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Abstract

Background Although acute gastrointestinal injury (AGI) and feeding intolerance (FI) are known independent determinants of
worse outcomes and high mortality in intensive care unit (ICU) patients, the incidence of AGI and FI in critically ill COVID-19
patients and their prognostic importance have not been thoroughly studied.

Methods We reviewed 218 intubated patients at Stony Brook University Hospital and stratified them into three groups based on
AGI severity, according to data collected in the first 10 days of ICU course. We used chi-square test to compare categorical
variables such as age and sex and two-sample #-test or Mann-Whitney U-tests for continuous variables, including important
laboratory values. Cox proportional hazards regression models were utilized to determine whether AGI score was an independent
predictor of survival, and multivariable analysis was performed to compare risk factors that were deemed significant in the
univariable analysis. We performed Kaplan-Meier survival analysis based on the AGI score and the presence of FL

Results The overall incidence of AGI was 95% (45% AGI /11, 50% AGI I1I/IV), and FI incidence was 63%. Patients
with AGI III/TV were more likely to have prolonged mechanical ventilation (22 days vs 16 days, P-value <0.002)
and higher mortality rate (58% vs 28%, P-value <0.001) compared to patients with AGI 0/I/Il. This was confirmed
with multivariable analysis which showed that AGI score III/IV was an independent predictor of higher mortality
(AGI III/IV vs AGI 0/I/II hazard ratio (HR), 2.68; 95% confidence interval (CI), 1.69-4.25; P-value <0.0001).
Kaplan-Meier survival analysis showed that both AGI III/IV and FI (P-value <0.001) were associated with worse
outcomes. Patients with AGI III/IV had higher daily and mean D-dimer and CRP levels compared to AGI 0/I/I1 (P-
value <0.0001).

Conclusions The prevalence of AGI and FI among critically ill COVID-19 patients was high. AGI grades III/IV were associated
with higher risk for prolonged mechanical ventilation and mortality compared to AGI 0/I/II, while it also correlated
with higher D-dimer and C-reactive protein (CRP) levels. FI was independently associated with higher mortality. The
development of high-grade AGI and FI during the first days of ICU stay can serve as prognostic tools to predict
outcomes in critically ill COVID-19 patients.

Keywords COVID-19 - Critically ill - Acute gastrointestinal injury (AGI) - Feeding intolerance (FI) - D-dimers - CRP

Panagiotis Drakos M.D. and Panagiotis Volteas M.D. contributed equally
to this work as first authors. Sima Mofakham Ph.D. and Konstantinos
Spaniolas M.D. contributed equally to this work as last authors.

P4 Konstantinos Spaniolas Department of Neurosurgery, Renaissance School of Medicine,

konstantinos.spaniolas @stonybrookmedicine.edu Stony Brook, NY, USA
< Sima Mofakham 3 Division of Bariatric, Foregut, and Advanced Gastrointestinal
sima.mofakham @stonybrookmedicine.edu Surgery, Department of Surgery, Renaissance School of Medicine,

Stony Brook, NY, USA

Department of Surgery, Renaissance School of Medicine, HSC T-12, 4 Division of Vascular Surgery, Department of Surgery, Renaissance
Room 064, Stony Brook, NY 11794, USA School of Medicine, Stony Brook, NY, USA

1

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11605-021-05015-z&domain=pdf
mailto:konstantinos.spaniolas@stonybrookmedicine.edu
mailto:sima.mofakham@stonybrookmedicine.edu

182

J Gastrointest Surg (2022) 26:181-190

Introduction

The COVID-19 pandemic, caused by the novel SARS-CoV-
2, has led to a global health crisis with 113 million cases and
more than 2.5 million deaths globally.1 It has been shown that
SARS-CoV-2 affects multiple systems causing widespread
physiologic insult and multiorgan failure in critically ill pa-
tients, manifesting as acute respiratory distress syndrome,
acute kidney and liver injury, heart failure, but also as
AGL™? AGl is a term used to broadly describe malfunctioning
of the gut affecting digestion and absorption of nutrients that
ranges from a temporary partial impairment to intestinal end-
organ failure.’ Although it is well known that AGI is closely
related to adverse outcomes, there is a relative scarcity of data
on how it affects COVID-19 patients.

In the most relevant retrospective study on AGI in COVID-
19 patients, it was shown that AGI was not only common but
also associated with a higher mortality rate.” FI has also been
shown to be an independent prognostic factor of adverse out-
comes in critically ill populations,7 and its importance was
recently emphasized in ICU COVID-19 patients.8 On the other
hand, there is little evidence correlating the known biochem-
ical markers of adverse COVID-19 outcomes, such as CRP
and D-dimer,g with the development of AGIL. It has been
shown that SARS-CoV-2 infects the target cells through the
angiotensin-converting enzyme 2 (ACE-2) receptor, found on
the surface of lung alveolar, endothelial, perivascular
pericytes, cardiomyocytes, but also enterocytes.m‘11 Thus, di-
rect viral injury to GI epithelial cells may contribute to AGI.
Alternately, the pathogenicity of SARS-CoV-2 in the gastro-
intestinal tract could be attributed to the induction of a
prothrombotic state and formation of microthrombi.”'? In
our study, we investigated the link between the development
of AGI and FI with mortality in COVID-19 intubated patients
and its correlation with increased CRP and D-dimer levels as a
manifestation of intense inflammatory state and possible in-
testinal micro-thrombosis, as well as the utility of these find-
ings as prognostic tools.

Methods
Patient Population and Inclusion Criteria

This was a retrospective cohort study of all intubated COVID-
19 patients, confirmed with a positive RT-PCR test for SARS-
CoV-2, at Stony Brook University Hospital between February
7, 2020, and May 17, 2020. Our inclusion criteria required
patients to be 18 years of age or older, intubated and on tube
feeds for at least 24 h. Patients were excluded if there was no
enteral tube intake documentation on record or if they expired
or were extubated in less than 48 h after intubation, since such
a brief period of observation did not allow for initiation of tube
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feeds or the collection of gastrointestinal function pa-
rameters. Thirty patients that did not meet the inclusion
criteria were excluded from the study, yielding a cohort
of 218 patients (Fig. 1).

We collected data on patient demographics (age, gender,
body mass index (BMI)), duration of hospital stay, mechani-
cal ventilatory support, and daily values of D-dimer and CRP
as well as interleukin-6. We elected to monitor CRP as a
surrogate of patients’ inflammatory responses, since high
levels have been linked to COVID-19 disease severity,13 but
also as a marker of possible bacterial superinfection.m Due to
the susceptibility of critically ill intubated patients to blood
stream and urinary tract infections as well as ventilator asso-
ciated pneumonia, all the patients in our cohort were screened
with blood, urine, and sputum cultures at time of intubation
and as needed, depending on the clinical course.

D-dimer was assessed daily as part of the complex clinical
practice for this patient population. This was used as a prog-
nostic factor based on previous evidence suggesting an asso-
ciation between D-dimer and increased mor‘[ali'fyIS but also to
guide the choice of anticoagulation regimen. Specifically, in
our institution, an aggressive anticoagulation protocol was
implemented, which included dose escalation based on D-
dimer levels. Patients with D-dimer < 1000 ng/mL received
enoxaparin 40 mg daily, those with D-dimer > 1000 ng/mL
but <3000 ng/mL received enoxaparin 40 mg twice a day, and
those with D-dimer > 3000 ng/mL received therapeutic
anticoagulation with enoxaparin 1 mg/kg twice a day or intra-
venous heparin drip at a starting rate of 18 units/kg/h to
achieve a goal PTT of 60 to 90."

Sequential organ failure assessment (SOFA) scores were
calculated for all patients at the time of intubation, which
coincided with the ICU admission and has been used to quan-
tify the degree of organ dysfunction or failure present on
admission. Specifically, for the cardiovascular component
of SOFA, due to the variety and combination of pressors used
in the ICU setting, we used the conversion as suggested by
Lambden et al,Ig to allow for accurate calculations. First-line
agents included vasopressin and norepinephrine with addition
of phenylephrine and epinephrine as needed. We titrated the
doses of vasopressors, following the guidelines of the
“Surviving Sepsis Campaign” to maintain a mean arterial
pressure (MAP) of 65 mmHg.w Almost the entirety of our
cohort required vasopressor infusion even for a brief time at
some point of the hospitalization.

We collected the daily enteral tube intake volume for each
patient during the first 10 days of ICU stay. In our institution,
the enteral feeds utilized were Nepro, Jevity, Glucerna,
Pulmocare, and TwoCal depending on the patients’ clinical
characteristics and their nutritional needs. A single ICU nutri-
tion protocol was in place to administer enteral tube feedings
over 20 h. The prescribed formula was initiated at 30 mL/h
and increased by 30 mL every 4 h as tolerated until the



J Gastrointest Surg (2022) 26:181-190

183

Database of total

COVID-19 intubated patients B
N =248 Same day death N=35
Early extubation N=9
| | Excluded | (< 48 hrs)
N=30
No enteral tube N=15
intake documentation
i v l < 18 years old N=1
AGI 0 AGI I/l AGI II/TV
N=11 N =98 N=109

Fig. 1 Patient selection algorithm

prescribed goal was reached. Gastric residual volume was
documented every 4 h. If greater than 200 mL, the prescribed
feeding was restarted at half the rate, and volume was
rechecked in 4 h. If the residual was still greater than 200
mL, feedings were held for 4 h before restarting at 30 mL/h
and increasing by 30 mL every 4 h, until goal reached, pro-
vided that the residual volume was not greater than 200 mL at
any point. Knowing the caloric density of the different types
of feeds, we calculated the daily caloric intake and compared it
with the optimal volume and calorie goal as documented in the
nutritionists’ notes. Feeding intolerance (FI) was defined if 20
kcal/kg of body weight/day via enteral route could not be
reached or if enteral feeding had to be stopped for whatever
clinical reason.’

We further gathered information on gastric residual
volume, administration of total parenteral nutrition, use
of prokinetics, and any relevant imaging, including ab-
dominal x-rays and CT scans. Since our cohort consisted
solely of ICU intubated patients, the documentation of
self-reported GI symptoms was lacking. All patients were
examined by the ICU team at least twice daily, during
morning and evening rounds, with documentation of ab-
dominal physical exam in terms of distention, frequency
of bowel sounds, and quality of nasogastric tube or rectal
tube output when present. To avoid interobserver variabil-
ity due to the subjective nature and the dynamic evolution
of the physical exam, we opted to use as quantifiable
markers of gastrointestinal function, the measured daily
stool count and volume, and the gastric residual volume.
Based on this, we were able to identify whether our pa-
tients were having ileus, defined as the absence of bowel
movements for three or more consecutive days without
mechanical obstruction or diarrhea defined as three or
more loose or liquid stools per day.4

Based on collected clinical and imaging data, our patients
were categorized into five AGI grades according to the guide-
lines published by the European Society of Intensive Care
Medicine (ESICM). AGI grade 0 was defined as a normal gas-
trointestinal function (intubated patients without any signs of
shock, which is a risk factor of AGI, tolerated enteral tube feeds,
had normal gastric residuals, and absence of diarrhea or ileus).
AGI grade I was defined as an increased risk of developing
gastrointestinal dysfunction or failure (intubated patients with
transient signs of shock, with temporary and self-limiting GI
dysfunction including ileus or diarrhea, who tolerated enteral
feeds and had normal gastric residuals). AGI grade Il was defined
as gastrointestinal dysfunction (intubated patients with transient
signs of shock and feeding intolerance that improved over the
first 10 hospital days, normal gastric residuals with or without the
presence of diarrhea or ileus). AGI grade III was defined as
gastrointestinal failure (intubated patients with persistent signs
of shock, feeding intolerance without improvement over the first
10 hospital days, high gastric residuals despite the addition of
prokinetic agents, with or without the presence of diarrhea or
ileus). AGI grade IV was defined as marked gastrointestinal
failure with severe impact on distant organ function (intubated
patient with persistent signs of shock, presence of feeding intol-
erance and diarrhea or ileus and clinically significant upper or
lower GI bleeding, imaging-proved mesenteric ischemia, or
Ogilvie’s syndrome).4

AGI score was implemented in several studies, and its util-
ity was proven in identifying the severity of GI dysfunction
and predicting adverse outcomes.2* A prospective study from
China showed that differentiating AGI as gastrointestinal dys-
function (AGI grades I/Il) or gastrointestinal failure (AGI
grades III/IV) appears to be more valid for predicting progno-
sis than the AGI 4-grade system.ﬂ Similarly, it has been
shown that FI can be a reliable prognostic factor when
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evaluating intestinal dysfunction in critically ill patients.5 It
can be an indicator of adverse outcomes even in the absence
ofintra-abdominal pressure measurements.” Routine paralytic
agents were not part of clinical care for this patient population.
Since reliable intra-abdominal pressure measurements require
appropriate paralysis, we elected to not include intra-
abdominal pressure as a parameter to stratify patients in dif-
ferent AGI grades. Based on the above, we grouped our pa-
tients into three AGI categories: no AGI as group 0, AGI
grades I and II (gastrointestinal dysfunction), and AGI grades
I and IV (gastrointestinal failure).” We further subdivided
our cohort based on whether patients developed FI or not.
This study was a retrospective chart review of a COVID-19
patient database. Stony Brook University Committee on
Research in Human Subjects approved the study protocol
and supervised all study procedures according to state and
federal regulations, with a waiver of informed consent.

Data Analysis
Statistics

Statistical analyses were performed using house-developed
coding in MATLAB and SPSS 21.0 software (SPSS Inc.,
Chicago, IL). All tests’ significance level was set to 0.05,
and all reported P values were calculated two-sided. Data
were reported as group means, along with the two-tailed
Student’s T-statistic for several labs. We utilized chi-square
test to compare for any significant difference between two
groups for categorical variables (sex, co-infections), two-
sample #-test for parametric (age, SOFA, BMI), and Mann-
Whitney U-tests for non-parametric continuous variables (D-
dimers, CRP, and interleukin-6 levels), which was determined
based on normalness and skewness of these distribution. We
investigated the evolvement of critical laboratory values such
as D-dimer and CRP over days after intubation in correlation
with AGI score. We collected and analyzed these laboratory

values using MATLAB and time-locked to the intubation
date. We assessed the survival of the subgroups using
Kaplan-Meier models and a log-rank test. We had more than
5 months of follow-up for each patient without missing a data
point in terms of survival. To determine whether the AGI
score was an independent predictor of survival, we used Cox
proportional hazards regression models. We determined sig-
nificant factors to be involved in the multivariable Cox regres-
sion model based on the univariable analysis. These factors
included AGI score, participation in the D-dimer-driven esca-
lation of anticoagulation protocol, gender, age, and SOFA
score. BMI greater than thirty-five and being on the steroid
were not significant in the Cox model’s univariable analysis.
Entry level for multivariable analysis was P-value <0.1. This
model provided hazard ratios to estimate which parameters are
independent predictors of survival.

Results

A total of 218 critically ill ICU intubated patients with con-
firmed COVID-19 met the criteria for this study. The patients’
mean age was 59.8 years (SD: 14.24), and most patients were
male (69.33%). We categorized the patients into three groups:
AGI grade 0 (n = 11), AGI grades /Il (n = 98), and AGI
grades III/IV (n = 109) (Fig. 1). The overall incidence of
AGI was 95%; 45% of the patients had AGI grades I/II, and
50% had AGI grades III/IV. Our initial analysis showed that
the rate of death in those with AGI III/IV was 58.72% com-
pared to 29.59% in those with AGI I/II and 18.18% in those
with AGI grade 0 (Table 1). Since there were only a few
patients in our cohort with normal gastrointestinal function,
we further stratified our population based on the AGI grading
into AGI 0/I/IT and AGI III/IV and compared for significant
variables between the two groups. Those with AGI III/IV had
significantly higher mortality (58% vs 28%, P-value <0.001)

Table 1 Descriptive

analysis, groups AGI 0, AGI I/11, AGI0 AGI I AGI IV All patients

AGI TV N=11 N=98 N=109 N=218
Age—yr (mean + SD) 64.72+13.48  60.01+13.9 58.8+14.51 59.8+14.24
Male (%) 54.55% 66.33% 72.48% 69.33%
BMI (mean = SD) 29.31+4.63 30.67+6.55 30.32+6.68 30.39+6.48
SOFA (mean + SD) 6+1.54 6.21+2.28 6.69+2.4 6.45+2.3
Days on ventilator 15.45+10.41 16.22+16.25  22.3+22.54 18.82+19.42
Death (%) 18.18% 29.59% 58.72% 44.44%
Discharged (%) 81.82% 70.41% 41.28% 55.56%
D-dimer (mean + SE) 8245+9280 5939+6462 12276+13941 9133+ 762
Admit creatinine (mean = SE) 1.1740.48 1.3+1.55 1.33+1.22 1.33+0.09
Max interleukin-6 (Vivacor) (mean = SE) 165.93 22147 610.57 411+90.75
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Table 2 Comparison of

variables between groups AGI AGLOII AGLIITV P-value

0/, AGI I/ TV N=109 N=109
Age—yr (mean = SD) 60.48+13.8 58.8+14.5 0.33
Male (%) 65.14% (71/109) 72.48% (79/109) 0.3
BMI (mean + SD) 30.53+6.388 30.32+6.68 0.70
SOFA (mean £ SD) 6.19+2.21 6.69+2.4 0.12
Days on ventilator 16.14 22.3 0.02
Death (%) 28.44% (31/109) 58.72 (64/109) 0.001
Discharged (%) 71.56% 41.28% 0.001
D-dimer (mean + SE) 1467+44.04 2603+95.9 0.0001
CRP (mean + SE) 8.35+0.28 10.88+0.24 0.0001
Admit creatinine (mean + SE) 1.28+0.14 1.33£0.11 0.43
Max interleukin-6 (Vivacor) (mean + SE) 2163 610.5 0.09

P-values less than 0.05 are shown in bold to highlight the significance

and duration of mechanical ventilation (22 days vs 16 days, P-
value <0.002) compared to AGI 0/I/I1 (Table 2).

In the univariate survival analysis, AGI grades [II/IV (P-val-
ue <0.0001), male sex (P-value =0.027), age greater than 70
years old (P-value <0.0001), SOFA score greater than seven
(P-value <0.001), and not being on aggressive D-dimer driven
anticoagulation protocol (P-value <0.0001) were predictors of
mortality. Steroid use (P-value=0.32) and BMI greater than 35
(P-value=0.5) were not predictors of outcome. Multivariate
analysis performed on the variables identified in the univariable
analysis showed that AGI grades III/IV (hazard ratio (HR), 2.68;
95% confidence interval (CI), 1.69—4.25; P-value <0.0001),
male sex (HR, 1.7; 95% CI, 1.02-2.85; P-value =0.04) and
age over 70 (HR, 2.8; 95% CI, 1.8-4.36; P-value <0.0001) were
predictors of higher mortality, while SOFA score greater than 7
did not reach statistical significance (HR, 1.52; 95% CI, 0.98—
2.37; P-value =0.058) (Fig. 2). On the other hand, the imple-
mentation of aggressive D-dimer-driven anticoagulation was as-
sociated with decreased mortality (HR, 0.433; 95% CI, 0.274—
0.683; P-value <0.0001) (Table 3). Kaplan-Meier survival anal-
ysis demonstrated that patients with AGI III/IV had significantly
lower mortality rates compared to AGI O/I/II (overall survival
41% vs 71%, P-value <0.001) (Fig. 3).

Fig. 2 SOFA score at the time of AGI 0/

intubation, between patients with
AGI 0/I/I and AGI grades III/IV

Frequency

5.00 7.50

SOFA Score

The incidence of feeding intolerance was 63% (n=138/218) in
our cohort. Similarly to the impact of high AGI grade on overall
survival, we found that patients with FI had worse cumulative
mortality compared to patients with feeding tolerance based on
Kaplan-Meier models (44% vs 74%, P-value <0.001) (Fig. 4).

When evaluating the two groups for differences in selected
labs that correlate with adverse outcomes, we found that pa-
tients with AGI grades III/IV had a significantly greater mean
D-dimer and CRP level (P-value <0.0001). Furthermore, the
trends of D-dimer and CRP levels in the 30-day post-intuba-
tion period were higher in those with AGI III/IV compared to
AGI grades 0/I/IL. Part of the standard workup in our patient
cohort was to measure interleukin-6 (IL-6) levels based on
specific clinical criteria indicating cytokine storm. We did
not find any significant difference in the maximum IL-6 levels
between AGI 0/I/IT and AGI III/IV, although the sample was
smaller (Table 2, Fig. 5).

The most common site affected was the urinary tract with
the overall incidence being 18% regarding co-infections. The
most common pathogens were Enterobacteriaceae
(Escherichia coli, Enterobacter, Klebsiella, Citrobacter),
Pseudomonas, Enterococcus, and Candida. There was no sta-
tistically significant difference in UTI incidence among pa-
tients with AGI 0/I/II and AGI III/IV (P-value =0.08).

AGI iV
30
Mean = 6.70
Mean = 6.21 Std. Dev. = 2.409
Std. Dev. =2.213 N =109

N =108

N
=]

Frequency

N
=)

10.00 12.50

2.50 5.00 7.50 10.00 12.50
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Table 3 Multivariable analysis

Variable Comparison level Hazard ratio (95% C.I.) *P-value
Sex Male vs female 1.7 (1.02-2.85) 0.04
Age More than 70 vs less than 70 years old 2.8 (1.8-4.36) 0.0001
SOFA More than 7 vs less than 7 1.52 (0.98-2.37) 0.058
AGI grade Grade III/IV vs grades 0/I/I11 2.68 (1.69-4.25) 0.0001
Anticoagulation Aggressive vs routine anticoagulation 0.433 (0.274-0.683) 0.0001

Sputum cultures were routinely checked at the time of intuba-
tion and as needed and were negative in our cohort. The over-
all incidence of bacterial bloodstream infections was 14.5%.
The most common pathogens were Escherichia coli,
Klebsiella, Pseudomonas, Enterococcus, and
Staphylococcus, with microbiology and antimicrobial resis-
tance patterns reflecting our ICU flora before COVID-19.
The fungemia incidence was 8.7%, with the most common
pathogens being Candida albicans and Candida parapsilosis.
Patients with AGI 0/I/II had a statistically significant lower
incidence of bacteremia and fungemia than those with AGI
III/IV (P-value=0.006) (Table 4).

Discussion

In our study, we divided the patients into three categories of
acute gastrointestinal injury. No AGI was defined as grade 0,
gastrointestinal dysfunction was AGI grades I/II, and gastro-
intestinal failure was AGI grades I1I/IV. We further evaluated
FI as an independent prognostic factor. Because short periods
of feeding could not precisely demonstrate the problems asso-
ciated with enteral nutrition and knowing that the presence of
FI in the first week of ICU stay can be predictive of adverse
outcomes,5 we investigated the effect of both AGI and FI in
the 10-day post-intubation period on patients’ clinical course.

We found that the presence of AGI was widely prevalent in
this patient population and that those with AGI grades I1I and
IV required prolonged mechanical ventilation and had a
higher mortality rate than AGI grades 0/I/Il. Our findings
agree with studies prior to the COVID-19 pandemic, which
showed that the presence of higher AGI grade in critically ill
patients positively correlated with increased mortality and rate
of mechanical ventilation.”

In a recent retrospective study, Sun et al. came to similar
conclusions. In their cohort, the incidence of AGI was 86.7%
among COVID-19 patients. They also concluded that AGI
correlated with 28-day mortality and the development of sep-
tic shock. At the same time, the duration of mechanical ven-
tilation was an independent risk factor for the development of
AGI grade II and above. * It has been shown that gastrointes-
tinal symptoms in COVID-19 are associated with a higher nsk
of acute respiratory distress syndrome, resulting in mortahty
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Furthermore, although a systematic review failed to show a
statistically significant correlation between gastrointestinal
manifestations and disease severity or mortality rates,24 the
proportion of severe disease in patients with GI symptoms
was higher than that in patients without GI symptoms. In
our cohort of critically ill patients, the development of AGI
was predictive of worse outcomes, although these symptoms
may not have any prognostic value in mild COVID-19.”

In addition to AGI, we independently investigated the
prevalence of FI and its correlation with adverse outcomes.
We found that a significant proportion of our patients devel-
oped FI during the first 10 ICU days. Similarly, Kaafarani
et al. found a high prevalence of FI in their study, with 46%
of'the COVID-19 ICU patients having gastric feeding held for
at least 24 h due to high gastric residuals.” FI in our study
correlated with significantly higher mortality in the Kaplan-
Meier analysis almost to the same extent as the presence of
high-grade AGI. Although FI is only one aspect of the AGI
grading system, it has been shown that its presence within the
first week of ICU stay is an independent factor of mortality
and that it can incrementally increase the prognosticating val-
ue of AGI score.

Our analysis suggests a relationship between gastrointesti-
nal dysfunction and elevated D-dimer levels, which was pre-
viously established as a predictive factor of adverse outcomes
in COVID-19 patients.9 An abnormal elevation of D-dimer
was widespread among our patient cohort. However, those

- AGI Score
’ _~AGI 0/
© -~AGI NV
2 08 -+
b —+
=]
N o6
[
i
=]
< 04
>
g
a3 0.2
0.0
0 50 100 150 200 250

D h ital issi
kireilsarat sk ays after hospital admission

AGI o/ 109 80 78
AGI v 109 50 47 45

Fig. 3 Comparison of cumulative survival rate among patients with AGI
0/I/I1 and AGI grades II/TV
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who developed AGI III/IV had higher mean D-dimer levels
and higher D-dimer daily trends over 30 days than patients
with AGI 0/I/11, which indirectly suggests they were in a rel-
atively more hypercoagulable state. Our findings are consis-
tent with Sun and colleagues’ conclusions. They found that
patients with AGI III/IV had significantly higher D-dimer
levels than those with AGI grades II, I, and 0.

The pathogenetic mechanism behind the gastrointestinal dys-
function in critically ill COVID-19 patients is unknown so far. The
two dominant theories suggest that this can be attributed either to
direct viral injury to GI epithelia or the formation of microvascu-
lature thrombi, 2 the latter of which is a finding well documented
by autopsy studies in multiple organ sys'rems.I2 Although the inci-
dence of bowel ischemia necessitating emergent operative inter-
vention was evident in the study by Kaafarani et al.,” there were no
patients in our study with clinical or imaging evidence of bowel
ischemia. The absence of intestinal macrovascular thrombosis in
our study could be partly explained by the implementation of
aggressive anticoagulation in our hospital, driven by elevated D-
dimers linked with improved outcomes.>® However, since we
have no autopsy studies, we cannot establish whether this aggres-
sive protocol also prevented microvascular intestinal thrombosis,

which is hypothesized to be the cause of acute gastrointestinal
dysfunction in critically ill COVID-19 patients.

Finally, our findings that the mean CRP levels and their daily
trends were significantly higher in patients with AGI III/IV may
reflect the cohort’s greater inflammatory state due to impaired
gastrointestinal function. However, this could be caused by a
generalized inflammatory response to SARS-CoV-2, affecting
multiple organ systems. Consequently, we can conclude that
AGI grade may be a surrogate for the degree of inflammation
in this patient population. Conversely, high CRP could predict
the development of acute gastrointestinal failure. The high mor-
tality that was observed in patients with AGI III/IV could be due
to the more intense inflammatory response as reflected by higher
CRP levels, which have been shown to correlate with disease
mortality.zg Up-trending D-dimer and CRP levels over the hospi-
tal course were considered prognostic factors of the poor out-
come by our ICU teams as they reflected no improvement in
the inflammation process30 and indicated a higher risk for
multiorgan failure prompting escalation of anticoagulation and
consideration for limiting enteral nutrition, respectively.

The overall incidence of bacterial bloodstream infections in
our cohort was 14.5%, which was lower than other studies that
found the risk to be as high as 50%." Patients with AGI 0/I/1T
had significantly lower risks of bacteremia and fungemia than
those with AGI III/IV. This could reflect the fact that patients
with higher AGI grades were sicker but could also indicate the
importance of nutrition in the immune system’s function and
the prevention of superinfections in those critically ill. The
fungemia risk was 8.7%, which has been found to correlate
with prolonged mechanical ventilation, presence of arterial
and venous central lines, urinary catheters, and administration
of broad-spectrum antibiotics and corticosteroids.”

Limitations

This study had several limitations. The exact relationship and
pathogenetic mechanism between AGI and COVID-19 is

Fig. 5 D-dimer and CRP levels 10000 25 [
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Table 4 Patients with AGI 0/I/I1

had a statistically significant Species AGI 0/1/11 AGIIIVIV ~ P-value
lower incidence of bacteremia
and fungemia than those with UTI Enterobacteriaceae (Escherichia coli, Klebsiella, 3 6
AGI III/IV (P-value=0.006) Citrobacter)
Pseudomonas 2 2
Candida 8 12
Enterococcus 2 5
Total UTI 15 25 0.08
Bacteremia  Enterobacteriaceae (Escherichia coli, Klebsiella) 3 5
Pseudomonas 2 3
Enterococcus 3 9
Staphylococcus (MSSA/MRSA) 2 5
Fungemia Candida 7 12
Total bacteremia and fungemia 17 34 0.006

unknown. This is especially true in critically ill patients who
suffer from multiorgan failure and shock requiring high pres-
sor management, which could affect gastrointestinal function.
We did not investigate whether patients experienced any gas-
trointestinal symptoms before they were intubated, which
could be an early manifestation of gastrointestinal injury.
Furthermore, due to the study’s design, we could not establish
a temporal relationship between the development of AGI and
mortality because AGI could be part of the constellation of
multiorgan system failure. The administration of different
types of tube feeds, depending on the patients’ clinical condi-
tion, could affect the number of documented bowel move-
ments which was one of the data we used to estimate the
presence of diarrhea or ileus. Our study’s single-center retro-
spective design indicates that large-scale clinical prospective
studies should confirm our results’ accuracy.

Conclusion

To our knowledge, this is the first study to correlate daily
trending of known predictors of adverse outcomes in
COVID-19, such as D-dimer and CRP levels, to the develop-
ment of AGI and FI and to delineate the utility of AGI and FI
development during the first 10 days of ICU stay as long-term
prognosticating tools. We found a high prevalence of AGI and
FI among critically ill COVID-19 patients. AGI grades III/IV
was associated with a higher risk for prolonged mechanical
ventilation and a higher mortality rate. The correlation of AGI
HI/IV to higher D-dimer and CRP levels could reflect the
hypercoagulability and intense inflammatory response in
these patients. FI was independently associated with higher
mortality. The development of high-grade AGI and FI during
the first days of ICU stay can serve as prognostic tools to
predict critically ill COVID-19 patients’ outcomes.
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