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Abstract

Early proper nutritional support is important to critically ill patients. Nutritional support is also
associated with clinical outcomes of neurocritically ill patients. We investigate whether early
nutrition is associated with clinical outcomes in neurocritically ill patients. This was a retro-
spective, single-center, observational study including neurosurgical patients who were
admitted to the intensive care unit (ICU) from January 2013 to December 2019. Patients
who started enteral nutrition or parenteral nutrition within 72 hours after ICU admission were
defined as the early nutrition group. The primary endpoint was in-hospital mortality. The sec-
ondary endpoint was an infectious complication. Propensity score matching (PSM) and pro-
pensity score weighting overlap weights (PSOW) were used to control selection bias and
confounding factors. Among 1,353 patients, early nutrition was performed in 384 (28.4%)
patients: 152 (11.2%) early enteral nutrition (EEN) and 232 (17.1%) early parenteral nutri-
tion (EPN). In the overall study population, the rate of in-hospital mortality was higher in
patients with late nutrition than in those with early nutrition (P<0.001). However, there was
no significant difference in in-hospital mortality and infectious complications incidence
between the late and the early nutrition groups in the PSM and PSOW adjusted population
(all P>0.05). In the overall study population, EEN patients had a low rate of in-hospital mor-
tality and infectious complications compared with those with EPN and late nutrition
(P<0.001 and P = 0.001, respectively). In the multivariable analysis of the overall, PSM
adjusted, and PSOW adjusted population, there was no significant association between
early nutrition and in-hospital mortality and infectious complications (all P>0.05), but EEN
was significantly associated with in-hospital mortality and infectious complications (all
P<0.05). Eventually, early enteral nutrition may reduce the risk of in-hospital mortality and
infectious complications in neurocritically ill patients.

Introduction

Nutrition support plays an important role in the management of critically ill patients [1-3].
Malnutrition is associated with poor clinical outcomes such as higher rates of mortality (32%
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vs. 14%, P = 0.018) [4], nosocomial infection (23.4% vs. 3.5%, P<0.001) [5], and long stay in
intensive care unit (ICU) [4, 6]. Similarly, in critically ill patients with stroke or traumatic
brain injury, nutritional support is associated with neurological prognosis and mortality [7-9].
In stroke patients, the mortality rate of malnourished patients was 37%, which was signifi-
cantly higher than that of patients with normal nutrition which was 21% (P<0.001) [9]. In
traumatic brain injury, it was reported that the rate of infection was reduced in early nutrition
compared to delayed nutrition (risk ratio: 0.77, P = 0.04) [8]. Patients with brain injury com-
monly suffer from hypermetabolic reactions that can lead to increased energy and protein
expenditure. Therefore, early nutrition may help to improve neurological prognosis [10, 11].

However, it is not easy to focus on nutrition in the early stage of neurocritical illness. More-
over, nutrition support is often underestimated and considered a lower priority than maintain-
ing cerebral perfusion pressure and other medical problems in neurocritical ill patients [8, 12].
In addition, the optimal feeding timing, route, and formula in these patients are still unclear
[8, 13]. Therefore, the objective of this study was to investigate whether early nutrition was
associated with clinical outcomes in patients who were admitted to the neurosurgical intensive
care unit (ICU) and to determine the optimal feeding timing, route, and formula. The early
nutrition group was split into early enteral nutrition (EEN) and early parenteral nutrition
(EPN) groups and the effects of EEN were investigated. In addition, we evaluated whether
early nutrition per se was associated with poor prognosis when severity and factors other than
nutritional support were controlled by propensity score matching (PSM) and propensity score
weighting overlap weights (PSOW).

Materials and methods
Study population

This was a retrospective, single-center, observational study. Patients who were admitted to the
neurosurgical ICU at the Samsung Medical Center, Seoul, Republic of Korea, tertiary referral
hospital from January 2013 to December 2019 were eligible. This study was approved by the
Institutional Review Board (IRB) of the Samsung Medical Center (IRB approval number: SMC
2020-09-082). Patients’ records were reviewed and published according to the Declaration of
Helsinki. The requirement of informed consent was waived by the IRB due to its retrospective
nature. We included patients who were hospitalized in the neurosurgical ICU for more than 5
days due to neurocritical illness or neurosurgical postoperative management. We excluded
patients who had insufficient medical records, who had a ‘do not resuscitation’ order, who
were admitted to departments other than neurosurgery, and who were transferred to other
hospitals or with unknown prognoses (Fig 1).

Definitions and endpoints

In this study, baseline characteristics such as comorbidities, behavioral risk factors, ICU man-
agement, and laboratory data were collected retrospectively using a Clinical Data Warehouse.
Our center constructed a “Clinical Data Warehouse Darwin-C” designed for searching and
retrieving de-identified medical records from electronic archives. It contains data for more
than four million patients.

Patients who started enteral nutrition or parenteral nutrition within 72 hours after ICU
admission were defined as the early nutrition group [8, 10] which was further divided into
EEN and EPN groups. Infectious complications were defined as nosocomial infections such as
pneumonia, central nervous system infection, bloodstream infection, urinary tract infection,
and sepsis [8, 10]. The primary endpoint was in-hospital mortality while the secondary end-
point was an infectious complication.
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Fig 1. Study flow chart. ICU, intensive care unit; EEN, early enteral nutrition; EPN, early parenteral nutrition.

https://doi.org/10.1371/journal.pone.0283593.9001

Statistical analyses

All data are presented as means * standard deviations for continuous variables or frequencies
and proportions for categorical variables. Data were compared using Student’s ¢-test and one-
way analysis of variance for continuous variables and Chi-square test or Fisher’s exact test for
categorical variables. In this study, patients with EEN were relatively few compared to those
with late nutrition. In addition, the severity scores of patients differed for each nutritional
group. Therefore, we used several analysis methods to control various biases arising from these
differences. PSM and PSOW were used to control for selection bias and confounding factors
[14]. In PSM analysis, each patient with early nutrition or EEN was matched to one control
patient with the nearest neighbor matching within calipers determined by the propensity score.
A caliper width of 0.2 of the standard deviation of the logit of the propensity score was used for
the matching [15]. We compared the balance of baseline covariates between nutrition groups by
calculating the standardized mean difference (SMD) [16]. If PSM and PSOW methods were
effective for balancing exposure groups, the SMD should be close to zero [17]. Therefore, SMDs
of less than 10% were used for proper balancing between the two groups. To evaluate whether
there were differences in in-hospital mortality and infectious complications according to nutri-
tion patterns, we performed multiple logistic regression with stepwise variable selection in the
overall, PSM, and PSOW population. In the overall population, we tried to obtain results after
correcting confounding through regression adjustment. In addition, we performed a doubly
robust estimation to additionally correct the bias that might still exist after PSM and PSOW.
Variables included in the multiple analyses were age, sex, comorbidities, cause of ICU admis-
sion, utilization of organ support modalities (including mechanical ventilators, continuous
renal replacement therapy, and vasopressors, intracranial pressure (ICP) monitoring devices,
and hyperosmolar therapy), Glasgow Coma Scale (GCS) and Acute Physiology and Chronic
Health Evaluation (APACHE) II score on ICU admission, and/or early nutrition, EEN, and
EPN. Since there might be biases arising from substantial subject loss after PSM and biased
weight due to the misspecified PSOW model in this study, it was necessary to verify the robust-
ness of the results of all the analysis methods. All the tests were two-sided and p values of less
than 0.05 were considered statistically significant. All statistical analyses were performed with R
Statistical Software version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria).
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Results
Baseline characteristics

A total of 12,743 patients were admitted to the neurosurgical ICU during the study period and
1,353 patients were included in the final analysis. In the overall study population, early nutri-
tion was performed in 384 (28.4%) patients (Fig 1); EEN in 152 (11.2%) patients and EPN in
232 (17.1%) patients. The mean age of all the patients was 50.5 + 23.2 years. There were 707
(52.3%) male patients. Malignancy (55.3%) and hypertension (34.5%) were the most common
comorbidities. Brain tumors (37.5%) and intracerebral hemorrhage (17.4%) were the most
common reasons for ICU admission (Table 1).

Clinical outcomes

In-hospital mortality. In the overall study population, the rate of in-hospital mortality
was higher in patients with late nutrition than in those with early nutrition (33.1% vs. 14.1%,
P<0.001) (Table 1). Rates of in-hospital mortality were also different between EEN, EPN, and
late nutritional groups (P<0.001) (Table 2). However, such difference might be due to differ-
ences in age, causes of ICU admission, and severity scores (all P<0.001) among these three
nutritional groups (Table 2).

SMDs of covariates were used for propensity score modeling before and after PSM and
PSOW adjustments. After adjustment, most covariates showed SMDs within the 10% cutoff
(Fig 2). Unlike the overall study population, there were no significant differences in the rates
of in-hospital mortality between the late nutrition group and the early nutrition group of the
PSM and PSOW adjusted population (P = 0.234 and P = 0.094, respectively) (S1 Table). In
multivariable analyses of the overall, PSM adjusted, and PSOW adjusted population, early
nutrition was not significantly associated with in-hospital mortality (all P>0.05), but EEN was
significantly associated with in-hospital mortality (all P<0.05) (Fig 3A) (S2 Table).

Infectious complications

There was no significant difference in infectious complications between the late nutrition
group and the early nutrition group in the overall study population and the PSM and
PSOW adjusted population (all P>0.05) (Table 1 and S1 Table). However, rates of infectious
complications were different between EEN, EPN, and the late nutritional groups (P = 0.001)
(Table 2 and S2 Table). In multivariable analyses of the overall, PSM adjusted, and PSOW
adjusted population, early nutrition was not significantly associated with infectious compli-
cations (all P>0.05), but EEN was significantly associated with infectious complications (all
P<0.05) (Fig 3B).

Discussion

In this study, we investigated whether early nutrition was associated with clinical outcomes in
patients admitted to neurosurgical ICU. The major findings of this study were as follows. First,
early nutrition was performed in approximately one-third of neurocritically ill patients, and
two-fifth of early nutrition was administered as EEN. Second, early nutrition, including EEN
showed an association with clinical outcomes of neurocritically ill patients in univariable anal-
ysis. However, the numbers of patients with EEN and EPN were small and severity levels were
different between the nutrition groups. Finally, in the overall, PSM adjusted, and PSOW
adjusted population, multivariable analyses revealed that early nutrition was not significantly
associated with in-hospital mortality and infectious complications, but EEN was significantly
associated with in-hospital mortality and infectious complications.
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Table 1. Baseline characteristics according to the timing of nutrition.

Overall study population
Late nutrition (n = 969) Early nutrition (n = 384) P value SMD

Patient demographics

Age (year) 50.1 +23.7 51.66 £22.1 0.267 0.068

Sex, male 512 (52.8) 195 (50.8) 0.534 0.041
Comorbidities

Malignancy 528 (54.5) 220 (57.3) 0.382 0.056

Hypertension 332 (34.3) 135 (35.2) 0.804 0.019

Diabetes mellitus 131 (13.5) 58 (15.1) 0.502 0.045

Chronic kidney disease 64 (6.6) 32 (8.3) 0.318 0.066

Cardiovascular disease 42 (4.3) 10 (2.6) 0.182 0.095

Chronic liver disease 30 (3.1) 16 (4.2) 0.416 0.057
Behavioral risk factors

Current alcohol consumption 199 (20.5) 86 (22.4) 0.495 0.045

Current smoking 98 (10.1) 52 (13.5) 0.086 0.106
Cause of ICU admission 0.002 0.295

Brain tumor 351 (36.2) 157 (40.9)

Intracerebral hemorrhage 179 (18.5) 56 (14.6)

Traumatic brain injury 152 (15.7) 39 (10.2)

Subarachnoid hemorrhage 122 (12.6) 50 (13.0)

Elective vascular surgery 72 (7.4) 37 (9.6)

Cerebral infarction 22(2.3) 11 (2.9)

Spinal surgery 17 (1.8) 12 (3.1)

Central nervous system infection 12(1.2) 13 (3.4)

Others 42 (4.3) 9(2.3)
APACHE II score on ICU admission 83+77 6.13+5.5 <0.001 0.326
Glasgow coma scale on ICU admission 11.8 £4.4 13.7£2.5 <0.001 0.549
ICU management

Mechanical ventilation 652 (67.3) 207 (53.9) <0.001 0.276

Continuous renal replacement therapy 39 (4.0) 10 (2.6) 0.272 0.079

ICP monitoring 407 (42.0) 182 (47.4) 0.081 0.109

Use of mannitol* 406 (41.9) 167 (43.5) 0.636 0.032

Use of glycerin* 391 (40.4) 151 (39.3) 0.775 0.021

Use of vasopressors 160 (16.5) 45 (11.7) 0.033 0.138
Clinical outcomes’

In-hospital mortality 321(33.1) 54 (14.1) <0.001

28-day mortality 295 (30.4) 46 (12.0) <0.001

ICU mortality 281 (29.0) 38(9.9) <0.001

ICU length of stay (hour) 292.1+769.3 329.7 £ 989.9 0.457

Hospital length of stay (day) 68.9 +253.3 782+ 177.9 0.511

Infectious complications 82 (8.5) 32 (8.3) 0.999

Data are presented as numbers (%) or means + standard deviations.

*Some patients received more than one hyperosmolar agent.

Variables are not retained in the propensity score matching

SMD, standardized mean difference; APACHE II, Acute Physiology and Chronic Health Evaluation; ICP, intracranial pressure, ICU, intensive care unit; ICP,

intracranial pressure.

https://doi.org/10.1371/journal.pone.0283593.t001
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Table 2. Baseline characteristics of patients with late nutrition, early enteral and early parenteral feeding.

Overall study population
Non-EEN (n = 1201) EEN (n =152) P value SMD
Late nutrition (n = 969) EPN (n =232)

Patient demographics

Age (year) 50.1 £ 23.7 56.7 £17.6 44.0 £25.7 <0.001 0.379

Sex, male 512 (52.8) 120 (51.7) 75 (49.3) 0.714 0.047
Comorbidities

Malignancy 528 (54.5) 122 (52.6) 98 (64.5) 0.047 0.162

Hypertension 332 (34.3) 90 (38.8) 45 (29.6) 0.171 0.130

Diabetes mellitus 131 (13.5) 44 (19.0) 14 (9.2) 0.020 0.189

Chronic kidney disease 64 (6.6) 19 (8.2) 13 (8.6) 0.531 0.049

Cardiovascular disease 42 (4.3) 6 (2.6) 4(2.6) 0.328 0.064

Chronic liver disease 30 (3.1) 8 (3.4) 8 (5.3) 0.390 0.072
Behavioral risk factors

Current alcohol consumption 199 (20.5) 63 (27.2) 23 (15.1) 0.014 0.198

Current smoking 98 (10.1) 39 (16.8) 13 (8.6) 0.008 0.167
Cause of ICU admission <0.001 0.490

Brain tumor 351 (36.2) 85 (36.6) 72 (47.4)

Intracerebral hemorrhage 179 (18.5) 42 (18.1) 14 (9.2)

Traumatic brain injury 152 (15.7) 34 (14.7) 5(3.3)

Subarachnoid hemorrhage 122 (12.6) 28 (12.1) 22 (14.5)

Elective vascular surgery 72 (7.4) 14 (6.0) 23 (15.1)

Cerebral infarction 22 (2.3) 9 (3.9) 2(1.3)

Spinal surgery 17 (1.8) 8 (3.4) 4(2.6)

Central nervous system infection 12 (1.2) 6 (2.6) 7 (4.6)

Others 42 (4.3) 6 (2.6) 3(2.0)
APACHE II score on ICU admission 83+77 6.4+6.1 58+4.4 <0.001 0.264
Glasgow coma scale on ICU admission 11.8 +4.4 13.2+29 145+ 1.3 <0.001 0.604
ICU management

Mechanical ventilation 652 (67.3) 155 (66.8) 52 (34.2) <0.001 0.467

Continuous renal replacement therapy 39 (4.0) 9 (3.9) 1(0.7) 0.115 0.150

ICP monitoring 407 (42.0) 105 (45.3) 77 (50.7) 0.114 0.116

Use of mannitol* 406 (41.9) 93 (40.1) 74 (48.7) 0.216 0.116

Use of glycerin® 391 (40.4) 119 (51.3) 32 (21.1) <0.001 0.437

Use of vasopressors 160 (16.5) 29 (12.5) 16 (10.5) 0.075 0.117
Clinical outcomes’

In-hospital mortality 321 (33.1) 45 (19.4) 9(5.9) <0.001

28-day mortality 295 (30.4) 38 (16.4) 8(5.3) <0.001

ICU mortality 281 (29.0) 33(14.2) 5(3.3) <0.001

ICU length of stay (hour) 292.1 £769.3 298.1 £ 265.6 377.8 £ 1540.6 0.501

Hospital length of stay (day) 68.9 +253.3 67.0 £ 81.9 95.2 +263.7 0.415

Infectious complications 82 (8.5) 29 (12.5) 3(2.0) 0.001

Data are presented as numbers (%) or means + standard deviations.

Data show a comparison between late nutrition, EPN, and EEN.

*Some patients received more than one hyperosmolar agent.

Variables are not retained in the propensity score matching.

EEN, early enteral nutrition; EPN, early parenteral nutrition; SMD, standardized mean difference; APACHE II, Acute Physiology and Chronic Health Evaluation; ICU,
intensive care unit; ICP, intracranial pressure.

https://doi.org/10.1371/journal.pone.0283593.t002
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calculating the SMD. If PSM and PSOW methods were effective for balancing the exposure groups, the SMD should be
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10% cutoff. GCS, Glasgow Coma Scale; APACHE II, Acute Physiology and Chronic Health Evaluation; ICU, intensive
care unit; ICP, intracranial pressure; CRRT, continuous renal replacement therapy.
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https://doi.org/10.1371/journal.pone.0283593.9g003
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In the early stages of neurocritically ill patients, appropriate nutritional support is important
due to hypermetabolic responses after brain injury [10, 11]. However, sympathetic hyperactiva-
tion arising from increased intracranial pressure can affect gastrointestinal function [18-20].
Moreover, early intragastric feeding can increase the risk of gastric residual volume, delayed
gastric emptying, and aspiration pneumonia in neurocritically ill patients [12]. Although there
has been a lot of debate about the optimal timing and the route of feeding [8, 13], a recent meta-
analysis has shown that EPN is superior to EEN in reducing mortality and infectious complica-
tions and improving outcomes of patients with traumatic brain injury in the acute gut-intoler-
ant phase [8]. However, in the present study, early nutrition did not affect clinical prognosis.
Moreover, EEN, rather than EPN, was associated with decreased mortality and nosocomial
infections. EPN may be associated with delayed recovery and more complications, as compared
with late parenteral nutrition [21]. Therefore, combining the EEN group with the EPN group,
or the late nutrition group with the EPN group might not be useful in evaluating the association
between feeding options and clinical outcomes. EPN might affect the outcome as a confounding
factor in this study.

EEN has several benefits in the treatment of critically ill patients [22-26]. First, gastrointes-
tinal tract plays an important role in the immune responses [27]. However, the immune func-
tion of the gastrointestinal tract is disturbed in the early stage of critically ill patients [28]. In
addition, pathogenic bacterial translocation of the gastrointestinal tract can stimulate systemic
cytokine release and increase susceptibility to infections [27]. These changes can lead to multi-
ple organ dysfunction and poor clinical outcomes [10, 27]. In the early stages of critically ill
patients, enteral nutrition can maintain gastrointestinal integrity and prevent intestinal bacte-
rial translocation [24, 29]. Second, EEN can enhance recovery in the early hypermetabolic
stage of patients with multiple traumas including brain injury [26, 30, 31]. Third, enteral feed-
ing is more physiologic, less invasive, and less expensive than total parenteral nutrition [32].
Therefore, EEN is associated with favorable outcomes in critically ill patients [32]. Recent stud-
ies have also shown that EEN can reduce rates of mortality and infectious complications in
patients with intracranial hemorrhage and traumatic brain injury [26, 29, 30].

Nutritional support could be ignored in the early stages of patients with severely injured
brains as the neurocritical or critical issues, including cerebral blood flow, hemodynamic insta-
bility, and lung injury, are more focused on than nutrition in these patients [8, 12]. Conse-
quently, it is difficult to provide appropriate nutrition to critical patients in the early stage.
Therefore, malnutrition can occur more easily in patients with severe neurological diseases
than in those with benign diseases. It is not easy to determine whether late nutrition or inap-
propriate nutrition is associated with a poor prognosis since severe brain-injured patients gen-
erally have poor prognosis. Therefore, PSM and PSOW methods were used to adjust for this
confounder in this study. Eventually, EEN was found to be significantly associated with favor-
able clinical outcomes in neurocritically ill patients.

Adequate calorie and protein intake is important for recovery in critically ill patients [33, 34].
Adequate nutritional support may also be important in neurocritically ill patients. The patients
with severe traumatic brain injury have increased energy expenditure usually increase by 87%-
200% above the usual requirement and may be elevated for 30 days due to metabolic changes
[26, 35, 36]. In addition, systemic catabolic change could lead to hyperglycemia, protein wasting,
and increased calorie demands [26, 35]. Therefore, optimized calorie and protein supply is also
important for acute brain injury patients. However, energy expenditure, calorie and protein
intake were not considered in this study. Accurate analysis of calorie and protein supply and
energy expenditure may be necessary to investigate the relationship between early nutrition and
clinical outcomes in neurocritically ill patients.
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This study has several limitations. First, this was a retrospective review of medical records
using data extracted from a Clinical Data Warehouse. The nonrandomized nature of registry
data might have resulted in a selection bias. Second, the amount of EEN or EPN calorie intake
for patients in the early stage was not considered in this study due to its retrospective nature.
Third, nutritional support was performed occasionally through non-protocol methods for
neurocritically ill patients. Finally, the distribution of neurosurgical diseases differed from that
of the general neurosurgical ICU and the proportion of patients with brain tumors was partic-
ularly high.

Conclusions

In this study, EEN may reduce the risk of in-hospital mortality and infectious complications in
neurocritically ill patients. In addition, timely and proper nutritional support may be impor-
tant to improve clinical outcomes in neurocritically ill patients.
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