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Purpose: To investigate the association between the change of acute gastrointestinal injury
(AGI) grade and the outcome in critically ill patients.

Methods: This was a prospectively observational study. All patients admitted in the ICU
from October 2013 to June 2015, with the duration of ICU > 72 h and age >18 years, were
enrolled in this study. The AGI grade and gastrointestinal symptoms were evaluated during
ICU stay following the 2012 ESICM recommendation. The ICU mortality, duration of ICU
stay, mechanical ventilation (MV) use, vasoactive drug use, and continuous renal replace-
ment therapy of patients were recorded accordingly.

Results: A total of 320 patients were included, and 265 of them were diagnosed with AGI.
The overall ICU mortality was 11.88%, while it was 13.58% in patients with AGI. In logistic
regression analyses, the decreasing trend of AGI grade was identified as a protective factor
for ICU death (odds ratio (OR), 0.484; 95% confidence interval (CI), 0.26-0.90), while the
max AGI grade was a risk factor (OR, 3.464; 95% CI, 2.71-8.47) for ICU death.
Conclusion: The changes of AGI grades in critically ill patients were associated with their
clinical outcomes. The ICU-acquired AGI patients associated with longer ICU stay days.
Keywords: acute gastrointestinal injury grade, ICU stay, critically ill patient, patient
outcome, ICU death

Introduction
Gastrointestinal dysfunction has been considered as an important clinical concern in the
critically ill population.! In 2012, the European Society of intensive care medicine
(ESICM) released their recommendation on terminology, definitions, and management
of gastrointestinal (GI) function in patients in intensive care units (ICU).” In this recom-
mendation, the concept of acute gastrointestinal injury (AGI) was proposed as
a malfunction of GI in critically ill patients due to their acute illness, and a four-grade
severity system was approached accordingly. One observation study has been reported to
modify the AGI grades to two simple ones, and this proposed proposal was quite different
from the original four-grade system that is derived from ESICM recommendation and
thus may change the validity of the AGI grade system to some extent.?

Recent evidences have revealed that the degree of organ dysfunction can be positively
associated with the prognosis of patients, while it might also be alleviated when the

treatment is applied properly.”> Therefore, the alteration of organ function may serve as
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an important indicator to guide the clinicians to justify the
treatment in time, and eventually improve the clinical out-
comes in patients with organ dysfunction. After the ESICM
recommendation was released, several observational studies
have been performed and demonstrated that AGI grade of
patients at ICU admitting was positively associated with ICU
severity scores, such as Acute Physiology and Chronic Health
Enquiry Evaluation II (APACHE II) score, and therefore can
act as a predictor for the outcome of critically ill patients.®®
However, whether GI function grade at ICU admitting can be
a good predictor for the ICU patients’ outcome remains
controversial.> In this study, the association between the
changes of AGI grade and the outcomes in critically ill patients
was systematically investigated as to verify the effects of AGI
grades on ICU patients’ outcomes, as well as provide the
evidence for clinicians to improve the outcomes of ICU
patients with AGI.

Patients and Methods

Patient Eligibility

This is an observational cohort study, and it was conducted in
a 12-bed surgical ICU of a teaching hospital at the Department
of Critical Care Medicine, RuiJin Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine,
Shanghai, China. All patients admitted from October 2013 to
June 2015 were enrolled in this study. The inclusion criteria
were: 1) Duration of ICU stay >72 h, and 2) age >18 years.
This study was approved by the Ethical Committee of the
Ruijin Hospital affiliated to Shanghai Jiao Tong University
and conducted in accordance with the Declaration of
Helsinki. Patients or their legal representatives were verbally
informed about the use of their data for this study, and the
consents were signed accordingly.

Data Collection

All the attending doctors in the department were trained to
diagnose the patients with AGI following the 2012 ESICM
recommendation. AGI grade and gastrointestinal symptoms
were evaluated every day during ICU stay. The other clinical
data collected from electrical medication records, including
demographic data, APACHE 1I score, duration of ICU stay,
mechanical ventilation (MV) usage, vasopressor usage, con-
tinuous renal replacement therapy (CRRT) usage, ICU mortal-
ity, were recorded. The primary endpoint was ICU mortality.
No specific protocols or recommendations for AGI manage-

ment were imposed. The patient was treated in a standard

procedure in the ICU. All the data were collected until ICU
discharge.

AGI Diagnosis

The gastrointestinal symptoms were defined as follows: Intra-
abdominal hypertension (IAH), intra-abdominal pressure
(IAP) was found to be 12 mmHg or higher, confirmed by at
least two measurements; High gastric residual volume, a single
gastric residual volume exceeded 200 mL; Diarrhea, three or
more loose or liquid stools per day, or a stool more than 250 g/
day; Gastrointestinal bleeding, any bleeding into the GI tract
lumen, confirmed by the macroscopic presence of blood in
vomited fluids, gastric aspirate, or stool; Paralysis of the lower
GI tract, the inability of the bowel to pass stool due to impaired
peristalsis; Abnormal bowel sounds, absent peristalsis-no
bowel sounds were heard at cautious auscultation; Hyper-
peristalsis, excessive bowel sounds were heard on auscultation;
Bowel dilatation, colonic diameter exceeded 6 cm (higher than
9 cm for caecum), or small bowel diameter exceeded 3 cm,
diagnosed either on plain abdominal X-ray or computed tomo-
graphy (CT) scan.

The AGI grades were defined following the 2012 ESICM
recommendations as follows:* AGI I grade, the function of the
GI tract was partially impaired, GI symptom was temporary
and self-limiting. Clinically, it is common in nausea and vomit-
ing after abdominal surgery, loss of bowel sounds, and dimin-
ished bowel motility in the early stages of shock; AGIII grade,
the general condition of GI dysfunction required therapeutic
interventions and was improved after that. The GI tract was not
able to perform digestion and absorption adequately to satisfy
the nutrient and fluid requirements of the body. There were no
changes in the general condition of the patient related to GI
problems. Clinical manifestations are gastroparesis with mas-
sive gastric retention or reflux, lower gastrointestinal paralysis,
diarrhea, IAH grade I (IAP 12 ~ 15 mmHg), visible bleeding in
gastric contents or feces, and food intolerance; AGI III grade,
the general condition was not improving despite therapeutic
interventions with the deterioration of another organ. Clinical
manifestations are massive gastric retention, persistent gastro-
intestinal paralysis, bowel dilatation, progression of intra-
abdominal hypertension to grade II (IAP 16 to 20 mmHg),
and decreased abdominal perfusion pressure (<60 mmHg);
AGI IV grade, AGI had progressed to become directly and
immediately life-threatening, with worsening of Multi-organ
Dysfunction Syndrome (MODS), such as intestinal ischemic
necrosis, gastrointestinal bleeding leading to hemorrhagic
shock, Ogilvie’s colonic
obstruction),

syndrome (acute pseudo-

abdominal compartment syndrome (ACS)
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Table | Patients’ Characteristics
Total With AGI Without AGI
No. of patients, n (100%) 320 (100%) 265 (82.81%) 55(17.29%)
Male, n (%) 199 (62.19%) 166 (62.64%) 33(60%)
Age, years = SD 63.55 £ 16.39 63.61 £ 15.95 63.38 £ 18.63
APACHE Il score, point (IQR) 15.00 (10.00-20.00) 15.00 (11.50-21.00) 10 (4-16)
ICU stay, days (IQR) 10.00 (4.00-21.00) 12.00 (6.00-23.00) 5(1-8)
MV, n (%) 138 (43.13%) 126 (47.55%) 12(21.81%)
Vasoactive agents, n (%) 112 (35.00%) 108 (40.75%) 4(7.27%)
CRRT, n (%) 41 (12.81%) 40 (15.09%) 1(1.18%)
ICU death, n (%) 38 (11.88%) 36 (13.58%) 2(3.63%)
Admitted diagnosis, n (%)
Tumor 137 (42.81%) 137 (51.7%) 0
Pancreatitis 60 (18.75%) 60 (22.64%) 0
Perforation or ileus 13 (4.06%) 13 (4.91%) 0
Bile tract infection Il (3.44%) 11 (4.15%) 0
Urology Il (3.44%) 4 (1.51%) 7(12.7%)
Trauma 4 (1.25%) 2(0.75%) 2(3.63%)
Other 74 (23.13%) 38 (14.38%) 36(65.45%)

requiring aggressive decompression. ICU-acquired AGI, the
patient diagnosed AGI after 72 h in ICU.

Statistical Analysis

Statistical Package for the Social Sciences Version 16.0
(SPSS 16.0, SPSS Inc., IL, USA) software was used
for the statistical analysis. Data were presented as
mean + standard deviation (SD) if normally distributed,
otherwise presented as median =+ interquartile range
(IQR). For comparisons between groups, Student’s
t-test (normal distribution) and Mann—Whitney U-test
(non-Gaussian distribution) were used for continuous
variables and Chi-square test was performed for cate-
gorical variables. The Cochran-Armitage Trend Test
was conducted to test the trend in categorical variables.
Spearman correlation was used in continuous variables.
The forward likelihood ratio was used to build
a logistic regression model to identify the risk factors
for ICU mortality. We set factors as follows: age,
APACHE 1II score, the max AGI grade, AGI
grade day 1, AGI grade day 3, AGI grade day 7, AGI
grade decreasing trend from day 1 to day 3 (Upgrade,
no change, and downgrade patient cohorts), AGI grade
decreasing trend from day 1 to day 7 (Upgrade, no
change, and downgrade patient cohorts). AGI grade
decreasing trend is used as a categorical variable. If
AGTI grade increases, it is marked as upgrade (assigned
value 1); if AGI grade does not increase, it is marked

as downgrade or no change (assigned value 0). The
likelihood ratio (forward) was used to construct the
model from day 1 to day 7. An OR equal to 1 indicates
that the factor does not play a role in the occurrence of
the disease; an OR more than 1 indicates that the factor
is a risk factor; and an OR less than 1 indicates that the
factor is a protective factor. P<0.05 was considered
statistically significant differences. Calibration pro-
gress: Re-evaluation by at least two physicians familiar
with the AGI evaluation process.

Results

Patients’ Characteristics and the
Incidence of AGI

A total of 338 patients were recruited from October 2013 to
June 2015, while 18 of them were excluded from the study
and 320 patients were eventually eligible in this study. There
were 265 patients (82.81%) who were diagnosed with AGL
The included patients’ characteristics were presented in Table
1. The average age of patients on admission was 63.55 =+
16.39 years, and the median APACHE 1I score was 15.00.
The ICU mortality of the whole study population was
11.88%, while it was 13.58% in patients with AGI
(p=0.728). The GI symptoms, such as the abnormal bowel
sounds, paralysis of lower GI tract, high gastric residual
volume, diarrhea, GI bleeding, vomiting, and bowel dilata-
tion, were sorted by the max AGI grades and listed in Table 2.
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Table 2 Gastrointestinal Symptoms with Different AGI Grades

AGI | AGI 1l AGI 1l AGI IV
Abnormal bowel sounds, n (%) 78 (67.83) 46 (38.33%) 23 (34.85%) 11 (39.29%)
Paralysis of lower Gl tract, n (%) 24 (20.87%) 31 (25.83%) 17 (25.76%) 7 (25.00%)
High gastric residual volume n (%) 3 (2.61%) 13 (10.83%) 5 (7.58%) 2 (7.14%)
Diarrhea, n (%) 3 (2.61%) 9 (7.50%) 6 (9.09%) 1 (3.57%)
Gl bleeding, n (%) 3 (2.61%) 8 (6.67%) 5 (7.58%) 3 (10.71%)
Vomiting (emesis), n (%) 3 (2.61%) 9 (7.50%) 5 (7.58%) 1 (3.57%)
Bowel dilatation, n (%) | (0.87%) 4 (3.33%) 5 (7.58%) 3 (10.71%)
Abbreviations: AGI, acute gastrointestinal injury; n, number; Gl, gastrointestinal.
Table 3 ICU-Acquired AGI vs Non-ICU-Acquired AGI
ICU-Acquired AGI Non-ICU-Acquired AGI
No. of patients, n (%) 45 220
APACHE Il score, IQR 17.00 (13.00-23.50) 15.00 (11.00-21.00) p=0.060*
ICU stay days, IQR 19.00 (10.00-30.00) 11.50 (5.25-21.00) p=0.004*
MV (%) 28 (62.22%) 98 (44.55%) p=0.03 **
Vasoactive agents (%) 20 (44.44%) 88 (40.00%) p=0.580%*
CRRT (%) 7 (15.56%) 33 (15.00%) p=0.924**
ICU death (%) 6 (13.33%) 30 (13.64%) p=0.957**

Notes: *Wilcoxon test; **Chi-square test.

Abbreviations: ICU, intensive care unit; AGI, acute gastrointestinal injury; n, number; APACHE I, Acute Physiology and Chronic Health Enquiry; IQR, interquartile range;

MV, mechanical ventilation; CRRT, continuous renal replacement therapy.

ICU-Acquired AGI Patients

ICU-acquired AGI was defined when the patient was diag-
nosed with AGI after 24 h in ICU. According to this standard,
there were 45 patients (16.98%) with ICU-acquired AGI,
among which 19 patients (42.22%) were first documented
AGI within 3 days in ICU, 17 patients (37.78%) were docu-
mented between the 3rd to the 7th days, 6 patients (13.33%)
were within the 2nd week, and only 3 (6.67%) were firstly
diagnosed with AGI after 2 weeks from the admission.
Compared with non-ICU-acquired AGI, these patients had
a significantly longer ICU stay days (19.00 (10.00-30.00) vs
11.50 (5.25-21.00), p=0.004), and more MV usages (62.22%
vs 44.55%, p=0.031). There were no significant differences in
the ICU mortalities, the usage of vasoactive drugs, and the
usage of CRRT between the ICU-acquired AGI and non-ICU-
acquired AGI groups (Table 3).

The Association of AGl Grades and

Outcome for ICU Patients

Next, we explored the association of AGI grades with the
outcomes in ICU patients. The proportion of each AGI grade
is shown in Table 4. It was demonstrated that an increasing
mortality trend with AGI grade on the first ICU day and with
max AGI grade. Meanwhile, it was presented the same trend in

the case of receiving mechanical ventilation, vasopressor
usage, renal replacement therapy (Table 4).

There were 206 patients who stayed in ICU for more than 7
days. We recorded the change of their AGI grades and ana-
lyzed the relationship with their outcomes. Comparing day 1
and day 3, the AGI grades were upgraded in 30 patients
(14.56%), with no change in 158 patients (76.7%), and were
downgraded in 18 patients (8.74%) (Table 5). Their ICU
mortalities, ICU stay days, hospitalization days, the ratios of
CRRT, MV or vasoactive agents’ usage between day 1 and day
7 were not statistically different (Table 5).

When compared with day 1 and day 7, the AGI grade was
upgraded in 41 patients (19.90%), with no change in 96
patients (46.60%), while it was downgraded in 69 patients
(33.50%). Meanwhile, the ICU mortalities showed
a significantly decreasing trend, with 24.39%, 14.58%, and
5.80% in Upgrade, No change, and Downgrade cohorts of
patients, respectively (p=0.006, Table 6). Additionally, the
ratios of CRRT were significantly reduced following the down-
graded AGI, with 29.27%, 18.75%, and 8.70% in Upgrade, No
change, and Downgrade groups, respectively (p=0.005, Table
6). There were no significant differences in ICU stay days,
hospitalization days, MV or vasoactive agents’ usages
from day 1 to day 7 in the three patient cohorts (Table 6).
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Table 5 Change in AGI Grade Day | vs Day 3

Upgraded No Change Downgraded P-value
No. of patients, n (%) 30 (14.56%) 158 (76.70%) 18 (8.74%)
ICU stay, days (IQR) 17.00 (10.75-25.25) 16.50 (10.00-25.00) 23.50 (12.75—45.50) 0.236%*
Length of hospitalization, days (IQR) 35.50 (23.25-61.50) 37.50 (23.00 —67.50) 56.50 (28.25-77.25) 0.328%*
MV (%) 21 (70.00%) 85 (53.80%) 11 (61.11%) 0.25%
Vasoactive agents (%) 19 (63.33%) 67 (42.41%) 10 (55.56%) 0.079*
CRRT (%) 7 (23.33%) 28 (17.72%) 1 (5.56%) 0.288*
ICU death (%) 4 (13.33%) 22 (13.92%) 2(11.11%) 1.0%

Notes: *Cochran-Armitage Trend Test; **Spearman correlation.

Abbreviations: AGI, acute gastrointestinal injury; n, number; ICU, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; CRRT, continuous renal

replacement therapy.

Table 6 Change in AGI Grade Day | vs Day 7

Upgrade No Change Downgrade P-value
n (%) 41 (19.90%) 96 (46.60%) 69 (33.50%)
ICU stay, days (IQR) 20.00 (12.50-31.50) 17.00 (11.00-24.75) 13.00 (8.00-25.50) 0.124%*
Length of hospitalization, days (IQR) 32.00 (20.50-62.00) 37.00 (23.00-64.00) 44.00 (23.00-76.00) 0.393%*
MV, n (%) 27 (65.85%) 57 (59.38%) 33 (47.83%) 0.053*
Vasoactive agents, n (%) 23 (56.10%) 44 (45.83%) 29 (42.03%) 0.171%*
CRRT, n (%) 12 (29.27%) 18 (18.75%) 6 (8.70%) 0.005*
ICU death, n (%) 10 (24.39%) 14 (14.58%) 4 (5.80%) 0.006*

Notes: *Cochran-Armitage Trend Test; **Spearman correlation.

Abbreviations: AGI, acute gastrointestinal injury; n, number; ICU, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; CRRT, continuous renal

replacement therapy.

Logistic Regression Analysis to Identify
Risk Factors for ICU Death

In logistic regression analysis, the result showed the
decreasing trend of AGI grade was identified as
a protective factor for ICU death (odds ratio (OR),
0.484; 95% confidence interval (CI), 0.26-0.90), while
the max AGI grade was a risk factor (OR, 3.464; 95%
ClI, 2.71-8.47) for ICU death (Table 7).

Discussion

GI dysfunction is commonly diagnosed in critically ill
population.” It has been reported that the prevalence of
GI dysfunction is about 40% in critically ill patients.* In

Table 7 Logistic Regression on Risk Factors for ICU Survival
from Day | to Day 7

OR P-value 95.0% CI
AGI grade decreasing trend 0.484 0.02 0.26-0.90
Max AGI grade 3.464 0.00 2.71-847

Abbreviations: ICU, intensive care unit; OR, odds ratio; Cl, confidence interval;
AGI, gastrointestinal injury; APACHE I, Acute Physiology and Chronic Health
Enquiry.

this study, we found more than 80% of ICU patients
could develop AGI during their stay in ICU. It was
indicated that the levels of max AGI grades were in
correlation with the need for mechanical ventilation,
vasopressor agents, renal replacement therapy, and so
on. The results showed that the higher the max AGI
grade the patients were diagnosed with, the worse out-
come they may obtain. Meanwhile, this study also
demonstrated that the mortality of patients in ICU was
significantly associated with AGI grade. These findings
were consistent with other studies.>>'®'" Collectively,
this study indicated that the GI function is of utmost
importance in surgical patients, and meanwhile maintain-
ing a good GI function would greatly improve the out-
come of patients.

GI function may dynamically change as the overall
condition of patient changes during the stay of ICU. In
this study, we introduced the conception of “ICU-acquired
AGI”, which was defined as a newly discovered AGI in
ICU despite how it was acquired by the patients. This
concept was based on the idea that GI failure can be
a consequence of other organ failure progressing. If the
patients become worse in ICU, they may develop GI injury

submit your manuscript

284

Dove

Journal of Multidisciplinary Healthcare 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhong et al

even though they may not manifest GI injury when they
were admitted. In this study, we showed that patients with
ICU-acquired AGI stayed longer than those with non-ICU-
acquired AGI, and it was more likely for ICU-acquired
AGI patients to require for MV, which indicated that ICU-
acquired AGI can be an expression of the worse condition
of ICU patients. However, the mortality in ICU-acquired
AGI and non-ICU-acquired AGI groups was not signifi-
cantly different, which was not consistent with a previous
study."' Future study with large size of samples will be
required to further confirm the current result.

GI symptoms are important clinical detection index for
GI function, but usually, they are difficult to be diagnosed
for the patients by the clinicians.'”> Take feeding intoler-
ance as an example, it usually took up to 72 h to clinically
confirm the GI symptom in patients. Although close obser-
vation on GI function of ICU patients is essential, it is
difficult to select the best way in a patient or a unit. In
addition, the identification of GI dysfunction may be influ-
enced by many other factors, such as the unstable hemo-
dynamic state of the patient could prevent clinicians from
evaluating the tolerance, as well as the different feeding
protocol among different units.'* As GI dysfunction can be
a sequence of deterioration of another organ, and medical
practice, such as MV, has been well known to be a cause
of GI dysfunction,'* the patients may need several days to
treat the primary organ dysfunction (such as shock,
respiratory failure, or renal failure), before which the con-
sequent GI dysfunction is difficult to be improved. It may
be insufficient for the clinicians to observe patients’ GI
function in those who stay less than 7 days. Thus, only
patients stay no less than 7 days were analyzed to check
the relation of GI symptom changing and outcomes.
Therefore, a more rapid and reliable way to evaluate the
GI function is still desirable in the clinical settings.

During the study, it was challenging to obtain an
objective grade of AGI for each patient. Hence, we applied
a calibration progress to define each of the AGI grade.
This helped us to better understand the ESICM recommen-
dation, as well as diagnose and deal with these AGI
patients. In this study, we demonstrated that the change
of AGI grade on the 7th ICU day might be associated with
ICU patients’ outcomes. The logistic regression has con-
firmed that the ICU mortality was in positive correlation
with the AGI grade in critically ill patients. This indicated
that when the GI injury in a critically ill patient can be
controlled within 7 days’ treatment, a better outcome can
be expected. Meanwhile, it was reported that the GI

function improvement might also be a result of alleviated
primary organ dysfunction or disease.'”” Therefore,
dynamic evaluation of the AGI grade of critically ill
patients can serve as a good tool to predict patients’ out-
comes. However, in the current study, it did not show the
same result in patients with a worse AGI grade on the 3rd
in the ICU. This may be explained that in most of the
cases, it usually takes 24~48 h to initialize the enteral
nutrition for the patients in the ICU. On the other hand,
the GI function is mainly evaluated along with other non-
specific symptoms by the clinician, and it may not be
accurately determined if the GI function is improved by
the treatment or not within the first 3 days.'® Importantly,
the protocols of bedside ultrasonography evaluation have
been developed for GI function detection, and are reported
to be a real-time and simple approach that can be applied
in the ICU. Though ultrasonography may improve the
accuracy for detection of the GI function, the interpreta-
tion and operation of ultrasonography are still highly
operator-dependent.'” Further study with ultrasonography
evaluation of GI function in patients in the ICU is needed
to confirm our current findings.

There are still some limitations to our study. Firstly,
this study was conducted in a single center, and patients
were mostly admitted after the surgery. Therefore, the
result may be difficult to represent the general population
of patients in the ICU. Secondly, as an observational study,
it showed the association but not the causality between the
AGI and outcome of the patients. Thirdly, the study was
not involved any biomarker (such as citrulline, intestinal
fat acid-binding protein, intestinal alkaline phosphatase,
etc.) for GI function in patients. Additionally, it is reported
that the intestinal microbiome also plays important roles in
GI function, but the test is costly and difficult to operate
clinically. Further investigations are warranted to verify
the correlation between AGI grade and its biomarkers or
microbiome change in critically ill patients.

Conclusion

This small sample of the pilot study showed the incidence of
AGI was high in the study population. The changes in AGI
grades were associated with the patients’ outcomes, and
ICU-acquired AGI was related to longer ICU stay days.
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