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Abstract: Background/Objectives: Successfully weaning patients with prolonged mechanical
ventilation (PMV: 221 days) from ventilators is a challenging process, and proper nutritional
support is a crucial factor in this process. Previous studies have highlighted the significance of
higher albumin levels and increased daily protein intake in predicting successful weaning among
PMV patients. However, the importance of calorie intake in patients with PMV has remained
unclear. Methods: This retrospective study included 1,038 adult patients (age >18 years) who
underwent endotracheal intubation or tracheostomy and required mechanical ventilation for >21
days. Baseline characteristics, nutritional variables, disease severity, management factors and
patient outcomes (hospital stay and duration of ventilator use) were analyzed between the weaning-
failure and weaning-success sub-cohorts and factors associated with successful weaning were
identified. Results: The participants had mean APACHE II score of 18 and a Day 1 SOFA score of
4.9 and the successful weaning rate was 70%. Multivariate logistic regression analysis revealed that
higher albumin and hemoglobin levels, the absence of shock, less positive fluid status, and higher
calorie intake were associated with a higher successful weaning rate; an average calorie intake
higher than 25 kcal/kg/day during respiratory care center (RCC) stay predicted better successful
ventilator weaning. Conclusions: Higher daily calorie intake in the RCC is associated with more
successful ventilator weaning, and an average intake exceeding 25 kcal/kg/day is recommended for
optimizing the weaning process.

Keywords: calorie intake; prolonged mechanical ventilation; ventilator weaning; respiratory care
center

1. Introduction

Prolonged mechanical ventilation (PMV), which is defined as the provision of mechanical
ventilation (26 h daily) for more than 21 days, is associated with poorer outcomes and higher cost [1-
4]. Successful weaning from mechanical ventilation at hospital discharge reduced the in-hospital and
1-year mortality rates [3]. In patients with PMV, female sex, mechanical power normalized to the
lung-thorax compliance, obesity (body mass index 230 kg/m?) and hypercapnia constitute potential

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0332.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2024 d0i:10.20944/preprints202410.0332.v1

predictors of weaning failure [5] whereas increased tidal volume/ideal body weight and decreased
rapid shallow breathing index (RSBI) independently predicted weaning success [6].

The provision of adequate nutrition is an important contributor for survival and shortens the
time to discharge in the critically ill population [7,8]. In inpatients, malnutrition affects lung structure
and function and leads to poor respiratory muscle contraction, weakened ventilatory capacity,
reduced respiratory endurance, and changes in respiratory mechanisms that prolong the duration of
respirator dependence [7,8]. Malnutrition-induced respiratory muscle weakness mainly affects the
diaphragm and is potentially related to reduced mitochondrial oxygen consumption [7]. Huang et al.
[9] reported that, after 14-day hospitalization, 94% of intensive care unit (ICU) patients were
malnourished. Furthermore, malnutrition increased the infection rate, morbidity, mortality, and
length of hospital stay of in-patients [10,11]. The 2019 European Society for Parenteral and Enteral
Nutrition (ESPEN) guidelines recommended that hypocaloric nutrition (<70% of energy expenditure)
should be administered in the early phase of acute illness and that, after Day 3, caloric delivery can
be increased to 80-100% [12]. Weijs et al. found that early energy overfeeding correlated with a higher
mortality risk [13]. The 2019 ESPEN guidelines recommended 20-25 kcal/kg/day [12] whereas the
American Society for Parenteral and Enteral Nutrition (ASPEN) and the Society of Critical Care
Medicine (SCCM) guidelines recommended energy requirements of 25-30 kcal/kg/day [14] caloric
intake for critically ill patients. However, no formal nutritional therapy recommendations or
guidelines on energy intake are available for the post-ICU hospital stay. Many survivors of critical
illness face significant physical and psychological disability following ICU discharge and are
frequently malnourished, which is associated with poor outcomes [15,16]. Thus, nutrition remains
problematic, particularly in the early phases of ICU recovery. Optimal caloric intake is necessary to
enhance recovery and prevent further loss of functional muscle mass. Although nutritional therapy
for patients in the early phases of critical illness is well studied [13,17,18], the association of calorie
intake with PMV outcomes remains relatively unelucidated.

In this study, we aimed to investigate the impact of calorie intake on weaning from mechanical
ventilation in patients with PMV.

2. Materials and Methods
2.1. Study Design and Patient Enrollment

In this retrospective cohort study, we investigated patients who were treated at the respiratory
care center (RCC) of Taichung Veterans General Hospital (TCVGH) - a tertiary referral center in
Taiwan — from July 2015 to December 2020. In this study, after screening 1282 patients, we enrolled
1038 adult patients (aged >18 years) who underwent endotracheal intubation or tracheostomy and
required mechanical ventilation for >21 days (Figure 1). We excluded patients with an RCC stay of
<3 days, those with multiple admissions, or those without an APACHE II score recorded at the RCC.
This study was conducted in accordance with the Declaration of Helsinki and the relevant guidelines
and regulations for clinical research and was approved by the Institutional Review Board of Taichung
Veterans General Hospital (IRB No. CE23044C). The requirement for informed consent was waived
because of the retrospective nature of the study, and the patients’ personal information was
deidentified prior to analysis.
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RCC of Taichung Veterans General Hospital
From July 1, 2015 to December 31, 2020

N=1282
Inclusion criteria: (n=1115)
1. patients aged 218 year old - .
2. diagnosis of respiratory failure Echu5|c_)n crlte_rla.
requiring mechanical ventilation 1. patients with an RCC stay of fewer than
for over 21 days with endotracheal 3 d?ys (n::_L4) . o
intubation or tracheostomy 2. patients with multiple admissions to
RCC (n=31)
3. no APACHE Il score at RCC(n=32)
N=1038
weaning failure (n=312, 30.1%) weaning success (n=726, 69.9%)

Figure 1. Flowchart depicting participant enrolment and allocation in the study. RCC: respiratory care
center.

The RCC is a specialized unit that is intended for patients with respiratory failure who are
recovering from acute decompensated organ failure and cannot be successfully weaned off the
ventilator in the ICU for >21 days. In the RCC, patients receive individualized pulmonary
rehabilitation and nutritional support to improve their respiratory function, along with standardized
weaning protocols to help them gradually transition to spontaneous breathing and eventually
discontinue ventilator use.

2.2. Data Collection and Outcome Measures

As the interleukin-6 (IL-6) level is not routinely measured in most ICUs, a modified Nutrition
Risk in the Critically Ill (nNUTRIC) score without the IL-6 level was used [19]. Critically ill patients
with an mNUTRIC score 25 were identified as being at high nutritional risk. Patient characteristics
encompassed basic characteristics (age, sex, and Charlson Comorbidity Index [CCI]), nutritional
variables (body mass index, mNUTRIC) scores, albumin, hemoglobin), and illness severity and
management parameters (Acute Physiology and Chronic Health Evaluation II [APACHE II] scores
[20], Day 1 Sequential Organ Failure Assessment (SOFA) score [21], presence of shock, renal
replacement therapy, the first 7-day fluid balance, the first 7-day calorie intake and total calorie/BW)
in the RCC. Outcome measurements included hospital stay and duration of ventilator use (days).
Successful weaning was defined the attainment of spontaneous breathing for >48 hours without
mechanical ventilator support [22].

2.3. Statistical Analysis

Data were processed using SPSS (version 22.0; International Business Machines Corp, Armonk,
NY, USA). Categorical variables were presented as the frequency and proportion, and intergroup
differences were expressed using the chi-square and Fisher’s exact tests. Continuous variables were
presented as the mean with standard deviation (SD), and intergroup differences were expressed
using the Mann-Whitney U and chi-square tests. Multivariate logistic regression was performed to
determine the odds ratio (OR) and 95% confidence interval (CI) for successful weaning. All tests were
two-sided, and p<0.05 was considered statistically significant.
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3. Results

3.1. Clinicodemographic Characteristics of the Participants

We screened 1282 patients who were treated at the RCC, and enrolled 1038 participants (Figure
1), of whom 726 (69.9%) were weaned successfully, and 312 (30.1%) experienced weaning failure.

The groupwise stratification of the characteristics, including baseline characteristics, nutritional
variables, illness severity and management, and outcomes, are summarized in Table 1. In this study
cohort (n=1038), the mean age was 68.51 years and 57.32% were male. The participants had mean
mNUTRIC, APACHEII, and SOFA scores of 4.1, 18, and 4.9, respectively. Regarding disease severity,
11.08% of patients experienced shock, and this includes those who had norepinephrine-alone use
(7.9%) and norepinephrine with other vasopressors use (3.18%). The mean daily calorie intake in the
initial 7-day hospital stay was 1151.35 kcal/day and the total calorie/BW intake was 20.68 kcal/kg/day.
The durations of hospital stay and ventilator use were 57.87 and 41.16 days, respectively (Table 1).

Table 1. Patient characteristics stratified by successfully weaning.

successful weaning for 48 hrs
All (n=1038) Weaning failure Weaning success

(n=312) (n=726) p-value
MeanSD Mean+SD MeanSD
Basic characteristics
Age, years 68.51+16.01 71.04+15.06 67.42+16.30 0.001**
Sex-Male, n (%) 595 (57.32%) 187 (59.94%) 408 (56.20%) 0.264
Charlson 230+156  2.71#1.59 2.12+1.51 <0.001**
Comorbidity Index
Nutrition relevant
variables
Body mass index = 22.59+4.44 22.55+4.50 22.61+4.42 0.951
mNUTRIC 4.10+1.87 4.74+1.87 3.82+1.80 <0.001**
score(ICU)
Albumin (g/dL) 3.03+0.47 2.89+0.46 3.09+0.46 <0.001**
Hemoglobin (g/dL) 9.86+1.45 9.37+1.41 10.07+1.42 <0.001**
Disease severity and
managements
APACHE II score (in o
the RCC) 18.05+5.51 19.85+5.86 17.2745.16 <0.001
SOFA Scolre onDay 4 es5.054 5.37+2.84 4.63+2.37 <0.001**
Presence of shock, n
(%)
Ab f shock
Sen;e(f; )S 0% 923 (88.92%) 231 (74.04%) 692 (95.32%)
Norepinephrine- o) 7 9000y 55 (17.63%) 27 (3.72%)
alone, n (%) oh oo e
Norepinephrine
h
and other 33(3.18%) 26 (8.33%) 7 (0.96%)
Vasopressors, n
(%)
Renal replacement
52 (5.01%) 22 (7.05%) 30 (4.13%) 0.048*

therapy (RRT), n (%)
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Fluid balance, day 1- 1167.79£2995 | /00 031334400 909.4562795.74  <0.001

7 60

Calorie intake, days 1151354324 )\ /0 03010 1192.854309.33  <0.001**
1-7 (kcal/day) 33

Total calories/BW,
days 1-7 20.68+7.25  19.17+7.77 21.33+6.92 <0.001%*
(kcal/kg/day)
Outcomes

Duration ofhospital ', 0 101 61 61268.16 56.27+34 44 0.096
stay, days
Ventilator-use ) 100115 50.78425.80 36.17+16.47 <0.001**

duration, days

Results of the Mann—-Whitney U test and the chi-square test. *p<0.05, **p<0.01. Data are presented as the mean +
standard deviation; APACHE II: Acute Physiology and Chronic Health Evaluation II; BW: body weight; ICU:
intensive care unit; mNUTRIC: modified Nutrition Risk in the Critically Ill; SOFA: Sequential Organ Failure
Assessment; RCC: respiratory care center..*p<0.05, **p<0.001.

3.2. Intergroup Differences between the Weaning-Failure and Weaning-Success Sub-Cohorts

Regarding the baseline characteristics and nutritional variables, compared to those in weaning-
failure group, patients in the weaning success group were younger (p =0.001) and had lower CCI and
mNUTRIC score but had higher albumin and hemoglobin levels (p<0.001) (Table 1). In disease
severity and management factors, the APACHE II score and day 1 SOFA score were lower, and
absence of shock (p < 0.001) was higher in the weaning success patients. Use of vasopressors, renal
replacement therapy and the first 7-day fluid balance were higher in the weaning failure patients.
The average of first 7-day calories intake and total calories/BW intake (p < 0.001) were higher in
weaning success group. Regarding to patient outcomes, ventilator day was lower in weaning success
group. There was no significant difference in sex, body mass index and hospital stay between the two
groups (Table 1).

3.3. Daily Calorie Intake in PMV Patients Stratified by Successful Weaning

To ascertain the association of daily calorie intake with successful weaning in patients with PMV,
the daily calorie intake was stratified by weaning status (success or failure). The first 7-day average
daily calorie intake was stratified by the enteral nutrition (EN) and parenteral nutrition (PN) routes
for patients with weaning success or failure (Table 2). A higher average daily total calorie intake and
EN intake were associated with weaning success. In contrast, higher daily PN intakes on days 3, 4, 5,
6, and 7 and the average daily PN intake were associated with weaning failure (Table 2).

Table 2. Daily calorie intake in patients on PMV in subgroups stratified by successful weaning.

RCC successful weaning for 48 h
All (n=1038) Weaning failure Weaning success p-

(n=312) (n=726) value
MeantSD MeanSD MeantSD
Total calories
(kcal/day)

<0.001*

Day 1 1178.95+361.14 1117.01+£369.86 1205.57+354.26 .
<0.001*

Day 2 1174.71+362.98 1100.20+374.50 1206.73+353.38 .
<0.001*

Day 3 1172.30+356.20 1084.94+371.50 1209.85+342.89 .
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Day 4
Day 5
Day 6
Day 7

Days 1-7

Enteral
Nutrition

Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7

Days 1-7

Parenteral
Nutrition
Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7

Days 1-7

1156.08+374.54

1142.30+390.71

1135.44+414.54

1099.64+440.15

1151.35+324.33

1137.95+387.02

1135.42+389.69

1135.49+382.30

1119.67+397.82

1106.70+413.83

1097.95+433.70

1066.22+455.45

1114.20+350.87

41.00+116.78
39.29+112.43
36.82+105.34
36.41+114.02
35.60+110.16
37.49+134.49
33.42+117.31

37.15495.15

1055.76+395.00

1036.26+425.54

994.85+454.96

994.33+473.09

1054.76+338.10

1059.90+406.42

1043.87+419.09

1032.00+409.63

1001.29+425.34

982.21+454.49

936.23+478.97

941.69+494.17

999.60+378.17

57.11+166.05
56.33+154.86
52.93+£137.09
54.47+£154.27
54.05+146.67
58.63+£175.66
52.64+167.44

55.17+123.72

d0i:10.20944/preprints202410.0332.v1

1199.20+357.11

1187.87+365.72

1195.86+380.59

1144.90+417.45

1192.85+309.33

1171.50+373.68

1174.77+369.74

1179.96+361.22

1170.54+374.36

1160.20+383.17

1167.46+393.11

1119.74+427.08

1163.45+326.59

34.07+86.71
31.96+87.26
29.89+87.46
28.65+90.48
27.67+89.00
28.40+111.17
25.16+86.19

29.40+78.63

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

<0.001*

*

0.108
0.205
0.004**
0.001**
0.002**
0.0017**
0.003**
<0.001*

*

PMV: prolonged mechanical ventilation; RCC: respiratory care center; Mann-Whitney U test and chi-square test.

*p<0.05, **p<0.001. PMV: prolonged mechanical ventilation; RCC: respiratory care center.

3.4. Analysis of Factors Associated with Successful Weaning

In the univariate analysis, age, the CCI, the mNUTRIC score, albumin, hemoglobin, shock status,
fluid status, and the initial 7-day average total calorie intake/BW >25 kcal/kg/day were significantly
correlated with successful weaning (Table 3). In multivariate regression analysis, higher albumin and
hemoglobin levels, the absence of shock, less positive initial 7-day fluid status, and a higher initial 7-
day average total calorie/BW=>25 kcal/kg/day intake showed independent significant correlations
with weaning success (Table 3). Norepinephrine-alone and norepinephrine + other vasopressor use

in shock patients were predictors of weaning failure.
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Table 3. Factors associated with successful weaning identified on univariate and multivariate

analyses.
Characteristics Univariate Multivariate
OR (95% CI) P~ OR@5%CI  p-value
value
. 0.001*
Age, per year increment 0.99 (0.98-0.99) . 0.99 (0.98-1.01) 0.341
Sex (male) 0.86 (0.65-1.12)  0.264
.001
C(I, per 1 score increment 0.79 (0.72-0.86) <0*20 0.91 (0.82-1.00) 0.060
BM]I, per 1 kg/m? increment 1.00 (0.97-1.03)  0.833
.001
NUTRIC score, high risk (=5) 0.43 (0.33-0.57) <0*80 0.76 (0.49-1.17)  0.210
. . <0.001
Albumin, per 1 g/dL increment  2.63 (1.94-3.56) o  1.93(1.35-2.75) <0.001**
Hemoglobin, per 1 g/dL 144 (130-160) 291 100 (1.07-1.36)  0.003
increment
APACHE II 1 .001
CHE Il score, per Iscore 95 0.90-098) "% 099 0.95-1.08) 059
increment
Absence of shock 1.00
. . <0.001
Norepinephrine-alone 0.16 (0.10-0.27) w 0.27(0.16-0.46) <0.001**
inephri h .001
Norepinephrine and other 009 (004-021) 9 015 0.06-0.37)  <0.001%*
Vasopressors
RRT during RCC 0.57 (0.32-1.00) 0.051
Fluid bal days 1-7 .001
waba anﬁerays P 001(0.86-095) 0% 087(0.83-092) <0.001%*
Calories intake, days 1-7, per <0.001
e 121 (1.14-129) .,
. > *
Total calories/BW 225 167 (121231 9% 150 (105-2.15)  0.026*

kcal/kg/day (days 1-7)

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: body mass index; CCI: Charlson
Comorbidity Index; mNUTRIC: modified Nutrition Risk in the Critically Ill; OR: odds ratio; Logistic regression.

*p<0.05, **p<0.01.

3.5. Stratified Analysis of the Association of the Initial 7-day Average Daily Total Calorie Intake/BW 225

kcal/kg/day with Successful Weaning

To analyze the effect of stratification of variables on the association of the initial 7-day average

d0i:10.20944/preprints202410.0332.v1

daily total calorie intake/BW 225 kcal/kg/day with successful weaning, we undertook a stratified
analysis for the following variables: age, sex, body mass index, CCI, APACHE II score, mNUTRIC
risk, and shock status. Figure 2 shows that age 265 years, female sex, BMI >18 kg/m?, CCI <3, APACHE
IT score <26, high mNUTRIC risk, and absence of shock conferred a benefit with regard to the initial
7-day average daily total calorie intake/BW 225 kcal/kg/day for weaning success.
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Variables OR (95% CI)
Total calories f BW =25 - 167 (1.21-2 31)**
Age group

= B5 years - 1.44 (0.84-2.48)

= 65 years —.—— 1.76 (1.18-2.63)**
Gender

Female L 2.35 (1.43-3.88)**

Male —— - 1.26 (0.82-1.92)
Body mass index

< 18 1.62 (0.78-3.38)

=18 L 2.01(1.36-2.97)**
Charlson Comorbidity Index

=3 - 1.54 (1.02-2.32)*

z3 H—- 1.46 (0_86-2.50)
APACHE Il score

< 26.0 - 1.60 {1.14-2 24)**

=26.0 1.11 {0.36-3.40)
NUTRIC risk

Lowr risk - 1.27 (0.84-1.93)

High risk E— 1.76 ({1.02-3.01)*
Shock

Absence of shock — 1.53 (1.08-2.18)*

Circulatory shock = 1.49(0.53-4.19)

[ 1 2 3 4 5

Figure 2. Logistic regression analysis of the effect-stratified modification of variables related to the
association of total calories/BW 225 kcal/kg/day (days 1-7, average) with successful weaning.
APACHE: Acute Physiology and Chronic Health Evaluation; CI: confidence interval; NUTRIC:
Nutrition Risk in Critically ill; OR: odds ratio. Logistic regression. *p<0.05, **p<0.01.

4. Discussion

In this retrospective study, we identified the clinical factors of patients with PMV who achieved
successful weaning. High albumin and hemoglobin levels, the absence of shock, less positive initial
7-day fluid status, and an initial 7-day average total calorie intake/BW=>25 kcal/kg/day independently
and significantly correlated with weaning success (Table 3).

Several previous studies [23-26] have shown that the serum albumin level is an independent
predictor of successful weaning in patients who require PMV, and this was seen in our study’s results.
Chao et al. and Mirtallo et al. [23,24] found that patients with albumin concentrations >3.2 g/dL had
a 12-fold higher likelihood of successful weaning and that improved nutrition was significantly
linked to survival. Wu et al. [25] reported that the serum albumin level was a significant positive
predictor of weaning success in patients with PMV who were treated at a hospital-based respiratory
care center in Taiwan. Sapijaszko et al. noted that an increased serum albumin level at RCC admission
was associated with a 1.3-fold increased probability of weaning success [27]. In a retrospective study
conducted by Huang et al. [28], the Aalbumin (difference between the 4th week and baseline serum
albumin during RCC stay) level independently and significantly correlated with successful weaning
after multivariate regression analysis, but did not correlate with survival.

Previous studies [29-31] have shown that an increase in the hemoglobin level is positively
associated with weaning success, and this was identified in our study as well (Table 3), wherein the
successful weaning group had a hemoglobin level >10 g/dL.

In routine clinical practice, patients in the RCC occasionally developed unstable vital signs
because of various causes, such as septic shock. In our study, 11.1% of patients experienced
hemodynamic instability, which reflects the real-world clinical status. Vasopressor use, including
norepinephrine-alone or norepinephrine with other vasopressors, in shock patients were negative
predictors of weaning success. In contrast, in two of the previous nutritional studies [26,28], patients
with PMV with vasopressor or inotropic agent use were excluded. Dettmer et al. [4] reported that
vasopressor requirement is a poor prognostic factor for long-term mortality in patients with PMV.

Several previous studies [32-35] have shown that a positive fluid balance in the initial 3-day ICU
stay prior to weaning is associated with worse outcomes after extubation [32] and high hospital
mortality [relative risk 2.15 (95% CI, 1.51-3.07)] [35]. Positive fluid balance at 24, 48, and 72 h, as well
as the cumulative balance from hospitalization prior to weaning, were significantly higher in the
weaning-failure group compared to the weaning-success group. Additionally, a negative cumulative
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fluid balance at 24 h prior to spontaneous breathing trials (OR=2.9) and a negative cumulative fluid
balance from admission (OR=3.4) were independently associated with successful weaning on the first
day [32]. In our study, a less positive initial 7-day fluid status independently and significantly
correlated with weaning success. Besides, Wang et al. [36] reported that the cumulative fluid balance
on days 1-3 and 4-7 with a per 1-L increment (HR: 1.047 and 1.094; 95% CI 1.037-1.058 and 1.080-
1.108, respectively) were independently associated with high long-term mortality in critically ill
patients.

Enteral feeding intolerance occurs frequently (incidence: 30.5%) in critically ill patients receiving
mechanical ventilation in ICUs and is associated with malnutrition, reduced ventilator-free days,
extended hospital stay, and increased mortality [37]. In our study, the weaning-success group had a
higher average daily calorie and calories/BW than the weaning-failure group (weaning-success
group:1192.85 + 309.33 kcal and 21.33 + 6.92 kcal/kg, weaning-failure group: 1054.76 + 338.10 kcal and
19.17 + 7.77 kcal/kg, respectively; p<0.001; Table 1) and the average initial 7-day total calorie
intake/BW >25 kcal/kg/day was associated with weaning success in patients with PMV (Table 3).
Chiang et al. [38] reported that the average daily calorie and calories/BW intake in the weaning-
success group were significantly higher than that in the weaning-failure group (1722.1 + 240.6 kcal
and 31.0 + 8.2 kcal/kg vs 1597.4 + 167.9 kcal and 30.2 + 8.3 kcal/kg, respectively, p<0.05), which our
results support. In contrast, Lo et al. [26] found no significant differences in calorie intake between
the weaning-success and -failure groups (27.8 + 9.1 vs 25.6 = 7.5 kcal/kg/day, p=0.199) but
demonstrated that patients with PMV who received a higher calorie and protein intake during
ventilator weaning had favorable weaning success, better survival, and lower mortality, and thereby
suggested nutritional intervention for 25-30 kcal/kg/day and >1.2 g/kg/day protein intakes for better
outcomes in patients with PMV. In another retrospective study conducted by Huang et al. [28], the
daily calorie intake was significantly higher in the successfully weaned patients than in the weaning-
failure patients (28.04 + 6.18 vs 19.9 + 5.83 kcal/kg/day, p<0.0001) and a daily calorie intake >24.48
kcal/kg/day positively and significantly correlated with successful weaning in the univariate, but not
in the multivariate, analysis. Nonetheless, the trend shows that sufficient calorie intake may
contribute to successful weaning. Similarly, our findings in both univariate and multivariate analyses
show that the average initial 7-day total calorie intake/BW >25 kcal/kg/day was associated with
weaning success. More patients with higher APACHE II score (average: 18.05) and hemodynamic
instability required vasopressors (11.1%) in our study than those with lower APACHE II score
(average: 16.76) and without hemodynamic instability required vasopressors in Huang's study [28],
and this could have contributed to the different results between the two studies.

The 2019 ESPEN guidelines [12] recommended that hypocaloric nutrition (not exceeding 70% of
energy expenditure) should be administered in the early phase of acute illness and that, after Day 3,
calorie delivery can be increased up to 80-100%. The 2022 ASPEN updated guidelines [39] showed
no significant difference in clinical outcomes, including ICU or hospital mortality, length of stay,
mean ventilator days and risk of any infection, between ICU patients with higher and lower levels of
energy intake, and thereby recommended 12-25 kcal/kg as the nutrition goal in the first 7-10 days of
ICU stay. However, the calorie intake of patients with subacute critical illness and PMV was not
defined in either the ASPEN [39] or ESPEN [12] guidelines. Adequate calorie intake play a significant
role in successful weaning, and achievement of a higher calorie intake with protein consumption is
crucial for patients with PMV during the post-ICU phase [40]. In our study, higher average daily total
calories and EN intakes were significantly associated with weaning success (Table 2) and the initial
7-day average total calorie intake/BW=>25 kcal/kg/day was independently and significantly correlated
with weaning success in multivariate analysis (Table 3). Furthermore, we found a higher mNUTRIC
score in the weaning-failure group as compared to the weaning-success group (weaning-failure
group: 4.74+1.87 vs weaning success group: 3.82+1.80, respectively; p<0.001; Table 1) and patients
with high nutrition risk could benefit from average total calories/BW>25 kcal/kg/day intake in
successful weaning (odds ratio [95% CI] 1.76 [1.02-3.01]; Figure 2). Patients with high nutritional risk
are often malnourished, and this is associated with reduced ventilator-free days and increased
mortality [37]. The 2016 ASPEN guidelines [14] suggested that patients who were at high nutritional
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risk and accepted >80% of their estimated or calculated target energy and protein within 48-72 h ICU
stay showed significantly reduced mortality risk. Doley et al. [41] suggested that a chronically and
severely ill patient on prolonged mechanical ventilator use should be given at least 20-30 kcal/kg/day
calorie intake. Calorie deficiency leads to decreased respiratory epithelial regeneration and loss of
lean muscle mass, with consequent respiratory muscle weakness and prolonged mechanical
ventilation [11]. Among critically ill patients in the acute phase of ICU stay, muscle wasting occurs
early and rapidly. Diaphragmatic dysfunction occurs in a significant number of critically ill patients
and is linked to higher rates of morbidity and mortality [42]. In these individuals, diaphragmatic
weakness could arise from disuse caused by inactivity related to mechanical ventilation, as well as
the impact of systemic inflammation, such as that in sepsis. The diaphragmatic dysfunction acquired
during critical illness hampers the respiratory system’s ability to manage increased respiratory
demands due to lung injury and fluid overload, and this results in prolonged respiratory failure and
potentially death [42] . In the subacute phase of ICU care, it is important to provide higher calorie
targets, ideally alongside pulmonary rehabilitation, to prevent additional loss of muscle mass and
function. A large prospective randomized controlled trial will be needed to determine the ventilator
weaning impact of average total calorie intake/BW=>25 kcal/kg/day in patients with high nutrition
risk.

As this was a retrospective observational study, there were some limitations. First, we had no
protein intake data for the RCC patients. Second, our study evaluated nutritional intake based on
actual body weight instead of indirect calorimetry [12], which might provide a more accurate
reflection of the patients’ nutritional needs.

5. Conclusions

Higher daily calorie intake in the RCC predicted successful ventilator weaning, with an average
intake exceeding 25 kcal/kg/day recommended for optimizing the weaning process. Patients with
high nutritional risk could benefit from an average intake >25 kcal/kg/day for successful weaning
from ventilator.
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