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Summary 
Scoring systems based on assessment of disease severity and patient condition are widely used for routing 

and predicting length of stay in the ICU. However, their effectiveness varies in patients with sepsis. 
The aim of the study. To evaluate the effectiveness of scoring systems in routing and predicting ICU length 

of stay in patients with severe community-acquired pneumonia (CAP). 
Materials and methods. Medical records of 664 patients from the Intensive Care for Severe CAP database 

of I. I. Mechnikov Northwestern State Medical University (2013–2023) were analyzed using the following scor-
ing scales: CURB-65, PSI/PORT, SMART-COP, SCAP, REA-ICU, NEWS2, IDSA/ATS criteria, APACHE IV, CFS, 
and CCI. Statistical analysis was performed using Statistica 10.0, SPSS, and Stat Research (Center for Statistical 
Research) software. 

Results. Among the study cohort, 96 patients (15%) had bacterial severe CAP (bCAP) and 568 patients (85%) 
had viral severe CAP (vCAP), all of whom were admitted to the ICU. A NEWS2 score �2 was observed in 
74 (77.1%) bCAP patients and all vCAP patients (P�0.001). In contrast, 437 (76.9%) vCAP patients and 74 (77.1%) 
bCAP patients were classified as high risk according to SMART-COP (P=0.966). Delayed ICU admission 
(�7 days) was observed in older patients with severe bCAP, but did not significantly affect ICU length of stay 
or outcomes. A strong correlation was found between adverse outcome and predicted mortality using 
APACHE IV (η=0.966 for vCAP and η=0.807 for bCAP). However, no correlation was observed between predicted 
and actual ICU length of stay for both vCAP and bCAP patients (R²=0.0257, Kendall's W=0.018 for vCAP; 
R²=0.0294, Kendall's W=0.050 for bCAP). The predictive model accuracy for ICU stay �1 day or �14 days was 
not satisfactory. Model with vCAP patients adjusted for age (�60 years) and APACHE IV exhibited moderate 
predictive accuracy for prolonged ICU stay (AUROC 0.610). 

Conclusion. Differences were found in the applicability of the NEWS2, REA-ICU, and IDSA/ATS major cri-
teria scoring systems for ICU routing of bCAP and vCAP patients. APACHE IV showed a strong correlation be-
tween predicted and actual mortality, but no correlation between predicted and actual ICU length of stay in 
severe CAP patients was found. 
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Introduction 
Community-acquired pneumonia (CAP) is the 

second most common cause of hospitalization and 
the leading infectious cause of death. Advanced age 
is a well-established risk factor for adverse outcomes 
in CAP [1]. Severe community-acquired pneumonia 
(sCAP) is a distinct form of the disease characterized 
by severe acute respiratory failure (ARF), typically 
accompanied by signs of sepsis and organ dysfunc-
tion  [2]. A pragmatic definition of sCAP refers to 
CAP in patients admitted to the intensive care unit 
(ICU). The bias inherent in this definition stems 
from the significant variability in ICU resources 

across regions and healthcare institutions. In addition, 
the comorbidity profile of patients [1] and the need 
for specialized care in «frail» patients [3] may influence 
the assessment of severity and increase the need 
for ICU admission in CAP cases. 

The use of severity scales and the selection 
of appropriate care settings are critical to ensure 
the safety of patients with CAP and the appropriate 
allocation of hospital resources (Appendix, Table). 
In clinical practice, the use of the IDSA/ATS minor 
criteria (3 out of 9 criteria) or major criteria (shock 
or need for mechanical ventilation) helps to stratify 
patients with CAP [4]. A meta-analysis by Marti et 
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al. showed that the minor criteria of IDSA/ATS, 
SCAP, and SMART-COP have superior discriminatory 
performance compared to the PSI/PORT and 
CURB-65 scoring systems in predicting the need 
for ICU admission in patients with sCAP [5]. Similar 
findings were reported in the study by Fukuyama 
et al, where the IDSA/ATS criteria and the SMART-
COP scale showed good predictive value for ICU 
routing in patients with sCAP [6]. 

The proportion of patients with severe com-
munity-acquired pneumonia (sCAP) requiring re-
suscitation is 22.7% [7], and a proportion of these 
patients needs a prolonged stay in the intensive 
care unit (ICU) [8–9], which significantly increases 
the financial cost to hospitals [10]. Prolonged ICU 
stays are not only associated with high costs due to 
intensive therapy, but also with resource utilization, 
leading to disruptions in the throughput capacity 
of units and hospitals. 

To predict ICU length of stay, the predictive 
ability of the APACHE III  [11], APACHE IV  [12], 
MPM III [13], and SAPS II [14] scales was evaluated. 
The APACHE IV scale was developed in 2006 using 
data from 69.652 patients admitted to 104 ICUs in 
the United States and later validated using data 
from 46.517 patients to predict ICU length of stay 
and hospital mortality [12]. The accuracy of predicting 
ICU length of stay using the APACHE IV scale in pa-
tients with sepsis shows conflicting results [15]. 

Building a predictive model by incorporating 
additional variables based on the APACHE II, 
APACHE III, and SAPS II scales shows higher effec-
tiveness in predicting the risk of prolonged ICU 
stay (AUC 0.827–0.839) [16]. To improve the predictive 
accuracy in patients with sCAP, it is suggested to 
use the Clinical Frailty Scale (CFS) and the Charlson 
Comorbidity Index (CCI). According to several re-
searchers, the CFS provides valuable clinical infor-
mation for health care managers regarding the or-
ganization and duration of intensive therapy  [3], 
and outcome prediction based on age and comor-
bidities using the CCI outperforms the CURB-65 
and PSI/PORT scales in terms of accuracy in patients 
with sCAP [17]. 

Improving the accuracy of predicting ICU 
length of stay for patients with sCAP will facilitate 
planning and improve resource management in 
hospitals. 

The aim of the study — to evaluate the effec-
tiveness of using scales for patient routing and pre-
diction of ICU length of stay in patients with severe 
community-acquired pneumonia. 

Materials and Methods 
Data from the medical records of 853 patients 

with lower respiratory tract infections were col-
lected from the «Intensive care of patients with 
severe community-acquired pneumonia» database 

at the I. I. Mechnikov Northwestern State Medical 
University (NSMU) from February 2013 to February 
2023 (government registration certificate for the 
database No. 2024624611). The diagnosis of severe 
community-acquired pneumonia (sCAP) was made 
according to clinical guidelines  [2]. The center 
received approval from the Local Ethics Committee 
(LEC) of NSMU (LEC Protocol No. 2, dated February 
12, 2020).  

The table in the appendix shows the scales 
used prospectively to assess the severity of patients 
with sCAP and to determine the need for ICU ad-
mission. A retrospective assessment of 40 patients 
with moderate community-acquired pneumonia 
(mCAP) from 2013 to 2020 was performed using 
the NEWS2 scale. The duration of ICU stay for pa-
tients with sCAP was also evaluated. During ICU 
admission, variables necessary to predict mortality 
and ICU length of stay were collected. 

Statistical analysis was performed using the 
software packages Statistica 10.0, SPSS, and Stat Re-
search (Center for Statistical Research). Patient char-
acteristics were compared between groups according 
to the distribution of quantitative variables. The 
Shapiro–Wilk test was used to assess normality. 
Quantitative data were described as median (Me) 
and interquartile range (Q1; Q3) or mean (M) ± stan-
dard deviation (SD).  

Independent groups were compared using the 
Mann–Whitney and Kruskal–Wallis tests, while 
paired samples were analyzed using the Wilcoxon 
test. The Bonferroni correction was used for multiple 
comparisons. The structure of categorical variables 
was presented as frequency distributions, and Pear-
son's χ² test was used for comparative analysis of 
categorical data. Statistical significance was set at a 
two-tailed P�0.05.  

The association between quantitative variables 
was assessed using Spearman's rank correlation 
coefficient, concordance was assessed using 
Kendall's W coefficient, and the association between 
binary and continuous variables was measured 
using the eta (η) coefficient.  

ROC analysis was used to assess the discrimi-
native power of the scales. The optimal threshold 
was selected based on a balance between sensitivity 
and specificity. The results were reported as thresh-
old, sensitivity, specificity, and area under the ROC 
curve (AUC). Model quality was graded as follows:  

— 0.9–1.0 — excellent  
— 0.8–0.9 — very good  
— 0.7–0.8 — good  
— 0.6–0.7 — moderate  
— 0.5–0.6 — poor  
A higher AUC indicates a greater prognostic 

(diagnostic) value of the scale. 

Results and Discussion 
The study flowchart is shown in Fig. 1. 
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The study included medical record data from 
664 patients, of whom 96 (15%) had bacterial severe 
community-acquired pneumonia (bsCAP) and 
568  (85%) had viral severe community-acquired 
pneumonia (vsCAP). The patient groups were com-
parable in age and gender, with older and geriatric 
patients predominant in both cohorts. 

Patients with bsCAP had a higher Charlson 
Comorbidity Index (CCI) score, indicating a greater 
comorbidity burden, and their Clinical Frailty 
Scale (CFS) scores suggested a need for personal-
ized care due to significant physical and cognitive 
impairment. Scores on the NEWS2, SMART-COP, 
REA-ICU scales and IDSA/ATS criteria were ele-
vated in both groups, but showed differences be-
tween vsCAP and bsCAP patients. 

A total of 567 (99.8%) vsCAP patients and 
80 (83.3%) bsCAP patients required respiratory sup-
port of various modalities (P�0.001). However, the 
bsCAP group had a lower PaO₂/FiO₂ ratio. Among 
vsCAP patients, 203 (35.7%) had a bacterial coin-
fection on admission to the ICU. 

The need for vasopressor support and the 
doses administered were higher in the bsCAP group. 
The groups were comparable in the use of corti-
costeroids but differed in the frequency of parenteral 
nutrition and administration of «last-resort antibi-
otics». Parenteral nutrition was used more frequently 
in vsCAP patients, while «last-resort antibiotics» 
were prescribed more frequently in bsCAP patients. 

Patients with bsCAP required a longer ICU 
stay, while vsCAP patients had a longer overall hos-
pital stay. A comparison of demographic, clinical, 
laboratory, and hospital-related parameters between 
the groups is shown in Table 1. 

In the study by Covino et al, the NEWS2 score 
showed a high predictive accuracy (AUROC 0.901) 
for ICU admission and/or mortality within 24 hours 
with a score � 2 [29], which is consistent with our 
findings, where 568 (100%) of patients with vsCAP 
and 74 (77.1%) with bsCAP were at high risk for 
ICU admission. In the study by Lazar Neto et al. of 
patients with community-acquired pneumonia hos-
pitalized with COVID-19, a SMART-COP score � 3 
was observed in 437 (76.9%) patients [30], which is 
consistent with our results [6, 18]. 

The SCAP scale, with a threshold � 10.0 points, 
also showed a high efficacy in predicting ICU ad-
mission in patients with vsCAP and bsCAP. A com-
parative analysis by Marti et al. showed that the 
IDSA/ATS minor criteria, SCAP score, and SMART-
COP score had better discriminatory properties 
than PSI/PORT and CURB-65 for predicting ICU 
admission [5], which is consistent with our results. 
A PSI/PORT score � 130 (class V) was observed in 
365 (64.2%) patients with vsCAP versus 53 (55.2%) 
with bsCAP, higher than in the similar study by 
Charles et al. However, the number of patients with 

a SMART-COP score � 3 was lower than in the 
study by P. G. Charles et al. [18]. 

The SCAP and REA-ICU scales showed differ-
ences between vsCAP and bsCAP patients requiring 
intensive care, as did the IDSA/ATS major criteria. 
Liapikou et al. showed that the predictive value of 
the IDSA/ATS criteria for ICU admission was 
71% [31]. In the study by Renaud et al, the risk of 
ICU admission increased significantly from risk 
class I (� 3 points) to risk class IV (� 9 points) on 
the REA-ICU scale  [20], similar to the data of the 
current study. 

The threshold values of the scales for ICU ad-
mission and the number of patients in the severe 
CAP groups reaching the corresponding scores at 
ICU admission are shown in Table 2. 

Seventy-three (76%) patients with bsCAP were 
admitted to the ICU within 48 hours vs. 266 (46.8%) 
patients with typical vsCAP. Delayed ICU admission 
was associated with increased hospital mortality 
and unplanned readmissions in both groups, al-
though these differences between groups were not 

Fig. 1. Study flowchart. 
Note. AUROC — area under the ROC curve; ROC — receiver op-
erating characteristic. 
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statistically significant. Similar findings were reported 
in a large British cohort study that showed worse 
outcomes with delayed ICU admission. Mortality 
was 46.3% for those admitted to the ICU within 
2  days of hospital admission, rising to 50.4% for 
those admitted within 2–7 days and 57.6% for those 
admitted after 7 days [32]. When comparing patients 
based on ICU admission time, delayed ICU admis-

sion (� 7 days) was more common in older patients 
with vsCAP (P=0.026) and was associated with longer 
hospital stay (P�0.0001). However, it did not sig-
nificantly affect ICU length of stay or outcome. Pa-
tients with bsCAP admitted to the ICU after a delay 
of � 7 days also had longer hospital stays (P=0.002), 
but no differences in ICU length of stay or outcome 
were observed between groups (Table 3). 

Table 1. Demographic, clinical, laboratory, and hospitalization-related parameters in the study groups. 
Parameter                                                                                                                                                                             Values in groups                                    P 
                                                                                                                                                                                       vsCAP                                bsCAP                         
Total, N (%)                                                                                                                                                 568 (85.5)                         96 (14.5)                       

Demographic parameters 
Age, years                                                                                                                                                  67.14±14.02                   70.07±13.96             0.053 
                                                                                                                                                                     68 (58.5–78)                   70 (61.5–82)                    
Elderly, N (%)                                                                                                                                            232 (40.85)                      39 (40.62)                0.297 
Senile, N (%)                                                                                                                                              173 (30.46)                      37 (38.54)                      
Middle-aged, N (%)                                                                                                                                110 (19.37)                      12 (12.50)                      
Young, N (%)                                                                                                                                                42 (7.39)                           5 (5.21)                        
Long-lived individuals, N (%)                                                                                                               11 (1.94)                           3 (3.12)                        
Women, N (%)                                                                                                                                           265 (46.6)                         57 (59.4)                       
BMI, kg/m2, Me (IQR)                                                                                                                            27.8 (8.16)                      25.4 (8.56)               0.002 

Scores and evaluation systems, Me (Q1–Q3)  
NEWS2, points                                                                                                                                            9 (8–10)                           5 (2–7.5)               �0.001 
ССI, points                                                                                                                                                     3 (2–6)                              7 (6–8)                 �0.001 
CFS, points                                                                                                                                                    2 (0–5)                              6 (0–7)                 �0.001 
SOFA                                                                                                                                                                5 (4–7)                              4 (3–6)                   0.056 
APACHE IV, points                                                                                                                         69.00 (48.00–123.25)   99.00 (65.00–126.00)    �0.001 
CURB-65, points                                                                                                                                         3 (2–3)                              3 (2–3)                   0.854 
SMART-COP, points                                                                                                                                   4 (3–4)                              5 (3–7)                 �0.001 
PSI/PORT, points                                                                                                                            136.0 (120.5–150.5)    132.0 (114.25–156.0)     0.443 
SCAP, points                                                                                                                                         11.0 (11.0–18.0)             12.0 (8.5–18.0)           0.137 
IDSA/ATS: Minor criteria, points                                                                                                          2 (2–4)                              2 (1–3)                 �0.001 
IDSA/ATS: Major criteria, points                                                                                                           0 (0–1)                              1 (0–1)                   0.013 
REA-ICU, points                                                                                                                                         5 (2–12)                          10 (7–12)               �0.001 

Organ support 
Respiratory support, N (%)                                                                                                                   567 (99.8)                         80 (83.3)               �0.001 
High-flow oxygen therapy, N (%)                                                                                                        409 (72.0)                         14 (14.6)               �0.001 
NILV, N (%)                                                                                                                                                 427 (75. 2)                        14 (14.6)               �0.001 
MLV � 24 hours, N (%)                                                                                                                           248 (43.7)                         40 (41.7)                 0.777 
PaO₂/FiO₂, mmHg in patients on NILV/MLV, Ме (IQR)                                                             156 (35.0)                        116 (62.5)              �0.001 
Vasopressor support (norepinephrine at a dose of � 0.5 µg/kg/min), N (%)                   129 (22.71)                      55 (57.29)              �0.001 
Vasopressor support �72 hours                                                                                                          85 (14.96)                        55 (57.29)              �0.001 
Renal replacement therapy, N (%)                                                                                                      58 (10.2)                          36 (38.7)               �0.001 

Intensive care 
«Last-resort antibiotics», N (%)                                                                                                          124 (21.8 )                        36 (37.5)               �0.001 
Steroids, N (%)                                                                                                                                           220 (38.7)                         39 (40.6)                 0.006 
Parenteral nutrition, N, (%)                                                                                                                  201 (35.4)                        30 (31.25)              �0.001 

Length of hospitalization and outcomes 
ICU stay � 14 days, N (%)                                                                                                                       57 (10.0)                          24 (25.0)               �0.001 
Days in ICU, Me (IQR)                                                                                                                              5.0 (6.0)                          7.0 (9.75)                0.001 
Days from Hospital Admission to ICU, Me (IQR)                                                                          2.0 (5.0)                           1.0 (1.0)                �0.001 
Length of hospital stay, days, Me (IQR)                                                                                           17.0 (14.0)                     12.5 (13.75)              0.002 
Fatal outcome, N (%)                                                                                                                             236 (41.55)                      58 (60.42)                0.001 
Note. Me — median; IQR — interquartile range; BMI — body mass index; NILV — non-invasive lung ventilation; MLV — mechanical 
lung ventilation.

Table 2. Use of assessment systems to identify high-risk patients for ICU admission. 
Assessment system, points                                                               Frequency in groups, N (%)                                                                      P 
                                                                                                       vsCAP, N=568                                     bsCAP, N=96                                                      
1. CURB-65 �3                                                                        291 (51.2)                                            50 (52.1)                                                 0.877 
2. PSI/PORT �130                                                                 365 (64.2)                                            53 (55.2)                                                 0.092 
3. SMART-COP �3                                                                 437 (76.9)                                            74 (77.1)                                                 0.966 
4. IDSA/ ATS: Major criteria �1                                        263 (46.3)                                            62 (64.6)                                                 0.001 
5. IDSA/ ATS: Minor criteria �3                                       281 (49.5)                                            40 (41.7)                                                 0.158 
6. SCAP �10                                                                             451 (79.4)                                            62 (64.6)                                                 0.001 
7. REA-ICU �7                                                                        265 (46.7)                                            72 (75.0)                                                �0.001 
8. NEWS2 �2                                                                          568 (100.0)                                           74 (77.1)                                               �0.001 



A very strong correlation was found between 
actual adverse outcomes and the predicted mor-
tality rate using the APACHE IV scale (η=0.966 for 
vsCAP and η=0.807 for bsCAP). The APACHE IV 
scale was used to predict ICU length of stay. The 
distribution of patients with sCAP across 
APACHE IV scores showed that 25.8% scored be-
tween 41–52 points. 18.2% scored between 112–127, 
10.1% scored between 128–143 points, and 6.8% 
scored between 144–195 points (Table 4). Differ-
ences in APACHE IV score distribution between 
groups are shown in Table 4. 

The median length of stay in the ICU for 
patients with vsCAP was 5 (3.0, 9.0) days compared 
to 7 (4.0, 14.0) days for patients with bsCAP. In the 
study by C. Dupuis et al., the median ICU stay for 
patients with bsCAP was 8.0 (4.0, 16.0) days [8]. Ac-
cording to an international report, the ICU length 
of stay for patients with vsCAP ranged from 5 to 19 
days; our results are consistent with a British 
study [33]. Patients with bsCAP who scored 41–52 
points had a significantly longer mean ICU length 
of stay than patients with vsCAP (P=0.001). The 
data of ICU length of stay for patients with vsCAP 
and bsCAP are shown in Table 5. 

Patients with vsCAP whose APACHE IV scores 
ranged from 93 to 111 had ICU stays of 9 (5–12) or 
more days (Table 5). In the vsCAP group, the actual 

number of ICU days was significantly higher than 
predicted by APACHE IV scores in the 3–40 and 79–92 
ranges, in contrast to the study by K. Zangmo et al. 
in which predicted days significantly exceeded actual 
days for patients with APACHE IV scores of 81–90 [15]. 
At a mean APACHE IV score of 99.92, actual and pre-
dicted ICU days were equivalent, a trend that persisted 
at higher mean scores (Table 6). 

No significant correlation or concordance was 
found between predicted and actual ICU length of 
stay for patients with vsCAP (R²=0.0257, Kendall's 
W=0.018). Fig. 2, a shows the correlation between 
actual and APACHE IV predicted ICU length of stay 
in the vsCAP. 

In the bsCAP group, most patients (26.0%) had 
APACHE IV scores between 112 and 127, with a 
median ICU length of stay of 7.5 days (IQR 4.75–15.5). 
Ten patients (10.4%) with an APACHE IV score of 
86.6 had an ICU length of stay of 10 days (IQR 6–13). 
In the bsCAP group, actual ICU length of stay was 
significantly longer than that predicted by APACHE IV 
scores in the 53–60 range, in contrast to the study by 
K. Zangmo et al.  [15], which found that predicted 
ICU length of stay was significantly longer than actual 
ICU length of stay for APACHE IV scores of 50–60. No 
significant difference was found between predicted 
and actual ICU length of stay in bsCAP patients 
reaching a mean APACHE IV score of 64 (Table 7). 
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Table 3. Study parameters at different time points prior to ICU admission. 
Parameter                                                                                                                                   Values at different time points prior                         P 
                                                                                                                                                                              to ICU admission                                                 
                                                                                                                                                     �48 hours    From 2 to 7 days        �7 days                        
Patients with vsCAP, N (%)                                                                                      266 (46.8)            191 (33.6)             111 (19.5)                   — 
Age of patients with vsCAP, Me (Q1; Q3)                                                                   68.0                       64.0                        71.0                     0.026 
                                                                                                                                         (59.25; 78.0)        (57.0; 76.5)          (60.5; 80.0)          p₂₃=0.039 
Length of stay in ICU, Me (Q1; Q3)                                                                      6.0 (3.0; 9.0)       5.0 (3.0; 9.0)        5.0 (2.0; 8.0)             0.283 
Length of stay in the hospital, Me (Q1; Q3))                                                             15.0                       17.0                       25.0                   �0.001 
                                                                                                                                            (9.0; 21.0)           (12.0; 24.0)          (17.5; 32.0)          p₁₃�0.001 
                                                                                                                                                                                                                                         p₁₃�0.001 
                                                                                                                                                                                                                                          p₁₂=0.002 
Hospital mortality in patients with vsCAP, N (%)                                            106 (39.8)             76 (39.8)               54 (48.6)                 0.239 
Patients with bsCAP, N (%)                                                                                       73 (76.0)              14 (14.6)                 9 (9.4)                      — 
Age of patients with bsCAP, Me (Q1; Q3)                                                                  69.0                       70.5                       72.0                     0.955 
                                                                                                                                            (62; 82.0)          (62.75; 80.5)         (66.0; 77.0) 
Length of stay in ICU, Me (Q1; Q3)                                                                     7.0 (4.0; 13.3)     9.0 (7.0; 23.0)      7.0 (3.0; 10.0)            0.324 
Length of stay in the hospital, Me (Q1; Q3)                                                               7.5                        15.0                       29.0                     0.002 
                                                                                                                                            (3.5; 17.0)           (11.0; 27.0)          (18.0; 32.0)          p₁₃=0.003 
Hospital mortality in patients with bsCAP, N (%)                                             44 (60.3)                8 (57.1)                 6 (66.7)                  0.900 

Table 4. Distribution in study groups according to APACHE IV scores. 
APACHE IV score range                                                                                                                            Frequency, N (%)                                               P 
                                                                                                                                                 vsCAP, N=568    bsCAP, N=96      Total, N=664                   
41–52                                                                                                                               160 (28.20)           11 (11.50)             171 (25.8)               0.0002 
112–127                                                                                                                            96 (16.90)            25 (26.00)             121 (18.2)                      
53–60                                                                                                                                73 (12.90)              8 (8.30)                81 (12.2)                       
128–143                                                                                                                            59 (10.40)              8 (8.30)                67 (10.1)                       
79–92                                                                                                                                  43 (7.60)             10 (10.40)               53 (8.0)                        
93–111                                                                                                                               37 (6.50)             15 (15.60)               52 (7.8)                        
144–195                                                                                                                             34 (6.00)             11 (11.50)               45 (6.8)                        
3–40                                                                                                                                    33 (5.80)               1 (1.00)                 34 (5.1)                        
61–68                                                                                                                                  17 (3.00)               5 (5.20)                 22 (3.3)                        
69–78                                                                                                                                  16 (2.80)               2 (2.10)                 18 (2.7) 
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Similar to the vsCAP group, we found no sig-
nificant association or concordance between pre-
dicted and actual ICU length of stay in the bsCAP 
group (R²=0.0294, Kendall's W=0.050). The correlation 
between actual and predicted ICU days using 
APACHE IV in the bsCAP group is shown in Fig. 2, b. 

The accuracy of the APACHE IV model for pre-
dicting ICU length of stay � 1 and � 14 days was 
unsatisfactory for patients with vsCAP [AUROC 0.51 
(95% CI: 0.441, 0.585) for � 1 day and 0. 595 (95% 
CI: 0.517, 0.674) for � 14 days] and for patients with 
bsCAP [AUROC 0.59 (95% CI: 0.379, 0.792) for � 1 day 
and 0.508 (95% CI: 0.371, 0.644) for �  14 days]. 
After adjustment for age � 60 years, the APACHE IV 
prediction model showed moderate performance 
in patients with vsCAP (AUROC 0.610). 

In the bsCAP patient group, the use of the 
Charlson Comorbidity Index (CCI) yielded a pre-
dictive model of moderate quality (Table 8). 

Predicting intensive care unit (ICU) bed 
occupancy is one of the most important tasks, 
as it enables planning and helps prevent over-
crowding.  

Accurate identification of high-risk groups, 
followed by appropriate patient routing to the 
ICU, is of paramount importance. An analysis of 
scoring systems revealed differences between pa-
tients with vsCAP and bsCAP according to major 
IDSA/ATS criteria, the NEWS2 scale (threshold 
�  2  points), and the REA-ICU scale (threshold 
� 7 points). In contrast, their scores on the SCAP 
scale (threshold �  10 points), PSI/PORT 

Table 5. Actual ICU length of stay in patients with vsCAP and bsCAP and different APACHE IV scores, M±SD; Me 
(Q1–Q3). 
                      APACHE IV                                                                                     Mean ICU length of stay in groups                                              P 
Score range                             Mean score                                       vsCAP, N=568                                       bsCAP, N=96 
3–40                                                 32.85                                                7.73±5.08                                                  2.00                                         — 
                                                                                                                      7 (4–10)                                                        
41–52                                               47.32                                                4.73±4.27                                          12.36±10.85                              0.001 
                                                                                                                       3 (2–6)                                               7 (5.5–14)                                       
53–60                                               57.38                                                6.84±6.84                                           11.12±8.41                               0.050 
                                                                                                                       6 (3–8)                                            7.5 (7–11.75)                                    
61–68                                               65.00                                                6.59±4.95                                          10.00±11.25                              0.813 
                                                                                                                       5 (4–7)                                                 4 (2–16)                                         
69–78                                               74.44                                                6.38±4.30                                            7.00±7.07                                 0.943 
                                                                                                                       5 (4–8)                                              7 (4.5–9.5)                                      
79–92                                               86.30                                              9.12±10.63                                           9.89±5.35                                 0.178 
                                                                                                                     6 (4–9.5)                                              10 (6–13)                                       
93–111                                            99.92                                                9.46±6.35                                          13.73±19.07                              0.960 
                                                                                                                      9 (5–12)                                              8 (5–11.5)                                       
112–127                                         122.02                                              7.60±5.99                                          11.96±13.75                              0.214 
                                                                                                                      7 (3–10)                                         7.5 (4.75–15.5)                                  
128–143                                         132.85                                              7.17±6.10                                           7.00±11.41                               0.173 
                                                                                                                     6 (3–9.5)                                             2 (1–5.75)                                       
144–195                                         144.91                                              7.94±5.85                                          12.00±11.71                              0.499 
                                                                                                                    7.5 (4–10)                                            6 (4.5–16)                                       

Table 6. Actual and predicted ICU length of stay in vsCAP patients with different APACHE IV scores, M±SD; Me 
(Q1–Q3). 
                                 APACHE IV                                     vsCAP group, N=568                           Mean ICU length of stay                                        P 
Score range                             Mean score          Number of patients, N (%)              Actual                                 Predicted                              
3–40                                                 32.88                                   33 (5.8)                              7.73±5.08                            3.34±0.86                       �0.001 
                                                                                                                                                     7 (4–10)                            3.3 (3.2–3.7)                            
41–52                                              47.32                                 160 (28.1)                            4.73±4.27                            2.95±1.44                       �0.001 
                                                                                                                                                      3 (2–6)                             3.5 (1.2–4.2)                            
53–60                                              57.38                                  73 (12.9)                             6.84±6.84                            4.44±0.71                       �0.001 
                                                                                                                                                      6 (3–8)                             4.2 (4.1–4.6)                            
61–68                                              65.00                                   17 (3.0)                              6.59±4.95                            2.44±2.11                       �0.001 
                                                                                                                                                      5 (4–7)                             1.3 (1.0–3.3)                            
69–78                                              74.44                                   16 (2.8)                              6.38±4.30                            3.39±2.07                        0.016 
                                                                                                                                                      5 (4–8)                            4.1 (1.67–4.7)                           
79–92                                              86.30                                   43 (7.6)                             9.12±10.63                           5.48±2.44                        0.043 
                                                                                                                                                     6 (4–9.5)                            4.8 (3.35–8)                             
93–111                                            99.92                                   37 (6.5)                              9.46±6.35                            7.22±1.01                        0.101 
                                                                                                                                                     9 (5–12)                            7.5 (7.5–7.8)                            
112–127                                        122.02                                 96 (16.9)                             7.60±5.99                            7.62±0.47                        0.220 
                                                                                                                                                     7 (3–10)                          7.65 (7.4–7.9)                           
128–143                                        132.85                                 59 (10.4)                             7.17±6.10                            6.88±0.51                        0.435 
                                                                                                                                                     6 (3–9.5)                          6.9 (6.55–7.2)                           
144–195                                        144.91                                  34 (6.0)                              7.94±5.85                            6.13±0.37                        0.096 
                                                                                                                                                    7.5 (4–10)                            6 (6.0–6.4)                              



(�  130  points), SMART-
COP (� 3 points), CURB-
65 (� 3 points), and minor 
IDSA/ATS criteria did not 
show significant differ-
ences.  

It was found that 73 
(76.0%) patients with 
bsCAP and 266 (46.8%) pa-
tients with vsCAP were ad-
mitted to the ICU within 
� 48 hours. A delay in ICU 
admission of more than 
7 days was observed in old-
er patients with severe CAP. 
This delay was associated 
with longer hospital stay 
(P�0.0001), but did not 
have a significant impact 
on ICU length of stay or 
patient outcomes. 

Notably, 37 patients (6.5%) with vsCAP and 
APACHE IV scores of 93–111 and 10 patients (10.4%) 
with bsCAP and APACHE IV scores of 79–92 required 
prolonged ICU hospitalization.  

A very strong correlation was found between 
actual adverse outcomes and predicted mortality 
according to the APACHE IV scale. However, no sig-
nificant association and concordance was found 
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Table 7. Actual and predicted ICU length of stay in bsCAP patients with different APACHE IV scores, M±SD; Me 
(Q1–Q3). 
                                 APACHE IV                                      bsCAP group, N=96                            Mean ICU length of stay                                        P 
Score range                             Mean score          Number of patients, N (%)              Actual                                 Predicted                              
3–40                                                 32.00                                  1 (1.0%)                                   2.00                                       5.50                                 — 
41–52                                              47.36                                11 (11.5%)                         12.36±10.85                          4.82±1.27                        0.011 
                                                                                                                                                    7 (5.5–14)                          5.2 (5.2–5.2)                            
53–60                                              58.38                                  8 (8.3%)                            11.12±8.41                           4.85±2.68                        0.014 
                                                                                                                                                 7.5 (7–11.75)                     6.3 (4.85–6.30)                          
61–68                                              64.00                                  5 (5.2%)                           10.00±11.25                          5.66±2.83                        0.625 
                                                                                                                                                     4 (2–16)                            7.2 (5.5–7.4)                            
69–78                                              70.50                                  2 (2.1%)                             7.00±7.07                            4.40±0.85                        1.000 
                                                                                                                                                   7 (4.5–9.5)                         4.4 (4.1–4.7)                            
79–92                                              86.60                                10 (10.4%)                           9.89±5.35                            7.07±2.40                        0.129 
                                                                                                                                                    10 (6–13)                           8.1 (8–8.28)                             
93–111                                            97.47                                15 (15.6%)                         13.73±19.07                          7.05±1.22                        0.410 
                                                                                                                                                    8 (5–11.5)                        7.5 (7.45–7.70)                          
112–127                                        120.32                               25 (26.0%)                         11.96±13.75                          7.15±1.03                        0.141 
                                                                                                                                               7.5 (4.75–15.5)                     7.5 (7.3–7.8)                            
128–143                                        132.00                                 8 (8.3%)                            7.00±11.41                           6.20±0.84                        0.622 
                                                                                                                                                    2 (1–5.75)                         6.5 (5.4–6.85)                           
144–195                                        147.73                               11 (11.5%)                         12.00±11.71                          5.65±0.93                        0.262 
                                                                                                                                                    6 (4.5–16)                         6 (5.15–6.30)                           

Fig. 2. Correlation between actual and predicted ICU length of stay based on APACHE IV in 
vsCAP (a) and bsCAP (b) groups.

Table 8. Prediction of prolonged ICU stay (� 14 days) in patients (N=81). 
Scale                                                                                               Values in different groups                                                                                                P 
                      Threshold     AUROC 95% CI                Se/Sp,%               P                 Threshold     AUROC 95% CI             Se/Sp,%                 

vsCAP   
                                All patients with vsCAP (N=57)                                                                      Patients with vsCAP �60 years old (N=44) 
APACHE IV   �65.0       0.595 [0.517; 0.674]        71.93/49.71       0.002                �66.0       0.610 [0.528; 0.692]     84.09/43.82     �0.001 
СFS                   �4.0        0.575 [0.496; 0.653]        52.63/63.46       0.018                  �4.0        0.579 [0.492; 0.665]     65.91/50.27       0.042 
CCI                   �4.0        0.544 [0.467; 0.620]        59.65/53.62       0.057                  �4.0        0.529 [0.444; 0.614]     68.18/44.62       0.105 

bsCAP  
                                All patients with bsCAP (N=24)                                                                     Patients with bsCAP �60 years old (N=22) 
APACHE IV  �115.0      0.508 [0.371; 0.644]        45.83/64.29       0.379               �115.0      0.517 [0.373; 0.661]     45.45/64.29       0.426 
СFS                   �7.0        0.625 [0.452; 0.797]        54.55/67.44       0.178                  �7.0        0.539 [0.331; 0.746]     60.00/54.84       0.414 
CCI                   �7.0        0.615 [0.481; 0.749]        79.17/44.93       0.037                  �7.0        0.586 [0.441; 0.732]     81.82/34.55       0.156 
Note. AUC — area under the ROC curve; Se — sensitivity; Sp — specificity; CCI — Charlson Comorbidity Index; CFS — Clinical 
Frailty Scale.
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between actual and predicted ICU length of stay in 
patients with severe CAP, which may be due to the 
specific characteristics of the ICU and the hospital, 
as well as the severity of the patients' conditions at 
the time of ICU admission.  

Elderly and senile patients predominated in 
both groups. Respiratory support of various modalities 
was required in 567 patients (99.8%) with vsCAP and 
80 patients (83.3%) with bsCAP (P�0.001). In addition, 
203 patients (35.7%) with vsCAP had a bacterial co-
infection on admission to the ICU. Patients with 
bsCAP had higher Charlson Comorbidity Index (CCI) 
scores, while their Clinical Frailty Scale (CFS) scores 
indicated a need for personalized care due to sig-
nificant physical and cognitive impairment. 

Age-adjusted analysis of the predictive model, 
including only patients older than 60 years, showed 
moderate predictive accuracy of ICU length of stay 

for the APACHE IV scale in patients with vsCAP. 
However, in the bsCAP group, the APACHE IV scale 
showed poor predictive performance. In this group, 
moderate predictive accuracy was achieved using 
the Charlson Comorbidity Index (CCI).  

Study limitation. Data were obtained from a 
single-center study.  

Conclusion 
Significant differences were found in the 

NEWS2, REA-ICU, and major IDSA/ATS criteria for 
ICU routing of patients with bacterial and viral 
severe community-acquired pneumonia.  

The APACHE IV scale showed a very strong 
correlation between predicted and actual mortality 
rates and no correlation between predicted and ac-
tual ICU length of stay for patients with severe 
community-acquired pneumonia.

Appendix 
Table of scales used in the study of patients with sCAP. 
№                                                   Scale                                                                                                              Description 

Severity Assessment 
1.             SMART-COP/SMRT-CО (systolic blood                 Australian model for identifying patients needing respiratory support   
                pressure, multilobar infiltration, albumin,          and catecholamine infusion based on 8 clinical parameters.  
                respiratory rate, tachycardia, confusion,               
                oxygenation, pH), 2008 [18].                                       
2.             PSI/PORT (Pneumonia Severity Index —             A two-step scoring system based on demographic, clinical, laboratory, 
                Pneumonia Patient Outcomes Research              and radiological parameters. Patients are classified into one of five  
                Team), 1997 [19].                                                            classes (I–V), which guide routing and mortality prediction. 
3.             REA-ICU (Risk of Early Admission                          A mixed French-American risk assessment for early ICU admission.  
                to the ICU) 2009 [20].                                                     
4.             CURB-65 (confusion, uremia, respiratory rate,  Proposed by the British Thoracic Society to assess the severity  
                blood pressure, age �65 years), 2003 [21].            of community-acquired pneumonia and guide patient routing. 
5.             IDSA/ATS (American Thoracic Society                  American Thoracic Society and Infectious Diseases Society model,  
                Criteria for Defining Severe                                       consisting of major and minor criteria based on the need for respiratory  
                Community-acquired Pneumonia)                         and vasopressor support, as well as clinical, radiological,   
                2007 [22].                                                                           and laboratory parameters. 
6.             SCAP (Severe Community-Acquired                      Spanish model used to predict 30-day mortality based on 8 clinical, 
                Pneumonia score) 2009 [23].                                      laboratory, and radiological parameters. 
7.             NEWS 2 (National Early Warning Score),              British standardized patient severity assessment based  
                2017 [24].                                                                           on 7 clinical parameters. 
8.             SOFA (Sequential Organ Failure Assessment)     Organ dysfunction assessed based on 6 organ systems every 24 hours  
                1996 [25].                                                                           from admission to transfer. 

Duration of ICU stay 
9.             APACHE IV (Acute Physiology and Chronic        APACHE IV model used for predicting mortality and ICU stay duration.  
                Health Evaluation IV) 2006 [26].                                
10.          CFS (The Clinical Frailty Scale) [27].                       A frailty assessment tool based on judgment, evaluating comorbidities, 
                                                                                                              performance, and cognitive status, providing a frailty score  
                                                                                                              from 1 (very fit) to 9 (terminally ill). 
11.          CCI (Charlson Comorbidity Index) [28].                Index predicting 10-year survival based on age and comorbidities. 
12.          MPM (Mortality Probability Model 0–III)              A scale for predicting mortality. 
                2007 г. [13]                                                                          
13.          SAPS II (new Simplified Acute Physiology            A scale for assessing ICU severity and predicting mortality based 
                                                                                                              on 17 variables: 12 clinical-laboratory parameters, age,  
                                                                                                              type of hospitalization (elective surgery, emergency surgery, or medical),  
                                                                                                              and three variables of primary disease (AIDS, metastatic cancer,  
                                                                                                              and hematological malignancies). 
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