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Nutritional Adequacy in Mechanically Ventilated Patient:  
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Ab s t r ac t
Background: Critically ill patients are under stress, leading to a catabolic response and higher energy expenditure. The associated malnutrition 
leads to adverse outcomes.
Aims and objectives: This study aims to assess the nutritional adequacy (>80% of prescribed calories) in mechanically ventilated (MV) patients 
and its effects on patients’ outcomes. It also aims to identify the causes of deviation from the nutrition prescription.
Materials and methods: This is a prospective observational study involving all adult critically ill patients requiring MV for >48 hours. Patients 
were prescribed enteral nutrition (EN) targeted to achieve 25 kcal/kg (IBW) of energy and 1.2 g/kg of proteins daily. Standard polymeric formula 
feeds were initiated as continuous infusion as per the feeding protocol in the intensive care unit (ICU). Data were collected on demography, 
body mass index (BMI), indication for ICU admission, admission category, and admission APACHE II  and SOFA scores, and nutritional risk was 
captured with mNUTRIC score. Nutritional data on type of feed initiated, amount of calories prescribed/achieved, time taken to initiate feeds, 
reasons for not starting/delay in the initiation of feeds, time taken to achieve the prescribed calories, and reasons for interruptions of feeds were 
collected. Primary outcome analyzed was adequacy of nutrition (>80% prescribed dose), and secondary outcomes analyzed were ventilator 
days and ICU LOS.
Results: A total of 622 MV patients were analyzed. 36.1% of patients were at nutritional risk (mNUTRIC ≥5). 89% of patients received EN, and 
the time taken to start EN in these patients was 10 hours (6–20) (median [IQR]). Only 29.6% of patients achieved nutritional adequacy. Time 
taken for this was 36 hours (median). On average, patients on MV received 63% (1025 kcal) and 57% (41 g) of their prescribed calories and 
proteins, respectively. The most common reasons for withholding feeds were airway-related procedures (68.2%) followed by GI intolerance 
(15%). Frequent interruptions of EN, patients on >1 vasopressors, and surgical admissions were reasons for nutritional inadequacy. Nutritional 
adequacy had no impact on clinical outcomes.
Conclusion: Despite following guidelines and feeding protocols, there exists a wide gap between prescribed nutrition and what is actually 
delivered in MV patients.
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In t r o d u c t i o n
Critically ill patients are under stress which initiates a variety of 
metabolic responses like muscle wasting and stress hyperglycemia. 
Nutritional support in these patients helps attenuate these 
metabolic responses to stress.1 Malnutrition in critically ill patients 
has been associated with poor outcomes, including prolonged 
mechanical ventilation, increased risk of infection, and higher 
mortality.2 Hypercatabolic state associated with critical illness may 
further increase the risk of adverse outcomes among intensive care 
unit (ICU) patients who receive inadequate nutrition. Early enteral 
nutrition (EN) reduces the metabolic response to stress, decreases 
bacterial translocation, and maintains gut mucosal integrity.

Heyland et al.3 in their study on nutritional adequacy in 
mechanically ventilated (MV) patients concluded that providing 
80% of prescribed calories results in better clinical outcomes. In 
practice, achieving such high targets is difficult. Previous studies 
on nutritional adequacy in MV patients have achieved only 59% of 
the prescribed calories.4,5 Even though many international studies 
have looked at this important aspect of nutritional adequacy in 
critical care management, there is a paucity of data from Indian 
ICUs especially among the sickest cohort of patients.4,5 Additionally, 
acceptance and practice of nutritional support especially in MV 
patients is still not universal in our country. Hence, we decided to 
study the gap between our nutrition prescription and the nutrition 

targets achieved along with the reasons for failure to achieve those 
targets. 

Mat e r ia  l s a n d Me t h o d s
This study was a prospective observational study conducted in a 
25-bedded multidisciplinary ICU of a university teaching hospital 
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during the period from January 2015 to May 2017. This study was 
approved by the Institutional Ethics Committee. Patient consent 
was obtained before data collection. All adult (>18 years) critically 
ill patients who required mechanical ventilation for more than 
48 hours were included in this study. Patients who were readmitted 
to the ICU during the same hospital stay and transferred out to other 
ICUs were excluded from this study. All MV patients had orogastric/
nasogastric tube placed during endotracheal intubation or on 
admission to ICU. The position of orogastric/nasogastric tube was 
confirmed with chest radiograph, before the initiation of feeds. 
EN consisted of a standard polymeric isocaloric formula (1 m1 ≃ 
1 kcal) delivered as a continuous infusion over 24 hours. In special 
situations like fluid restriction, calorie dense formula (1 m1 ≃ 2 kcal) 
was provided. Patients were prescribed EN targeted to achieve 
25  kcal/kg per day (ideal body weight) of energy and 1.2  g/kg 
per day of proteins. All MV patients were started on EN unless 
contraindicated. Feeds were initiated at an infusion rate of 30 mL/
hr and increased stepwise every 4 hours to a maximum of 100 mL 
/hr and subsequently maintained to reach the targeted calories as 
per the standard existing ICU protocol.

Primary outcome analyzed was nutritional adequacy defined 
as achievement of 80% of prescribed energy.3 Secondary outcomes 
analyzed included duration of mechanical ventilation, ICU LOS, and 
mortality. Data were collected on demography, body mass index 
(BMI), indication for ICU admission, admission category (medical vs 
surgical), and admission APACHE II and SOFA scores, and nutritional 
risk was captured with the modified NUTRIC score (with the 
exception of IL-6). Nutritional data on type of feed initiated, amount 
of calories prescribed/achieved, time taken to initiate feeds, reasons 
for not starting/delay in starting feeds, time taken to achieve the 
prescribed calories, and reasons for interruptions of feeds were 
collected. The risk factors for not achieving >80% of prescribed 
calories were analyzed. Secondary outcome data were collected 
on ventilator days, average ICU length of stay (ALOS), and mortality.

The energy adequacy and the protein adequacy were 
calculated as follows:

Energy 
adequacy (%) =

[Sum of percentage of calories received/
prescribed each day]

Total number of evaluable nutrition days.

Protein 
adequacy (%) =

[Sum of percentage of protein received/
prescribed each day]

Total number of evaluable nutrition days.

This was then followed up daily till extubation.
Data were analyzed using IBM. SPSS Statistics Software 

23.0 version. Continuous variables were described as mean and 
standard deviation, and categorical variables as percentage. The 
normality of the data was verified with Kolmogorov–Smirnov test. 
The difference between the bivariate samples in independent 
groups was analyzed using the unpaired sample t-test for normal 
data and Mann–Whitney U-test for skewed data. Categorical data 
were analyzed using chi-square and Fisher’s exact tests. In all the 
above statistical tools, the probability value of 0.05 was considered 
as significant level. Sample size was calculated based on the study 
by Weijs et al.6 Considering the expected 50% reduction in adverse 
ICU outcomes in MV patients with nutritional adequacy and a 
precision level of 4% with 5% of alpha error, the calculated sample 
size was 600, and by allowing 5% of data loss, 630 samples were 
considered for the study.

Re s u lts
1032 MV patients were admitted during the study period, of whom 
260 patients on MV for <48 hours did not form part of the study. 51 
patients who were readmitted to ICU during the same hospital stay 
and 99 patients who were transferred to other ICUs were excluded 
from the study. Data of 622 patients were analyzed. More than two-
thirds of the patients were male. The mean age of patients was 55.8 
(±17.8) (±SD) years. Admission APACHE II and SOFA scores were 22.1 
(±7.1) (±SD) and 7.7 (±3.0) (±SD), respectively. The mean NUTRIC score 
of patients was 3.9 (±1.9). 225 (36.1%) patients were at nutritional 
risk (NUTRIC score ≥5) (Table 1). 66% of patients were at medical 
admissions. The most common coexisting illnesses on admission were 
diabetes mellitus (33%) followed by hypertension (32.7%) and chronic 
kidney disease (11.9%). Almost one-quarter of MV patients required 
at least one vasopressor (25.8%), and 7.5% of patients required more 
than one vasopressor for maintaining MAP >65 mm Hg. The mean 
lactate level on admission was 2.52 (±2.2) (±SD) mmol/L.

The majority of patients received EN (89.1%), followed by 
parenteral nutrition (PN) (1.2%). 0.8% of patients received both 
EN and PN, and 8.2% of patients did not receive any nutritional 
support (Table 2) (Fig. 1). Among the patients who did not receive 
any nutritional support (n = 51), most were postoperative patients 
(n = 27), followed by those awaiting procedures (n = 9) and patients 

Table 1: Patient characteristics

n = 622
Age (mean±SD) years 55.8 ± 17.8
Male n (%) 414 (66.5)
Female n (%) 208 (33.5)
BMIa (mean ± SD) (kg/m2) 24.4 ± 4.0
mNUTRICb score (mean ± SD) 3.9 ± 1.9
Low mNUTRIC score (≤4) n(%) 397 (63.8)
High mNUTRIC score (≥5) n(%) 225 (36.1)
APACHEc II (mean ± SD) 22.12 ± 7.1
SOFAd (mean ± SD) 7.7 ± 3.0
Serum Albumin (mean ± SD) g/dL 3.31 ± 0.71
Serum Lactate (mean ± SD) mmol/L 2.52 ± 2.24
Requirement of one vasopressor n (%) 161 (25.8)
Requirement of >1 vasopressor n (%) 47 (7.5)
Admission category n (%)
  Medicine 411 (66.1)
  Surgery 211 (33.9)
Comorbid diseases n (%)
  Diabetes mellitus 206 (33.1)
  Hypertension 204 (32.7)
  Chronic kidney disease 74 (11.9)
  Coronary artery disease 46 (7.4)
  Chronic obstructive airway disease 40 (6.4)
  Chronic liver disease 30 (4.8)

Outcome data 
  Average ICU length of stay (mean ± SD) days 8.3 ± 5.3
  Ventilator days (mean ± SD) 6.4 ± 4.2
  Mortality  n (%) 204 (32.8%)

aBMI body, mass index; bNUTRIC, nutrition risk in the critically ill; cAPACHE II,  
acute physiology and chronic health evaluation II; dSOFA, sepsis-related 
organ failure assessment score.
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Median time taken to start EN in these patients was 10 hours (6–20 
IQR) with a range of 0–130 hours. On average, patients received 
39.8% of their prescribed calories and 35.2% of prescribed proteins 
on Day 1 of ICU admission (Fig. 2). Patients on mechanical ventilation 

on multiple vasopressors (n = 6) (Table 3). Mean calories and 
proteins prescribed to these patients were 1623 (±263) kcal/day and 
72(±10.5) g/day, respectively. 184 (29.6%) patients achieved 80% of 
their prescribed calories. This was achieved in 36 hours (median). 

Fig. 1: Nutritional practice in MV patients

Fig. 2A and B: (A) Amount of calories received over days; (B) Energy and proteins achieved over days

Table 2: Nutritional data in MV patients (n = 622)

Nutrition therapy initiated n (%)
  Enteral nutrition (EN) 554 (89.1)
  Parenteral nutrition (PN) 12 (1.9)
  EN + PN 5 (0.8)
  No feeding 51 (8.2)
Nutrition prescription Mean ± SD 
  Mean energy kcal/day 1623 ± 263
  Mean protein g/day 72 ± 10.5
Nutrition received
  Mean energy kcal/day (%) 1025 ± 124 (63.1)
  Mean protein g/day (%) 41.0 ± 7.2 (57)
 � Time taken to initiate feed following ICU 

admission. Median (IQR) hours.
10 (6-20)

 � No of patients achieved nutritional adequacy 
[>80%prescribed calorie] n (%)

184 (29.6)

 � Patients with high mNUTRIC score (≥5), who 
achieved >80% nutritional adequacy n (%).

68/225 (30.2%)

 � Time taken to achieve prescribed calories 
(median) hours.

36 

  Energy achieved in day 1 kcal/day (%) 647 ± 527 (39.8)
  Protein achieved in day 1 g/day (%) 25.4 ± 21.9 (35.2)
  Blood glucose (mg/dL) day 1 151.9 ± 56.1
  Insulin administered (units) day 1 11 ± 22.54
  Energy achieved in day 2 kcal/day (%) 1252.4 ± 756.5 (77.3)
  Protein achieved in day 2 g/day (%) 50.74 ± 35.86 (70.4)
  Blood glucose (mg/dL) day 2 155.87 ± 52.8
  Insulin administered (units) day 2 14.1 ± 27.12
  Energy achieved in day 3 kcal/day (%) 1233.48 ± 787.4 (76)
  Protein achieved in day 3 g/day (%) 49.48 ± 19.52 (68.7)
  Blood glucose (mg/dL) day 3 158 ± 60.3
  Insulin administered (units) day 3 15.1 ± 29.4
  Nutrition evaluable days (mean ± SD) 7.0 ± 3.2

Table 3: Reasons for not starting feeds/delay in starting feeds

Reasons for not starting feeds n = 51
  Postoperative case 27
  Awaiting procedure   9
  Shock requiring high dose of vasopressors   6
  Upper GI bleed   6
  Poison/toxin ingestion   3
Reasons for delay in starting feeds (>48 hours) n = 87
  Shock requiring high dose of vasopressors 30
  Postoperative patients 19
  Poison/toxin ingestion   7
  Upper GI bleed   4
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unearth the reasons for the same in the Indian scenario. In spite 
of a protocolled nutrition prescription, only 29.6% of patients 
achieved nutritional adequacy. In this study, MV patients received 
only 63% of their prescribed calories and 57% of their prescribed 
proteins during their ICU stay. Nutritional adequacy in our study was 
similar to those described by Cahill et al.4 and Ridley et al.,7 where 
they observed nutritional adequacy of 59 and 56% of prescribed 
calories, respectively, in MV patients.

A total of 36% of MV patients were at nutritional risk 
(mNUTRIC score ≥5). Only 30.2% of these patients were able to 
achieve nutritional adequacy (>80% prescribed) in our study. 
This was higher than those described by Heyland et al.,3 where 
only 20% of MV patients with high mNUTRIC score achieved 

received 63% (1025 kcal) and 57% (41 g) of their prescribed calories 
and proteins. Of the 225 patients with highly modified NUTRIC score 
(≥5), only 30.2% achieved a nutritional target of >80%. A delay in 
starting nutritional support (>48  hours) was seen in 87 (13.9%) 
patients. The delay was mostly commonly observed in patients 
requiring > 1 vasopressor support (n = 30) and postsurgical patients 
(n = 19) (Table 3).

A total of 923 episodes of interruption of feeding were observed 
in 554 patients who were enterally fed. Airway-related procedures 
were the most common reason for withholding feeds, which included 
weaning and extubation (49.7%) followed by tracheostomy (9.2%) and 
bronchoalveolar lavage (9.3%) (Fig. 3). Gastrointestinal intolerance 
(vomiting/regurgitation, diarrhea, and abdominal distention) was 
observed in 15% of patients (Table 4). Median time taken to restart 
feeding after the interruption of feed was 10 hours [median IQR 
(8–12)]. Patients required mechanical ventilation for 6.4 (±4.2) (±SD) 
days. ALOS was 8.3 (±5.3) (±SD) days. Mortality in this study was 32.8%.

Multivariate regression analysis identified surgical admissions, 
patients on >1 vasopressors support, delay in starting feeds 
(>48  hours of MV), and frequent interruptions during EN as risk 
factors for not achieving nutritional adequacy (p < 0.05) (Table 5). 
Ventilator days, ICU LOS, and mortality were similar in those who 
achieved prescribed nutritional targets compared to those who did 
not achieve nutritional targets.

Di s c u s s i o n
This study highlights the gap in nutrition prescription and target 
achievement in critically ill MV patients in ICU, and also tries to 

Fig. 3: Reasons for interrupting feeds

Table 4: Reasons for interrupting/withholding feeds

No. of episodes of interruptions of EN n = 923
  Weaning & Extubation n (%) 459 (49.7)
  Tracheostomy n (%)   85 (9.2)
  Bronchoalveolar lavage n (%)   86 (9.3)
  Imaging procedures (CT/MRI) n (%)   83 (8.9)
  Posted for procedure n (%)   71 (7.6)
  GI intolerance n (%) 139 (15.0)
 � Time taken to restart feeds following interruption of 

EN [median (IQR)] hours
  10 (8–12) 

Table 5: Comparison of patients who achieved nutritional adequacy 
versus inadequacy

Nutritional adequacy 
(> 80% prescribed 
calories) (n = 184)

Nutritional 
inadequacy 
(n = 438) Significance 

Age (mean ± SD) 
years

56.59 ± 18.9 55.83 ± 17.4 0.42

BMIa (mean ± SD) 
(kg/m2)

23.11 ± 4.36 24.95 ± 3.75 0.32

mNUTRICb score 
(mean ± SD)

3.8 ± 2.1 4.0 ± 1.7 0.45

APACHEc II  
(mean ± SD)

21.8 ± 7.1 22.2 ± 7.2 0.12

SOFAd (mean ± SD) 7.43 ± 3.0 7.84 ± 3.0 0.13
Serum lactate 
(mean ± SD) 
mmol/L

2.0 ± 2.24 2.5 ± 2.2 0.31

Serum albumin 
(mean ± SD) mg/dL

3.38 ± 0.7 3.28 ± 0.7 0.43

Requirement of 
one vasopressors 
n (%)

57 (31) 148 (33.8) 0.46

Requirement of  
>1 vasopressors 
n (%)

9 (4.9) 36 (8.2) 0.03

Admission 
category 

<0.001

Medicine 150 (81.5) 261 (59.6)
Surgery 34 (18.4) 177 (40.4)
Time taken to 
initiate feeds 
(median 
[IQR25–75]) hours

8[6–13] 12[6–24]

No of episodes of 
EN interruption (n)

202 721 <0.001

Outcome data 
Average ICU 
length of stay 
(mean ± SD) days

8.32 ± 5.38 7.53 ± 4.39 0.10

Ventilator days 
(mean ± SD)

6.46 ± 4.27 5.9 ± 3.9 0.23

Mortality n(%) 64 (34.8) 142 (32.4) 0.62
aBMI, body mass index; bNUTRIC, nutrition risk in the critically ill; cAPACHE II,  
acute physiology and chronic health evaluation II; dSOFA, sepsis-related  
organ failure assessment score
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practice in our ICU. We used weight-based prescription of calories 
and proteins instead of indirect calorimetry, which would be the 
ideal way to calculate the resting energy expenditure in MV patients 
(ASPEN and ESPEN guidelines).21,22 We also do not have post-ICU 
follow-up of these patients, hence missing out on the important 
long-term clinical outcomes.

Co n c lu s i o n
Despite following recommendations and feeding protocols, there 
exists a wide gap between prescribed nutrition and actual calories 
and proteins received by critically ill, MV patients in ICUs. We need 
to devise further strategies to improve this. We also need to have 
a larger study in the Indian scenario to understand the impact of 
nutritional adequacy on clinical outcomes.
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