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BACKGROUND: Early enteral nutrition is recommended for mechanically ventilated patients in
several studies and guidelines. In contrast, the effects of early enteral nutrition on noninvasive
ventilation (NIV) have not been investigated extensively. The lack of an established method of
airway protection suggests that enteral nutrition administration to these patients could increase
airway complications and worsen outcomes. METHODS: Between January 2007 and January 2015,
150 patients were admitted to our respiratory department for acute respiratory failure and received
NIV for >48 h. Of these, 107 subjects incapable of oral intake were retrospectively analyzed.
Clinical background and complications were compared in subjects who did and did not receive
enteral nutrition. RESULTS: Sixty of the 107 subjects (56%) incapable of oral intake who received
NIV also received enteral nutrition. Serum albumin concentration was significantly lower in
subjects who received enteral nutrition than in those who did not (mean 2.7 ⴞ 0.68 mg/dL vs
3.0 ⴞ 0.75 mg/dL, P ⴝ .048). The rate of airway complications was significantly higher (53% [32/60]
vs 32% [15/47], P ⴝ .03), and median NIV duration was significantly longer (16 [interquartile range
7– 43] d vs 8 [5–20] d, P ⴝ .02) in subjects who received enteral nutrition than in those who did not.
Multivariate analysis showed that enteral nutrition was unrelated to in-hospital mortality.
CONCLUSIONS: Among subjects receiving NIV, enteral nutrition was associated with increased
risk of airway complications but did not affect mortality. Enteral nutrition should be carefully
considered in these patients. Key words: noninvasive ventilation; enteral nutrition; critical care; airway
management; respiratory failure; respiratory care units. [Respir Care 2017;62(4):459 –467. © 2017
Daedalus Enterprises]

Introduction
Early enteral nutrition is recommended for mechanically ventilated patients in several studies and guidelines.1-5
Enteral nutrition reportedly reduces the duration of me-

chanical ventilation and hospitalization and enhances patient survival.6-12 However, the effects of early enteral nutrition on noninvasive ventilation (NIV) have not been
investigated extensively. In addition, enteral nutrition has
shown adverse effects, including critical ones.
Patients receiving NIV may experience various complications, including airway problems (vomiting, increased
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sputum, mucus plugging, and atelectasis) and other problems (discomfort, pneumothorax, hypotension, cardiac
rhythm disturbances, and anxiety). Enteral nutrition may
worsen these complications, especially airway complications, possibly leading to critical problems, such as pneumonia and airway obstruction. Moreover, unlike for invasive ventilation, no methods of airway protection have
been established for NIV.13,14 Despite the advantages of
enteral nutrition in patients with acute respiratory failure,
the effects of enteral nutrition in patients receiving NIV
have not been clarified.
Aspiration and mucus plugging are considered to be
major complications of NIV, although only a few studies
have evaluated its actual incidence and influence on clinical outcomes. Gay15 reported that aspiration occurred in
5% of subjects undergoing NIV and recommended careful
patient selection and gastric drainage when appropriate,
despite the fact that gastric drainage completely opposes
the goals of enteral nutrition. Gay15 also described the
importance of mucus plugging, while acknowledging that
its incidence, effect on clinical outcomes, and effective
strategies for prevention remain unclear. This study hypothesized that administration of enteral nutrition to subjects receiving NIV would increase airway complications
and worsen outcomes by causing severe hypoxia and/or
pneumonia.
Methods
Study Design and Population
This historical cohort study included subjects admitted
to the ICU or intermediate care unit of the respiratory
department at our institution, a community teaching hospital in Hyogo prefecture in Japan, from January 2007
through January 2015. Subjects were included in this study
if they were admitted for acute respiratory failure and
received NIV treatment for ⬎48 h. Acute respiratory failure was defined as a PaO2 ⬍60 mm Hg, a SpO2 ⱕ90%, or
a PaCO2 ⱖ45 mm Hg, along with signs and symptoms of
respiratory distress.16,17 Patients who needed urgent intubation were not included. Patients able to maintain sufficient nutrition by oral intake at the time of starting NIV
treatment were excluded, as were patients who had previously undergone gastrostomy, jejunostomy, or percutaneous endoscopic gastrostomy. Patients were also excluded
if they had been diagnosed with ileus; were receiving NIV
during the daytime for a chronic disease; were started on
NIV at another hospital before transfer to our hospital;
were receiving NIV for a non-pulmonary diagnosis, such
as seizure; or were pregnant. NIV was indicated in patients
with one or more of the following criteria: breathing frequency ⬎25 breaths/min, contraction of accessory inspiratory muscles, paradoxical abdominal motion, P aO 2

460

FOR

AIRWAY COMPLICATIONS

QUICK LOOK
Current knowledge
The adverse effects of enteral nutrition related to the
airway, including vomiting, mucus plug, and pneumonia, may cause critical complications. Although consensus guidelines recommend early enteral nutrition for
mechanically ventilated patients, the effect on patients
receiving noninvasive ventilation (NIV), without the
existence of a precise airway protection method, is unknown.
What this paper contributes to our knowledge
Enteral nutrition caused more airway complications in
subjects receiving NIV for acute respiratory failure than
in those receiving nutrition by other routes. However,
enteral nutrition did not affect the mortality or rate of
NIV failure.

⬍60 mm Hg while breathing air, PaO2/FIO2 ⬍250 mm Hg
while breathing supplemental oxygen, or P a C O 2
⬎45 mm Hg. Patients who required urgent intubation because of respiratory arrest, respiratory pauses, severe coma,
copious tracheal secretion or hemodynamic instability were
not started on NIV.
NIV was delivered in CPAP or spontaneous/timed
mode via a well-fitting full-face mask. The inspiratory
positive airway pressure when applying the spontaneous/timed mode and the PEEP were initially set at 8 –12
and 4 –10 cm H2O, respectively, and were gradually
changed depending on the subject’s clinical response
and tolerance.
The spontaneous/timed mode was selected when subjects developed hypercapnia with acute respiratory acidosis or signs of respiratory distress. The FIO2 was adjusted to
keep the SpO2 at ⱖ90% with the aim of achieving a satisfactory PaO2 level without increasing the degree of hypercapnia. NIV treatment was initially continuous, and attempts to withdraw the subjects were started when their
conditions stabilized and they required ⱕ8 cm H2O of
support, had a PEEP of ⱕ6 cm H2O, and had an FIO2 of
ⱕ0.4.
Sedatives were administered when subjects could not
continue NIV due to agitation, and ⫹1 or more on the
Richmond Agitation-Sedation Scale was generally considered an indication to administer sedation.17 Subjects
were most often managed between ⫺2 and 0 on the
Richmond Agitation-Sedation Scale during sedation. Sedation was usually initiated intermittently, and if the
target sedation level was not achieved, we began continuous administration. When dyspnea could not be con-
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trolled despite sedation, we used opioids to alleviate the
dyspnea.
Subjects unable to maintain volitional intake were classified into 2 groups, those who did and did not receive
enteral feeding. Feeding was started in subjects considered
incapable of oral intake for more than a few days. Because
the purpose of feeding was to promote early recovery and
reduce time to discharge, nutrition was not recommended
for subjects thought to respond poorly to treatment and
with little possibility of recovery. According to guidelines,
enteral nutrition was usually preferred to parental nutrition. However, subjects in whom enteral nutrition was
unfeasible for some reason (including high risk of aspiration, copious sputum, or episodes of vomiting) or those
who refused to receive enteral nutrition were considered
for parental nutrition.1 Traditional nutrition indicators, such
as the serum albumin level, did not affect the management
because these are considered to be invalid in critical care.
Most subjects in the enteral feeding group received a commercially available standard enteral nutrition preparation
containing 1 kcal/mL, administered through a nasogastric
tube. The initial rate was 10 –20 mL/h and was increased
after 8 h or a few days in the absence of significant gastric
residuals (ie, ⬎200 mL) or other problems, such as nausea,
vomiting, severe diarrhea, or aspiration, until the target
feeding was achieved. Gastric residual volumes were
checked every 8 h. Target energy and protein were calculated by multiplying body weight by 25–30 kcal/kg and
1–2 g/kg, respectively. Actual body weight was used for
underweight and normal weight subjects, whereas adjusted
body weight, defined as weight at a body mass index of
22 kg/m2, was used for overweight and obese subjects.
Subjects were in a semi-recumbent position (ⱖ30°) during enteral feeding. Oral intake could be initiated if
clinically indicated. Subjects who were at risk for airway complications were carefully monitored and received prompt care when needed. Nurses estimated the
frequency of suctioning for each subject and conducted
it regularly.
Because we used an approved database to obtain medical records of subjects, provision of informed consent was
not required for this study. The study was approved by the
institutional review board of Kobe City Medical Center
General Hospital.
Data Collection
Subjects’ baseline demographic and physiologic characteristics, as well as comorbidities, were determined at
admission. Respiratory status and nutrition were evaluated
on the date each subject started receiving NIV. Subject
physical activity was assessed before the onset of disease
and was classified into 3 groups: class 0, without restriction; class 1, activities restricted to the home; and
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class 2, requirement to be bedridden. Lung injury category and the decision to administer sedatives and/or
opioids were obtained from subjects’ medical charts.
All data were collected and analyzed by the authors of
this report.
Outcome Measures
The main outcomes were the frequency of airway complications during NIV treatment, NIV failure, NIV days,
hospital days, in-hospital mortality, and the type of discharge. Airway complications were defined as the total
number of episodes of vomiting, followed by desaturation,
mucus plug, and aspiration pneumonia. Subjects were defined as having a mucus plug if they required frequent
sputum suction (⬎2 times/h) and had episodes of temporal
desaturation that could only be caused by sputum obstruction of the airways. Aspiration pneumonia was diagnosed by the physician in charge, and subjects were
administered antibiotic treatment. Discontinuation of
NIV was defined as not requiring NIV during the daytime. Mask leak of up to 30 – 40% was allowed as long
as it was compensated by ventilation. Criteria for NIV
failure included loss of consciousness or persistent hypercapnic coma while receiving NIV, psychomotor agitation making nursing care impossible and requiring continuous sedation, pronounced worsening in signs of respiratory
distress with a breathing frequency ⬎40 breaths/min under
NIV, SpO2 ⬍90% despite FIO2 of 1.0, and requiring intubation. When NIV failure was considered to have occurred, the
patients were intubated unless they had do-not-intubate orders. Types of discharge were categorized as discharge to
home, transfer, or death.
Statistical Methods
Subject demographic and clinical characteristics, as
well as complications and outcomes, were compared
between the group with enteral feeding and that without
enteral feeding. Data are presented as medians with
interquartile ranges for ordinal data and as mean with
SD for continuous data. Continuous variables were compared with the Wilcoxon rank-sum test, and categorical
variables were compared with the Pearson chi-square
test. Durations of NIV, hospitalization, and the ICU/intermediate care unit stay were determined by the Kaplan-Meier method and compared by log-rank tests, with
censoring at the time of death or transfer. End points
included discontinuation of NIV and discharge. Subgroup analyses were also performed among subjects with
and without airway complications.
To determine the factors associated with airway complications, possible predictors of airway complications were
tested by univariate and multivariate logistic regression
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The reasons for exclusion were capability of oral intake
(n ⫽ 30), treatment with percutaneous endoscopic gastrostomy (n ⫽ 4), treatment with NIV during the daytime for
a chronic disease (n ⫽ 3), history of gastrostomy or jejunostomy (n ⫽ 2), starting NIV at another hospital before
transfer to our hospital (n ⫽ 2), diagnosis of ileus (n ⫽ 1),
and treatment with NIV for a non-pulmonary cause (n ⫽ 1).
Of the 107 included subjects, 60 received enteral nutrition,
and 47 did not. None of the included subjects were in
postoperative status. Their clinical features are summarized in Table 1. There were no significant between-group
differences, except that the initial serum albumin concentration was lower in subjects with than without enteral
feeding (2.7 ⫾ 0.68 mg/dL vs 3.0 ⫾ 0.75 mg/dL, P ⫽ .048).
Of the 60 subjects in the enteral feeding group, 26 started
enteral feeding within 48 h after NIV initiation (median
3 [interquartile range 1– 4] d); the median duration of enteral feeding in this group was 10 d (interquartile range
5–23 d). All subjects in the enteral feeding group continued enteral feeding until they began oral intake or were
discharged (died or transferred).
Outcomes
Fig. 1. Flow chart. NIV ⫽ noninvasive ventilation.

analyses. Cut-off values were either the median of that
parameter (eg, age ⱖ75 y) or based on a clinically relevant
threshold (eg, PaO2/FIO2 ratio ⬍200, PaCO2 ⱖ45 mm Hg, or
serum albumin concentration ⬎3 g/dL). Variables with
P ⬍ .05 on univariate analysis were entered into the multivariate model. The results were expressed as odds ratios
and 95% CIs.
Survival of subjects with and without enteral feeding
was also assessed by the Kaplan-Meier method and compared by log-rank tests. To evaluate the effect of enteral
feeding, low albumin level, and other factors, Cox proportional hazard models were constructed to estimate the hazard ratio. Multivariate analysis included factors with P ⬍ .05
by univariate analysis, enteral feeding and serum albumin
concentration. The results were expressed as hazard ratios
and 95% CIs. P ⬍ .05 was considered statistically significant. All statistical analyses were performed using JMP
8.0 for Windows (SAS Institute, Cary, North Carolina).
The physician (MK) conducted all statistical analyses with
the supervision of a statistician (TM).
Results
Subject Characteristics
During the study period, 150 subjects received NIV for
⬎48 h; of these, 43 were excluded from analysis (Fig. 1).
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Rates of mucus plug (50% [30/60] vs 30% [14/47]), aspiration pneumonia (17% [10/60] vs 4% [2/47]), and airway
complications (53% [32/60] vs 32% [15/47]) were higher in
the enteral feeding than in the non-enteral feeding group (Table 2). Vomiting was observed only in the enteral feeding
group. The durations of NIV and hospitalization were significantly longer in the enteral feeding group (P ⬍ .05 each).
Survivors in the enteral feeding group tended to stay longer in
the ICU/intermediate care unit (P ⫽ .01) and were less likely
to be discharged home (8% vs 36%), but there was no significant between-group difference in NIV failure (P ⫽ .59)
and in-hospital mortality rate (P ⫽ .17). In the subgroup
analyses, the durations of NIV and hospitalization were significantly longer in the enteral feeding group only among
subjects without airway complications. However, there was a
tendency to prolonged hospitalization in the enteral feeding
group, particularly among subjects with airway complications (Table 3).
Logistic Regression Analysis for Airway
Complications
Of the 107 subjects included in this study, 47 (44%)
experienced airway complications. Univariate analysis
showed that age (P ⫽ .02), enteral feeding (P ⫽ .03),
serum albumin concentration (P ⫽ .03), admission for
pneumonia (P ⫽ .03), and underlying neurological disease
(P ⫽ .033) were significantly associated with airway
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Baseline Characteristics of Subjects in the Groups That Did and Did Not Receive Enteral Feeding
Characteristics

Age, median (IQR) y
Male sex, n (%)
Physical activity, n (%)*
0
1
2
Underlying disease, n (%)
Pulmonary
Cardiac
Renal
Neural
Malignant
Lung injury category, n (%)
Pneumonia
COPD exacerbation
IP exacerbation
Cardiac failure
Others
Weight, mean ⫾ SD kg
BMI, mean ⫾ SD kg/m2
Diabetes, n (%)
LTOT before admission, n (%)
EPAP, median (IQR) cm H2O
IPAP, median (IQR) cm H2O
PaO2/FIO2 ratio, mean ⫾ SD
PaCO2, mean ⫾ SD mm Hg
Opioids, n (%)
Sedatives, n (%)
Opioids or sedatives, n (%)
Hemoglobin, mean ⫾ SD mg/dL
Creatinine, mean ⫾ SD mg/dL
Glucose, mean ⫾ SD mg/dL
Albumin, mean ⫾ SD mg/dL
Total protein, mean ⫾ SD g/dL
Nutrition type, n (%)
EN
TPN
PPN
Fluid replacement

Non-Enteral Feeding (n ⫽ 47)

Enteral Feeding (n ⫽ 60)

P

73 (64–81)
33 (70)

77 (68–83)
47 (78)

.71
.33
.96

25 (53)
14 (30)
8 (17)

33 (55)
18 (30)
9 (15)

30 (64)
8 (17)
8 (17)
7 (15)
9 (19)

39 (65)
15 (25)
11 (18)
11 (18)
9 (15)

.90
.32
.86
.63
.57

24 (51)
5 (11)
2 (10)
6 (13)
9 (19)
52 ⫾ 13
20 ⫾ 4
13 (28)
13 (28)
6 (4–8)
10 (8–14)
118 ⫾ 43
59 ⫾ 30
12 (26)
15 (33)
17 (34)
11.6 ⫾ 2.3
0.99 ⫾ 0.81
158 ⫾ 60
3.0 ⫾ 0.75
6.4 ⫾ 0.89

27 (45)
7 (12)
12 (20)
2 (3)
13 (22)
51 ⫾ 12
20 ⫾ 5
16 (27)
9 (15)
6 (4–8)
10 (8–12)
124 ⫾ 49
53 ⫾ 25
24 (40)
29 (48)
33 (66)
11.6 ⫾ 2.6
1.34 ⫾ 1.6
163 ⫾ 76
2.7 ⫾ 0.68
6.1 ⫾ 1.0

.53
.87
.19
.065
.75
.55
.71
.90
.11
.93
.93
.51
.31
.13
.10
.065
.56
.55
.88
.048
.49

0
3 (6)
16 (34)
28 (60)

60 (100)
0 (0)
0 (0)
0 (0)

* Physical activity was categorized as follows: class 0, without restriction; class 1, activities restricted to the home; and class 2, requirement to be bedridden.
IQR ⫽ interquartile range
IP ⫽ interstitial pneumonia
BMI, body mass index
LTOT ⫽ long-term oxygen therapy
EPAP ⫽ expiratory positive airway pressure
IPAP ⫽ inspiratory positive airway pressure
EN ⫽ enteral nutrition
TPN ⫽ total parental nutrition
PPN ⫽ peripheral parental nutrition

complications (Table 4). Multivariate analysis showed that
enteral feeding (odds ratio 2.46, 95% CI 1.03– 6.13) and
serum albumin concentration (odds ratio 0.26, 95% CI
0.09 – 0.68) were significant risk factors for airway complications.
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Survival Analysis
Kaplan-Meier analysis showed similar survival curves for
the enteral feeding and non-enteral feeding groups (P ⫽ .62)
(Fig. 2). Both univariate and multivariate analyses revealed
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Table 2.

Outcomes of Subjects in the Groups That Did and Did Not
Receive Enteral Feeding

Outcomes
Vomiting, n (%)
Mucus plug, n (%)
Aspiration pneumonia, n (%)
Airway complications, n (%)
NIV failure, n (%)
NIV days, median (IQR) d
Hospital days, median (IQR) d
In-hospital mortality, n (%)
ICU/IMCU days, median (IQR) d
Type of discharge, n (%)
To home
Transfer
Death

Non-Enteral
Feeding
(n ⫽ 47)

Enteral
Feeding
(n ⫽ 60)

0 (0)
14 (30)
2 (4)
15 (32)
29 (63)
8 (5–20)
37 (21–55)
22 (46)
7 (3–17)

2 (3)
30 (50)
10 (17)
32 (53)
40 (67)
16 (7–43)
48 (34–88)
36 (60)
14 (5–25)

17 (36)
8 (17)
22 (46)

5 (8)
19 (32)
36 (60)

P
.21
.035
.044
.03
.59
.02
⬍.001
.17
.01
.001

NIV ⫽ noninvasive ventilation
IQR ⫽ interquartile range
IMCU ⫽ intermediate care unit

Table 3.

Subgroup Analysis of Subjects With and Without Airway
Complications

Outcomes
With airway complications
NIV failure, n (%)
NIV days, median (IQR) d
Hospital days, median (IQR) d
Discharge home, n (%)
In-hospital mortality, n (%)
Without airway complications
NIV failure, n (%)
NIV days, median (IQR) d
Hospital days, median (IQR) d
Discharge home, n (%)
In-hospital mortality, n (%)

Non-Enteral
Feeding*
(n ⫽ 15)

Enteral
Feeding
(n ⫽ 32)

9 (60)
13 (9–29)
24 (7–39)
2 (13)
8 (53)

23 (71)
15 (7–43)
37 (24–48)
2 (6)
19 (57)

.41
.76
.061
.43
.30

20 (54)
7 (4–12)
21 (15–31)
15 (46)
14 (43)

17 (46)
19 (6–43)
26 (11–32)
3 (10)
16 (57)

.88
.02
.02
⬍.001
.30

P

* For non-enteral feeding, n ⫽ 15 with airway complications, and n ⫽ 32 without airway
complications.
† For enteral feeding, n ⫽ 32 with airway complications, and n ⫽ 28 without airway
complications.
NIV ⫽ noninvasive ventilation
IQR ⫽ interquartile range

that neither the serum albumin concentration nor enteral feeding was associated with subject survival (Table 5).
Discussion
To our knowledge, this is the first study to evaluate the
effects of enteral nutrition in subjects receiving NIV for
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acute respiratory failure. The present study results indicated that enteral nutrition is an independent factor associated with airway complications and longer duration of
NIV and hospitalization.
Increased rates of vomiting and aspiration and increased
amounts of sputum are complications of enteral nutrition.13,14 The presence of a feeding tube crossing the lower
esophageal sphincter and gastroduodenal hypomotility also
contribute to reflux and aspiration in mechanically ventilated patients.18 These complications can be minimized,
however, by careful monitoring and preventive measures,
such that these complications do not affect clinical outcomes.19,20
Many studies have shown the benefits of early enteral
nutrition, including reduced risks of infection,10,21,22 shorter
duration of hospital stay and mechanical ventilation,23-25
and lower mortality rates.12 This study found, however,
that enteral feeding increased airway complications in subjects receiving NIV and may be associated with longer
duration of NIV and hospitalization. Moreover, enteral
nutrition was not associated with better outcomes in this
population.
Airway management is important in preventing ventilator-associated pneumonia and choking. Two randomized
studies reported that improvements in secretion management could reduce the risk of ventilator-associated pneumonia.26 Although subjects receiving NIV received frequent oral suctioning in this study, reliable airway
protection is impossible for them. This may increase the
risk of pneumonia as well as of mucus plugs.
Because the purpose of this study was to understand the
effects of enteral nutrition on clinical outcomes, we evaluated the number of clinical events, including vomiting
and aspiration pneumonia, which have been suggested as
major complications for NIV, instead of measuring the
gastric pepsin concentration in tracheal secretions.15 However, neither the true incidence of these events nor the
utility of the interventions for prevention is known. Because each airway complication is related to other factors
(eg, vomiting and mucus plugging might cause aspiration
pneumonia), it was difficult to individually separate the
complications; when compared with other airway complications, however, the incidence of vomiting was very small
(0 subjects in the non-enteral feeding group and 2 subjects
in the enteral feeding group), and neither patient’s condition was critical. This might suggest the importance of the
nutrition protocol; however, further studies are needed.
Early nutrition has been shown to benefit intubated patients with acute respiratory failure, but no study to date
has evaluated the risks or benefits of enteral nutrition among
NIV patients. Although guidelines recommend enteral over
parental feeding,1-3 the results presented here suggest that
enteral nutrition in patients receiving NIV increases the
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Univariate and Multivariate Analyses of Factors Related to Airway Complications
Univariate Analysis

Multivariate Analysis

Variables
Sex (male vs female)
Age (ⱖ75 y vs ⬍75 y)
PaO2/FIO2 (⬍200 vs ⱖ200)
PaCO2 (ⱖ45 vs ⬍45 mm Hg)
Enteral feeding
Opioids
Sedatives
Opioids or sedatives
Albumin (⬎3 vs ⱕ3 g/dL)
Physical activity (class 2 vs 0/1)
Pneumonia
Underlying neurological disease

OR (95% CI)

P

2.26 (0.89–5.76)
2.47 (1.13–5.42)
0.77 (0.18–3.25)
1.39 (0.64–2.99)
2.43 (1.1–5.4)
0.60 (0.26–1.37)
0.57 (0.26–1.26)
0.52 (0.24–1.14)
0.25 (0.1–0.63)
0.87 (0.31–2.50)
2.37 (1.09–5.18)
3.09 (1.06–8.98)

.08
.02
.72
.40
.03
.22
.16
.10
.002
.80
.03
.033

OR (95% CI)

P

1.98 (0.82–4.8)

.12

2.46 (1.03–6.13)

.043

0.26 (0.09–0.68)

.005

2.36 (0.99–5.78)
1.14 (0.77–8.63)

.051
.13

OR ⫽ odds ratio

Fig. 2. Kaplan-Meier analysis of cumulative survival in the enteral
feeding and non-enteral feeding groups. P ⫽ .62.

risk of airway complications. The route of nutrition should
therefore be considered carefully in NIV patients.
In subgroup analyses, even among subjects without airway complications, both the duration of NIV and hospitalization length were prolonged, and fewer subjects in the
enteral feeding group were discharged home. This result
suggests that there might be factors, other than airway
complications, associated with prolonged NIV, hospitalization, time to recover to discharge home such as rehabilitation programs and incidence of delirium. Unfortunately, we did not collect data on those factors and could
not clarify their influence on NIV outcomes. Because this
was a retrospective study with a small sample size, there is
the possibility that other factors we did not identify or
could not evaluate might have an influence on these results. Although we must recognize that airway complica-
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tions are one of the significant and critical problems of
patients undergoing NIV, further study is needed to confirm the effects of enteral nutrition on NIV outcomes.
This study had several limitations. First, it was retrospective in design, making it impossible to control for
subject characteristics. This resulted in lower serum albumin concentration in the enteral feeding group. Because
the sample size was overly small for subgroup analyses,
we performed a multivariate analysis, which showed that
enteral feeding was independently associated with airway
complications. Univariate analysis showed that enteral nutrition was not significantly associated with survival. Additionally, multivariate analysis confirmed that serum albumin concentration was also not associated with survival.
Second, as in other retrospective studies, decisions on the
use of NIV and enteral nutrition were made by attending
clinicians, although they were recommended to follow our
institutional protocol. Third, not all of the exact gastric
residual volumes of subjects in the enteral group were
recorded in a chart, and the possibility remained that the
gastric residues had an influence on the rate of airway
complications. However, enteral nutrition was withheld
when the gastric residual volume was ⬎200 mL; thus,
gastric residual volume was kept under clinically important values to avoid complications. Fourth, it was impossible to compare subjects with and without NIV, because
they had very different baseline characteristics, including
code status, illness severity, indication for ventilation, and
consciousness level. These differences could mask any
effect of enteral nutrition on NIV. Fifth, many of the subjects lacked spirometric data, and the baseline respiratory
status was unclear. Sixth, there was a wide variation among
subjects in terms of illness severity, nutrition status, and
lung injury, although the only significant difference be-
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Cox Regression Model for Risk of In-Hospital Mortality
Univariate Analysis

Multivariate Analysis

Variables
Age (ⱖ75 y vs ⬍75 y)
PaO2/FIO2 (⬍200 vs ⱖ200)
PaCO2 (ⱖ45 vs ⬍45 mm Hg)
Enteral feeding
Airway complications
Albumin (⬎3 vs ⱕ3g/dL)
Physical activity (class 2 vs 0/1)
IP exacerbation
Number of underlying diseases (ⱖ2 vs ⬍2)

HR (95% CI)

P

0.88 (0.52–1.48)
1.3 (0.47–5.34)
0.4 (0.23–0.69)
0.96 (0.58–1.71)
0.81 (0.47–1.37)
0.89 (0.47–1.6)
1.0 (0.99–1.95)
1.88 (1.01–3.33)
1.38 (0.81–2.35)

.64
.65
⬍.001
.95
.43
.71
.99
.047
.23

HR (95% CI)

P

0.4 (0.21–0.73)
0.97 (0.57–1.69)

.003
.92

1.36 (0.68–2.58)

.37

1.36 (0.7–2.54)

.34

IP ⫽ interstitial pneumonia
HR ⫽ hazard ratio

tween the groups of subjects who did and did not receive
enteral nutrition was their mean serum albumin concentration. Because this study was retrospective in design,
performed at a single center, and included a small number
of subjects, there was potential for selection bias. Finally,
the sample size for the study was not calculated in advance; thus, these findings should be interpreted as exploratory results. Although we went back in time as far as
possible for inclusion (unless we managed subjects in the
same protocol), it is possible that the sample size was too
small to detect differences in the clinical outcomes between the groups.
There is no consensus regarding nutrition, especially in
patients receiving NIV. Our study showed the risks of
enteral nutrition in these patients. Although many previous
studies have reported the benefits of enteral nutrition for
patients with acute respiratory failure, prospective randomized controlled studies are needed to evaluate the advantages and disadvantages of enteral nutrition specific to
patients receiving NIV.

2.

3.

4.

5.

6.

Conclusions
Enteral feeding in subjects receiving NIV for acute respiratory failure was independently associated with airway
complications and associated with longer durations of NIV
and hospitalization. Enteral nutrition should be carefully
considered in these patients, because its benefits may be
offset by its disadvantages.

7.

8.

9.
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