA) B MACHTU(HUKAINUU MAIMEHTOB C BBHICOKHMM PHUCKOM TOCIUTAIBHON CMEpTH.
ITpoBenena MoaudUKaLMs YKa3aHHBIX LKA C U3MEHEHHEM TOYCK Pa3/ieNIieHHs M0 KaXJOMy U3 KPUTEPHEB I
MOBBIMICHNS UX TOYHOCTH. {715 cpaBHEeHHUs ncnonb3oBaiics aHann3 ROC-kpuBbix ¢ BerancieaneM AUC (tutomanu
0] KPUBOH).

Pe3yasTatel. Monudunuposannas mkaira CURB-65 ¢ HOBbIMU Toukamu paszeneHus (Bo3pact > 72 JeT, yacToTa
JIbIXaHus > 21/MUH, ypOBEHb MOYEBUHBI > 9,5 MMoub/J1, cuctomuueckoe AJ] < 105 MM pT. CT. U IMACTOIHYECKOE
AJl < 65 MM pT. CT.) OKa3ajach TOYHEE UCXOIHOHU B IPOrHo3upoBaHuu cMeptu U HazBana CURB-72. JIna CURB-
72 u CURB-65 AUC cocrasuna 0,946 (95%-ii noseputenbubiii uatepsai (95% JAN) 0,916-0,967) u 0,905 (95%
JI1 0,869-0,934) cootBerctBenHo (p = 0,0034). M3menennas momens CRB-65 (CRB-72) taxke mper3omuia
HCXOJHYIO, HO CTATHCTHYECKH 3HAYMMO OHH He paziandanuck. [Ipu cpaBHEHHN MOANGHUIMPOBAHHBIX KA MEXKILY
cob6oii HoBas mkasna CURB-72 npoaeMoHcTpUpoBaia MAKCUMAIbHYIO TOYHOCTD B BBISABJICHUH MarueHToB ¢ BIT ¢
PHUCKOM FOCHHUTANBHOM JieTanbHOCTH, TipeB3oiias CRB-72 (p = 0,0347).

3akaouenne. Momudunuposanasie CURB-65 (CURB-72) u CRB-65 (CRB-72) neMOHCTpHpPYIOT MOTEHIIHA B
onenke nporuo3a BIT u mpeBocxonsT kinaccudeckue mkansl, npu 3toM CURB-72 nemoHcTpupyeT HanOoIbIIyIo
qyBCTBUTEIIBHOCTD U CHEIH(UIHOCTS.

KiroueBsble ciioBa: BHeOonbHNYHAs THEBMOHUS, CRB-65, CURB-65, cMepTh, TPOTrHO3, THEBMOHUS, IIKAJIBI

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6n1/11<a111/1e1‘?1 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢uHAHCHPOBAHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBHMM (MHAHCHPOBAHHUSA IIPH IIPOBEJCHUH
HCCIIEeA0BAHMS.

CooTBeTCTBHE NPMHIMIAM ITHKH. Bce manyeHTs! noanucant MHGOPMUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
clIeZIOBaHUU U 00pabOTKy IEepPCOHAJBHBIX AaHHBIX. MccnenoBanue oqo0peHo 3THYecKUM KomuTeToM Cubl' MY
(3akmouenue Ne 5789 or 26.02.2018).
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ckoit 3Haunmoctn mkan CURB-65, CRB-65 n ux mMoxndukanuii B OlleHKe TOCHHUTAILHON JIETATBHOCTH Yy Ta-
INEHTOB C BHEOONBHMYHON NHEBMOHUEW. bronremens cubupckoti meduyunvt. 2024;23(1):7-14. https://doi.
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INTRODUCTION

Community-acquired pneumonia (CAP) remains
one of the main causes of high morbidity, mortali-
ty, and high costs for healthcare systems in different
countries [1, 2]. According to the 2016 Global Burden
of Disease Study, more than 336 million episodes of
lower respiratory tract infections (LRTIs) were report-
ed worldwide, corresponding to 65.9 million hospital-
izations and 2,377,697 deaths [3]. Despite modern
advances in medicine, a deep understanding of the
etiology and pathogenesis of the disease, and possibil-
ities of antibacterial therapy, according to the World
Health Organization, LRTIs ranked fourth among all
causes of death in 2019 [4].

One of the key stages for a favorable outcome in
CAP is an initial assessment of the severity and prog-
nosis of the disease, allowing the doctor to determine
the level of care, the volume of necessary research,
and the intensity of therapy.

There are a number of systems for assessing the
prognosis of CAP in the world. The most popular
among them are the Pneumonia Severity Index (PSI)
[5] and the CURB-65 score (confusion; urea > 7 mmol
/1; respiratory rate > 30 / min; systolic blood pres-
sure (SBP) (< 90mm Hg) or diastolic blood pressure
(DBP) (< 60mm Hg); and age > 65 years) [6].

Both scoring systems were developed to facilitate
decisions on the level of care based on the risk of a poor
outcome in CAP. At the same time, PSI consists of
20 variables, including such laboratory tests as blood
pH, which, in some cases, complicates its practical
application. This scoring system classifies patients
into five risk classes depending on the severity of the
disease (based on the score) and assumes outpatient
treatment for patients of risk classes I-II, short-term
hospitalization for patients of risk class III, and full
hospitalization for risk classes IV and V (with a high
probability of resuscitation and intensive care (ICU)
for the latter).

The CURB-65 score classifies patients into low-
, intermediate-, and high-risk groups based on only
five parameters, each of which is attributed one
point. Patients with score 0—1 should be treated as
outpatients, with score 2 are indicated short-term
hospitalization, with score 3—5 — hospitalization with
a high probability of transfer to the intensive care
unit (ICU) with the maximum score [6]. The CRB-65
score, a simplified version of the CURB-65, does not
include blood urea assessment and can be determined
in just a few minutes at any stage of care. In this case,
low-risk group is assigned to patients with score 0,

intermediate-risk group — to patients with score 1-2,
and high-risk group — to patients with score 3 and 4 [6].

There is no doubt that emergency room doctors
with high work intensity and patient flow do not
always resort to predictive models to make decisions
on where to treat a patient. So, according to S.A.
Rachina et al. (2016), doctors in Russian hospitals use
both scores in routine practice only in isolated cases
[7]. Foreign colleagues also come to disappointing
conclusions. So, in the study by D.J. Serisier et al.
(2013) involving practicing doctors, only 11.8% of
pulmonologists and 21% of emergency room doctors
were able to correctly determine severity classes on
the PSI score. 20.4% of pulmonologists and 15% of
emergency room doctors were able to perform the
CURB-65 assessment successfully [8]. Thus, it is
obvious that more complex scores, which include
many parameters for assessment, are more likely to
remain unclaimed in real clinical practice.

The aim of this study was to assess the prognostic
value of the CURB-65 and CRB-65 scoring systems in
hospitalized patients with CAP in determining the risk
of an unfavorable outcome of the disease, followed by
modification of these scoring systems to improve their
accuracy.

MATERIALS AND METHODS

A retrospective study using a continuous sampling
method included data obtained from 1,412 patients
aged 18 years and older, hospitalized in emergency
hospitals in Tomsk with a diagnosis of CAP in 2017.
The study did not include patients with nosocomial
pneumonia, pulmonary tuberculosis, malignant
tumors of the lungs, and radiologically confirmed
septic pneumonia. All patients signed an informed
consent to participate in the study and for personal
data processing. The study was approved by the Ethics
Committee at Siberian State Medical University
(Protocol No. 5789 0f 26.02.2018).

Within this study, we assessed > 200 parameters,
including features of the CAP development, data on
the socio-demographic status, complaints, medical
history, objective status, results of laboratory and
instrumental studies, information about treatment at
the pre-hospital and in-hospital stages, and information
about the course of the disease during hospitalization
and outcomes. The article provides a comparative
assessment of the prognostic value of the CURB-
65 and CRB-65 scores in identifying patients with
an increased risk of in-hospital death. Modification
of these scoring systems was also carried out with
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changes in the cut-off value for each of the criteria
to increase their accuracy. To evaluate parameters
for each of the scoring systems, we included physical
examination data, blood urea level (for CURB-65),
and age determined at the time of patient admission to
the emergency room.

The analysis of the obtained data was carried
out using the statistical software package MedCalc,
version 18.9.1. Quantitative variables were presented
as the median and the interquartile range Me (Q,;
0.,), qualitative variables — as absolute and relative
frequencies 7 (%). To analyze the prognostic value of
the CURB-65 and CRB-65 scores, the ROC analysis
was used with calculating the area under the curve
(AUC) and 95% confidence interval (CI) for AUC,
determining the cut-off value using the Youden
index and sensitivity and specificity for this point,
as well as establishing the statistical significance of
differences between AUCs for scoring systems and
their modifications. The results were considered
statistically significant at p < 0.05.

RESULTS

The study analyzed data obtained from 1,412 peo-
ple (790 men (55.9%) and 622 women (44.1%)). The
age of the patients was 61 (40; 76) years (from 18 to
103 years). In-hospital mortality was registered for
128 (9.1%) patients. A comparative assessment of the
CURB-65 and CRB-65 scoring systems was carried
out on the population of 1,020 patients with CAP.

The risk of death increased directly with an in-
crease in scores for each scoring system (Table 1).

Table 1

Relationship between the number of unfavorable factors
(score) and the risk of in-hospital death, » = 1,020

Score | Discharged, n (%) Died, n (%)

CURB-65 0 137 (100) 0(0)

1 98 (97.0) 3(03)

2 64 (87.7) 9 (12.3)

3 13 (56.5) 10 (43.5)

4 2 (25.0) 6 (75.0)

5 0(0) 2 (100)
CRB-65 0 170 (99.4) 1 (0.6)

1 121 (93.8) 8(6.2)

2 21 (65.6) 11 (34.8)

3 1(11.1) 8(83.9)

4 1(33.3) 2 (64.7)

Next, the general sample (n = 1,020) was split into
test (n = 676) and training (n = 344) subsets in the

ratio 2:1. No statistically significant differences were
observed between them.

To compare the predictive value of the scoring
systems, ROC curves were constructed for the gener-
al sample (Fig. 1) and for the test sample (Fig. 2). In
both cases, AUC for the CURB-65 score was great-
er than for the CRB-65 score and was 0.870 (95%
CI: 0.848-0.890) for CURB-65 and 0.839 (95% CI:
0.815-0.861) for CRB-65 (p = 0 .0036) in the general
sample, and 0.905 (95% CI: 0.869-0.934) and 0.889
(95% CI: 0.851-0.920) in the test sample, respectively
(» = 0.3692). In the test sample, the differences be-
tween the curves were subtle and not significant.
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Fig. 1. Comparison of the ROC curves for the CURB-65 and
CRB-65 scores in the general sample
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Fig. 2. Comparison of the ROC curves for the CURB-65 and
CRB-65 scores in the test sample
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The study hypothesized that modification of the
scoring systems would increase their diagnostic
value. To test this hypothesis on the test subset, the
ROC analysis was performed for each of the factors,
searching for the most accurate cut-offs. As a result,
new cut-off values for each parameter were obtained
in the study population (Table 2).

Table 2

Cut-off values in the classical and modified CURB-65
and CRB-65 scoring systems

Classical Modified s
Parameter CURB-65/ CURB-72%/
CRB-65 scores | CRB-72* scores
Age, years > 65 > 72
Cognitive impairment Yes Yes
Blood urea, mmol / 1 >17 >9.5
Respiratory rate, min > 30 >21
Systolic blood pressure, mm Hg <90 <105
Diastolic blood pressure, mm Hg <60 <65

*due to the new cut-off value based on age > 72 years, the modified
scores were given the names CURB-72 and CRB-72.

ROC curves were constructed for each of the mod-
ified scoring systems in the test sample and compared
with the ROC curves constructed for the classical
scores (Fig. 3, 4)
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Fig. 3. Comparison of the ROC curves for the CURB-65 and
modified CURB-65 (CURB-72) scores

AUC for the modified CURB-72 score surpassed
the one for the classical CURB-65 model and was
0.946 (95% CI: 0.916-0.967) and 0.905 (95% CTI:
0.869-0.934), respectively (p = 0.0034). When
CRB-65 was modified to CRB-72, AUC increased

from 0.889 (95% CI: 0.851-0.920) to 0.910 (95%
CI: 0.874-0.938) but was not significantly different
(p=0.0724).
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Fig. 4. Comparison of the ROC curves for the CRB-65 and
modified CRB-65 (CURB-72) scores

The new CURB-72 score demonstrated maximum
accuracy in identifying patients with CAP at risk of
in-hospital mortality, surpassing CRB-72 (p = 0.0347)
(Fig. 5).

100 | —
8oL /
Z 60k pd
::E I /'...
b I y
n 401,
zﬂ [ .'..‘,'/."
[| | —— CRB_85_modified
L —— CURB_65_ modified
0 [ T 1.
0 2

0 40 60 80 100

100-Specificity
Fi1g. 5. ROC curves comparing the moditied CURB-65
(CURB-72) and CRB-65 (CRB-72) scores

The cut-off value for both scoring systems (both
modified and classical) was > 1 point. As a result,
the modified CURB-65 score (CURB-72) with the
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modified cut-off values showed the highest sensitivity
and specificity (Table 3), which allowed for the most
accurate identification of not only patients at high risk
of death, but also patients with a favorable prognosis
of the disease. Implementation of the proposed
modified scoring system in routine clinical practice
can reduce the burden on hospitals by redistributing
low-risk patients to outpatient treatment.

Table 3

Characteristics of the ROC curves for the classical and
modified CRB-65 and CURB-65 scores

Score AUC, 95% CI Sensitivity | Specificity
CRB-65 0.889 (0.851-0.920) 70.00 92.68
CURB-65 0.905 (0.869-0.934) 90.00 74.84

Modified scores
CRB-72 0.910 (0.874-0.938) 76.67 90.76
CURB-72 0.946 (0.916-0.967) 93.33 85.99
DISCUSSION

W.S. Lim et al. (2003) developed and validated the
CURB-65 and CRB-65 scoring systems for predicting
30-day mortality in patients with CAP. In the study
population (n = 1,068), 9% of patients died [6].

The present study assessed outcomes only during
hospitalization, which lasted 11 (9; 13.6) days, and did
not track the health status of discharged individuals
(n=1,412). Among the patients included in the study,
9.1% died.

In the general sample in the present study, the
mortality rate in patients with the CURB-65 score of
> 2 was slightly higher than in the study by W.S. Lim
et al. [6]. Scientists demonstrated that among CAP
patients with the CURB-65 score of 2, death occurred
in 9.2% of cases (intermediate risk of death), with
the score of > 3 — in 22% (high risk of death). In our
work, in patients with the score of 2, mortality was
12.3%, with the score of 3 — 43.5%. There were only
two patients with the score of 5, and both of them died
(Table 1).

In addition, W.S. Lim et al. concluded that low-risk
patients (CURB-65 score of <2 and CRB-65 score of
< 1) can be provided with outpatient care. At the same
time, according to our data, among patients with the
CURB-65 score of 1, three (3%) died, and in the group
with the CRB-65 score of 0, death was registered in
one case, and, according to the decision-making strat-
egy, these patients had to be treated in the outpatient
setting [6]. Our results suggest that the predictive abil-
ity of the CURB-65 and CRB-65 scoring systems is
not perfect. The opinions of other scientists on the sig-

nificance of these scoring systems in identifying pa-
tients with mild CAP are ambiguous, and a number of
studies question their accuracy [9, 10].

Thus, according to A. Ilg et al. (2019), among
patients with the CURB-65 scores of 0 and 1,
15.6% were hospitalized in the intensive care unit,
and 0.6% died [10]. At the same time, according to
the meta-analysis by M.H. Ebell et al. (2019), the
authors concluded that the CRB-65 score is effective
in identifying patients at low risk of death and
demonstrated that when this scoring system is applied
to stratify patients, the risk of outpatient mortality in
this group of patients is no more than 0.5% [11].

In the study, we came to the conclusion that the
cut-off value for both scoring systems is > 1, and
if at least one criterion in both the CURB-65 and
CRB-65 scores is identified, the patient undoubtedly
requires hospitalization. When comparing the CURB-
65 and CRB-65 scores with each other, the former
outperformed the latter in the general sample, but in
the test sample, no differences were found.

The question of the significance of urea in the
CURB-65 score remains open. According to various
researchers, the CURB-65 and CRB-65 models
demonstrate comparable value [12, 13]. So, in
the meta-analysis by J.D. Chalmers et al. (2010),
it was concluded that there are no significant
differences between the scores in predicting death
from CAP [14].

The present study demonstrated the maximum ac-
curacy of the modified scales (CURB-72 and CRB-
72) at higher blood pressure values and lower respi-
ratory rates, which could result in an underestimated
risk of death in classical scoring systems. In gener-
al, while the importance of assessing respiratory rate
(as a sign of respiratory failure) is beyond doubt, the
role of hypotension is the subject of debates and has
been questioned by some scientists. So, H.Y. Li et al.
(2015) demonstrated that CURB-65 can be simplified
by excluding low blood pressure, which improves the
prediction of mortality in patients with CAP [15]

In the population we studied, a decrease in SBP
to a level of < 90 mm Hg was detected only in 34
(26.6%) of deceased patients. In turn, a decrease in
DBP to a value of < 60 mm Hg was registered in 38
(29.7%) of the deceased. In addition, only 36 patients
had a respiratory rate > 30 / min. Moreover, out of 128
deceased patients, this criterion was identified only in
22 cases (17.2%). The data obtained were compara-
ble to the results in the work by Q. Guo et al. (2023),
where respiratory rate > 22 / min and SBP < 100 mm
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Hg demonstrated higher odds ratio and greater reli-
ability than generally accepted parameters of classical
scoring systems (AUC 0.823 versus 0.519; 0.688 ver-
sus 0.622, respectively) [16].

Thus, respiratory rate > 21 / min, SBP < 105 mm
Hg, and DBP < 65 are more suitable for predicting
mortality, as evidenced by significant improvements
in AUC values for both scores. For urea, we concluded
that the most accurate cut-off values should be higher
than in the classical scores and amount to 9.5 mmol / 1
instead of 7 mmol / 1.

The modified CURB-65 (CURB-72) score
exhibited not only higher sensitivity in determining the
risk of death, but also higher specificity, which allows
to more accurately identify low-risk patients who can
be treated in the outpatient setting, thus reducing the
burden on hospitals. According to our data, the cut-
off value for both modified scoring systems was > 1.
That is, patients with the score of 1 or more should be
hospitalized.

CONCLUSION

Given the high mortality associated with CAP,
search for new ways to assess the risk of in-hospital
death remains an important goal in modern science.
The study proposed a new methodological approach
to improve the predictive value of the CURB-65 and
CRB-65 scores. We obtained results indicating that
the modified CURB-65 (CURB-72) and CRB-65
(CRB-72) scores demonstrate potential in assessing
the prognosis of CAP and surpass the classical scoring
systems. At the same time, the CURB-72 score
has maximum sensitivity and specificity. Further
prospective studies with larger cohorts in different
populations and settings are required.
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