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(Abstract )

Background: The prognostic impact of poor nutritional status in severe encephalitis is not clearly under-
stood. We aim to investigate the relationship between the Prognostic Nutritional Index (PNI) and poor
outcomes of severe encephalitis.

Methods: We conducted a retrospective study involving patients with severe encephalitis to determine
whether the nutritional and inflammatory biomarker is linearly related to the prognosis of encephalitis.
The PNI was calculated as follows: 10xserum albumin (g/dL) + 5xtotal lymphocyte count (109/L). The PNI
scores were analyzed as continuous variables and categorical variables divided by quartiles from top to
bottom. Restricted cubic splines and logistic regression were applied.

Results: In this study, 307 patients were enrolled. We found that the advanced age (<0.001), respiratory
failure (<0.001), status epilepticus (<0.001) and GCS<8 (<0.001) were significantly higher in the poor-pro-
gnosis group. The relationship between PNI score and poor prognosis of severe encephalitis was linear.
According to a logistic regression model, a lower PNI score had a poorer prognosis for encephalitis. [per
1-point decrement; adjusted OR=1.10; 95% CI: 1.05-1.14; compared with Quartile 1 (PNI=50.36), Quartile
4 (PNI<40.15), unadjusted OR=3.60, 95% CI: 1.67-7.74; and adjusted OR=3.33, 95% CI: 1.46-7.62].

Conclusion: According to our study, lower PNI score was correlated with poorer outcome in severe en-
cephalitis patients. It suggested that PNI is a useful prognostic indicator in patients with severe encepha-

\ litis. J
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Introduction

Encephalitis is a severs central nervous system infection disease. Despite its low incidence, the di-
sease is still associated with significant morbidity (50%) and mortality (15%) in most cases [1]. Although
the accurate diagnoses and therapeutic is significant for good outcome, but the mortality rate of severe
encephalitis can still reach up to 25%, and 55% survivors lived with moderate-to-severe neurodevelop-
ment in ICU [1]. People with severe encephalitis need to be more closely monitored in case they progress
to death.

Researchers have found that malnutrition plays an important role in the prognosis of many diseas-
es, including infectious diseases, inflammation, and cancers. A lack of nutrition increased the susceptibility
to infection, as well as reducing the quality and durability of vaccine responses [2]. An Indian study about
nutritional status and pulmonary tuberculosis shown 85% patients with undernutrition had increased risk
of death [3]. A child viral encephalitis study confirmed a highlight association between undernutrition and
adverse outcome [4]. However, there are no study about a screening tool to predict the outcome of encepha-

litis patients and the status of nutrition.

Based on serum albumin concentrations and lymphocyte counts, the Prognostic Nutritional Index
(PNI) can be used to screen patients with poor prognosis [5]. It's an objective measurement of nutritional
status. A number of diseases have been associated with the PNI and poor postoperative outcomes [6]. And
previous studies have proved the correlation between PNI and unfavorable prognosis of various cancers
[7], Myocardial Infarction [8] (MI) and Acute Ischemic Stroke [9] (AIS). However, no study investigated the
prognostic value for PNI and severe encephalitis. Therefore this study aims to explore whether severe en-

cephalitis prognosis is associated with PNI.
Material and Methods
Study design and participants

This retrospective study analyzed data from consecutive patients with the discharge diagnosis of
encephalitis who were admitted to the Neurological Intensive Care Unit (NICU) of First Affiliated Hospital
of the Fourth Military Medical University from June 2015 to June 2020. A standardized and anonymous
process was used to collect data on patients with encephalitis diagnosed through the hospital’s Electronic
Medical Record system (EMR). A patient’s electronic medical record provided information on demograph-
ics, comorbidities, clinical manifestations, laboratory findings, neuroimaging, and clinical outcomes in the

hospital.

The inclusion criteria were the following: 1) the definition of encephalitis in this study was adapted
from the recommendations of the International Encephalitis Consortium [10]: a. Major Criterion: the al-
tered mental status lasting >24h (decreased or altered level of consciousness or personality change); b.
minor criteria: fever>38°C lasting for 72 hours; seizures were confirmed by clinical symptoms or EEG; new

onset of focal neurological deficits; Increased CSF cells, and EEG or neuroimaging changes; 2) All patients
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were over 18 years of age; and 3). The length of NICU stay was longer than 48 hours (to eliminate those who

only had transient critical care needs).

Exclusion criteria were as follows: 1) Incomplete or non-existent lumbar puncture CSF examination; 2)
Traumatic or surgical-induced intracranial infection; 3) Be identified as cerebral abscess; 4) Encephalopa-
thy triggered by infectious and non-infectious factors, including sepsis, septicemia and toxic or metabolic
diseases; 5) The patients with Human Immunodeficiency Virus (HIV) infection, those with malignancy,
organ transplantation, people with autoimmune disease, those on long-term hormones therapy, and those
with primary immunodeficiency, or those used immunosuppressive drugs; and 6) patient lost during fol-

low-up.
Data collection

A variety of data were collected and analyzed, including age, gender; risk factors, clinical manifesta-
tions, laboratory parameters, and imaging tests. ALB (Albumin concentration) and ALC (Absolute Lympho-

cyte Count) were assessed 24 hours after admission.
Endpoint and definition

The primary endpoint was patients’ neurological outcomes at hospital discharge. The outcome was
assessed by Glasgow Outcome Score (GOS) which is designed to assess disability after head injury in an
inpatient setting. In this study, GOS scores were dichotomized into favorable (GOS scores 4-5 [good reco-
very or moderate disability]) or unfavorable (GOS scores 1-3 [severe disability, vegetative state, or death]).
Hospitalized patients were assessed for their nutritional status using the PNI score. A formula based on

10xserum albumin (g/dL) and 5xtotal lymphocyte count (10°/L) was calculated.
Statistical analysis

As a descriptive statistic, mean (SD) and median (Interquartile Range [IQR]) are used for conti-
nuous variables with normal distribution and abnormal distribution, respectively. A categorical variable is
reported as a number (percentage). Continuous variables with normal distribution were compared using
independent samples Student’s t-test. Differences between categorical variables were compared by the
chi-square test. As a result of a logistic regression model, Odds Ratios (ORs) and their 95% Confidence
Intervals (CIs) were calculated for the independent associations between the PNI and outcomes. Age, male
gender, smoking history, hypertension, diabetes mellitus, hyperlipidemia, Glasgow Coma Score (GCS) on
admission, Status Epilepticus (SE), and pulmonary infection were covariates in the model. In this study, SR
software, version 3.6.3 (R Foundation for Statistical Computing), was used for statistical analyses. Statisti-

cal significance was determined by P values <0.05.
Results

Clinical characteristics of patients with encephalitis
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Based on the inclusion and exclusion criteria (Figure 1), all 307 patients were included. The mean
age of the study population was 42.59, with 56.3% of man and 43.7% of female distribution. Patients were

grouped according to their clinical outcome.
The biomarker of bad outcome of the encephalitis

In the cohort, 81(26.4%) patients had bad outcome. Table 1 shows the baseline characteristics of
the two groups. We found that the advanced age (<0.001), respiratory failure (<0.001), status epilepticus
(<0.001) and GCS<8(<0.001) were significantly higher in the poor-prognosis group. Compared with pa-
tients in poor-prognosis group, the levels of CSF protein (0.012) and blood neutrophil count (0.024), were
lower in good-prognosis group, while lymphocyte count (<0.001), Neutrophil /lymphocyte (NLR) (<0.001),
albumin (0.005) and PNI (<0.001) were higher. We divided the PNI level into quartiles, the incidence of
poor-prognosis in the four PNI groups from high to low was 15.8%, 20.8%, 29.9%, and 39.0%, respectively
(Figure 2).

The relationship of the PNI score and severe encephalitis

Using restricted cubic splines models, we fitted univariate and multivariate logistic models to in-
vestigate the association between PNI score and poor prognosis in severe encephalitis (Figures 3(a) and
3(b)). There is a linear relationship between PNI score and poor prognosis in severe encephalitis (P for
nonlinearity was 0.57 and 0.15). Decreased PNI score is associated with poor prognosis in severe encepha-
litis patients. In patients with severe encephalitis after adjustment for clinical variables, low PNI values was
associated with poor prognosis (Figure 4). A lower PNI value in multivariable regression was associated
with a poorer prognosis (per 1-point decrement; adjusted OR=1.10; 95% CI: 1.05-1.14). Multivariable mo-
del analysis also included PNI score as a categorical variable, divided into four quartiles by high to low. In
all participants, the lowest quartile of PNI score as associated with 60% and 33% higher risk of poor-pro-
gnosis compared to the highest quartile [compared with Quartile 1 (PNI=50.36), Quartile 4 (PNI<40.15),
unadjusted OR =3.60, 95% CI: 1.67-7.74; and adjusted OR=3.33, 95% CI:1.46-7.62].

Discussion

In this retrospective analysis, we examined the clinical characteristics of severe encephalitis and
identified baseline risks of age, respiratory failure, status epilepticus, and GCS<8. These factors were signi-
ficantly associated with poor-prognostic. The age, GCS and status epilepticus were same as previous stu-
dies [1]. The respiratory failure has not been reported. There were 17 respiratory failures which included
with 8/17(47.05%) autoimmune encephalitis, 7/17(41.17%) Japanese encephalitis, 1 viral encephalitis
and 1 purulent encephalitis. It has suggested that more attention should be paid to respiratory system, for

patients with autoimmune encephalitis in NICU.

In this cohort, the Prognostic Nutritional Index (PNI) was initially representing patients’ immune
and nutritional status about severe encephalitis. We were first investigating how immune-nutritional sta-

tus influenced prognosis in encephalitis. Previous studies on PNI have identified PNI as a malnutrition pre-
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dictor of poor survival in patients with various malignant and perioperative period diseases.In some neu-
rologic disease, such as Acute Ischemic Stroke (AIS), Cognitive Function Impairment (CFI), the PNI score
was associated with a higher risk of adverse effects. Interestingly, whether the PNI score was the marker of

prognostic of infectious disease had not been widely studied.

From the pathophysiology, PNI is composed by albumin and lymphocyte. Serum albumin is not only
a marker of nutrition but also an inflammatory indicator [11]. The Serum albumin has a long half-life,
which is insensitive to acute changes in nutritional status. Consequently, the Society of Critical Care Medi-
cine (SCCM) as well as the American Society for Parenteral and Enteral Nutrition (ASPEN) do not recom-
mend albumin as an indicator of nutritional status in critically ill patients [12]. According to some studies,
the low serum albumin not only indicated acute malnutrition, but also correlated with antioxidant, anti-in-
flammatory effects, and maintenance of homeostasis. Thus, cytokine storm, oxidative stress, blood clotting,
and even organ failure may be caused by low serum albumin. In our study, the lower albumin was also rela-
ted with a poor-prognostic (P<0.005). Comparing with PNI score, it was not significant in poor-prognostic.
Lymphocytes are a crucial part of immune cells in body and participate in cellular immunity. Decreased
lymphocytes count indicates physiological stress and poor health and many studies have shown it might be
associated with poor prognosis in numerous disease such as cancer, infections, immune dysfunctions. The
lymphocyte count is considered as a blood marker for malnutrition [13]. We also calculated the NLR, as an
immune marker. As a result, the NLR and PNI were with the same trend, but NLR were less significant than
PNI (P<0.010). In recent studies, the PNI was superior to the NLR as a prognostic marker in many cancer

patients. Above all, Albumin and Lymphocytes are also an immune-nutrition indicator in infectious disease.

In this cohort, we first retrospectively revealed the line relationship between the PNI Score and
prognosis of patients with severe encephalitis in NICU. Severe encephalitis patients were manifested as an
inflammatory cascade and associated with a massive release of inflammatory cytokines that triggers syste-
mic inflammatory reaction. As a result of inflammation, an infection can result in prolonged vasodilatation
and increased capillary permeability. Blood vessel components, such as albumin, leaked into the tissue
spaces, causing a decrease in plasma albumin concentration. This reflected the process of PNI to some ex-
tent. Consequently, PNI may reflect the immune and nutritional status of patients with severe encephalitis

at the same time, which may explain the poor prognosis with low level of PNI.

In NICUs, we focused on high-risk patients who required clinical attention. Early sufficient nutritio-
nal support for the severe encephalitis patients may improve patients’ outcome and reduce mortality. PNI

are easy to calculate and composed by albumin and lymphocytes which is facile for application.

This study, however, had some limitations. Firstly, this study is a single-center retrospective study
with relatively small number of patients. We were the largest NICU in western China, so our sample was
representative and convincing. Secondly, because the etiology of encephalitis was complex and difficult to
identify, we did not perform an additional subgroup analysis. Differences in outcomes may be seen for pa-
tients with different kinds of encephalitis, such as infectious encephalitis and autoimmune encephalitis.
Thirdly, in this study, only PNI scores obtained during the first 24 hours following a patient’s admission to
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the NICU were included, which reflected the baseline level. It was unknown whether a dynamic change in
the PNI score during NICU treatment affected the prognosis of patients. Finally, the study was observational
and retrospective. It is therefore necessary to conduct a well-designed, prospective, multi-center, rando-

mized controlled study to verify the conclusion.
Conclusion

As aresult of our study, lower PNI score was associated with poorer functional outcomes in patients

with severe encephalitis. PNI is a useful prognostic indicator in patients with severe encephalitis.
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