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The purpose of this study was to investigate early stage dynamic changes in relevant indicators

in neurocritical patients to identify biomarkers that can predict a poor prognosis at an early stage

(1-4 days after admission). This study retrospectively collected clinical data, inflammatory indicators,
and nutritional indicators from 77 patients at the neurology intensive care unit. The 3-month modified
Rankin scale score was used as the outcome indicator. A linear mixed model was used to analyze
changes in inflammatory indicators and nutritional indicators in neurocritical patients over time from
1-4 days after admission. Logistic regression was used to determine the independent risk factors for a
poor prognosis in neurocritical patients and to construct a predictive model. The predictive efficacy of
the model was verified using leave-one-out cross-validation and decision curve analysis methods. The
analysis results showed that 1-4 days after admission, the inflammatory indicators of white blood cell
and absolute monocyte counts and the nutritional indicators of body cell mass(BCM), fat-free mass,
body cell mass/phase angle (BCM/PA), intracellular water, extracellular water, and skeletal muscle
index increased overall, while the nutritional indicators of albumin and visceral fat area decreased
overall. The logistic multivariate regression model showed that the Charlson comorbidity index (CCI)
(odds ratio (OR)=2.526, 95% CI [1.202, 5.308]), hemoglobin (Hb)(on admission)-Hb(min) (OR=1.049,
95% C1[1.015, 1.083), BCM(on admission) (OR=0.794, 95% CI [0.662, 0.952]), and the change in BCM/
PA 1-4 days after admission (OR=1.157, 95% CI [1.070, 1.252]) were independent risk factors for a
poor prognosis in neurocritical patients. The predictive analysis showed that the predictive power

of Model 1 with BCM/PA (area under the curve (AUC)=0.95, 95% CI (0.90, 0.99)) was 93%, 65%,

141%, and 133% higher than that of Model 2 without BCM/PA, the CCl, the APACHE Il score, and the
NRS2002 score (all P<0.05), respectively. The CCl, Hb(on admission)-Hb(min), BCM(on admission), and
an increase in BCM/PA 1-4 days after admission were independently associated with a poor prognosis
in neurocritical patients. Of these variables, BCM/PA may be a valid indicator for early stage prediction
of a poor prognosis in neurocritical patients.
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AUC Area under the receiver operator characteristic curve
BCM Body cell mass;

BIA Bioimpedance analysis;

BMI Body mass index;

CCI Charlson Comorbidity Index;

CI Confidence interval;

CNS Central nervous system;

DCA Decision curve analysis

ECW Extracellular water;

FFM Fat-free mass;

Glu Blood glucose

Hb Hemoglobin

hsCRP High-sensitivity C-reactive protein
ICW Intracellular water

IDI Integrated discrimination improvement index
NICU Neurology intensive care unit;
NLR Neutrophil-to-lymphocyte ratio
NRI Net reclassification improvement
NRS2002 Nutrition Risk Screening 2002
mRS Modified Rankin scale

OR QOdds ratios;

PA Phase angle;

PEM Protein-energy malnutrition

PLR Platelet-to-lymphocyte ratio

PLT Platelet count

ROC Receiver operator characteristic
SIRS Systemic inflammatory response syndrome
SMI Skeletal muscle index

TBW Total body water.

WBC White blood cell

VFA Visceral fat area

In recent years, the mortality and disability rates of neurocritical patients have increased yearly, which has
resulted in substantial medical and social burdens'. A large number of studies have found that a persistent severe
inflammatory response can lead to aggravation of the primary disease. It is an important cause of poor prognosis
and even death in neurocritical patients®™. Brain-body crosstalk is an important component of the pathophysi-
ological process of systemic inflammatory response syndrome (SIRS) in neurocritical patients”?. In related studies
of patients with acute cerebral hemorrhage and status epilepticus, mortality and disability rates were higher in the
patients with SIRS than in the non-SIRS group®®. In a study of stroke patients, Vahidy'° found that after stroke,
the spleen was activated and contracted, releasing a large number of immune cells into the bloodstream that
migrate to the brain and infiltrate the brain parenchyma through the damaged blood-brain barrier. The number
of immune cells in the brain reaches its peak within 1-4 days after stroke and further promotes the release of
inflammatory factors in brain glial cells, causing an inflammatory cascade reaction that induces a large amount
of neuronal cell necrosis, which affects the patient’s prognosis. Therefore, the severity of SIRS in neurocritical
patients in the early stage (1-4 days after admission) may be the key to determining their prognosis, possibly
related to neuronal cell necrosis due to inflammation. The pathogenesis is abnormal accumulation of misfolded/
unfolded proteins within the endoplasmic reticulum of nerve cells''. Normally, DNA information transmission
translates into polypeptide chains'*', which are folded into functional proteins within the cellular endoplasmic
reticulum, and protein folding is important for maintaining the balance of cellular homeostasis'>~"". At the onset
of neurocritical illness, abnormal accumulation of misfolded/unfolded proteins provokes endoplasmic reticulum
stress in neuronal cells, which induces a cascade of cell death and inflammatory processes when endoplasmic
reticulum stress is persistent and intense. The inflammatory cascade in turn aggravates endoplasmic reticulum
stress, creating a vicious cycle that triggers neuronal cell death and further leading to the occurrence of a poor
prognosis'’.

Previous studies have suggested that the severity of SIRS is affected by nutritional status'®. The main manifesta-
tion of malnutrition in neurocritical patients is protein-energy malnutrition (PEM)*. By damaging the immune
system’s defense ability, PEM leads to a significant reduction in the body’s resistance to infection®. Its patho-
physiological mechanism manifests primarily as atrophy of thymus and lymph node immune tissues, impaired
humoral and cellular immune functions, weakened leukocyte phagocytosis and reduced protein synthesis, which
create favorable conditions for infection®'. After infection, inflammatory cytokines act on the neuroendocrine
system to stimulate the release of stress hormones (including cortisol and catecholamines) and increase catabo-
lism, leading to further deterioration of immune system function in neurocritical patients, aggravating the degree
of inflammatory response, accelerating death and leading to a poor prognosis*.

Currently, the relevant indicators that can be used to predict adverse outcomes in neurocritical patients
include neutrophil count, lymphocyte count, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio,
lymphocyte-to-monocyte ratio, albumin, and hemoglobin. However, the specificity of these indicators is not
high**-?%, and most studies are based on a one-time cutoff point and lack observations of dynamic change trends;
thus, the predictive performance of these indicators is controversial, and they are not suitable as early stage and
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effective prognostic indicators for neurocritical patients. In recent years, studies have confirmed that relevant
indicators measured by bioelectrical impedance analysis (BIA), such as phase angle (PA), body cell mass(BCM),
and hydration status, are associated with inflammatory responses and a poor prognosis in patients who are
elderly, have cancer, are undergoing hemodialysis, or are critically ill*’-*. They are expected to become novel
indicators for predicting patient prognosis, but their predictive efficacy needs to be further verified.

Therefore, this study continuously and dynamically collected the clinical data (demographic characteris-
tics + disease-related indicators), inflammatory indicators, and nutritional indicators (biochemical and BIA indi-
cators) of 77 neurocritical patients who were admitted to the neurology intensive care unit (NICU) from January
to July 2021 in the early stage (1-4 days after admission). A retrospective analysis of the changes in the data was
conducted to identify objective occurrence and development patterns and to identify novel and sensitive early
stage indicators for the objective prediction of poor prognosis in neurocritical patients.

Methods

Study design and participants

This was a case—control study. The subjects were patients who were admitted to the NICU of the First Affiliated
Hospital of Chongging Medical University from January 2021 to July 2021. Medical case data during hospitaliza-
tion were collected. The study was conducted in accordance with the Declaration of Helsinki and was approved
by the Medical Ethics Committee of the First Affiliated Hospital of Chongqing Medical University. This study
was registered with the China Clinical Trials Registry with registration number ChiCTR1800014324.

Inclusion criteria

(1) since the hospital is an adult hospital, the age of the included subjects was > 18 years; (2) NICU admis-
sion >4 days; (3) patients or their guardians provided written informed consent; and (4) patients who can remain
in a static supine position after sedation.

Exclusion criteria

(1) patients with moderate or severe disability and no self-care in life before admission; (2) patients with agitation,
those who were unable to undergo BIA treatment due to the implantation of metal devices (such as pacemakers
or artificial femoral heads), and those with incorrect BIA values; (3) patients whose conditions relapsed during
hospitalization and those who required two or more transfers to the NICU; (4) patients with unstable hemody-
namics; (5) patients who required surgical treatment; and (6) patients with incomplete data; (7) patients who
received a red blood cell transfusion (Fig. 1).

Outcome indicator

The outcome indicator was the 3-month modified Rankin scale (mRS) score. According to the mRS score, the
patients were divided into two groups: the poor prognosis group (mRS 3-6) and the good prognosis group
(mRS 0-2).

Patients admitted to NICU
(n=111)

Excluded:
Imcomplete data (n=11)
Duration of NICU stay<4 days (n=15)

Wrong measurement results with BIA (n=8)

Analyzed patients
(n=77)

[
|

Poor (mRS 3-6) Good (mRS 0-2)
(n=31) (n=46)

Fig. 1. Flowchart of patient recruitment.
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Data collection

In this study, a retrospective data collection method was used to continuously and dynamically collect the clini-
cal data, inflammatory indicators, and nutritional indicators (including biochemical and BIA indicators) of 77
NICU patients over 1-4 days of admission. All data were collected and compiled by two dedicated research
assistants using the electronic medical record system and the BIA instrument recording system, and data entry
was performed separately. After data entry was completed, the patient’s name and medical record number were
deleted, and the patient was given a unique study number. All data were reviewed by a dedicated study coor-
dinator to confirm their accuracy and to manually verify inconsistent or outlier values. Prior to the statistical
analysis, the dataset was validated and cleaned to prevent any further changes and ensure the consistency and
completeness of the data in the statistical report and analysis. All researchers who collected and compiled the
data were unaware of the contents of the study.

Clinical data:
Demographic characteristics. ~Sex, age, and body mass index (BMI).

Disease-related indicators. ~Acute Physiology and Chronic Health Evaluation (APACHE) II score, CCI, Nutri-
tion Risk Screening 2002 (NRS 2002) results, disease diagnosis, and history of previous neurological diseases.

Inflammation-related indicators

White blood cell (WBC) count, absolute neutrophil count (ANC), absolute lymphocyte count (ALC), absolute
monocyte count (AMC), platelet count (PLT), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and high-sensitivity C-reactive protein (hsCRP).

Nutrition-related indicators
Nutritional biochemical indicators. Albumin (Alb), Hb, and random blood glucose (Glu).

BIA indicators. BCM, PA, BCM/PA, intracellular water (ICW), extracellular water (ECW), total body water
(TBW), fat-free mass (FFM), skeletal muscle index (SMI), whole-body protein (WBP), and visceral fat area
(VEA).

Definition of relevant indicators

CCIP% The patient’s medical history was obtained through the electronic medical record system, and CCI scores
were calculated according to the patient’s comorbidities. APACHE II score®: The assessment value within 24 h
after admission was used. If there were multiple assessment values, the highest assessment value was selected.
NRS2002 score®*: The assessment value within the first day of admission was used.

All laboratory indicators were evaluated at the Department of Laboratory Medicine, the First Affiliated Hos-
pital of Chongqing Medical University, and uploaded to the electronic medical record system. The patients’ test
values 1-4 days after admission were collected based on the time blood specimens being taken. In this context,
Hb(on admission) is the value detected within 24 h after admission and Hb(min) is the minimum value of Hb
detected within 1-4 days after admission. In this study, the normal reference ranges for the relevant laboratory
indicators were WBC (3.50-9.50*10°/L), ANC (1.80-6.30%10°/L), ALC (1.10-3.20*10°/L), AMC (0.10-0.60*10°/
L), PLT (85-303*10°/L), hsCRP (0-10 mg/ml), Alb (35-50 g/L), Hb (130-175 g/L), and Glu (<11.1 mmol/L).
The BIA indicators were measured by physicians of the Department of Nutrition of the First Affiliated Hospital
of Chongqing Medical University using BIA according to a uniform and standardized method on days 1-4 of
admission, and the measurement values were collected. The BIA model was InBody S10 from Biospace Co.,
Ltd., South Korea®. In this study, the normal reference ranges for BIA indicators were PA (>3 degrees), TBW
(0.36-0.39%), TBW/FFM (72.7-74.3%), SMI (men > 7 kg/m? women > 5.5 kg/m?), and VFA (<100 cm?).

The guidelines of the European Working Group on sarcopenia suggest that the BIA indicator skeletal muscle
mass is closely related to height, and the composite index SMI, which is the combination of skeletal muscle
and height, can accurately reflect the nutritional status of the human body*. Therefore, this study included the
composite indicator SMI, which was calculated using the following formula: SMI = skeletal muscle mass/height?.
Furthermore, the BIA measurement BCM is the sum of the number of metabolically active and functionally
intact somatic cells in human lean body mass. PA is the cotangent value of reactance (Xc) and impedance (Z)
generated by a current flowing through the human body. Its formula is sin(PA) = Reactance(Xc)/Impedance(Z),
which reflects the integrity of the cell membrane. Relevant studies have pointed out that a decrease in PA reflects
poor structure and low function of the cell membrane as a result of a decrease in BCM, and there is a strong
interaction between BCM and PAY. Therefore, this study innovatively combined BCM and PA detection into one
BIA measurement as the second-level indicator BCM/PA and calculated the ratio to determine the prognostic
value of this second-level indicator.

In recent years, a large amount of evidence has shown that there is a strong interaction among inflammatory
cytokines and between inflammatory cytokines and platelets in the pathophysiological development of systemic
inflammatory responses®. Therefore, this study included the analysis of relevant composite inflammatory indi-
cators, including NLR and PLR. The NLR and PLR values were calculated using the same blood specimen. The
calculation formulas are NLR = ANC/ALC and PLR=PLT/ALC.
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Statistical description

Normally distributed measurement data are described as the mean + standard deviation, and two independ-
ent sample t tests were used for comparisons between groups. Measurement data with a skewed distribution
are described as the median and interquartile range, and the Mann-Whitney U test was used for comparisons
between groups. Count data are described as the number of cases and rate, and comparisons between groups
were performed using the chi-square test or Fisher’s exact probability test. This study was reported based on the
TRIPOD guidelines for prediction model development/validation®. A mixed linear model was used to calculate
the slopes of the changes in inflammatory and nutritional indicators over time on days 1-4 of admission, and the
slope for each patient was calculated using the random effects model. Variables with P<0.05 in the univariate
analysis were included in the multivariate analysis, and the variables were screened using the stepwise method.
Multivariate logistic regression was used to investigate the risk factors associated with the prognosis at discharge.
The area under the receiver operator characteristic (ROC) curve (AUC), accuracy, sensitivity, specificity, inte-
grated discrimination improvement index (IDI), net reclassification improvement (NRI), and decision curve
analysis (DCA) were used to compare the value of different indicators or models for predicting the prognosis at
discharge. AUCs were compared using the Delong test. The leave-one-out cross-validation method was used for
internal validation. The Delong test, IDI, NRI, and DCA were performed in the nsROC, PredictABEL, nricens,
and rmda packages in R (version 4.0.0), respectively, and the other analyses were performed in SAS 9.4 (Copy-
right ©2016 SAS Institute, Inc., Cary, NC, USA).

Results

Baseline data analysis

A total of 77 neurocritical patients were included in this study. The analysis of their baseline data is shown in
Table 1. There were 31 patients with a poor prognosis according to the mRS (3-6), of whom 16 died; 46 patients
had a good prognosis according to the mRS (0-2). The analysis results showed that indicators within the first day
of admission (age, APACHE II score, CCI, NRS2002, hsCPR, BCM/PA ratio, TBW) and Hbq, aamission)~HD (min)
were higher in the poor prognosis group than in the good prognosis group, and the differences between the two
groups were statistically significant (all P values <0.05) (Table 1).

Within the first day of admission, the Hb, BCM, PA, ICW, FFM, SMI, and WBP of the poor prognosis
group were all lower than those of the good prognosis group, and the differences between the two groups were
statistically significant (all P<0.05). Additionally, among the outcome indicators, the differences in mortality,
mechanical ventilation time, length of NICU stay, and hospitalization expenses between the two groups were
statistically significant (all P values <0.05) (Table 1).

Analysis of the change trends in inflammatory and nutritional indicators 1-4 days after
admission
The inflammatory and nutritional indicators of the 77 neurocritical patients were repeatedly measured (1-4 days
after admission) and were treated as time-dependent variables. The analysis of the change trends in the indicators
over time is shown in Table 2. Inflammation indicators (WBC, AMC) showed an overall upward trend over time
from day 1 to day 4 after admission. The nutritional index albumin (Alb) decreased gradually with time; BIA
indicators (BCM, BCM/PA, ICW, ECW, FEM, SMI) showed an overall upward trend over time from day 1 to day
4 after admission. However, the trend of BIA indicator (VFA) changes with time is gradually declining (Table 2).
The results of the differential analysis based on time-dependent variables showed that the BCM/PA of the
poor prognosis group had a higher change trend 1-4 days after admission than the good prognosis group
(P<0.05) (Table 3).

Correlation analysis for poor prognosis in neurocritical patients

The above variables with P <0.05, which included age, APACHE II, CCI, NRS2002, indicators within the first day
of admission (hsCPR, Hb, BCM, PA, BCM/PA, ICW, TBW, FFM, SMI, WBP), Hb 4, sdmission)-HP (min) and change
in BCM/PA 1-4 days after admission (Table 1), were included in multivariate analysisin.

The results showed that CCI (odds ratio (OR) =2.526, 95% confidence interval (CI) [1.202, 5.308]),
HDb (o1 admission)"HD (miny (OR=1.049, 95% CI [1.015, 1.083]) and change in BCM/PA 1-4 days after admission
(OR=1.157,95% CI [1.070, 1.252]) were independent risk factors for poor prognosis in neurocritical patients. In
contrast, higher BCM (o, admission) (30.54 % 5.1) was a protective factor (OR=0.794, 95% CI [0.662, 0.952]) (Table 4).

Predictive analysis results
The variables that were significant in the multivariate analysis, including CCI, Hb(,, samission)~Hb (min)» and
BCM o1 admission)» and the change in BCM/PA 1-4 days after admission were used to establish Model 1 and Model
2, respectively. The change in BCM/PA 1-4 days after admission was included in Model 1 but not in Model 2.
The remaining predictors were the same in both Model 1 and Model 2. The results of the predictive analysis
showed that the AUC of Model 1 (AUC=0.95, 95% CI (0.90, 0.99)) was higher than that of Model 2 (AUC=0.85,
95% CI (0.76, 0.95)) (P<0.05). The accuracy, sensitivity, and specificity of Model 1 were all higher than those of
Model 2, the CCI, the APACHE II score, and the NRS2002 score. The NRI indicator of IDI in Model 1 was higher
than that in Model 2, CCI, APACHE II and NRS2002. That is, compared with Model 2, the CCI, the APACHE
II score, and the NRS2002 score, the proportion of correct patient classifications by Model 1 increased by 20%,
43%, 40%, and 37%, respectively, and its predictive ability increased by 93%, 65%, 141% and 133%, respectively
(all P<0.05) (Table 5).

According to the results of the decision curve analysis, the standard net benefit values of Model 1 were all
higher than those of Model 2, the CCI, the APACHE II score, and the NRS2002 (Fig. 2).
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Group
Indicator Good (mRS 0-2) (n=46) | Poor (mRS 3-6) (n=31) | x2/t/Z |P value
Clinical data
Sex
Male 33(71.74) 16(51.61) 3.242 0.072
Female 13(28.26) 15(48.39)
Age, years 59.13+£16.23 71.45+13.77 —3.467 0.001
BMI, kg/m2 24.43+4.14 23.38+3.85 1.087 0.281
APACHE II 9.61+4.96 15+5.2 —4.584 <0.001
CCI 0.43+0.75 1.48+1.36 —-3.905 <0.001
NRS2002 2.87+2.01 513+2 —4.856 <0.001
Diagnosis (classification)
Cerebrovascular diseases 31(67.39) 21(67.74) / >0.999
CNS infectious diseases 5(10.87) 3(9.68)
Neuromyelitis optica 1(2.17) 1(3.23)
Epilepsy 7(15.22) 4(12.90)
Metabolic encephalopathy 1(2.17) 1(3.23)
Degenerative diseases of the nervous system 1(2.17) 1(3.23)
Previous history of neurological diseases
No 41(89.13) 28(90.32) / >0.999
Yes 5(10.87) 3(9.68)
Inflammatory indicators within the first day of admission
WBC, *10°/L 9.63+3.12 10.77+£4.72 -1.181 0.244
ANC, *10°/L 7.78+3.12 8.56+3.87 -0.98 0.33
ALC, *10°/L 1.22+0.55 0.99+0.51 1.806 0.075
AMC, *10°/L 0.55+0.23 0.61+0.44 —-0.766 0.448
PLT, *10°/L 208.96+71.23 184.45+60.1 1.574 0.12
NLR 8.62+7.44 10.57£6.77 -1.171 0.245
PLR 196.58 £103.67 217.98+106.03 -0.876 0.384
hsCPR, mg/L 5.22(2.46,10.87) 14.91(6.21,20) -3.317 0.001
Nutritional biochemical indicators
Albe, admission), &/L 39.67+5.02 37.32+5.88 1.865 0.066
Hb on admission), &/L 140.57 +16.48 127.29+24.69 2,625 0.012
Hb (o1 adimission) HD eminy» /L 9.5(5,20) 35(6,59) 3.166 0.002
Gl (on admission), MMOL/L 6.5(5.4,8.9) 7.9(6.5,8.7) 1.369 0.171
BIA indicators within the first day of admission
BCM, kg 30.54+5.1 27.1+5.8 2.659 0.01
PA, degree 5.57+0.86 4.06+£0.93 7.077 <0.001
BCM/PA, kg/degree 5.53+0.83 6.89+1.64 - 4.04 <0.001
ICW, L 21.33+£3.56 18.92+4.06 2.663 0.01
ECW,L 13.27£2.07 12.53+2.41 1.396 0.167
TBW, % 0.38+0.01 0.4+0.01 -6.733 <0.001
FFM, kg 46.97 £7.57 42.57£8.65 2.287 0.025
TBW/FEM, % 73.64+0.38 73.79+0.37 -1.722 0.089
SMI, kg/m? 9.55+1.32 8.53+1.62 2.929 0.005
WBP, kg 9.21+1.54 8.18+1.75 2.649 0.01
VFA, cm? 93.9+49.57 118.33+£63.64 —1.834 0.071

Outcome indicators

Mortality rate within 3 months

Survival 46(100.00) 15(48.39) 29.969 <0.001
Death 0(0.00) 16(51.61)

Mechanical ventilation time, days 0(0,0) 6(0,13) 4.597 <0.001
NICU hospital stay, days 4(2,10) 13(7,23) 4.551 <0.001
Continued
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Group
Indicator Good (mRS 0-2) (n=46) | Poor (mRS 3-6) (n=31) | x2/t/Z |P value
Total hospital stay, days 15.5(13,25) 25(13,37) 1.763 0.078
Hospitalization expenses, thousand yuan 29.15(20.11,69.84) 112.97(56.2,192.59) 4.072 <0.001

Table 1. Comparison of baseline data between the poor prognosis group and the good prognosis group.
Cerebrovascular diseases which include ischemic stroke, intracerebral hemorrhage; CNS infectious
diseases = Central nervous system infection diseases, CNS infectious diseases which include N-methyl-D-

aspartate receptors, tuberculous meningitis, viral encephalitis, toxoplasma encephalitis, purulent meningitis;
Degenerative diseases of the nervous system which include parkinson’s disease, Alzheimer’s disease.

Variable Day 1 Day 2 Day 3 Day 4 Coefficient | Standard error ‘ tvalue ‘ Pvalue
Inflammatory indicators

WBC, *10°/L 10.09+3.85 10.98+4.95 12.17+£5.47 11.50+4.76 0.549 0.213 2.58 |0.012
ANGC, *10°/L 8.09+3.44 8.47+3.67 9.68+4.93 9.37+4.48 0.397 0.203 1.96 |0.055
ALC, *10°/L 1.13+£0.54 1.20+£0.50 1.19+0.54 1.18+0.59 0.04 0.021 1.93 | 0.058
AMC, *10°/L 0.57+0.33 0.72+0.27 0.87+0.39 0.84+0.42 0.099 0.018 5.41 | <.0001
PLT, *10°/L 199.09£67.65 183.24+£60.97 | 193.54+74.38 189.85+70.01 - 1.516 2.322 -0.65 |0.516
NLR 9.40+7.20 8.27+4.67 10.30+8.14 9.81+£5.99 0.061 0.363 0.17 | 0.868
PLR 205.31+104.47 | 177.82+89.17 | 193.06+111.96 | 187.92+89.47 —7.504 4.572 -1.64 |0.105
Nutritional biochemical indicators

Alb g/L 38.71+£5.47 36.56+5.51 36.25+5.21 35.75+5.64 —0.984 0.227 —4.34 | <.0001
gg‘i‘ga“’“ 29.2245.60 2914576 | 29.53+576 | 29.88+5.49 0.119 0.059 202 |0.047
PA, degree 4.99+1.15 4.92+1.28 8.18+18.43 4.96+1.30 0.159 0.511 0.31 |0.757
ge(;;l\'/iPA’ kg/ 6.05+1.37 6.19+1.51 6.42+2.17 6.31+1.54 0.112 0.041 2.71 |0.008
ICW, L 20.41+3.91 20.35+4.01 20.62+4.03 20.88+3.83 0.086 0.04 2.14 |0.035
ECW, L 12.99+2.22 13.02+£2.28 13.28+2.22 13.35+£2.11 0.109 0.03 3.59 |0.001
TBW, % 0.39+0.01 0.39+0.01 0.39+0.01 0.46+0.47 0.015 0.021 0.7 0.486
FFM, kg 4528 £8.23 45.23+£8.41 45.90+8.39 46.38+£7.95 0.244 0.095 2.58 |0.012
SMI, kg/m2 9.16+1.52 9.15+1.56 9.24+1.52 9.41+£1.53 0.043 0.02 2.18 |0.033
WBP, kg 8.82+1.69 8.79+1.75 891+1.73 9.00+1.67 0.032 0.019 1.71 | 0.091
VFA, cm? 103.27 £56.25 102.13£52.49 | 102.40+51.29 95.80+54.02 -1.879 0.711 -2.64 |0.01

Table 2. Trend analysis of the change in indicators in neurocritical patients 1-4 days after admission.

Group
Indicator Good (mRS 0-2) (n=46) | Poor (mRS 3-6) (n=31) |t Pvalue
Inflammatory indicators
WBC slopes, *10°/L/day 0.46+0.79 0.68+0.91 -1.114 0.269
AMC slopes, *10°/L/day 0.09+0.07 0.11+0.09 -0.936 0.352
Nutritional biochemical indicators
Alb slopes, g/L/day -0.88+0.8 -1.14+1.07 ‘ 1.24 0.219
BIA indicators
BCM slopes, kg/day 0.1+0.17 0.14+0.32 -0.616 0.541
BCM/PA slopes, kg/degree/day 0.04+0.11 0.22+0.21 —4.448 <0.001
ICW slopes, L/day 0.07+0.11 0.11+£0.22 -0.767 0.448
ECW slopes, L/day 0.09+0.1 0.14+0.2 -1.195 0.239
FFM slopes, kg/day 0.2+0.31 0.31+£0.57 -0.939 0.353
SMI slopes, kg/m?/day 0.04+0.05 0.05+0.1 -0.829 0.412
VFA slopes, cm?/day -1.62+3.17 -226+3.81 0.793 0.43

Table 3. Differential analysis of the change trends in indicators between the two groups 1-4 days after

admission.
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Variable B Standard error | %2 P OR(95%CI)

CCI 0.926 | 0.379 5.978 0.014 | 2.526(1.202,5.308)
Hb o1, admission)- Hb(umin), &/L 0.047 | 0.017 8.041 0.005 | 1.049(1.015,1.083)
BCM (o scmission), ke —0.231 |0.093 6.179 0.013 | 0.794(0.662,0.952)
BCM/PA slopes, *1072, kg/degree/day 0.146 | 0.04 13.315 <0.001 | 1.157(1.070,1.252)

Table 4. Results of the multivariate logistic regression model analysis for poor prognosis in neurocritical
patients.

Predictors AUC(95%CI) P Accuracy% Sensitivity% Specificity% IDI(95%CI) P NRI(95%CI) P
Model 1 0.95(0.90,0.99) 85.71 93.55 80.43

Model 2 0.85(0.76,0.95) 0.024a 81.82 80.65 82.61 0.93(0.57,0.93)a <0.001a 0.20(0.09, 0.31)a 0.003a
CCI 0.74(0.63,0.95) <0.001a 70.13 70.97 69.57 0.65(0.39,0.65)a <0.001a 0.43(0.31,0.55)a <0.001a
APACHEII 0.77(0.66,0.88) 0.002a 71.43 80.65 65.22 1.41(1.14,1.41)a <0.001a 0.40(0.27,0.53)a <0.001a
NRS2002 0.79(0.68,0.89) 0.003a 72.73 80.65 67.39 1.33(1.01,1.33)a <0.001a 0.37(0.23,0.51)a <0.001a

Table 5. Comparison of the efficacy of different indicators for predicting the prognosis of neurocritical
patients. Model 1 cannot be calculated at admission since the indicator (BCM/PA) is to be obtained upon
continuous measurement within the first 4 days after admission. Model 1: Includes BCM/PA slopes, CCI,
Hb(on admission)_Hb(min)) and BCM(on admission)* MOdel 2 Includes CCI) Hb(on admission)_Hb(min)> and BCM(on admission)*
a: Compared with Model 1.

Model 1
Model 2
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Fig. 2. Decision curves of different indicators for predicting the prognosis of discharged patients.

Discussion
This was a case—control study that included 77 neurocritical patients. The study retrospectively analyzed the
patients’ clinical data (demographic characteristics, disease-related indicators), inflammatory indicators, and
nutritional indicators (nutritional biochemical indicators, BIA indicators). The results of the linear mixed model
analysis showed that the inflammatory indicators (WBC and AMC) and BIA indicators (BCM, BCM/PA, ICW,
ECW, FFM, and SMI) increased overall 1-4 days after admission, while the nutritional biochemical indicators
(Alb) and BIA indicator (VFA) decreased overall. After adjusting for confounding factors using the logistic
multivariate regression model, CCI, Hby, aamission) P (miny BCM on admission)» a1d the change in BCM/PA 1-4 days
after admission were independently correlated with a poor prognosis in neurocritical patients.

The CCl is an assessment scale that reflects patient comorbidity and can be used to predict patients’ mortality,
disability rate, and risk of readmission®. Previous studies have shown that the CCI is independently associated
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with functional deterioration within 1 year and increased 30-day mortality in stroke patients*’. This study also
found that the CCI was independently associated with a 3-month poor prognosis in neurocritical patients. Fur-
thermore, Arata® et al. pointed out that decreased Hb during hospitalization is associated with a poor prognosis
in neurocritical patients. Kellert* et al. also found that the occurrence of anemia within 5 days after stroke was
associated with an increase in the mortality rate of patients in the short term. Additionally, a decrease in Hb
greater than 15 g/L during hospitalization in patients with acute stroke is an independent risk factor for poor
prognosis at discharge?. This study found that the greater the decrease in Hb during hospitalization was, the
worse the prognosis of neurocritical patients was; the decreasing values of Hb during hospitalization among the
neurocritical patients was 35(6, 59) g/L, which was independently associated with the 3-month poor prognosis.
Infection or inflammation may stimulate neutrophils to release the iron-binding protein lactoferrin. Lactofer-
rin is internalized by bacteria, sequestering iron and leading to iron deficiency anemia manifested by decreased
hemoglobin. An increase in the hemoglobin D-value reflects worsening anemia in neurocritical patients and
will accelerate the course of the disease and affect patient outcomes*!.

BCM is an important indicator in the analysis of human body composition; it is defined as the total mass
of metabolically active, viable, functional cells*’. Increasing evidence shows that BCM is closely related to the
inflammatory response in cancer patients, elderly patients, patients with chronic diseases, and hemodialysis
patients, and it has an impact on patients’ clinical outcomes®***-*°, Toshimi*® et al. confirmed that low preopera-
tive BCM (BCM <23 kg) was a risk factor for sepsis and death from infection after liver transplantation. This
study also found that a low BCM (27.1 +5.8) kg at admission can affect the 3-month prognosis of neurocritical
patients and can be used as an effective indicator for predicting poor prognosis and death.

At the same time, this study for the first time observed the relationship between the dynamic trend of BCM
and other related indicators and the prognosis of neurocritical patients 1-4 days after admission. One to four
days after admission is the peak period for the occurrence of SIRS in neurocritical patients, and the severity
of the inflammatory response at this stage directly affects the patient’s prognosis. A study of the prognosis of
neurocritical patients found that 43% of patients with status epilepticus developed SIRS at admission, which was
independently related to their drug resistance and 30-day mortality’. SIRS occurred in 64% of patients with spon-
taneous intracerebral hemorrhage and in 78% of patients with spontaneous subarachnoid hemorrhage within
3 days of admission and was closely associated with increased cerebral hemorrhage, exacerbation of vasospasm,
and delayed cerebral ischemia®~*. Fifty-six percent of patients with ischemic stroke will develop SIRS within
4 days of admission*. Moreover, the greater the severity of SIRS is, the higher the 3-month disability rate and
mortality rate®. Severe brain injury can induce SIRS, and the occurrence of SIRS further aggravates the severity
of brain injury and adversely affects patient prognosis. We further analyzed the trend and found that a gradual
increase in BCM was an important factor in the poor prognosis of neurocritical patients. This relationship may
be related to the pathological process of tissue cell degeneration and necrosis caused by acute inflammation in
the SIRS state. Tissue and cell necrosis caused by acute inflammation specifically manifests as necroptosis, that
is, cell swelling, cell membrane rupture, and the release of cell contents® =3, Therefore, cell swelling is an early
stage manifestation of tissue cell programmed necrosis caused by acute inflammation, and the main reason for
cell swelling is the increase in ICW content®. However, BIA estimates BCM by measuring ICW using the formula
BCW =WBP +ICW?> . In this study, the WBP of neurocritical patients did not change significantly 1-4 days
after admission, but both ICW and BCM gradually increased; that is, the more intracellular water there was,
the more obvious the swelling was, which may reflect early stage changes in the acute inflammatory phase with
reduced somatic cell function and programmed cell necrosis. However, in the multivariate analysis, we did not
find that an increase in the BCM was independently associated with poor prognosis. The reason for this result
may be related to inadequate consideration of the functional state of the cell membrane, i.e., its permeability*®.

To improve the efficacy for predicting a poor prognosis, this study innovatively combined BCM and PA into
the secondary index BCM/PA. PA is the cotangent value of the reactance (Xc) generated by the current flowing
through the human cell membrane and the impedance (Z) generated by the water flowing inside and outside
the cells. It can reflect the functional status of the cell membrane. The lower the PA value is, the more severe the
damage to the cell membrane structure and the worse the cell’s functional status®. A number of previous studies
have shown that a low PA value at a specific time point is an effective predictor of inflammatory status, adverse
functional outcomes, and death in elderly, obese, cancer, and hemodialysis patients?’~2****°, In this study, the PA
of the patients in the poor prognosis group (4.06 + 0.93) within the first day of admission was lower than that of
the patients in the good prognosis group (5.57 £0.86), and the difference between the two groups was statisti-
cally significant (P <0.05). Therefore, the gradual increase in BCM at low PA values may truly reflect the early
stage changes in cell membrane damage, gradual swelling of cells, gradual deterioration of cell function, and
programmed cell necrosis in the SIRS state. That is, the larger the BCM/PA value is, the more severe the degree of
SIRS, and the worse the patient’s prognosis. Further analysis of the prediction model showed that the model that
included the secondary index BCM/PA had significantly higher predictive value than the prediction model that
did not include BCM/PA. Moreover, compared with the traditional prognostic scoring scales (CCI, APACHEII,
and NRS2002), the sensitivity (93.55%) and specificity (80.43%) of the prediction model that included the sec-
ondary index BCM/PA were both higher, suggesting that the model has high predictive ability for the prognosis
of neurocritical patients. Therefore, BCM/PA plays an important role in improving the predictive value of the
model and can be used as an effective early stage predictive indicator of poor prognosis in neurocritical patients.

Limitations

1. This study is a single-center retrospective case—control study with a relatively small sample size. A larger
sample size and prospective studies are needed in the future to verify the findings of this study. 2. Since the
severity of SIRS in neurocritical patients in the early stage (1-4 days after admission) is the key to determining
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their prognosis, we focused on the correlation between the dynamic changes in relevant indicators during this
time period and the 3-month prognosis of patients to identify effective indicators for the early stage prediction
of patient prognosis. However, this study did not observe the impact of relevant indicators on the prognosis of
neurocritical patients after 4 days of admission. Therefore, subsequent studies can explore the change in relevant
indicators after 4 days of admission to more realistically depict the correlation between the pathological changes
in SIRS and poor prognosis. 3. The prediction model that included BCM/PA was verified only internally, and the
conclusion requires external verification. 4. BIA devices from different manufacturers are affected by age and
geographical population, which may lead to differences in measurement results. Therefore, in clinical application,
the use of BIA equipment that is appropriate for the research subjects should be carefully selected. The subjects in
this study were all Asian individuals older than 18 years of age, which essentially ensured the homogeneity of the
study samples and reduced the impact of measurement differences on the accuracy of human body composition
indicators. 5. Indicators for the predictive model in this study can be directly measured by BIA tool. However,
BCM/PA slope has to be calculated by using the statistical method in a specific program. In the future, collabo-
rative efforts with BIA technology research team are needed to optimize software technology, so as to improve
the accuracy and convenience of the predictive model in clinical application.

Conclusions

In summary, BCM/PA is a sensitive indicator of SIRS severity in the early stage and can effectively predict the
3-month prognosis of neurocritical patients. Its measurement is noninvasive and simple. Medical and nursing
staff can complete the procedure and interpret the results within a few minutes after simple training. This method
is promising and universally easy to use in the ICU, thus warranting further validation and promotion.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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