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ARTICLE INFO SUMMARY
Article history: Background & aims: Early reports suggest significant difficulty with enteral feeding in critically ill COVID-
Received 27 January 2021 19 patients. This study aimed to characterize the prevalence, clinical manifestations, and outcomes of

Accepted 22 March 2021 feeding intolerance in critically ill patients with COVID-19.

Methods: We examined 323 adult patients with COVID-19 admitted to the intensive care units (ICUs) of
Keywords: Massachusetts General Hospital between March 11 and June 28, 2020 who received enteral nutrition.

Gl dysmotility Systematic chart review determined prevalence, clinical characteristics, and hospital outcomes (ICU
SARS-CoV-2 .. . . .

U complications, length of stay, and mortality) of feeding intolerance.

Feeding intolerance Results: Feeding intolerance developed in 56% of the patients and most commonly manifested as
Malnutrition large gastric residual volumes (83.9%), abdominal distension (67.2%), and vomiting (63.9%). Length of

intubation (OR 1.05, 95% CI 1.03—1.08), >1 GI symptom on presentation (OR 0.76, 95% CI 0.59—0.97),
and severe obesity (OR 0.29, 95% CI 0.13—0.66) were independently associated with development of
feeding intolerance. Compared to feed-tolerant patients, patients with incident feeding intolerance
were significantly more likely to suffer cardiac, renal, hepatic, and hematologic complications during
their hospitalization. Feeding intolerance was similarly associated with poor outcomes including
longer ICU stay (median [IQR] 21.5 [14—30] vs. 15 [9—22] days, P < 0.001), overall hospitalization time
(median [IQR] 30.5 [19—42] vs. 24 [15—35], P < 0.001) and in-hospital mortality (33.9% vs. 16.1%,
P < 0.001). Feeding intolerance was independently associated with an increased risk of death (HR
3.32; 95% CI 1.97-5.6).
Conclusions: Feeding intolerance is a frequently encountered complication in critically ill COVID-19
patients in a large tertiary care experience and is associated with poor outcomes.

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

* Corresponding author. Division of Gastroenterology, Massachusetts General Hospital, 55 Fruit Street, Boston, MA 02114, USA.
E-mail address: kstaller@mgh.harvard.edu (K. Staller).
1 Contributed equally.

https://doi.org/10.1016/j.cInu.2021.03.033
0261-5614/© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Please cite this article as: R. Liu, M. Paz, L. Siraj et al., Feeding intolerance in critically ill patients with COVID-19, Clinical Nutrition, https://
doi.org/10.1016/j.clnu.2021.03.033



mailto:kstaller@mgh.harvard.edu
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
https://doi.org/10.1016/j.clnu.2021.03.033
https://doi.org/10.1016/j.clnu.2021.03.033

R. Liu, M. Paz, L. Siraj et al.
1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the causative pathogen of coronavirus disease 2019 (COVID-19), has
led to an ongoing pandemic resulting in a sudden and substantial
increase in morbidity and mortality worldwide [1]. Among hospi-
talized patients with COVID-19, a disproportionate number
(approximately 15—40%) are critically ill, requiring intensive care
unit (ICU) care and invasive mechanical ventilation [2—6]. Despite
primary lung pathology, severe COVID-19 infection is frequently
associated with extrapulmonary complications involving multiple
organ systems, including dysfunction of the gastrointestinal (GI)
tract [7]. GI complications observed in this population include GI
bleeding, ischemic bowel, ileus, colonic pseudo-obstruction,
pancreatitis, and transaminitis [8]. While the factors driving these
observations remain unknown, proposed explanations include
intrinsic tropism of SARS-CoV-2 for the GI tract and GI dysmotility
in the setting of critical illness with high sedative use and pro-
longed mechanical ventilation [9,10].

Enteral nutrition is an integral part of care for critically ill pa-
tients, particularly for those on mechanical ventilation who cannot
eat volitionally. Successful delivery of enteral nutrition is
commonly impeded by signs and symptoms of feeding intolerance,
including vomiting, abdominal distension, constipation, diarrhea,
and increased gastric residual volumes [11,12]. Failure to achieve
enteral nutrition goals in critically ill patients is associated with
accumulated energy deficits, prolonged ICU stays, greater infec-
tious complications, and increased mortality [13]. Our own expe-
rience of caring for COVID-19 patients in the ICUs has been marked
by unprecedented difficulty with providing enteral nutrition for
this population due to frequent, severe feeding intolerance [ 14]. We
therefore sought to examine the prevalence, clinical manifesta-
tions, and outcomes of feeding intolerance in a large cohort of
critically ill patients with COVID-19.

2. Methods
2.1. Patient population and data collection

We enrolled adult patients with laboratory-confirmed COVID-19
admitted to the ICUs of Massachusetts General Hospital (MGH)
during the first surge of the pandemic between March 11 and June
28, 2020 who received enteral nutrition in the ICU. Patients were
identified through the Mass General Brigham electronic health
record (EHR) database. Laboratory-confirmed SARS-CoV-2 infec-
tion was determined by a positive reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) assay of a nasopharyngeal
swab specimen. We excluded patients who were never started on
enteral nutrition to determine the final ICU cohort. This study was
approved by the MGH Institutional Review Board, which waived
the need for informed consent from individual patients.

We used systematic EHR review to collect relevant admission
data including demographics, body mass index (BMI), medical
comorbidities, initial Sequential Organ Failure Assessment (SOFA)
scores, laboratory values, and presence and nature of COVID-
related GI symptoms. The Glasgow Coma Scale was excluded
from SOFA score calculation due to its reported lack of robustness
and reliability, and its inconsistent recording in daily clinical
practice [15,16]. Similar exclusion of the neurologic component
score has been previously reported [17,18]. The remaining five
component scores (cardiovascular, respiratory, renal, hepatic, and
coagulative) yield a maximum score of 20 points. Identified pa-
tients were followed serially to determine COVID-related medical
complications, GI-specific complications, ICU interventions, lengths
of ICU stay and overall hospitalization, and mortality. Patients were
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followed until hospital discharge, death, or September 15, 2020,
whichever came first.

2.2. Determination and characterization of feeding intolerance

Four coders were trained to systematically review inpatient
records for evidence of feeding intolerance. Because no systematic
definition of feeding intolerance exists, coders examined inpatient
documentation to evaluate the onset and nature of signs and
symptoms that correlated with administration of feeds, require-
ment to temporarily hold or terminate tube feeds due to GI intol-
erance, improvement of signs and symptoms after holding or
terminating tube feeds, or requirement to initiate of total paren-
teral nutrition (TPN) due to persistent intolerance to enteral
feeding. Episodes of feeding intolerance were characterized ac-
cording to presenting signs and symptoms and by duration of
symptoms. A radiologist (JR) blinded to the clinical assessment of
the patient examined associated abdominal imaging to provide an
independent radiological diagnosis of imaging abnormalities
associated with feeding intolerance episodes. We reviewed daily
progress notes to determine whether identified episodes led to any
complications arising from feeding intolerance, specifically:
malnutrition, documented vomiting or regurgitation while intu-
bated, bowel perforation, or a new bloodstream infection while on
TPN.

2.3. Enteral feeding

Per hospital practice, early enteral nutrition was initiated in
critically ill patients when medically feasible within 12—36 hr of
ICU admission. Common reasons for delayed initiation including
worsening hemodynamics with increasing pressor requirements or
non-functional gut such as bowel obstructions or ileus. Where
possible, trophic feeds were started at 10 cc/hr on ICU day 1
through day 3 with slow advancement thereafter per clinical
judgement. For patients presenting with at least one GI symptom
(i.e. nausea, vomiting, diarrhea or abdominal distention), trophic
feeds (10 cc/hr) were initiated on ICU day 1 through day 5 with slow
advancement thereafter per clinical judgement. Modular liquid
protein was initiated on ICU day 4.

Formula selection and goal tube feed rate were recommended
by the clinical dietitian. Typical formula choice was a standard
polymeric, fiber free formula (i.e. Promote 1.0 or Osmolite 1.0). Fluid
restricted formulas (i.e. Osmolite 1.5) were used in the setting of
worsening respiratory distress, volume overload, and for patients
on renal replacement therapy that experienced frequent in-
terruptions to the circuit. Low electrolyte formulas were used when
necessary in the setting of acute kidney injury. For patients with
BMI <30, the caloric goals were set at 15—20 calories per kilogram
(kg) of actual weight during the first week of critical illness, which
would be an equivalent of 70—80% of estimated energy needs.
Energy needs were re-assessed during the second week of critical
illness to meet the need of usual caloric requirement of 25—30
calories per kg of actual weight. For patients with BMI >30, the
caloric goals were 11—14 calories per kg of actual weight or 22—25
calories per kg of ideal body weight. Dietitians recommended a goal
tube feed rate to meet these targets while also accounting for
additional calories received from alternative sources such as pro-
pofol and dextrose-containing intravenous fluid.

Route of feeding was typically via nasogastric tube unless pa-
tients were dependent on percutaneous endoscopic gastrostomy
tube at baseline. Tube feeds were infused continuously while in
ICU. After extubation or when stable for floor transfer, the need to
stop or adjust tube feeds was reassessed based on the safety and
adequacy of oral intake. The initiation of parenteral nutrition was
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reserved for patients with non-functional gut or inadequate enteral
intake <60% of estimated energy needs over 7—10 days in the ICU.

2.4. Assessment of nutritional status

Malnutrition was defined using standardized diagnostic char-
acteristics according to the Consensus Statement released by the
Academy of Nutrition and Dietetics and the American Society for
Parenteral and Enteral Nutrition [19]. The six diagnostic charac-
teristics include insufficient energy intake, weight loss, loss of
muscle mass, loss of subcutaneous fat, localized or generalized fluid
accumulation and diminished functional status. Each of these
characteristics has associated criteria that help determine the
severity of malnutrition in the context of patients’ illness. Nutrition
assessment by clinical dietitians identified one or more of the above
characteristics to support a malnutrition diagnosis and to deter-
mine the severity of diagnosis.

2.5. Statistical analysis

Categorical variables are reported as frequencies and continuous
variables as means (with SDs) or medians (with interquartile
ranges [IQRs]) according to distribution. Groups were compared
with Wilcoxon rank sum tests for continuous variables, and with
Pearson y2 tests (Fisher exact tests where appropriate) for cate-
gorical variables. Any missing values were indicated in the table
footnotes. We used multivariable logistic regression models to
determine factors associated with feeding intolerance. Covariates
were selected a priori incorporating demographic information (age,
sex, and race), SOFA score (a composite reflecting multiple markers
of admission disease severity), variables putatively-associated with
both GI dysmotility and COVID-19 per clinical judgement and
existing COVID-19 literature (BMI, diabetes, chronic kidney disease,
neurologic disease), and a variable of experimental interest (pres-
ence of GI symptoms on admission). We included length of intu-
bation as a key covariate, as it likely serves as a proxy of severity of
illness in addition to a risk factor for development of feeding
intolerance (via sedation requirement and presence of critical
illness).

We used time-to-event techniques to calculate person-time for
each patient using days from feed initiation to death (event),
discharge (censored), or September 15, 2020. We calculated
Kaplan—Meier survival estimates and used the log-rank test to
compare groups. We used Cox proportional hazards modeling to
calculate multivariable-adjusted hazard ratios (HR) and 95% con-
fidence intervals for mortality according to feeding intolerance. As
above, covariates were selected a priori and included de-
mographics, BMI, presence of GI symptoms on admission, length of
intubation, and presence of diabetes, and kidney and neurologic
diseases (related to both feeding intolerance and COVID-19 mor-
tality) [20,21]. All statistical analyses were performed using Python
Version 3.8.5 (Python Software Foundation, https://www.python.
org/). Statistical significance was defined by a two-sided p-value
less than 0.05.

3. Results
3.1. Description of the cohort

From March 11 through June 28, 2020, we documented a total of
402 adult patients with COVID-19 admitted to the ICU, of which 323
(mean [SD] age 59.6 [14.9] years; 207 [64.1%] male) received enteral
nutrition. Amongst the 79 patients who did not receive enteral
feeding, the median length of ICU stay was only 2 days. Of this
group, 18 (22.8%) died prior to initiation of enteral feeding (median
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ICU length of stay [LOS] 2 days; IQR 2—3 days), while the remaining
surviving patients (n = 61) were quickly transferred to the medical
floors primarily for lower acuity (median ICU LOS 2 days; IQR 2—4
days) and 53 (86.9%) did not require mechanical ventilation.
Baseline patient characteristics, comorbidities, and outcomes of
patients who did versus did not receive enteral nutrition are listed
in (Supplementary Table 1).

We documented 180 (56%) incident cases of feeding intolerance
(mean [SD] age, 59.9 [18.8] years; 125 (69.4%) male) among the 323
patients receiving ICU enteral nutrition. Compared to patients
without feeding intolerance, feeding-intolerant patients were more
likely to be male and present with higher SOFA scores on admis-
sion. Age, race, medical comorbidities, and initial laboratory data on
admission were not significantly different between patients with
feeding intolerance versus those without (Table 1 and
Supplementary Table 2). However, patients with severe obesity
(defined as BMI > 40 kg/m?) were less likely than others to develop
feeding intolerance.

We also assessed COVID-19-related GI symptoms on presenta-
tion. A significantly higher proportion of patients who tolerated
enteral feeding presented with diarrheal symptoms on admission
than those who were feeding intolerant (27.3% vs 14.4%, p = 0.005;
Supplementary Table 2). While a higher proportion of feed-tolerant
patients presented with at least one GI symptom on admission
compared to the feed-intolerant group (48.3% vs 37.8%), this dif-
ference did not reach statistical significance (p = 0.070).

3.2. Characteristics and predictors of feeding intolerance

The median time to tube feed initiation from ICU admission was
1 day (IQR = 1) for both the feeding tolerant and feeding intolerant
groups (p = 0.56). The most common signs or symptoms of feeding
intolerance was large gastric residual volumes, though the majority
of these patients (76.1%) had other manifestations of feeding
intolerance as well (Table 2). Abdominal distension and vomiting
were also highly prevalent. The median time to development of
feeding intolerance was 4 days (IQR 2—8) with a median duration of
7 days (IQR 4—12). A further 42 (23.3%) patients developed addi-
tional episodes of feeding intolerance after resolution of the initial
episode. Ileus was the most common abnormality noted on sys-
tematic review of abdominal imaging obtained during feeding
intolerance episodes. Thirty-three (18.3%) patients required TPN.
The median duration of TPN was 8 days with five (15.2%) TPN pa-
tients developing a new bloodstream infection while on TPN.
Common complications related to feeding intolerance included
documented vomiting or regurgitation while intubated and mal-
nourishment. Bowel perforation occurred in three patients. Meto-
clopramide and erythromycin were the most commonly used
prokinetic agents for feeding intolerance (Supplementary Table 3).

Multivariable logistic regression analysis showed that length of
intubation was an independent predictor of feeding intolerance (OR
1.05, 95% CI 1.03—1.08) (Fig. 1). Age, sex initial SOFA score, diabetes,
chronic kidney disease, and comorbid neurologic conditions were
not associated with increased risk of feeding intolerance. Of note,
one or more GI symptoms on presentation (OR 0.76, 95% CI
0.59—0.97) and severe obesity (OR 0.29, 95% CI 0.13—0.66) were
associated with decreased risk of feeding intolerance.

3.3. ICU interventions, complications, and mortality

Compared to patients without feeding intolerance, patients with
incident feeding intolerance were significantly more likely to suffer
cardiac, renal, hepatic, and hematologic complications during their
hospitalization (Table 3). Patients with feeding intolerance were
also more likely to develop ischemic colitis. The median length of
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Table 1
Admission patient characteristics and comorbidities.”
Characteristic or condition Feeding intolerance® No feeding intolerance p-value
(N = 180) (N = 143)

Demographics

Age (years)
<40 18 (10.0) 15 (10.5) 1.0
40-59 60 (33.3) 58 (40.6) 0.20
60—79 85 (47.2) 5 (38.5) 0.14
>80 17 (94) 5 (10.5) 0.85

Female 55 (30.6) 61 (42.7) 0.03

Race or ethnic group
White 56 (31.1) 53 (37.1) 0.29
Black 26 (14.4) 3(9.1) 0.17
Hispanic 13(7.2) 16 (11.2) 0.24
Asian 10 (5.6) 5(3.5) 0.44
Other/unknown 75 (41.7) 56 (39.2) 0.73

BMI on admission
<185 2(1.1) 0(0) 0.51
18.5-24.9 26 (14.4) 20 (14.0) 1.0
25-29.9 60 (33.3) 44 (30.8) 0.63
30-39.9 77 (42.8) 5 (38.5) 0.49
>40 15(8.3) 24 (16.8) 0.03

Comorbidities
Diabetes 82 (45.6) 61 (42.7) 0.65
Immunocompromise 17 (9.4) ]3 9.1) 1.0
Respiratory disease 30(16.7) 35 (24.5) 0.09
Cardiovascular disease 37 (20.6) 34 (23.8) 0.50
Hypertension 107 (59.4) 76 (53.1) 0.26
Cerebrovascular disease 14 (7.8) 6(4.2) 0.25
Chronic kidney disease 31(17.2) 19 (13.3) 0.36
Liver cirrhosis 4(2.2) 5(3.5) 0.52
Chronic gastrointestinal disease 38 (21.1) 33(23.1) 0.69
Neurologic condition 14 (7.8) 17 (11.9) 0.25

Sequential organ failure assessment (SOFA) score

SOFA score on ICU admission, mean (SD)¢ 6.8 (2.1) 6.1(2.3) <0.005

Abbreviations: BMI, body mass index; GRV, gastric residual volume; ICU, intensive care unit.
¢ Data are shown as number (percentage) unless otherwise noted. Percentages are rounded.
b Defined as receiving tube feeds and diagnosed with feeding intolerance during the ICU admission, per chart review of signs and symptoms.
¢ There were 5 patients in the feeding intolerance group and 5 patients in the no feeding intolerance group with missing admission SOFA scores who were not included in

this analysis.

intubation was 6 days longer in feeding intolerant patients and
these patients were more likely to require proning for respiratory
optimization. Overall hospitalization was also 6 days longer in pa-
tients with feeding intolerance.

Finally, in-hospital mortality rates for patients with and without
feeding intolerance were 33.9% and 16.1%, respectively (p < 0.001).
Kaplan—Meier estimates of time to death from any cause showed
that patients with feeding intolerance had a significantly increased
risk of early death (log-rank test, p = 0.03, Fig. 2). Feeding intol-
erance was independently associated with an increased risk of
death (HR 3.32; 95% CI 1.97—-5.6) even after adjusting for multiple
demographic and medical covariates. On the other hand, presen-
tation with at least one COVID-related GI symptom was associated
with a lower mortality rate (HR 0.69; 95% CI 0.52—0.91).

4. Discussion

In this large cohort study of critically ill patients with COVID-19,
feeding intolerance occurred in more than half of patients and was
associated with substantial morbidity and mortality. We found
COVID-19 patients with feeding intolerance to have a nearly uni-
versal increase in length of stay and rates of COVID-19-related
complications and death. Our findings provide novel evidence for
the potential roles of feeding intolerance as a marker of illness
severity or harbinger of poor outcomes.

To date, there is very little evidence characterizing feeding
intolerance in critically ill COVID-19 patients, with most accounts
limited to case series or anecdotal reports. Nevertheless, providing

enteral nutrition in this population has been shown to be unprec-
edentedly difficult according to observations from multiple front-
line series [14,22,23]. In an earlier systemic review and meta-
analysis of feeding intolerance in intensive care settings, the
pooled prevalence was 38% (compared to 56% in our cohort),
though the reported prevalence varied widely between individual
studies likely due to patient heterogeneity across different ICUs and
the lack of a standardized definition of feeding intolerance [11].
Men infected with COVID-19 are more likely to experience more
severe disease and higher mortality compared to women [24,25].
Our finding that feeding intolerance was similarly more common in
men suggests a potential link between the degree of GI dysfunction
and severity of illness in critically ill patients with COVID-19. Other
parameters that have been shown to predict COVID-19 disease
severity, such as older age, race, increased BMI, and certain co-
morbidities, however, did not appear to be risk factors for feeding
intolerance. In fact, we found that severe obesity may be protective
against development of feeding intolerance. Obesity has been
associated with a myriad of GI comorbidities, including gastro-
esophageal reflux, dysphagia, and altered bowel habits, but ma-
jority of these studies were not done in intensive care settings
[26,27]. While challenges of providing nutritional support for in-
dividuals with obesity in the ICU are well-recognized, there is
currently little data systematically examining feeding intolerance
in critically ill patients with versus without obesity. The relation-
ship between severe obesity and feeding intolerance in severe
COVID-19, or in critical illness generally, should be further evalu-
ated in a larger cohort. We also found that COVID-19 patients
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Table 2
Characterization of feeding intolerance in critically ill patients with COVID-19.*
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Feeding intolerance

(N = 180)
Signs & symptoms of feeding intolerance

Nausea 44 (24.4)
Retching 13(7.2)
Vomiting 115 (63.9)
Abdominal pain 30(16.7)
Abdominal distension 121 (67.2)
Diarrhea 50 (27.8)
Constipation 67 (37.2)
Large GRV that required holding tube feed with one or more s/s above 137 (76.1)
Large GRV that required holding tube feed without s/s 14 (7.8)

Largest documented GRV in ICU, mean (IQR), mL"
Time course of feeding intolerance

473 (300—600)

Time to development of feeding intolerance since initiation of tube feed, median (IQR), days 4 (2-8)

Duration of feeding intolerance, median (IQR), days 7 (4-12)

Development of subsequent feeding intolerance episode(s) 42 (23.3)
Route of feeding during ICU admission

OG/NG 176 (97.8)

PEG tube 52 (28.9)

] tube 2(1.1)
Type of GI dysmetility by imaging assessment®

Gastroparesis 2(1.3)

Ileus 30(19.4)

Colonic pseudo-obstruction (Ogilvie) 3(1.9)

Unspecified/cannot be determined 123 (79.4)
Total parenteral nutrition (TPN)

Initiation of TPN 33(18.3)

Duration of TPN, median (IQR), days 8(4-12)
Complications from feeding intolerance

Malnutrition 90 (50.0)

Documented vomiting or regurgitation while intubated 116 (64.4)

Bowel perforation 3(1.7)

New bloodstream infection while on TPN 5(15.2)

Abbreviations: GRV, gastric residual volume; s/s, signs and symptoms; ICU, intensive care unit; IQR, interquartile range; OG/NG, orogastric/naso-

gastric tube; PEG tube, percutaneous endoscopic gastrostomy tube; | tube, jejunostomy tube.
2 Data are shown as number (percentage) unless otherwise noted. Percentages are rounded.

b There were 4 patients with missing GRV values during the ICU admission who were not included in this analysis.

¢ Imaging assessment was determined by radiologist review of gastrointestinal imaging (abdominal x-ray and/or CT abdomen/pelvis) during
feeding intolerance episodes. 25 patients did not have available abdominal imaging during feeding intolerance episodes and were not included in

this analysis.

Characteristic OR (95% Cl)
Age (per 10 years) 0.88 (0.78-1.01) ol
Sex 1.54 (0.93-2.57) \ -
Black 1.70 (0.70-4.11) A
Hispanic/Latinx 0.66 (0.28-1.58) e g
Asian 1.20 (0.32, 4.36) e
Other/unknown race 0.94 (0.55-1.61) — e
Overweight 0.79 (0.45-1.29) —
Obesity 0.46 (0.20-1.03) — e
Severe obesity 0.29 (0.13-0.66) —
Comorbid diabetes 0.92 (0.55-1.53) —
Chronic kidney disease 1.62 (0.79-3.36) —_——
Comorbid neurologic disease  0.46 (0.20-1.05) —a
Gl symptoms on admission 0.76 (0.59-0.97) —.—
SOFA Score 1.05 (0.95-1.17) He
Length of intubation (days) 1.05 (1.03-1.08) W

0:0 0:1 1.0 10le 106.0

OR (95% CI)

Fig. 1. Predictors of feeding intolerance in critically ill patients with COVID-19. Odds ratios with 95% confidence intervals of risk factors for developing feeding intolerance in
critically ill patients with COVID-19. Risk factors shown were chosen using both clinical and univariate predictor analysis. SOFA, Sequential Organ Failure Assessment; GI,
gastrointestinal; BMI, body mass index, with categories defined as: severe obesity with a BMI of >40 kg/m?, obesity 30—39.9 kg/m?, overweight 25—29.9 kg/m? normal
18.5—24.9 kg/m?, and underweight <18.5 kg/m?; Racial categories are expressed relative to white race; OR (95% CI), odds ratio and 95% confidence interval.
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Table 3
ICU outcomes, complications, interventions of patients by presence of feeding intolerance.”
Feeding intolerance No feeding intolerance p-value
(N =180) (N =143)

Outcomes
Length of ICU admission, median (IQR), days 21.5 (14-30) 15 (9—-22) <0.001
ICU readmission” 13(7.2) 8 (5.6) 0.65
Length of overall hospitalization, median (IQR), days 30.5 (19—42) 24 (15-35) <0.001
Died 61 (33.9) 23 (16.1) <0.001

COVID-19 associated complications
Myocardial injury 86 (47.8) 19 (13.3) <0.001
VF/VT 13(7.2) 25 (17.5) <0.01
AKI 143 (79.4) 83 (58.0) <0.001
Kidney failure requiring RRT 63 (35.0) 21 (14.7) <0.001
Acute liver injury 96 (53.3) 31(21.7) <0.001
Septic shock 120 (66.7) 92 (64.3) 0.72
Coagulopathy or hypercoagulable state 91 (50.6) 37 (25.9) <0.001

GI complications
Mesenteric ischemia 4(2.2) 1(0.7) 0.39
Ischemic colitis 9 (5.0) 0(0) <0.01
C. diff infection 6(3.3) 2(1.4) 0.31
Need for operative exploration/surgery 10 (5.6) 6(4.2) 0.62
Need for GI tract resection 9(5.0) 4(2.8) 0.40

ICU interventions
Mechanical ventilation 179 (99.4) 142 (99.3) 1
Length of intubation, median (IQR), days® 19(13.5-28.0) 13 (7.5—-18.8) <0.001
Tracheostomy 71 (39.4) 41 (28.7) 0.05
ECMO 12 (6.7) 6(4.2) 0.46
Proning 150 (83.3) 91 (63.6) <0.001

Abbreviations: ICU, intensive care unit; IQR, interquartile range; VF/VT, ventricular fibrillation/ventricular tachycardia; AKI, acute kidney injury; RRT, renal replacement
therapy; ECMO, extracorporeal membrane oxygenation.
@ Data are shown as number (percentage) unless otherwise noted. Percentages are rounded.

b Defined as the number of patients who were re-admitted to the ICU during the same or a subsequent hospitalization within the study period.

¢ There was 1 patient from the feeding intolerance group and 1 patient from the no feeding intolerance group who were not intubated and who were not included in this

analysis.

presenting with diarrheal symptoms on admission were less likely
to suffer feeding intolerance. Multivariable analyses revealed that
presenting with at least one COVID-related GI symptom on

No. at risk

Feeding intolerance

Survival rate

No feeding intolerance

1.0 —— No Feeding Intolerance

_LLH Feeding Intolerance
Log-rank p=0.03

0.8

0.6

0.4

0.2

0.0 T T . : .
0 20 40 60 80 100

Time from initiation of tube feeds (days)

180 129 46 19 3 1
143 76 22 0

Fig. 2. Survival of critically ill COVID-19 patients by presence of feeding intolerance.

admission was associated with a decreased odds of feeding intol-
erance. One may theorize that diarrhea effectively clears enteric
pathogens, thereby diminishing viral burden within the GI tract
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and reducing rates of subsequent GI dysfunction. Data supporting
this concept includes early observations that antimotility agents
may lead to delayed bacterial pathogen clearance [28].

Nutritional status is strongly associated with clinical outcomes
in critical illness [29], with poor nutrition linked to impaired im-
munity, compromised respiratory function, increased infectious
complications, and death [13,30]. Patients with severe COVID-19
are likely at particular risk for adverse consequences of inade-
quate nutrition due to increased energy demands from ventilatory
efforts and impaired energy utilization in the setting of associated
systemic inflammation and a hypercatabolic state [31]. Our data
suggest that COVID-19 patients with feeding intolerance are at
increased risk for the development of cardiac, renal, hepatic and
hematologic complications during their hospitalizations and have
longer ICU stays. Most importantly, feeding intolerance appeared to
be independently associated with an increased likelihood of in-
hospital mortality despite adjustment for putative factors associ-
ated with increased mortality in this population.

The reasons underlying the high incidence of feeding intoler-
ance in critically ill COVID-19 patients are likely multifactorial.
Possible explanations include iatrogenic causes (particularly mul-
tiple sedative drugs), GI dysfunction in acute critical illness, and
potentially intrinsic effects specific to SARS-CoV-2 on the GI tract. A
single-center retrospective study found the duration of mechanical
ventilation to be significantly longer for patients with COVID-19
relative to influenza (14 vs. 3 days), suggesting that COVID-19 pa-
tients may require higher doses of sedatives and/or paralytics than
patients with other respiratory illnesses [32]. Our multivariate
analyses revealed that length of intubation was an independent
predictor of feeding intolerance, supporting the concept that
sedative drugs likely play a role in development of feeding intol-
erance. Because length of intubation correlates with severity of
critical illness, GI dysfunction that occurs in the setting of acute
critical illness may similarly be a surrogate for disease severity.
Emerging evidence suggests that SARS-CoV-2 directly infects gut
enterocytes while also acting on neurons of the central nervous
system, though the specific effect of the virus on the enteric ner-
vous system has not been explored [9,33,34]. Whether SARS-CoV-2
directly affects gut neuromuscular function with resultant dysmo-
tility or merely leads to dysmotility through the burden of critical
illness alone remains to be seen. Indeed, recent work from Moheb
et al. compared GI complications between patients with COVID-19
versus non-COVID-19 acute respiratory distress syndrome (ARDS),
and found that the COVID-19 cohort suffered higher rates of GI
complications than matched non-COVID ARDS patients [35].

5. Conclusions

We show that feeding intolerance is a frequently encountered
complication in critically ill COVID-19 patients in a large, compre-
hensive tertiary care experience. Our data provide novel evidence
that feeding intolerance in this population is linked with poor
outcomes, including higher rates of multiorgan dysfunction, longer
ICU stays, and increased mortality. Further studies are needed to
elucidate the interplay between COVID-19, GI dysfunction, and
critical illness.
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