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Background: The effect of moderate caloric enteral intake in critically ill patients with hypercapnic acute
respiratory failure (HCARF) is unclear. We studied the impact of permissive underfeeding (PUF)
compared with standard feeding (SF) on various HCARF outcomes.
Materials and methods: The PermiT trial randomized 894 patients to either PUF (40e60% caloric
requirement) or SF (70e100% requirement) with similar protein intake and found no difference in mor-
tality, mechanical ventilation (MV) duration and ventilator-free days. In this post-hoc study, we restricted
analysis to mechanically-ventilated patients with HCARF (PaCO2 >45 mmHg on the first two study days)
and assessed the impact of trial interventions and fat-to-carbohydrate ratio on outcomes.
Results: One-hundred-twenty patients had HCARF (59 PUF and 61 SF, age 53.7 ± 17.8 years, body mass
index 31.1± 11.2 kg/m2, Acute Physiology and Chronic Health Evaluation II score 21.7± 7.1 and day-1 PaCO2

61 ± 16 mmHg). Caloric intake was 815 ± 270 kcal/day in PUF group and 1289 ± 407 kcal/day in SF group.
The two groups had similar PaCO2 levels during ICU stay. The 90-day mortality (33.9% versus 35.6%,
p ¼ 0.85), MV duration (10.7 ± 6.8 versus 11.1 ± 8.1 days, p ¼ 0.56) and ventilator-free days (52.9 ± 38.6
versus 51.2 ± 38.0 days, p¼ 0.80) were also similar in PUF and SF groups, respectively. Ventilator-free days
and 90-day mortality were similar when the fat-to-carbohydrate ratio was < or � the median value (0.73)
in all patients and in PUF and SF groups.
Conclusions: In patients with HCARF, SF and PUF were associated with similar PaCO2, MV duration,
ventilator-free days and mortality. Fat-to-carbohydrate ratio was not associated with mortality or
ventilator-free days.
Trial registration: ISRCTN Registry: ISRCTN68144998.

© 2018 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Hypercapnic acute respiratory failure (HCARF) is frequently
observed in the intensive care unit (ICU), especially in patients with
chronic obstructive pulmonary disease (COPD), persistent asthma,
bronchiectasis, obesity-hypoventilation syndrome or chest wall
deformity [1]. Higher caloric intake may have adverse effects. It
may increase carbon dioxide production (VCO2) [2] and its arterial
partial pressure (PaCO2) [3], which may negatively affect mechan-
ical ventilation (MV) weaning [2,3]. It is also associated with higher
feeding volume, which may cause gastrointestinal intolerance and
aspiration [4,5], and lead to ventilator-associated pneumonia [6].
On the other hand, lower caloric intake may lead to or worsen
malnutrition, which is commonly seen in COPD patients [7], and
thus is potentially detrimental. In severe acute COPD exacerbation,
weight loss and muscle wasting may be induced or accelerated
[8e11], suggesting that adequate caloric intake may be important
to attenuate such morbidity.

The studies on the impact of caloric intake on the outcomes of
critically ill patients had mixed results. Lower caloric intake has
been associated with reduced MV duration in unselected critically
ill patients [12], and even in undernourished ICU patients [13]. One
the other hand, high caloric and protein deficits have been associ-
ated with less survival in surgical ICU patients [14]. A systematic
review of 21 trials found that lower compared with higher caloric
intake was associated with similar hospital mortality (risk ratio
Table 1
Baseline characteristics of hypercapnic patients randomized to permissive underfeeding

Variables All hypercapnic patients

N ¼ 120

Age e (year), mean ± SD 53.7 ± 17.8
Female sex e no. (%) 57 (47.5)
BMI e (kg/m2), mean ± SD 31.1 ± 11.2
Admission category, no. (%)
Medical 112 (93.3)
Surgical 3 (2.5)
Non-operative trauma 5 (4.2)

Sepsis on admission e no. (%) 48 (40.0)
Traumatic brain injury e no. (%) 1 (0.8)
APACHE II e mean ± SD 21.7 ± 7.1
Glasgow Coma Scale e mean ± SD 7.7 ± 4.7
SOFA Score Day 1 e mean ± SD 9.7 ± 3.8
Vasopressor use e no. (%) 62 (51.7)
Renal replacement therapy e no. (%) 12 (10)
Chronic illnesses e no. (%)
Diabetes 39 (32.5)
Chronic respiratory disease 38 (31.7)
Chronic cardiac disease 11 (9.2)
Immunocompromised disorder 16 (13.3)
Chronic renal disease 6 (5)
Chronic liver disease 9 (7.5)

PaCO2 on day 1 e (mmHg), mean ± SD 60.6 ± 16.3
PaO2:FiO2 ratio e (mmHg), mean ± SD 141.6 ± 91.0
Minute ventilation e (L/min), mean ± SD 8.6 ± 2.6
Inclusion blood glucose e (mmol/L), mean ± SD 10.5 ± 4.3
Hemoglobin e (g/L), mean ± SD 102.7 ± 21.4
Creatinine e (mmol/L), mean ± SD 114.7 ± 95.9
Bilirubin e (mmol/L), mean ± SD 25.9 ± 61.1
Platelets e (109/L), mean ± SD 232 ± 154
INR e mean ± SD 1.4 ± 0.9
Hemoglobin A1c e (%) .78± 9.3
C-Reactive Protein e (mg/L), mean ± SD 100.8 ± 85.1
Albumin e (g/L), mean ± SD 28.1 ± 6.7
Pre-albumin e (g/L), mean ± SD 0.17 ± 0.17
Transferrin e (g/L), mean ± SD 1.6 ± 0.6
24-h urinary urea e (mmol/d), mean ± SD 381 ± 297

BMI: bodymass index; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOF
arterial partial pressure of carbon dioxide, PaO2:FIO2 ratio: the ratio of partial pressure o
0.95; 95% CI 0.84e1.08), ICU mortality, total nosocomial infections,
mechanical ventilation duration, and length of ICU or hospital stay
[15]. Studies that assessed caloric intake in patients with HCARF are
lacking. The feeding fat-to-carbohydrate ratio may also have an
important impact in such patients. Intravenous fat emulsions have
been associated with less VCO2 than isocaloric amounts of glucose
in acutely ill patients [2,16], which led clinicians to recommend
higher fat-to-carbohydrate ratio feeding for the “respiratory pa-
tient”. Such feeding has been associated with lower PaCO2 and less
MV duration in intubated patients [17]. However, these positive
effects were not been observed in other studies [18]. Given the
uncertainties about the optimal nutritional approach, the 2009 and
2016 Society of Critical Care Medicine and American Society for
Parenteral and Enteral Nutrition guidelines suggest against the
routine use of specialty, high-lipid low-carbohydrate feeding
formulae to reduce VCO2 in ICU patients with ARF [19,20]. Such
formulae have high omega-6 fatty acid content which may enhance
inflammation and negatively affect outcomes [21].

The PermiT trial compared two feeding strategies in 894 ICU
patients (96.8% were mechanically ventilated) and found no dif-
ference in multiple outcomes including PaCO2, MV duration and
MV free days [22]. However, these findingmay not apply to patients
with HCARF. The objectives of this study were to study the impact
of permissive underfeeding comparedwith standard feeding on the
outcomes of HCARF patients and evaluate the association between
the fat-to-carbohydrate ratio and MV.
versus standard feeding.

Permissive underfeeding Standard feeding P-value

N ¼ 59 N ¼ 61

52.6 ± 17 54.8 ± 18.6 0.51
27 (45.8) 30 (49.2) 0.71
31.1 ± 11.8 31.1 ± 10.7 0.98

54 (91.5) 57 (93.4)
3 (5.1) 1 (1.6)
2 (3.4) 3 (4.9) 0.54
26 (44.1) 22 (36.1) 0.37
0 (0) 1 (1.6) 0.32
22.4 ± 7.1 21.2 ± 7.1 0.34
7.1 ± 4.7 8.2 ± 4.7 0.22
9.9 ± 3.9 9.5 ± 3.6 0.59
35 (59.3) 27 (44.3) 0.99
6 (10.2) 6 (9.8) 0.95

22 (37.3) 17 (27.9) 0.27
16 (27.1) 22 (36.1) 0.29
4 (6.8) 7 (11.5) 0.37
12 (20.34) 4 (6.6) 0.03
4 (6.8) 2 (3.3) 0.38
4 (6.8) 5 (8.2) 0.77
61.2 ± 14.9 59.9 ± 17.7 0.69
149.6 ± 94.7 133.7 ± 87.1 0.34
9.1 ± 2.7 8.2 ± 2.3 0.10
10.7 ± 4.3 10.3 ± 4.3 0.63
102.2 ± 21.6 103.2 ± 21.4 0.80
118.8 ± 112.5 110.8 ± 77.7 0.65
18.6 ± 24.6 32.7 ± 81.1 0.21
236 ± 163 227 ± 147 0.75
1.3 ± 0.3 1.5 ± 1.2 0.11
6.8 ± 1.6 9.2 ± 13.2 0.30
118 ± 90.5 82.9 ± 76.0 0.05
27.3 ± 7.0 28.8 ± 6.4 0.24
0.15 ± 0.15 0.19 ± 0.19 0.44
1.5 ± 0.6 1.7 ± 0.6 0.15
333 ± 226 426 ± 349 0.21

A: Sequential Organ Failure Assessment; INR: international normalized ratio; PaCO2:
f oxygen to the fraction of inspired oxygen; GCS: Glasgow Coma Scale.



Table 2
Study interventions and co-interventions in hypercapnic patients randomized to permissive underfeeding versus standard feeding.

Variable All hypercapnic patients Permissive underfeeding Standard feeding P-value

N ¼ 120 N ¼ 59 N ¼ 61

Study interventions
Calculated caloric requirement e (kcal/day), mean ± SD 1785.4 ± 387.4 1831.2 ± 422.8 1742.6 ± 349.3 0.22
Calculated protein requirement e (g/day), mean ± SD 89.4 ± 25.2 89.6 ± 26 89.2 ± 24.7 0.94
Caloric source e (kcal), mean ± SD
Enteral 951.8 ± 416.7 706.5 ± 212.7 1185 ± 409.7 <0.0001
Intravenous propofol 66.9 ± 93.5 70.0 ± 97.4 63.6 ± 90.2 0.71
Intravenous dextrose 41.5 ± 79.0 38.3 ± 84.6 44.7 ± 73.7 0.67
Parenteral nutrition 0.3 ± 3.5 0 0.65 ± 4.82 0.33

Daily caloric intake e (kcal), mean ± SD 1058.1 ± 419.9 814.8 ± 270.2 1289.4 ± 407.1 <0.0001
% of requirement e mean ± SD 60.6 ± 22.5 45.4 ± 10.5 74.7 ± 17.5 <0.0001

Daily protein intake e (g/day), mean ± SD 61.8 ± 26.4 62.1 ± 27.3 61.5 ± 25.7 0.91
% of requirement e mean ± SD 70.3 ± 24.7 70.5 ± 26.7 70.0 ± 22.8 0.92

Daily protein calories e (kcal), mean ± SD 200.8 ± 96.2 206.1 ± 85.3 195.7 ± 106.0 0.56
Daily carbohydrate intake e (kcal), mean ± SD 385.6 ± 241.5 309.8 ± 148.2 506.5 ± 254.8 <0.0001
Percentage from total calories (%) 42.0 ± 16.0 40.0 ± 15.0 44.0 ± 16.0 0.13

Daily fat intake e (kcal), mean ± SD 283.5 ± 219.9 264.3 ± 140.6 427.9 ± 232.2 <0.0001
Percentage from total calories (%) 33.5 ± 15.0 33.0 ± 14.0 34.0 ± 16.0 0.75

Total Fat-CHO ratioa 0.98 ± 0.73 1.07 ± 0.83 0.88 ± 0.61 0.15
Duration of intervention e (days), mean ± SD 9.0 ± 4.6 8.5 ± 4.7 9.5 ± 4.4 0.24
Study co-interventions
Received insulin e no. (%) 60 (50.0) 29 (49.2) 31 (50.8) 0.86
Daily insulin dose e (unit), mean ± SD 24.2 ± 40.1 19.8 ± 36.0 28.4 ± 43.6 0.25
Blood glucose e (mmol/L), mean ± SD 9.9 ± 5.3 9.9 ± 4.8 9.8 ± 5.8 0.93
Formulae e no. (%)
Disease non-specific 56 (47.5) 30 (50.9) 26 (42.6)
Disease specific 63 (53.4) 28 (47.5) 35 (57.4) 0.36

Fluid intake e (ml/day), mean ± SD 3802 ± 2640 3704 ± 2598 3895 ± 2697 0.69
Fluid output e (ml/day), mean ± SD 3354 ± 2153 3287 ± 1735 3417 ± 2500 0.74

a Ratio of total fat calories over total carbohydrate calories macronutrients (enteral and nonenteral).
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Methods

Study design

This was a post-hoc analysis of data from the PermiT trial
(Permissive Underfeeding versus Target Enteral Feeding in Adult
Critically Ill Patients; ISRCTN Registry: ISRCTN68144998) [22],
which was an unblinded multicenter randomized controlled trial.

Setting

The original trial was conducted between November 2009 and
September 2014 in 7 centers in Saudi Arabia and Canada.

Participants

The trial randomized 894 patients to either permissive under-
feeding (caloric goal of 40e60% of caloric requirement) or standard
feeding (caloric goal of 70e100% of caloric requirement) with
similar amount of protein in the two groups and found no differ-
ence in the primary endpoint of 90-day mortality between the
permissive and standard feeding groups (relative risk, 0.94; 95%
confidence interval [CI], 0.76 to 1.16, p¼ 0.58) [22]. Also, therewere
no differences in MV duration and ventilator-free days between the
two groups [22]. In this study, we restricted analysis to patients
who were on invasive MV with hypercapnia defined as
PaCO2 > 45 mm Hg on the first two study days. This analysis was
not planned a priori. Ventilator care of these patients was by the
treating ICU teams.

Data collection

Collected data on admission included patient demographics,
admission category (medical, surgical or trauma), Acute Physiology
and Chronic Health Evaluation Scores (APACHE) II [23], Sequential
Organ Failure Assessment (SOFA) score [24], presence of chronic
illnesses, various tests (PaCO2, the ratio of partial pressure of arte-
rial oxygen to the fraction of inspired oxygen [PaO2:FiO2], blood
glucose, creatinine, bilirubin, hemoglobin, platelets, international
normalized ratio, C-reactive protein, albumin, pre-albumin, trans-
ferrin and 24-h urinary urea nitrogen). For the intervention period,
which lasted for up to 14 days, we collected daily nutritional data
(feeding formula and calories from enteral feeds, propofol, intra-
venous dextrose and parenteral nutrition), insulin dose, fluid intake
and output and laboratory data (PaCO2, blood glucose, and phos-
phate) and assessed the occurrence of various infections.

We calculated daily carbohydrate, fat and protein calories from
enteral and parenteral sources. We then calculated the total fat-to-
carbohydrate ratio by dividing fat calories by carbohydrate calories.

In this study, the 90-day all-cause mortality and ventilator-free
days were the primary outcomes. We also studied ICU, 28-day,
hospital, and 180-day all-causemortality, daily PaCO2, MV duration,
ICU-free days, ICU and hospital length of stay (LOS), incident
renal replacement therapy, ICU-associated infections [25], and
hypophosphatemia.

Statistical analysis

In this study, we compared the characteristics and outcomes of
hypercapnic patients in the permissive underfeeding and standard
feeding groups. We also noted the patients who received
respiratory-specialized formula (Pulmocare, Abbott Laboratories)
on more than 50% of the intervention duration. Categorical vari-
ables were compared between the two groups using the Chi-square
test or the Fisher's Exact test, as appropriate. Continuous variables
were compared using the Student's t-test. For categorical outcomes,
the odds ratio (OR) with 95% CI was reported. For serial measure-
ments of daily PaCO2, we tested change over time and the
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difference between the two groups over time using repeated
measures ANOVA.

The primary outcomes were further compared by the study
interventions in the following subgroups: age < the median age (58
years) and � 58 years, body mass index < 30 and � 30 Kg/m2,
APACHE II < the median value (18) and �18, presence of chronic
respiratory disease and no respiratory disease, PaCO2 < 55 and �
55mmHg, received respiratory-specialized formula versus another
formula and the fat-to-carbohydrate ratio < 0.73 (the median
value) and � 0.73 and. We also assessed outcomes in patients
with high versus low cumulative calorie (< 6000 kcal
versus� 6000 kcal) and protein deficits (< 300 g versus� 300 g) as
per literature [14]. Cumulative calorie deficit was calculated by
subtracting total caloric intake from calculated caloric requirement
for up to14 days (5938.04 ± 4923.0 kcal). Cumulative protein deficit
was calculated by subtracting total protein intake from calculated
protein requirement for up to14 days (200.0 ± 168.57 g). Tests of
interaction were also performed.

Multivariable analyses, mainly logistic and linear regression,
were also done to determine the predictors of 90-day mortality and
ventilator-free days, respectively, in hypercapnic patients. Clinically
significant variables were entered in the model which were age,
body mass index, APACHE II score, chronic illnesses (diabetes,
chronic cardiac, respiratory, renal and hepatic disorders, PaO2:FiO2
ratio, fat-to-carbohydrate ratio, fluid intake and randomization. The
results were presented as OR (90-day mortality) or parameter es-
timate (ventilator-free days) with 95% CI. All tests were two-sided
and at the 5% significance level. Analyses were conducted using
SAS version 9.2 (SAS Institute, Cary, NC).

Results

Characteristics of patients

Of the 894 patients enrolled in the PermiT trial, 120 (13.4%) had
invasive mechanical ventilation and hypercapnia on the first two
study days. The characteristics of these patients are shown in
Table 1. The most common reasons for ICU admission were ARF
from COPD (n¼ 18,15.0%), respiratory tract infection (n¼ 18,15.0%)
and asthma (n ¼ 7, 5.8%) and sepsis (n ¼ 14, 11.7%). On the enroll-
ment day, their PaCO2 was 60.6 ± 16.3 mm Hg. PaCO2 was
45e55 mm Hg in 44.2% of patients, 55e65 mm Hg in 38.3% and >
65 mm Hg in 27.5%. The PaO2:FiO2 ratio was > 300 mm Hg in 22
patients (18.3%), 200e300 mm Hg in 52 (43.3%) and < 100 mm Hg
in 45 (37.5%). Among the 120 patients, 59 received permissive
underfeeding and 61 standard feeding. The characteristics of pa-
tients in both groups were similar (Table 1). None of the patients
received extracorporeal CO2 removal therapy.

The details of feeding interventions are described in Table 2. The
daily total, carbohydrate and fat calories were different between
the permissive feeding and standard feeding groups. The fractions
of carbohydrate and fat calories from total calories and protein
intake were similar in both groups. The mean fat-to-carbohydrate
calorie ratio was 0.98 (standard deviation ¼ 0.73; median ¼ 0.73;
25th percentile ¼ 0.46, 75th percentile ¼ 1.44) with no significant
difference between permissive and standard feeding groups. The
disease non-specific feeding formulae were used in 56 patients.
Only 18 (15.0%; 8 in permissive underfeeding group and 10 in the
standard group) patients received respiratory-specialized formula
(Pulmocare).

Outcomes of hypercapnic patients

There was no significant difference in PaCO2 during the 14-day
study period between all hypercapnic patients in the permissive



Table 3
Outcome of hypercapnic patients randomized to permissive underfeeding versus standard feeding.

Outcomes All hypercapnic patients Permissive underfeeding Target feeding P-value Odds ratio
(95% confidence interval)

N ¼ 120 N ¼ 59 N ¼ 61

28-day mortality e no. (%) 37 (30.8) 17 (28.8) 20 (32.8) 0.64 0.88 (0.51, 1.51)
90-day mortality e no. (%) 41 (34.2) 20 (33.9) 21 (35.6) 0.85 0.95 (0.58, 1.56)
180-day mortality e no. (%) 46 (38.3) 23 (39.7) 23 (39.0) 0.94 1.0 (0.65, 1.60)
ICU mortality e no. (%) 32 (26.7) 13 (22.0) 19 (31.2) 0.26 0.71 (0.39, 1.30)
Hospital mortality e no. (%) 39 (32.5) 18 (30.5) 21 (34.4) 0.65 0.89 (0.53, 1.49)
ICU LOS e (days) mean ± SD 17.8 ± 13.0 17 ± 12.8 18.6 ± 13.3 0.75
ICU-free dayse mean ± SD 48.3 ± 35.9 49.2 ± 36.4 47.4 ± 35.7 0.79
Hospital LOS e (days), mean ± SD 39.4 ± 49.9 36.6 ± 36.4 42.1 ± 36.4 0.54
Mechanical ventilation duration e (days), mean ± SD 12.8 ± 13.0 10.5 ± 7.1 15.0 ± 16.7 0.06
Mechanical ventilation-free dayse mean ± SD 52.1 ± 38.1 52.9 ± 38.6 51.2 ± 38.0 0.80
New RRT e no. (%) 11 (9.2) 4 (7.6) 7 (12.7) 0.37 0.59 (0.18, 1.91)
RRT-free daye mean ± SD 9.6 ± 6.3 9.8 ± 6.3 9.4 ± 6.4 0.76
Healthcare-associated infections e no. (%) 39 (32.5) 18 (30.5) 21 (34.4) 0.65 0.89 (0.53, 1.49)
Ventilator-associated pneumonia e no. (%) 18 (15.0) 5 (8.5) 13 (21.3) 0.49 0.40 (0.15, 1.04)
Hypophosphatemia e no. (%) 61 (50.8) 33 (55.9) 28 (45.9) 0.27 1.22 (0.86, 1.74)

ICU: intensive care unit; LOS: length of stay; RRT: renal replacement therapy.
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underfeeding and standard feeding groups (Fig. 1, Panel A); nor in
patients with higher baseline PaCO2 (�60 mm Hg) (Fig. 1, Panel B).
PaCO2 was similar in the patients who received lower versus higher
fat-to-carbohydrate ratio (Fig. 1, Panel C).

Table 3 describes the outcomes of hypercapnic patients ac-
cording to the feeding intervention. Mortality (28-day, 90-day, 180-
day, ICU and hospital) rates were similar in permissive under-
feeding and standard groups. Additionally, therewere no difference
in MV duration and ventilator-free days. In survivors, MV duration
was also similar in the permissive underfeeding and standard
group (10.7 ± 6.8 and 11.1 ± 8.1 days, respectively; p ¼ 0.56).

The 90-day mortality was similar in the different studied sub-
groups as shown in Table 4. Notably, higher versus lower fat-to-
carbohydrate ratio and the fraction of carbohydrate calories from
total caloric intake were not associated with 90-day mortality. Also
low versus high cumulative caloric and protein deficits were not
associated with 90-day mortality and ventilation-free days.

On multivariable analysis, independent predictors of 90-day
mortality were age (OR, 1.044 per year increment; 95% CI,
1.013e1.075), APACHE II score (OR,1.070 per unit increment; 95% CI,
1.003 to 1.141) and chronic liver disease (OR, 8.715; 95% CI, 1.367 to
55.579). The fat-to-carbohydrate ratio was not associated with 90-
day mortality (OR, 0.978 per 0.1 increment; 95% CI, 0.916 to 1.046).
Independent predictors of ventilator free days were age (parameter
estimate, �0.46 days; 95% CI, �0.85 to �0.07) and APACHE II score
(parameter estimate, �1.02; 95% CI, �2.01 to �0.04). The fat-to-
carbohydrate ratio was not associated with ventilator-free days
(parameter estimate, 0.17 days; 95% CI, �0.76 to 1.10).

Discussion

This study evaluated the impact of permissive underfeeding
versus standard feeding on the outcomes of patients with ARF and
PaCO2 > 45 mm Hg. We found no differences in PaCO2 during the
study period, MV duration, ventilator-free days or mortality in the
two feeding groups. Additionally, higher versus lower fat-to-
carbohydrate ratio did not affect PaCO2 levels during the study
period and had similar outcomes.

PaCO2 is determined by alveolar ventilation and VCO2 [26,27].
VCO2 is influenced by the amount of caloric intake, type of foods
(carbohydrates lead to higher VCO2 compared with lipids) [16,28]
and metabolic rate. Increases in VCO2 may increase PaCO2 only if
the rise of VCO2 is proportionately more than alveolar ventilation.
Whether this is translated into worse MV outcomes is less clear.
Several small studies evaluated the impact of high caloric intake
and fat-to-carbohydrate composition on PaCO2 in critically ill pa-
tients. In a small study, six mechanically ventilated patients with
chronic respiratory failure were randomized to three nutritional
regimens: control (255 kcal/day), glucose total parenteral nutrition
(TPN) (2550 kcal/day), and lipid TPN (3000 kcal/day) [2]. TPN
compared with control significantly increased VCO2 and PaCO2 and
decreased pH [2]. The increase in VCO2 and the hypercapnic
acidosis were less with lipid than with glucose TPN [2]. In a report
of two cases, two young patients recovering from adult respiratory
distress syndrome experienced hypercapnia during weaning as a
result of nutrition-related increased VCO2 [3]. One was receiving
5400 kcal/day TPN (4284 carbohydrate kcal) to correct a severely
depleted nutritional state and the other was receiving 3200 kcal/
day TPN (2550 carbohydrate calories) [3]. As carbohydrate calories
were decreased, VCO2 diminished and hypercapnia resolved [3]. In
a case report, excessive rates of carbohydrate infusion during TPN
caused hypercapnia leading to inability to wean from a ventilator
[29]. When the carbohydrate load was given over longer period, the
patient tolerated unassisted ventilation [29].

But what about more “moderate” amounts of enteral calories?
In a randomized controlled trial, 32 ventilator-dependent patients,
who were candidates for weaning from MV, were randomized to
high fat-to-carbohydrate enteral feeding and standard isocaloric
enteral feeding, both in a dosage of 1.5 times basal metabolic
rate [30]. High fat-to-carbohydrate feeding was associated
with significantly lower respiratory quotient and reduced VCO2
compared with standard feeding [30]. However, there were no
significant differences in the PaCO2 during weaning between the
two feeding groups [30]. Lo et al. randomized 28 clinically stable
patients on long-term MV and enteral feeding into hypercaloric
(1.8-fold of resting energy expenditure) and control groups (1.2-
fold of resting energy expenditure) for 4 weeks and found no sig-
nificant changes in PaCO2 between the two groups [31]. Barale et al.
randomized patients with chronic pulmonary disease on MV to
either enteral diet comprised of 55% of fats or control and showed a
rapid decrease in VCO2 from 243 to 215 ml/min in the high fat-to-
carbohydrate diet compared with increase in VCO2 in the control
diet [32]. Nevertheless, there was no associated difference in PaCO2
[32]. In a randomized crossover study of noncritically ill stable se-
vere COPD patients, lower fat-to-carbohydrate diet was associated
with higher VCO2 and PaCO2 and a greater fall in the six-minute
walk distance compared with higher fat-to-carbohydrate diet [33].

Based on the above data, the effect of caloric dose and carbo-
hydrate intake in ICU patients may be relevant only in patients who
already have hypercapnia and chronic lung disease and in overfed



Table 4
Outcomes (90-day mortality and ventilator-free days) in subgroups of hypercapnic patients. Fifty-nine patients received permissive underfeeding and 62 received standard
feeding.

Subgroups, N (%) Permissive underfeeding Standard feeding P-value Odds ratio (95% confidence interval) Interaction p-value

n/N (%) n/N (%)

90-day mortality
Age < 58 years 8/30 (26.7) 5/29 (17.2) 0.38 1.74 (0.50, 6.14) 0.40
Age � 58 years 12/29 (41.4) 16/30 (53.3) 0.36 0.62 (0.22, 1.73)

Body mass index < 30 Kg/m2 12/34 (35.3) 14/33 (42.4) 0.55 0.74 (0.28, 1.98) 0.23
Body mass index � 30 Kg/m2 8/25 (32.0) 7/26 (26.9) 0.69 1.28 (0.38, 4.27)

APACHE II score < 18 3/19 (15.8) 6/23 (26.1) 0.42 0.53 (0.11, 2.5) 0.46
APACHE II score � 18 16/39 (41.0) 14/35 (40.0) 0.93 1.01 (0.41, 2.60)

Chronic respiratory disease 4/16 (25.0) 6/21 (28.6) 0.81 0.83 (0.19, 3.6) 0.92
No chronic respiratory disease 16/43 (37.2) 15/38 (39.5) 0.83 0.91 (0.37, 2.2)

Baseline PaCO2 < 55 mm Hg 7/18 (38.9) 11/26 (42.3) 0.82 0.87 (0.25, 2.96) 0.84
Baseline PaCO2 � 55 mm Hg 10/28 (35.7) 8/24 (33.3) 0.86 1.11 (0.35, 3.50)

Received respiratory-specialized formulaa 4/8 (50) 3/10 (30) 0.39 2.33 (0.34, 16.2) 0.33
Received another feeding formula 16/50 (32.0) 18/49 (36.7) 0.62 0.81 (0.35, 1.86)

Total fat-to-carbohydrate ratiob < 0.73 9/29 (31.0) 10/29 (34.5) 0.78 0.86 (0.29, 2.56) 0.84
Total fat-to-carbohydrate ratiob � 0.73 11/30 (36.7) 11/30 (36.7) 1.00 1.00 (0.35.2.86)

Cumulative caloric deficit < 6000 kcal 7/25 (28.0) 16/49 0.68 0.80 (0.28, 2.30) 0.86
Cumulative caloric deficit � 6000 kcal 13/32 (40.6) 5/10 (50.0) 0.60 0.68 (0.16, 2.85)

Cumulative protein deficit < 300 g 15/45 (33.3) 14/45 (31.1) 0.82 1.11 (0.46, 2.68) 0.63
Cumulative protein deficit � 300 g 5/12 (41.7) 7/14 (50.0) 0.67 0.71 (0.15, 3.38)
Ventilator-free days
Age < 58 years 58.0 ± 36.1 65.4 ± 30.6 0.40 0.20
Age � 58 years 47.6 ± 41.0 37.5 ± 39.9 0.34

Body mass index < 30 Kg/m2 52.9 ± 39.9 47.8 ± 40.8 0.60 0.59
Body mass index � 30 Kg/m2 53.0 ± 37.6 55.6 ± 34.4 0.80

APACHE II score < 18 67.6 ± 30.7 57.9 ± 35.9 0.36 0.45
APACHE II score � 18 47.1 ± 40.1 48.4 ± 38.9 0.88

Chronic respiratory disease 61.1 ± 36.8 26.0 ± 36.1 0.67 0.81
No chronic respiratory disease 49.9 ± 39.2 48.5 ± 39.2 0.87

Baseline PaCO2 < 55 mm Hg 51.5 ± 39.6 50.8 ± 39.1 0.95 0.91
Baseline PaCO2 � 55 mm Hg 53.9 ± 38.4 51.5 ± 37.6 0.80

Received respiratory-specialized formulaa 54.3 ± 38.1 50.6 ± 38.3 0.63 0.37
Received another feeding formula 40.0 ± 42.9 54.1 ± 38.0 0.47

Total fat-to-carbohydrate ratiob < 0.73 55.7 ± 38.5 54.6 ± 38.7 0.92 0.91
Total fat-to-carbohydrate ratiob � 0.73 50.3 ± 39.2 47.7 ± 37.6 0.79

Cumulative caloric deficit < 6000 kcal 59.8 ± 38.3 53.8 ± 37.4 0.52 0.92
Cumulative caloric deficit � 6000 kcal 45.4 ± 38.4 37.9 ± 40.4 0.60

Cumulative protein deficit < 300 g 54.0 ± 39.0 54.7 ± 36.7 0.93 0.81
Cumulative protein deficit � 300 g 43.2 ± 38.1 39.6 ± 41.5 0.82

N: the number of patients in the subgroup; n: the number of patients who were dead at 90 days in the subgroup; %: the percentage of patients who died at 90 days.
APACHE: Acute Physiology and Chronic Health Evaluation, PaCO2: arterial partial pressure of carbon dioxide.

a Pulmocare used on > 50% of the intervention days.
b Ratio of total fat calories over total carbohydrate calories macronutrients (enteral and nonenteral).
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patients, especially with parenteral feeding. In the current sub-
study of the PermiT trial, the caloric difference between the
permissive underfeeding and standard feeding groups was
considerable (approximately 480 kcal, 30% of caloric requirement).
With this difference in caloric intake, we observed no difference in
PaCO2 among hypercapnic intubated patients during the inter-
vention period. Higher fat-to-carbohydrate ratio did not affect
PaCO2 either. In the early phase of critical illness, carbohydrate
oxidation is increased more than that of fat [34]. Hence, providing
high fat diet may lead to metabolic inefficiency. It is important to
note that patients in this studywere not overfed (mean daily caloric
intake was 45 ± 11% of caloric requirement in the permissive un-
derfeeding group and 75 ± 18% in the standard group. This supports
the notion that macronutrient composition is unlikely to affect
PaCO2 when the provided calories do not exceed energy re-
quirements [35].
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The effect of caloric dose on MV duration in general is debatable,
and when observed it is unclear if it was related to increased PaCO2.
Both the EPaNIC and PEPaNIC trials which randomized unselected
adult and pediatric ICU patients to early versus late PN achieved
significant differences in calories in the first week, and found lower
MV duration with late PN, but it unclear if this was related to dif-
ferences in PaCO2 [36,37]. A recent meta-analysis of 8 randomized
controlled trials of enteral feeding found no difference in MV dura-
tion between lower versus higher caloric intake (weighted mean
difference,�1.12 days; 95% CI,�2.67 to 0.44 days) [15]. On the other
hand, Al-Saady et al. found that higher fat-to-carbohydrate feeding
was associated with lower PaCO2 and less MV duration by a mean of
62 h [17]. In the current study, we found that permissive under-
feeding versus standard feeding was associated with similar MV
duration and ventilator-free days in patients with hypercapnia. We
also found no impact on their mortality. The 2016 Society of Critical
Care Medicine and American Society for Parenteral and Enteral
Nutrition guidelines did not directly address feeding in HCARF. The
guidelines recommended, based onhigh-qualityevidence, either full
or trophic feeding to patients with ARF expected to require MV for�
3 days and suggested, based on very low-quality evidence, against
the use of high-fat/low-carbohydrate feeding formulae in ARF pa-
tients [20]. In the current study, only 15.0% of patients received
respiratory-specialized formula. Our findings of no difference in
PaCO2 and MV outcomes are in line with these guidelines.

The study strengths include that data came from a multicenter
randomized controlled trial; the sample size was relatively large
compared with other studies; and the protein intake and fluid
balance were similar and the was similar in both groups. The study
limitations include the post-hoc analysis, the lack of indirect calo-
rimetry, VCO2 and dead space measurement data, and the inability
to determine a priori the cause of hypercapnia. While there was a
significant difference in caloric intake (~480 kcal) between the two
groups, the higher (standard) feeding group received only ~ 75% of
calculated caloric requirement. This may explain why the feeding
composition was not associated with outcomes.
Conclusion

In conclusion, compared with standard feeding, permissive
underfeeding was associated with similar mortality, MV duration
and ventilator-free days in patients with HCARF. Higher fat-to-
carbohydrate ratio was not associated with less MV duration and
more ventilator-free days. Additional studies are needed to clarify
the clinical significance of different levels of caloric intake on the
outcomes of ICU patients with HCARF.
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