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Background: The length of intensive care unit (ICU) stay is an important index reflects the prognosis of severe pneumonia (SP)
combined with respiratory failure (RF). Blood transfusion can alleviate tissue hypoxia in ICU patients, but blood transfusion can affect
the prognosis of patients. The objective of this study was to evaluate the effect of immune-nutritional indices (pan-immune
inflammation value (PIV), systemic immune inflammation index (SII), system inflammation response index (SIRI), neutrophil-to-
albumin ratio (NAR), and prognostic nutritional index (PNI)) on length of stay in patients treated with and without transfusion.
Methods: Total of 3425 pneumonia combined with respiratory failure patients were retrospectively analyzed. Medical records (age,
gender, body mass index, history of smoking, history of alcohol drinking, hypertension, diabetes mellitus, lung diseases, invasive
mechanical ventilation, blood transfusion, APACHE II score, and laboratory test results) were collected, the relationship between this
information and prolonged ICU stay was analyzed.

Results: The average length of ICU stay was 5.32 (2.94, 9.36) days, there were 2521 (73.6%) patients with non-prolonged ICU stay
(<9 days) and 904 (26.4%) with prolonged ICU stay (=9 days). The levels of PIV, SII, and SIRI in prolonged ICU stay patients were
higher than those of non-prolonged ICU stay in patients with and without blood transfusion, respectively. Multivariate logistic
regression analysis showed that high SII (odds ratio (OR): 2.115, 95% confidence interval (CI): 1.428-3.131, p<0.001), and invasive
mechanical ventilation (OR: 10.205, 95% CI: 5.623-18.524, p<0.001) were associated with prolonged ICU stay in patients with blood
transfusion; and low PNI (OR: 1.378, 95% CI: 1.073-1.769, p=0.012), invasive mechanical ventilation (OR: 3.566, 95% CI:
2.666-4.771, p<0.001) were associated with prolonged ICU stay in patients without blood transfusion.

Conclusion: High SII level and invasive mechanical ventilation were independently associated with prolonged ICU stay in patients
treated with blood transfusion; and low PNI level and invasive mechanical ventilation were independently associated with prolonged
ICU stay in patients without blood transfusion.
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Introduction

Pneumonia is the most common respiratory disease worldwide, mainly affecting children and the elderly over 65 years of
age.! Some patients may develop severe pneumonia (SP) due to aggravation of lung infection and spread of inflamma-
tion, with a fatality rate as high as 30-35%, and may be complicated with hypotension, disturbance of consciousness and
multiple organ dysfunction, leading to septic shock and respiratory failure (RF) in severe cases, among which acute RF is

one of the most dangerous complications of severe pneumonia, which can further increase the fatality rate of patients.”
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Acute RF refers to a sudden respiratory dysfunction in which the lungs are unable to effectively exchange oxygen and
carbon dioxide, resulting in insufficient oxygen or excessive carbon dioxide in the blood, which affects the normal
function of the organs.’

SP combined with RF patients are usually intensive care unit (ICU) patients and need mechanical respiratory support
treatment.* SP combined with RF patients have more serious conditions, heavier economic burden, higher mortality, and
significantly poor treatment effect and quality of life.® The length of hospital stay is an important index that directly
reflects the prognosis, medical quality, and utilization of medical resources.’” Reducing the length of hospital stay can not
only reduce the economic burden of patients and improve the quality of life of patients, but also speed up the turnover of
hospital beds and enhance social and economic benefits.* '® Therefore, the screening of independent risk factors for
prolonged ICU stay in patients with SP complicated with RF has a reference value for clinical prediction of ICU stay in
such patients and rational optimization of diagnosis and treatment plan. Moreover, anemia is very common in ICU
patients, mainly due to insufficient production or excessive loss of red blood cells. Anemia reduces the oxygen supply to
tissues, which increases the length of hospital stay and the risk of death.!' Blood transfusion can alleviate tissue hypoxia
in ICU patients, but blood transfusion can lead to a variety of complications and affect the prognosis of patients.'*'* Are
there differences in risk factors for prolonged ICU stay in patients with SP combined with RF who treated with and
without blood transfusion? It is of great clinical significance to evaluate the differences in length of stay and influencing
factors in ICU patients with or without blood transfusion therapy.

Inflammation, immunity, and nutritional statuses play important roles in the occurrence and development of some
diseases.'*! In recent years, some comprehensive inflammatory indices have attracted more and more clinical attention,
such as pan-immune inflammation value (PIV), systemic immune inflammation index (SII), and system inflammation
response index (SIRI). Several studies have suggested that PIV,'®!” SII,'®2? and SIRI*' associated with some respiratory
illness, such as occurrence of pneumonia and chronic obstructive pulmonary disease (COPD), treatment outcomes of
lung cancer patients, and progression of COVID-19 patients. Neutrophil-to-albumin ratio (NAR) is an important index
that comprehensively reflects the level of systemic immunity and nutritional status, and has been proved to be closely
related to tumor and cardiovascular and cerebrovascular diseases by many studies.*>** Prognostic nutritional index (PNI)
is an index calculated on the basis of human lymphocyte count and serum albumin level,> which can reflect the immune
and nutritional status of the host.”® Inflammation is the driving factor of the pathophysiological process of pneumonia.
Immune function and inflammatory response are closely related to the occurrence and progression of severe pneumonia.
The immune response promotes a complex series of host reactions that prevent progressive tissue damage, isolate and
destroy pathogens that cause infection, and repair tissues and functions. A series of inflammatory reactions have
significant effects on blood circulation, liver metabolism and plasma concentrations of various nutrients.”’*® There are
few studies on the relationship between PIV, SII, SIRI, NAR, and PNI and prolonged ICU stay in patients with SP
combined with respiratory failure. The objective of this study was to evaluate the effect of PIV, SII, SIRI, NAR, and PNI
on length of stay in patients treated with and without transfusion.

Materials and Methods
Study Cohort

This study retrospectively analyzed 3425 patients with SP combined with RF from the Meizhou People’s Hospital, from
August 2019 to August 2024. The inclusion criteria of patients were as follows: (1) patients met the diagnostic criteria of
pneumonia and respiratory failure; (2) age >18 years old; and (3) had complete clinical data and laboratory test results.
Exclusion criteria of patients for the following reasons: (1) other serious infections or complications; (2) had immune
deficiency or use immunosuppressants; (3) other end-stage diseases; and (4) clinical records incomplete. This study was
approved by the Human Ethics Committees of the Meizhou People’s Hospital.

Data Collection
The collected clinical data included age, gender, body mass index (BMI), history of smoking, history of alcohol drinking,
hypertension, diabetes mellitus, history of lung diseases, invasive mechanical ventilation, blood transfusion, Acute
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Physiology and Chronic Health Evaluation (APACHE) II score on admission, and laboratory test results. According to
the Chinese standards, BMI was divided into three grades: <18.5 kg/m?, 18.5-23.9 kg/m?, and >24.0 kg/m*>**° Blood
test data were collected during the first hospital examination. The threshold for prolonged ICU stay was defined based on
the third quartile (75th percentile) of ICU length of stay for all patients with SP combined with RF.

Data Processing and Statistical Analysis
The inflammation index PIV, SII, SIRI, NAR, and PNI were calculated according to the following formula:

PIV = monocyte X neutrophil X platelet / lymphocyte
SII = platelet x neutrophil / lymphocyte
SIRI = monocyte x neutrophil / lymphocyte
NAR = neutrophil count / serum albumin

PNI = Serum albumin+ 5 x lymphocyte count

Data analysis was performed using SPSS statistical software version 26.0 (IBM Inc., USA). Continuous data
were compared using the Mann—Whitney U-test. Categorical variables are expressed as the number of cases (%),
and compared between groups using the x* test or Fisher’s exact test. Receiver operating characteristic (ROC)
curve analysis was used to determine the optimal cutoff values of APACHE II, PIV, SII, SIRI, NAR, and PNI to
distinguish prolonged ICU stay from non-prolonged ICU stay. Logistic regression analysis was applied to analysis
the relationship between PIV, SII, SIRI, NAR, and PNI and prolonged ICU stay in patients with SP combined
with RF adjusting for other major influencing factors, such as age, gender, BMI, history of smoking, history of
alcohol drinking, hypertension, diabetes mellitus, history of lung diseases, invasive mechanical ventilation, and
APACHE II.

Results

Characteristics of Subjects
The proportion of male and female was 73.1% and 26.9%, respectively. There were 1166 (34.0%) with overweight
(BMI >24 kg/m?). The proportions of patients with history of smoking, history of alcohol drinking, hypertension,
diabetes mellitus, and a history of lung diseases was 19.8% (679/3425), 6.3% (217/3425), 45.1% (1545/3425),
25.6% (876/3425), and 13.7% (470/3425), respectively. The proportion of patients treated with invasive mechan-
ical ventilation and blood transfusion during hospitalization was 64.3% (2202/3425), and 30.9% (1060/3425),
respectively (Table 1).

The mean PIV, SII, SIRI, NAR, and PNI levels of those patients were 1016.59 (435.82, 2230.40), 1839.90 (976.03,
3532.68), 5.72 (2.82, 11.47), 0.29 (0.20, 0.43), and 35.35 (31.08, 40.35), respectively; the average APACHE II score, and
length of ICU stay was 20.00£7.73, and 5.32 (2.94, 9.36) days, respectively (Table 1).

Comparison of the Clinical Characteristics of Patients with Prolonged ICU Stay and

Non-Prolonged ICU Stay

In this study, 2521 (73.6%) patients with non-prolonged ICU stay (<9 days) and 904 (26.4%) patients with prolonged
ICU stay (=9 days). The proportion of patients with prolonged ICU stay who were >65 years old (68.9% vs 64.3%,
p=0.013), invasive mechanical ventilation (86.9% vs 56.2%, p<0.001), and blood transfusion (47.2% vs 25.1%, p<0.001)
were higher than those of patients with non-prolonged ICU stay, respectively. The average APACHE 1I score in patients
with prolonged ICU stay was higher than that in patients with non-prolonged ICU stay (20.95£7.59 vs 19.63+7.75,
p<0.001). And the levels of PIV, SII, SIRI, and NAR in patients with prolonged ICU stay were higher than those in
patients with non-prolonged ICU stay, while the PNI was lower than that in patients with non-prolonged ICU stay (all

International Journal of General Medicine 2025:18 heeps: 1767



Zheng et al

Table | Clinical Characteristics of Patients and Comparison of the Clinical Characteristics of Patients with Prolonged ICU Stay and

Non-Prolonged ICU Stay

Clinical Characteristics Total (n=3425) Non-Prolonged ICU Stay (n=2521) Prolonged ICU Stay (n=904) p values
Age (years)
<65, n (%) 1181 (34.5%) 900 (35.7%) 281 (31.1%) 0.013
265, n (%) 2244 (65.5%) 1621 (64.3%) 623 (68.9%)
Gender
Male, n (%) 2505 (73.1%) 1829 (72.6%) 676 (74.8%) 0.205
Female, n (%) 920 (26.9%) 692 (27.4%) 228 (25.2%)
BMI (kg/m?)
<185, n (%) 554 (16.2%) 418 (16.6%) 136 (15.0%) 0.439
18.5-23.9, n (%) 1705 (49.8%) 1257 (49.9%) 448 (49.6%)
224.0, n (%) 1166 (34.0%) 846 (33.6%) 320 (35.4%)
History of smoking
No, n (%) 2746 (80.2%) 2012 (79.8%) 734 (81.2%) 0.382
Yes, n (%) 679 (19.8%) 509 (20.2%) 170 (18.8%)
History of alcohol drinking
No, n (%) 3208 (93.7%) 2350 (93.2%) 858 (94.9%) 0.080
Yes, n (%) 217 (6.3%) 171 (6.8%) 46 (5.1%)
Hypertension
No, n (%) 1880 (54.9%) 1403 (55.7%) 477 (52.8%) 0.139
Yes, n (%) 1545 (45.1%) 1118 (44.3%) 427 (47.2%)
Diabetes mellitus
No, n (%) 2549 (74.4%) 1882 (74.7%) 667 (73.8%) 0.625
Yes, n (%) 876 (25.6%) 639 (25.3%) 237 (26.2%)
History of lung diseases
No, n (%) 2955 (86.3%) 2174 (86.2%) 781 (86.4%) 0911
Yes, n (%) 470 (13.7%) 347 (13.8%) 123 (13.6%)
Blood gas analysis
pH 7.41 (7.35, 7.45) 7.41 (7.35, 7.45) 7.40 (7.34, 7.45) 0.086
PaO, (mmHg) 90.80 (67.0, 142.65) 91.10 (67.0, 143.40) 90.05 (66.73, 140.23) 0.582
PaCO, (mmHg) 31.80 (26.80, 39.10) 31.50 (26.60, 38.90) 32.45 (27.60, 40.0) 0.012
Inflammatory indices levels
PIV, median (P25, P75) 1016.59 (435.82, 2230.40) 983.25 (406.29, 2093.28) 1138.60 (481.47, 2688.62) <0.001
S, median (P25, P75) 1839.90 (976.03, 3532.68) 1765.50 (929.01, 3254.40) 2085.78 (1143.0, 4252.87) <0.001
SIRI, median (P25, P75) 5.72 (2.82, 11.47) 5.48 (2.74, 10.84) 6.36 (3.03, 13.58) <0.001
Indexes of immune-nutritional status
NAR, median (P25, P75) 0.29 (0.20, 0.43) 0.29 (0.19, 0.42) 0.31 (0.21, 0.47) <0.001
PNI, median (P25, P75) 35.35 (31.08, 40.35) 35.70 (31.55, 40.55) 34.20 (29.65, 39.64) <0.001
Invasive mechanical ventilation
No, n (%) 1223 (35.7%) 1105 (43.8%) 118 (13.1%) <0.001
Yes, n (%) 2202 (64.3%) 1416 (56.2%) 786 (86.9%)
Blood transfusion
No, n (%) 2365 (69.1%) 1888 (74.9%) 477 (52.8%) <0.001
Yes, n (%) 1060 (30.9%) 633 (25.1%) 427 (47.2%)
APACHE I 20.00£7.73 19.63+7.75 20.95+7.59 <0.001
ICU stay (days) 5.32 (2.94, 9.36)

Abbreviations: BMI, body mass index; PIV, pan-immune-inflammation-value; Sll, systemic immune-inflammatory index; SIRI, systemic inflammatory response index;
NAR, neutrophil-to-albumin ratio; PNI, prognostic nutritional index; ICU, Intensive Care Unit; p25, 25th percentile; p75, 75th percentile.

p<0.05). There were no statistically significant differences in gender and BMI distribution and proportion of history of
smoking, history of alcohol drinking, hypertension, diabetes mellitus, and history of lung diseases between the two
groups (Table 1).
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Comparison of the Clinical Characteristics of Patients with Prolonged |ICU Stay and
Non-Prolonged ICU Stay in Patients Treated with and without Blood Transfusion,
Respectively

In patients treated with blood transfusion (n=1060), there were 633 patients with non-prolonged ICU stay and 427
patients with prolonged ICU stay. The proportion of patients with prolonged ICU stay had a history of alcohol drinking
(3.3% vs 9.0%, p<0.001) was lower than that of patients with non-prolonged ICU stay. The proportion of patients with
prolonged ICU stay with age >65 years old (67.4% vs 59.2%, p=0.008), male (75.9% vs 69.4%, p=0.021), and treated
with invasive mechanical ventilation (95.3% vs 66.7%, p<0.001) were higher than those of patients with non-prolonged
ICU stay. The levels of PIV, SII, and SIRI in patients with prolonged ICU stay were higher than those in patients with
non-prolonged ICU stay, while the PNI was lower than that in patients with non-prolonged ICU stay (all p<0.05)
(Table 2).

Table 2 Comparison of the Clinical Characteristics of Patients with Prolonged ICU Stay and Non-Prolonged ICU Stay in Patients
Treated with and without Blood Transfusion, Respectively

Clinical Characteristics Blood Transfusion (n=1060) Non-Blood Transfusion (n=2365)
Non-Prolonged ICU Stay Prolonged ICU Stay p values Non-Prolonged ICU Stay Prolonged ICU Stay p values
(n=633) (n=427) (n=1888) (n=477)

Age (years)
<65, n (%) 258 (40.8%) 139 (32.6%) 0.008 642 (34.0%) 142 (29.8%) 0.082
265, n (%) 375 (59.2%) 288 (67.4%) 1246 (66.0%) 335 (70.2%)

Gender
Male, n (%) 439 (69.4%) 324 (75.9%) 0.021 1390 (73.6%) 352 (73.8%) 0.954
Female, n (%) 194 (30.6%) 103 (24.1%) 498 (26.4%) 125 (26.2%)

BMI (kg/m?)
<185, n (%) 134 (21.2%) 62 (14.5%) 0.021 284 (15.0%) 74 (15.5%) 0.270
18.5-23.9, n (%) 299 (47.2%) 225 (52.7%) 958 (50.7%) 223 (46.8%)
224.0, n (%) 200 (31.6%) 140 (32.8%) 646 (34.2%) 180 (37.7%)

History of smoking
No, n (%) 541 (85.5%) 361 (84.5%) 0.725 1471 (77.9%) 373 (78.2%) 0.902
Yes, n (%) 92 (14.5%) 66 (15.5%) 417 (22.1%) 104 (21.8%)

History of alcohol drinking
No, n (%) 576 (91.0%) 413 (96.7%) <0.001 1774 (94.0%) 445 (93.3%) 0.595
Yes, n (%) 57 (9.0%) 14 (3.3%) 114 (6.0%) 32 (6.7%)

Hypertension
No, n (%) 377 (59.6%) 226 (52.9%) 0.037 1026 (54.3%) 251 (52.6%) 0.504
Yes, n (%) 256 (40.4%) 201 (47.1%) 862 (45.7%) 226 (47.4%)

Diabetes mellitus
No, n (%) 466 (73.6%) 316 (74.0%) 0.943 1416 (75.0%) 351 (73.6%) 0.556
Yes, n (%) 167 (26.4%) 111 (26.0%) 472 (25.0%) 126 (26.4%)

History of lung diseases
No, n (%) 554 (87.5%) 371 (86.9%) 0.779 1620 (85.8%) 410 (86.0%) 0.942
Yes, n (%) 79 (12.5%) 56 (13.1%) 268 (14.2%) 67 (14.0%)

Blood gas analysis
pH 7.40 (7.35, 7.45) 7.40 (7.34, 7.45) 0.441 7.41 (7.36, 7.45) 7.40 (7.34, 7.45) 0315
PaO, (mmHg) 96.30 (68.65, 155.45) 92.30 (67.60, 145.60) 0.468 90.30 (66.33, 139.38) 89.00 (66.65, 132.55) 0.412
PaCO, (mmHg) 28.80 (24.50, 35.10) 31.60 (27.00, 38.10) <0.001 32.45 (27.40, 40.20) 33.40 (28.40, 42.20) 0.039

Inflammatory indices levels
PIV, median (P25, P75) 848.13 (27341, 1924.83) 1161.71 (436.80, 2728.59) <0.001 1020.74 (459.83, 2101.15) 1118.33 (550.38, 2666.74) 0.002
SlI, median (P25, P75) 1452.44 (668.87, 2849.93) 2048.00 (1127.62, 4509.00) <0.001 1851.71 (996.25, 3356.96) 2150.63 (1151.17, 4125.84) <0.001
SIRI, median (P25, P75) 5.98 (2.71, 12.96) 7.09 (3.08, 15.70) 0.032 5.39 (2.76, 10.33) 6.11 (299, 12.26) 0.011

Indexes of immune-nutritional

status
NAR, median (P25, P75) 0.32 (0.19, 0.49) 0.34 (0.21, 0.52) 0.208 0.28 (0.19, 0.39) 0.30 (0.22, 0.42) 0.002
PNI, median (P25, P75) 33.70 (29.88, 38.65) 33.05 (28.85, 37.80) 0.041 36.18 (32.20, 41.09) 35.40 (30.78, 40.95) 0.036

(Continued)
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Table 2 (Continued).

Clinical Characteristics Blood Transfusion (n=1060) Non-Blood Transfusion (n=2365)
Non-Prolonged ICU Stay Prolonged ICU Stay p values Non-Prolonged ICU Stay Prolonged ICU Stay p values
(n=633) (n=427) (n=1888) (n=47T)

Invasive mechanical ventilation

No, n (%) 201 (33.3%) 20 (4.7%) <0.001 894 (47.4%) 98 (20.5%) <0.001
Yes, n (%) 422 (66.7%) 407 (95.3%) 994 (52.6%) 379 (79.5%)
APACHE Il 21.58+8.65 22.04+8.06 0.449 18.98+7.32 19.98+7.03 0018

Abbreviations: BMI, body mass index; PIV, pan-immune-inflammation-value; SlI, systemic immune-inflammatory index; SIRI, systemic inflammatory response index; NAR,
neutrophil-to-albumin ratio; PNI, prognostic nutritional index; ICU, Intensive Care Unit; p25, 25th percentile; p75, 75th percentile.

In patients without blood transfusion (n=2365), there were 1888 patients with non-prolonged ICU stay and 477
patients with prolonged ICU stay. The proportion of patients with prolonged ICU stay treated with invasive mechanical
ventilation (79.5% vs 52.6%, p<0.001) was higher than that of patients with non-prolonged ICU stay. The average
APACHE I score in patients with prolonged ICU stay was higher than that in patients with non-prolonged ICU stay
(19.98+7.03 vs 18.98+7.32, p=0.018). The levels of PIV, SII, SIRI, and NAR in patients with prolonged ICU stay were
higher than those in patients with non-prolonged ICU stay, while the PNI was lower than that in patients with non-
prolonged ICU stay (all p<0.05) (Table 2).

Impact of PIV, SlI, SIRI, NAR, and PNI on Prolonged ICU Stay

ROC curve analysis was used to determine the optimal cutoff values of APACHE II score, PIV, SII, SIRI, NAR,
and PNI to distinguish prolonged ICU stay. When prolonged ICU stay was taken as the endpoint, the critical value
of APACHE II score was 19.5 (sensitivity=54.3%, specificity=54.5%, area under the ROC curve (AUC)=0.553),
the critical value of PIV was 1564.51 (sensitivity=41.7%, specificity=66.4%, AUC=0.546), the SII cutoff value
was 1519.305 (sensitivity=66.9%, specificity=43.6%, AUC=0.566), the SIRI cutoff value was 8.220 (sensitiv-
ity=43.3%, specificity=65.0%, AUC=0.545), the NAR cutoff value was 0.285 (sensitivity=57.3%, specifi-
city=49.9%, AUC=0.546), and the PNI cutoff value was 34.025 (sensitivity=49.7%, specificity=59.8%,
AUC=0.555) (Figure 1).

The results of univariate analysis indicated that old age (>65 vs <65 years old, odds ratio (OR): 1.231, 95%
confidence interval (CI): 1.046-1.448, p=0.012), invasive mechanical ventilation (OR: 5.198, 95% CI: 4.218-6.400,
2<0.001), blood transfusion (OR: 2.670, 95% CI: 2.278-3.129, p<0.001), APACHE 1II score (OR: 1.420, 95% CI:
1.193-1.690, p<0.001), high PIV (=1564.510 vs <1564.510, OR: 1.411, 95% CI: 1.208-1.649, p<0.001), SII
(>1519.305 vs <1519.305, OR: 1.561, 95% CI: 1.331-1.831, p<0.001), SIRI (>8.220 vs <8.220, OR: 1.416, 95%
CI: 1.213-1.654, p<0.001), NAR (>0.285/<0.285, OR: 1.339, 95% CI: 1.149-1.560, p<0.001), and low PNI
(<34.025/>34.025, OR: 1.467, 95% CI: 1.259-1.709, p<0.001) level were significantly associated with prolonged
ICU stay (Table 3).

In multivariate logistic regression analysis, invasive mechanical ventilation (OR: 4.524, 95% CI: 3.494-5.856,
p<0.001), blood transfusion (OR: 2.207, 95% CI: 1.812-2.687, p<0.001), high SII (=1519.305 vs <1519.305, OR:
1.386, 95% CI: 1.087-1.765, p=0.008), and low PNI (<34.025/>34.025, OR: 1.307, 95% CI: 1.074-1.590, p=0.007) level
were independently associated with prolonged ICU stay (Table 3).

Impact of PIV, SII, SIRI, NAR, and PNI on Prolonged ICU Stay in Patients Treated with

and without Blood Transfusion, Respectively

In patients treated with blood transfusion, multivariate logistic regression analysis showed that invasive mechanical
ventilation (OR: 10.205, 95% CI: 5.623-18.524, p<0.001), and high SII (>1519.305 vs <1519.305, OR: 2.115, 95% CI:
1.428-3.131, p<0.001) were independently associated with prolonged ICU stay (Table 4). In patients without blood
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Figure |1 The ROC curve analysis of APACHE Il score, PIV, SlI, SIRI, NAR, and PNI to distinguish prolonged ICU stay. The ROC curve of APACHE Il score (A); PIV, SlI, and
SIRI (B); the ROC curve of NAR (C); the ROC curve of PNI (D).

Abbreviations: ICU, intensive care unit; APACHE I, Acute Physiology and Chronic Health Evaluation Il score; PIV, pan-immune-inflammation-value; Sll, systemic immune-
inflammatory index; SIRI, systemic inflammatory response index; NAR, neutrophil-to-albumin ratio; PNI, prognostic nutritional index.

transfusion, multivariate logistic regression analysis showed that invasive mechanical ventilation (OR: 3.566, 95% CI:
2.666-4.771, p<0.001), and low PNI (<34.025 vs >34.025, OR: 1.378, 95% CI: 1.073-1.769, p=0.012) were indepen-
dently associated with prolonged ICU stay (Table 4).

Table 3 Logistic Regression Analysis of Risk Factors Associated with Prolonged ICU Stay

Variables Unadjusted Values Adjusted Values
OR (95% CI) p values | Adjusted OR (95% CI) | p values
Age (265 vs <65, years) 1.231 (1.046-1.448) 0.012 1.138 (0.925-1.399) 0.222
Gender (male vs female) 1.122 (0.943-1.335) 0.195 1.048 (0.839-1.309) 0.680
BMI (kg/m?)
18.5-23.9 1.000 (reference) - 1.000 (reference) -
<185 0.913 (0.732-1.139) 0.420 0.983 (0.743-1.300) 0.903
224.0 1.061 (0.897-1.255) 0.487 1.089 (0.885-1.339) 0419
History of smoking (yes vs no) 0.916 (0.755-1.111) 0.370 0.986 (0.755-1.288) 0.919
History of alcohol drinking (yes vs no) 0.737 (0.527-1.030) 0.074 0.719 (0.460-1.125) 0.149
Hypertension (yes vs no) 1.123 (0.965-1.308) 0.135 1.073 (0.875-1.316) 0.499
Diabetes mellitus (yes vs no) 1.047 (0.880-1.244) 0.607 1.153 (0.919-1.446) 0.219
History of lung diseases (yes vs no) 0.987 (0.791-1.231) 0.906 1.041 (0.776-1.398) 0.787
Invasive mechanical ventilation (yes vs no) | 5.198 (4.218-6.406) <0.001 4.524 (3.494-5.856) <0.001
Blood transfusion (yes vs no) 2.670 (2.278-3.129) <0.001 2.207 (1.812-2.687) <0.001
(Continued)
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Table 3 (Continued).

Variables Unadjusted Values Adjusted Values
OR (95% CI) p values | Adjusted OR (95% Cl) | p values

APACHE Il (219.5 vs <19.5) 1.420 (1.193-1.690) | <0.00I 0.948 (0.782—1.148) 0.582
PIV (21564.510 vs <1564.510) 1411 (1.208-1.649) | <0.00I 1.303 (0.966—1.759) 0.083
SII (=1519.305 vs <1519.305) 1.561 (1.331-1.831) | <0.00I 1.386 (1.087-1.765) 0.008
SIRI (28.220 vs <8.220) 1.416 (1.213-1.654) | <0.00I 0.922 (0.696—1.220) 0.568
NAR (=0.285/<0.285) 1.339 (1.149-1.560) | <0.00I 0.913 (0.723—-1.154) 0.448
PNI (<34.025/234.025) 1.467 (1.259-1.709) | <0.00I 1.307 (1.074-1.590) 0.007

Abbreviations: ICU, Intensive Care Unit; BMI, body mass index; PIV, pan-immune-inflammation-value; Sll, systemic immune-inflammatory
index; SIRI, systemic inflammatory response index; NAR, neutrophil to albumin ratio; PNI, prognostic nutritional index; OR, odds ratio; Cl,
confidence interval.

Table 4 Logistic Regression Analysis of Risk Factors Associated with Prolonged ICU Stay in Patients Treated with and without Blood
Transfusion, Respectively

Variables Blood Transfusion Non-Blood Transfusion
Unadjusted Values Adjusted Values Unadjusted Values Adjusted Values
OR (95% CI) p values Adjusted OR p values OR (95% CI) p values Adjusted OR p values
(95% CI) (95% CI)

Age (265 vs <65, years) 1.425 (1.102-1.843) 0.007 1291 (0.919-1.813) 0.141 1.216 (0.977-1.512) 0.079 1.051 (0.805-1.373) 0714
Gender (male vs female) 1.390 (1.052-1.837) 0.021 1.313 (0.910-1.895) 0.146 1.009 (0.803-1.268) 0.939 0.914 (0.689-1.211) 0.529
BMI (kg/m?)

18.5-23.9 1.000 (reference) - 1.000 (reference) - 1.000 (reference) - 1.000 (reference) -

<185 0.615 (0.434-0.870) 0.006 0.578 (0.368-0.906) 0017 1.119 (0.834-1.503) 0.453 1.415 (0.990-2.021) 0.057

2240 0.930 (0.705-1.227) 0.608 0.877 (0.619-1.243) 0.461 1.197 (0.960-1.492) 0.110 1.226 (0.942-1.597) 0.130
History of smoking (yes vs no) 1.075 (0.763-1.515) 0.679 1.368 (0.831-2.251) 0218 0.984 (0.771-1.254) 0.894 0.850 (0.609-1.185) 0.338
History of alcohol drinking (yes vs no) 0.343 (0.188-0.623) <0.001 0.383 (0.177-0.827) 0.015 1.119 (0.746-1.679) 0.587 1.061 (0.608—1.851) 0.834
Hypertension (yes vs no) 1.310 (1.022-1.678) 0.033 1.301 (0.920-1.840) 0.136 1.072 (0.876-1.311) 0.500 1.005 (0.775-1.305) 0.967
Diabetes mellitus (yes vs no) 0.980 (0.741-1.296) 0.888 0.934 (0.635-1.372) 0.727 1.077 (0.857-1.354) 0.525 1.222 (0.917-1.630) 0.171
History of lung diseases (yes vs no) 1.059 (0.734-1.527) 0.761 0.988 (0.585-1.669) 0.965 0.988 (0.740-1.319) 0.934 1.069 (0.745-1.534) 0718
Invasive mechanical ventilation (yes vs no) 10.175 (6.307-16.416) <0.001 10.205 (5.623-18.524) <0.001 3.478 (2.737-4.421) <0.001 3.566 (2.666-4.771) <0.001
APACHE Il (219.5 vs <19.5) 1.225 (0.922-1.629) 0.162 0.871 (0.629-1.205) 0.404 1.353 (1.076-1.702) 0.010 1.019 (0.797-1.301) 0.883
PIV (21564.510 vs <1564.510) 1.638 (1.268-2.118) <0.001 1.270 (0.768-2.101) 0.352 1.353 (1.102-1.661) 0.004 1.268 (0.858-1.874) 0.233
Sl (21519.305 vs <1519.305) 2.118 (1.642-2.732) <0.001 2.115 (1.428-3.131) <0.001 1.413 (1.143-1.746) 0.001 1.018 (0.740-1.401) 0912
SIRI (28.220 vs <8.220) 1.282 (1.000-1.642) 0.050 0.890 (0.560-1.415) 0.623 1.367 (1.112-1.680) 0.003 0.984 (0.681-1.420) 0.930
NAR (20.285/<0.285) 1.113 (0.868—-1.428) 0.398 0.760 (0.510-1.133) 0.178 1.369 (1.119-1.676) 0.002 1.070 (0.794-1.441) 0.657
PNI (<34.025/234.025) 0.827 (0.646—1.059) 0.132 1.137 (0.819-1.579) 0.442 1.346 (1.098-1.651) 0.004 1.378 (1.073-1.769) 0.012

Abbreviations: ICU, Intensive Care Unit; BMI, body mass index; PIV, pan-immune-inflammation-value; Sll, systemic immune-inflammatory index; SIRI, systemic inflamma-
tory response index; NAR, neutrophil to albumin ratio; PNI, prognostic nutritional index; OR, odds ratio; Cl, confidence interval.

Discussion

Tissue hypoxia may occur in patients with pulmonary insufficiency such as SP combined with RF.?' Bleeding requiring
blood transfusion is a common adverse complication of ICU stay patients. Thrombocytopenia and anemia can occur in
ICU stay patients with SP.**** Inflammation, bleeding, and disseminated intravascular coagulation in patients with severe
pneumonia may lead to increased platelet consumption, which may be an important cause of thrombocytopenia.**>* The
symptoms of hypoxia in partial patients with tissue hypoxia may be effectively improved after blood transfusion of red
blood cells.***> However, blood transfusion can activate the immune system and trigger early inflammatory immune
response. Fluid resuscitation can cause hypothermia, coagulation dysfunction, acidosis, and aggravate tissue damage. The
poor prognosis of transfusion patients may be related to shortened red blood cell life, inflammatory factor production, and
decreased erythropoietic cell production in bone marrow.*®*” The relationship between PIV, SII, SIRI, NAR, and PNI
and prolonged ICU stay in SP combined with RF patients was analyzed in this study. And the results showed that high
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SII level, and invasive mechanical ventilation were independently associated with prolonged ICU stay in patients treated
with blood transfusion; and low PNI level, and invasive mechanical ventilation were independently associated with
prolonged ICU stay in patients without blood transfusion.

Studies have found that blood transfusions in patients are equivalent to updating and adjusting the relevant immune
functions of the body.>**° Parmana et al found that high preoperative SII values were associated with prolonged ICU
stay in coronary artery disease (CAD) patients who underwent off-pump coronary artery bypass grafting (OPCAB)
surgery.*! Alsabani et al revealed that high SII values were associated with prolonged hospital stay after orthopedic
surgery.** SIT was found to have association with occurrence and prognosis of some respiratory diseases, such as chronic
obstructive pulmonary disease (COPD),* respiratory failure,** bronchiectasis,* and severity of COVID-19.*® Our
findings suggest that high SII level was independently associated with prolonged ICU stay in patients treated with
blood transfusion. In the early stage of SP, neutrophils can release a large number of pro-inflammatory cytokines and
chemotactic factors, inducing the disorderly expansion of inflammatory response and the generation of “cytokine storm”,
while progressive inflammation can accelerate the apoptosis of lymphocytes and form immune suppression, resulting in
decreased anti-infection ability.*” In addition, blood transfusion has adverse effects on the immune function of patients,
such as the activation and proliferation of immune cells decreased, and the change of immune level in patients treated
with blood transfusion can better reflect the extension of hospital stay.

Hogan et al found that preoperative nutrient levels were associated with prolonged hospital stay after pelvic
resection.*® The relationship between PNI and respiratory diseases has been reported. PNI can be used as an indicator

9,%%% prognosis of COPD,”! lung cancer,” and mortality

of immune nutritional status to predict the severity of COVID-1
risk of community-acquired pneumonia.’> However, prior to this study, the relationship between PNI levels and
prolonged ICU stay in patients with SP combined with RF had not been reported. Our findings suggest that low PNI
level is a risk factor for prolonged ICU stay in SP combined with RF patients without blood transfusion. Excessive
activation of immune defense in patients with SP may lead to a large amount of energy consumption in the body,
exacerbate the loss of nutrients in the body, obtain energy by decomposes its own tissues, and lead to the destruction of
its own organs.>* In non-transfusion-treated patients, changes in nutritional levels were more likely to be reflected in poor
patient outcomes, such as prolonged ICU stay.

The key to timely treatment of SP and RF is mechanical ventilation.’”>>® Invasive mechanical ventilation is an
important measure in the rescue process of patients with respiratory disorders, which can ensure smooth airway
ventilation and maintain life.>” A study has constructed a predictive model for prolonged ICU stay in COPD patients,
with invasive mechanical ventilation as one of the indicators.® Another study showed that there was no significant
difference between the length of mechanical ventilation and ICU stay in patients with SP.>° The APACHE II score is
a system that classifies the severity of illness in ICU patients based on age, past medical history, and some physiologic
measurements.®” APACHE I score was significantly associated with higher risk of prolonged ICU stay among patients
admitted to the ICU in a Japanese study.®’ Some studies have suggested that APACHE 1II score was associated with
prolonged ICU stay.®*%® On the contrary, another study has suggested that APACHE II score was not a risk factor for
prolonged ICU stay.®*

In conclusion, attention should be paid to the use of mechanical ventilation in ICU patients, but this study did not pay
attention to the types and times of use of mechanical ventilation. In the future, it is necessary to conduct more in-depth
studies on different types of patients or multiple uses of mechanical ventilation to identify the internal reasons for the
influence of mechanical ventilation on the extension of ICU stay.

Although the number of ICU patients with SP combined with RF included in this study is not small, it still has several
limitations. First, the data came from data related to a single race, so the results may not be applicable to patients of their
race. Second, this is a retrospective analysis, in which retrospective bias is bound to exist, such as all patients may have
different detection points for different variables; the AUC values of some ROC curves in this study are generally low,
indicating that the predictive ability of the model is flawed. Therefore, a prospective cohort study is needed to further
explore the association between these potentially relevant variables and longer ICU stay in patients with SP combined
with RF. Third, as has been seen in most past studies, the length of ICU stay varies according to the medical conditions of
the hospital itself. Therefore, the applicability of the results of this study to other hospitals is still an open question. All in
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all, the risk factors identified in this study for prolonged ICU stay in patients with SP combined with RF have certain
clinical significance and are worthy of further exploration in future clinical work and research.

Conclusion

High SII level (>1519.305), and invasive mechanical ventilation were independently associated with prolonged ICU stay
in patients treated with blood transfusion; and low PNI level (<34.025), and invasive mechanical ventilation were
independently associated with prolonged ICU stay in patients without blood transfusion. It provides a new method for
personalized medicine to guide ICU management of severe pneumonia complicated with respiratory failure. Of course,
prospective cohort studies are needed to further explore the relationship between these composite indices and prognosis
in patients with severe pneumonia combined with respiratory failure.

Data Sharing Statement

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Ethics Approval

All participants were informed on the study procedures and goals and the study obtained written informed consent from
all the participants. The study was performed under the guidance of the Declaration of Helsinki and approved by the
Ethics Committee of Medicine, Meizhou People’s Hospital.

Acknowledgments
The authors thank their colleagues, who were not listed in the authorship for their helpful comments on the manuscript.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by the Project of Medical and Health Scientific Research of Meizhou City (Grant No.: 2024-
B-105).

Disclosure
The authors declare that they have no competing interests in this work.

References

1. Ginsburg AS, Srikantiah P, Dowell SF, Klugman KP. Integrated pneumonia surveillance: pandemics and beyond.. Lancet Glob Health. 2022;10(12):
€1709—e1710. doi:10.1016/S2214-109X(22)00435-1

2. Barreto-Filho JA, Seabra-Garcez JD, Garcez FB, Moreira TS. Nondyspnogenic acute hypoxemic respiratory failure in COVID-19 pneumonia. J Appl
Physiol. 2021;130(3):892-897. doi:10.1152/japplphysiol.00522.2020

3. Villgran VD, Lyons C, Nasrullah A, Clarisse Abalos C, Bihler E, Alhajhusain A. Acute Respiratory Failure. Crit Care Nurs Q. 2022;45(3):233-247.
doi:10.1097/CNQ.0000000000000408

4. Grasselli G, Calfee CS, Camporota L, et al. ESICM guidelines on acute respiratory distress syndrome: definition, phenotyping and respiratory
support strategies. Intensive Care Med. 2023;49(7):727-759. doi:10.1007/s00134-023-07050-7

5. Xiao T, Chen F, Wan Z. Study on effects of care bundles on patients with severe pneumonia complicated with respiratory failure. Am J Transl Res.
2021;13(9):10942-10949. PMID: 34650775.

6. Back MS, Park S, Choi JH, Kim CH, Hyun IG. Mortality and prognostic prediction in very elderly patients with severe pneumonia. J Intensive Care
Med. 2020;35(12):1405-1410. doi:10.1177/0885066619826045

7. Lai CC, Tseng KL, Ho CH, et al. Prognosis of patients with acute respiratory failure and prolonged intensive care unit stay. J Thorac Dis. 2019;11
(5):2051-2057. doi:10.21037/jtd.2019.04.84

8. Duarte A, Bojke C. Impact of specialist rehabilitation services on hospital length of stay and associated costs. Eur J Health Econ. 2018;19
(7):1027-1034. doi:10.1007/s10198-017-0952-0

1774 https: International Journal of General Medicine 2025:18


https://doi.org/10.1016/S2214-109X(22)00435-1
https://doi.org/10.1152/japplphysiol.00522.2020
https://doi.org/10.1097/CNQ.0000000000000408
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1177/0885066619826045
https://doi.org/10.21037/jtd.2019.04.84
https://doi.org/10.1007/s10198-017-0952-0

Zheng et al

10.

12.

13.

14.
15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.
32.

33.

34.

35.

36.

37.
38.

39.

40.

4

—_

Bice T, Carson SS. Acute respiratory distress syndrome: cost (Early and Long-Term). Semin Respir Crit Care Med. 2019;40(1):137-144.
doi:10.1055/5-0039-1685463

Kim HJ, Kim J. Economic evaluation of the hospitalist care model in an acute medical unit: a benefit-cost analysis. BMJ Open. 2024;14(7):
€081594. doi:10.1136/bmjopen-2023-081594

. Kanungo S, Bhattacharjee U, Prabhakaran AO. Adverse outcomes in patients hospitalized with pneumonia at age 60 or more: a prospective

multi-centric hospital-based study in India. PLoS One. 2024;19(5):€0297452. doi:10.1371/journal.pone.0297452

Chen L, Lu H, Lv C, et al. Association between red blood cells transfusion and 28-day mortality rate in septic patients with concomitant chronic
kidney disease. Sci Rep. 2024;14(1):23769. doi:10.1038/s41598-024-75643-3

Naderi-Boldaji V, Zand F, Asmarian N, et al. Does red blood cell transfusion affect clinical outcomes in critically ill patients? A report from a large
teaching hospital in south Iran. Ann Saudi Med. 2024;44(2):84-92. doi:10.5144/0256-4947.2024.84

Venter C, Eyerich S. Nutrition and the immune system: a complicated tango. Nutrients. 2020;12(3):818. doi:10.3390/nu12030818

Burak MF, Stanley TL, Lawson EA, et al. Adiposity, immunity, and inflammation: interrelationships in health and disease: a report from 24th
Annual Harvard Nutrition Obesity Symposium, June 2023. 4m J Clin Nutr. 2024;120(1):257-268. doi:10.1016/j.ajcnut.2024.04.029

Qiu S, Jiang Q, Li Y. The association between pan-immune-inflammation value and chronic obstructive pulmonary disease: data from NHANES
1999-2018. Front Physiol. 2024;15:1440264. doi:10.3389/fphys.2024.1440264

Chen Y, Gong L, Gu P, et al. Pan-immune-inflammation and its dynamics: predictors of survival and immune-related adverse events in patients with
advanced NSCLC receiving immunotherapy. BMC Cancer. 2023;23(1):944. doi:10.1186/s12885-023-11366-4

Wang RH, Wen WX, Jiang ZP, et al. The clinical value of neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII),
platelet-to-lymphocyte ratio (PLR) and systemic inflammation response index (SIRI) for predicting the occurrence and severity of pneumonia in
patients with intracerebral hemorrhage. Front Immunol. 2023;14:1115031. doi:10.3389/fimmu.2023.1115031

Cui Z, Kuang S, Yang X, et al. Predictive value of the systemic immune inflammation (SII) index for stroke-associated pneumonia. Brain Behav.
2023;13(12):3302. doi:10.1002/brb3.3302

Yao W, Wang W, Tang W, Lv Q, Ding W. Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune
inflammation index (SII) to predict postoperative pneumonia in elderly Hip fracture patients. J Orthop Surg Res. 2023;18(1):673. doi:10.1186/
s13018-023-04157-x

. Halmaciu I, Arbanasi EM. Chest CT severity score and systemic inflammatory biomarkers as predictors of the need for invasive mechanical

ventilation and of COVID-19 patients’ mortality. Diagnostics. 2022;12(9):2089. doi:10.3390/diagnostics12092089

Pan X, Xu J, Wu H, Wang J, Kong W. Prognostic value of the systemic immune-inflammation index in patients with acute respiratory distress
syndrome: a retrospective study. Heliyon. 2024;10(4):€26569. doi:10.1016/j.heliyon.2024.e26569

Varim C, Celik FD, Sunu C, et al. The role of neutrophil albumin ratio in predicting the stage of non-small cell lung cancer. Eur Rev Med
Pharmacol Sci. 2022;26(8):2900-2905. doi:10.26355/eurrev_202204 28621

Cekmen B, Bildik B, Atis SE, Giiven H. The role of neutrophil-albumin ratio in the diagnosis of acute appendicitis and its efficacy in predicting
perforation. Ulus Travma Acil Cerrahi Derg. 2022;29(1):52-58. doi:10.14744/tjtes.2022.56570

Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal surgery of malnourished cancer patients. Nikon Geka Gakkai
Zasshi. 1984;85(9):1001-1005. PMID: 6438478.

Liao G, Zhao Z, Yang H, Chen M, Li X. Can prognostic nutritional index be a prediction factor in esophageal cancer?: a meta-analysis. Nutr
Cancer. 2020;72(2):187-193. doi:10.1080/01635581.2019.1631859

Zheng B, Fan J, He R, Yin R, Wang J, Zhong Y. Antioxidant status of uric acid, bilirubin, albumin and creatinine during the acute phase after
traumatic brain injury: sex-specific features. Int J Neurosci. 2021;131(9):833-842. doi:10.1080/00207454.2020.1758697

de Man AME, Gunst J. Nutrition in the intensive care unit: from the acute phase to beyond. Intensive Care Med. 2024;50(7):1035-1048.
doi:10.1007/500134-024-07458-9

He W, Li Q, Yang M, et al. Lower BMI cutoffs to define overweight and obesity in China. Obesity. 2015;23(3):684—691. doi:10.1002/0by.20995
Tang J, Zhu X, Chen Y, et al. Association of maternal pre-pregnancy low or increased body mass index with adverse pregnancy outcomes. Sci Rep.
2021;11(1):3831. doi:10.1038/s41598-021-82064-z

Maclntyre NR. Tissue hypoxia: implications for the respiratory clinician. Respir Care. 2014;59(10):1590-1596. doi:10.4187/respcare.03357
Litvinov RI, Evtugina NG, Peshkova AD, et al. Altered platelet and coagulation function in moderate-to-severe COVID-19. Sci Rep. 2021;11
(1):16290. doi:10.1038/541598-021-95397-6

Mei H, Luo L, Hu Y. Thrombocytopenia and thrombosis in hospitalized patients with COVID-19. J Hematol Oncol. 2020;13(1):161. doi:10.1186/
$13045-020-01003-z

Kosaki Y, Hongo T, Hayakawa M, et al. Association of initial lactate levels and red blood cell transfusion strategy with outcomes after severe
trauma: a post hoc analysis of the RESTRIC trial. World J Emerg Surg. 2024;19(1):1. doi:10.1186/513017-023-00530-7

Zhang F, Zhang B, Wang Y, et al. An extra-erythrocyte role of haemoglobin body in chondrocyte hypoxia adaption. Nature. 2023;622
(7984):834-841. doi:10.1038/541586-023-06611-6

Jones AR, Bush HM, Frazier SK. Injury severity, sex, and transfusion volume, but not transfusion ratio, predict inflammatory complications after
traumatic injury. Heart Lung. 2017;46(2):114-119. doi:10.1016/j.hrtlng.2016.12.002

Sihler KC, Napolitano LM. Complications of massive transfusion. Chest. 2010;137(1):209-220. doi:10.1378/chest.09-0252

Oud JA, de Haas M, de Vooght KMK, et al. Challenging the dogma: red blood cell-directed autoimmunity as risk factor for red blood cell
alloimmunisation after blood transfusion. Br J Haematol. 2024;204(5):2103-2111. doi:10.1111/bjh.19354

Silva N, Herbst AC. Influence of the leukoreduction moment of blood components on the clinical outcomes of transfused patients in the emergency
department. Rev Bras Enferm. 2024;77(5):€20230293. doi:10.1590/0034-7167-2023-0293

Maouia A, Rebetz J, Kapur R, Semple JW. The immune nature of platelets revisited. Transfus Med Rev. 2020;34(4):209-220. doi:10.1016/j.
tmrv.2020.09.005

. Parmana IMA, Boom CE, Poernomo H, Gani C, Nugroho B, Cintyandy R. Systemic immune-inflammation index predicts prolonged mechanical

ventilation and intensive care unit stay after off-pump coronary artery bypass graft surgery: a single-center retrospective study. Vasc Health Risk
Manag. 2023;19:353-361. doi:10.2147/VHRM.S409678

International Journal of General Medicine 2025:18 heeps: 1775


https://doi.org/10.1055/s-0039-1685463
https://doi.org/10.1136/bmjopen-2023-081594
https://doi.org/10.1371/journal.pone.0297452
https://doi.org/10.1038/s41598-024-75643-3
https://doi.org/10.5144/0256-4947.2024.84
https://doi.org/10.3390/nu12030818
https://doi.org/10.1016/j.ajcnut.2024.04.029
https://doi.org/10.3389/fphys.2024.1440264
https://doi.org/10.1186/s12885-023-11366-4
https://doi.org/10.3389/fimmu.2023.1115031
https://doi.org/10.1002/brb3.3302
https://doi.org/10.1186/s13018-023-04157-x
https://doi.org/10.1186/s13018-023-04157-x
https://doi.org/10.3390/diagnostics12092089
https://doi.org/10.1016/j.heliyon.2024.e26569
https://doi.org/10.26355/eurrev_202204_28621
https://doi.org/10.14744/tjtes.2022.56570
https://doi.org/10.1080/01635581.2019.1631859
https://doi.org/10.1080/00207454.2020.1758697
https://doi.org/10.1007/s00134-024-07458-9
https://doi.org/10.1002/oby.20995
https://doi.org/10.1038/s41598-021-82064-z
https://doi.org/10.4187/respcare.03357
https://doi.org/10.1038/s41598-021-95397-6
https://doi.org/10.1186/s13045-020-01003-z
https://doi.org/10.1186/s13045-020-01003-z
https://doi.org/10.1186/s13017-023-00530-7
https://doi.org/10.1038/s41586-023-06611-6
https://doi.org/10.1016/j.hrtlng.2016.12.002
https://doi.org/10.1378/chest.09-0252
https://doi.org/10.1111/bjh.19354
https://doi.org/10.1590/0034-7167-2023-0293
https://doi.org/10.1016/j.tmrv.2020.09.005
https://doi.org/10.1016/j.tmrv.2020.09.005
https://doi.org/10.2147/VHRM.S409678

Zheng et al

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Alsabani MH, Alotaibi BA, Olayan LH, Alghamdi AS. The value of preoperative systemic immune-inflammation index as a predictor of prolonged
hospital stay in orthopedic surgery: a retrospective study. Int J Gen Med. 2023;16:4773-4782. doi:10.2147/1JGM.S434630

Ye C, Yuan L, Wu K, Shen B, Zhu C. Association between systemic immune-inflammation index and chronic obstructive pulmonary disease: a
population-based study. BMC Pulm Med. 2023;23(1):295. doi:10.1186/s12890-023-02583-5

Wu X, Wang H, Xie G, Lin S, Ji C. Increased systemic immune-inflammation index can predict respiratory failure in patients with Guillain-Barré
syndrome. Neurol Sci. 2022;43(2):1223—1231. doi:10.1007/s10072-021-05420-x

Gao F, He S. The association between systemic immune-inflammation index at admission and readmission in patients with bronchiectasis.
J Inflamm Res. 2024;17:6051-6061. doi:10.2147/JIR.S479214

Xia W, Tan Y, Hu S, Li C, Jiang T. Predictive value of systemic immune-inflammation index and neutrophil-to-lymphocyte ratio in patients with
severe COVID-19. Clin Appl Thromb Hemost. 2022;28:10760296221111391. doi:10.1177/10760296221111391

Podstawka J, Sinha S. Marginating transitional B cells modulate neutrophils in the lung during inflammation and pneumonia. J Exp Med. 2021;218
(9):€20210409. doi:10.1084/jem.20210409

Hogan S, Steffens D, Vuong K, Rangan A, Solomon M, Carey S. Preoperative nutritional status impacts clinical outcome and hospital length of
stay in pelvic exenteration patients - a retrospective study. Nutr Health. 2022;28(1):41-48. doi:10.1177/02601060211009067

Ekinci I, Uzun H, Utku IK, et al. Prognostic nutritional index as indicator of immune nutritional status of patients with COVID-19. Int J Vitam Nutr
Res. 2022;92(1):4-12. doi:10.1024/0300-9831/2000730

Xue G, Gan X, Wu Z, et al. Novel serological biomarkers for inflammation in predicting disease severity in patients with COVID-19.
Int Immunopharmacol. 2020;89(Pt A):107065. doi:10.1016/j.intimp.2020.107065

Suzuki E, Kawata N, Shimada A, Sato H. Prognostic Nutritional Index (PNI) as a potential prognostic tool for exacerbation of COPD in elderly
patients. Int J Chron Obstruct Pulmon Dis. 2023;18:1077-1090. doi:10.2147/COPD.S385374

Bahgeci A, Kotek Sedef A, Isik D. The prognostic values of prognostic nutritional index in extensive-stage small-cell lung cancer. Anticancer
Drugs. 2022;33(1):e534—e540. doi:10.1097/CAD.0000000000001169

Wang G, Wang N, Liu T, et al. Association between prognostic nutritional index and mortality risk in patients with community-acquired
pneumonia: a retrospective study. BMC Pulm Med. 2024;24(1):555. doi:10.1186/s12890-024-03373-3

Mizgerd JP. Pathogenesis of severe pneumonia: advances and knowledge gaps. Curr Opin Pulm Med. 2017;23(3):193-197. doi:10.1097/
MCP.0000000000000365

Navarra SM, Congedo MT, Pennisi MA. Indications for non-invasive ventilation in respiratory failure. Rev Recent Clin Trials. 2020;15(4):251-257.
doi:10.2174/1574887115666200603151838

Cutuli SL, Grieco DL, Menga LS, De Pascale G, Antonelli M. Noninvasive ventilation and high-flow oxygen therapy for severe
community-acquired pneumonia. Curr Opin Infect Dis. 2021;34(2):142—150. doi:10.1097/QC0O.0000000000000715

Lee KG, Roca O, Casey JD, et al. When to intubate in acute hypoxaemic respiratory failure? Options and opportunities for evidence-informed
decision making in the intensive care unit. Lancet Respir Med. 2024;12(8):642—654. doi:10.1016/S2213-2600(24)00118-8

Cheng H, Li J, Wei F, et al. A risk nomogram for predicting prolonged intensive care unit stays in patients with chronic obstructive pulmonary
disease. Front Med. 2023;10:1177786. doi:10.3389/fmed.2023.1177786

Yang W, Zhang L. Observation of the curative effect of conservative oxygen therapy in mechanical ventilation of patients with severe pneumonia.
Chin J Crit Care Emerg Med. 2021;33(9):1069-1073. doi:10.3760/cma.j.cn121430-20210617-00902

Sungono V, Hariyanto H, Soesilo TEB, et al. Cohort study of the APACHE 1I score and mortality for different types of intensive care unit patients.
Postgrad Med J. 2022;98(1166):914-918. doi:10.1136/postgradmed;j-2021-140376

Takekawa D, Endo H. Predict models for prolonged ICU stay using APACHE II, APACHE III and SAPS II scores: a Japanese multicenter
retrospective cohort study. PLoS One. 2022;17(6):¢0269737. doi:10.1371/journal.pone.0269737

Singh P, Warren K, Adler H, Mangano A, Sansbury J, Duff R. A retrospective review of outcomes in intensive care unit patients infected with
SARS-Cov2 in correlation to admission acute physiologic assessment and chronic health evaluation II scores. Cureus. 2021;13(3):e14051.
doi:10.7759/cureus. 14051

Abdelwahed HS, Martinez FE. ICU length of stay and factors associated with longer stay of major trauma patients with multiple rib fractures:
a retrospective observational study. Crit Care Res Pract. 2022;2022:6547849. doi:10.1155/2022/6547849

Han WH, Lee JH, Chun JY, et al. Predicting factors associated with prolonged intensive care unit stay of patients with COVID-19. Acute Crit Care.
2023;38(1):41-48. doi:10.4266/acc.2022.01235

International Journal of General Medicine Dovepress
Taylor & Francis Group

Publish your work in this journal

The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

. International Journal of General Medicine 2025:18
1776 E X in B )


https://doi.org/10.2147/IJGM.S434630
https://doi.org/10.1186/s12890-023-02583-5
https://doi.org/10.1007/s10072-021-05420-x
https://doi.org/10.2147/JIR.S479214
https://doi.org/10.1177/10760296221111391
https://doi.org/10.1084/jem.20210409
https://doi.org/10.1177/02601060211009067
https://doi.org/10.1024/0300-9831/a000730
https://doi.org/10.1016/j.intimp.2020.107065
https://doi.org/10.2147/COPD.S385374
https://doi.org/10.1097/CAD.0000000000001169
https://doi.org/10.1186/s12890-024-03373-3
https://doi.org/10.1097/MCP.0000000000000365
https://doi.org/10.1097/MCP.0000000000000365
https://doi.org/10.2174/1574887115666200603151838
https://doi.org/10.1097/QCO.0000000000000715
https://doi.org/10.1016/S2213-2600(24)00118-8
https://doi.org/10.3389/fmed.2023.1177786
https://doi.org/10.3760/cma.j.cn121430-20210617-00902
https://doi.org/10.1136/postgradmedj-2021-140376
https://doi.org/10.1371/journal.pone.0269737
https://doi.org/10.7759/cureus.14051
https://doi.org/10.1155/2022/6547849
https://doi.org/10.4266/acc.2022.01235
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Cohort
	Data Collection
	Data Processing and Statistical Analysis

	Results
	Characteristics of Subjects
	Comparison of the Clinical Characteristics of Patients with Prolonged ICU Stay and Non-Prolonged ICU Stay
	Comparison of the Clinical Characteristics of Patients with Prolonged ICU Stay and Non-Prolonged ICU Stay in Patients Treated with and without Blood Transfusion, Respectively
	Impact of PIV, SII, SIRI, NAR, and PNI on Prolonged ICU Stay
	Impact of PIV, SII, SIRI, NAR, and PNI on Prolonged ICU Stay in Patients Treated with and without Blood Transfusion, Respectively

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

