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Abstract

Background: This study examined the feasibility of transabdominal intestinal ultrasonography in evaluating acute
gastrointestinal injury (AGI).

Methods: A total of 116 patients were included. Intestinal ultrasonography was conducted daily within 1 week
after admission to the intensive care unit. Ultrasonography indicators including intestinal diameter, changes in the
intestinal folds, thickness of the intestinal wall, stratification of the intestinal wall, and intestinal peristalsis
(movement of the intestinal contents) were observed to determine the acute gastrointestinal injury
ultrasonography (AGIUS) score. The gastrointestinal and urinary tract sonography ultrasound (GUTS) protocol score
was also calculated. During the first week of the study, the gastrointestinal failure (GIF) score was determined daily.
The correlations between transabdominal intestinal scores (AGIUS and GUTS) and the GIF score were analyzed to
clarify the feasibility of evaluating AGI through observation of the intestine. The utility of intestinal ultrasonography
indicators in predicting feeding intolerance was investigated to improve the ability of clinicians to manage AGI.

Results: A total of 751 ultrasonic examinations were performed with 511 images (68%) considered to be of “good
quality.” AGIUS and GUTS scores differed significantly between AGI patients (GIF score 0-2) and non-AGlI patients
(GIF score 3-4) (p < 0.001). Both scores correlated positively with GIF score (r=0.54, p <0.001; r=0.66, p < 0.001).
These ultrasonography indicators could predict feeding intolerance, with an area under the receiver operating
characteristic curve of 0.60 (048-0.71; intestinal diameter), 0.76 (0.67-0.85; intestinal folds), 0.71 (0.62-0.80; wall
thickness), 0.77 (0.69-0.86; wall stratification), and 0.78 (0.68—0.88; intestinal peristalsis). Compared to patients with a
normal rate of peristalsis (5-10/min), patients with abnormal peristalsis rates (< 5/min or > 10/min) have increased
risk for feeding intolerance (16/83 vs. 25/33, p < 0.001).

Conclusions: The transabdominal intestinal ultrasonography represents an effective means for assessing
gastrointestinal injury in critically ill patients. Intestinal ultrasonography indicators, especially the degree of intestinal
peristalsis, may be used to predict feeding intolerance.
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Introduction

Gastrointestinal dysfunction is common among critically
ill patients [1, 2] and leads to malnutrition, metabolic
abnormalities, and internal environmental disturbances
[3-5]. Thus, evaluating the degree of gastrointestinal
dysfunction is of some clinical significance.

Many studies have evaluated acute gastrointestinal injury
(AGI) in critically ill patients using tools such as Reintam’s
gastrointestinal failure (GIF) score system [3] or the four-
grade system [6], which are mainly based on gastrointes-
tinal symptoms, feeding intolerance, and intra-abdominal
hypertension (IAH). However, the occurrence of feeding in-
tolerance or gastrointestinal symptoms depends partly on
the subjective feelings of patients, and it is difficult to be
predicted before the application of an intestinal protocol.
IAH, which is affected by abdominal wall compliance,
intra-abdominal capacity, and baseline intra-abdominal
pressure (IAP) [7-9], does not always accurately represent
the degree of AGI [10]. The use of biomarkers (e.g., entero-
hormones, citrulline, intestinal fatty acid-binding protein,
D-lactate) remains controversial [11, 12].

Science 2013, point-of-care ultrasonography (POCUS)
has been widely recommended to apply in the medical
management algorithm for IAH and abdominal compart-
ment syndrome (ACS), identifying and evacuating intra-
luminal contents or intra-abdominal lesions [13—15]. Since
then, POCUS is indicated to be a modern stethoscope for
all intensive care unit (ICU) patients [16, 17], as well as is
described as an important diagnostic and therapeutic tool
in IAH management [18, 19]. It has also been used to
evaluate gastric emptying [20] or to assess duodenogastric
reflux and the placement of nasogastric or nasoenteric
tubes [21-23]. Whether ultrasonography could be used to
predict AGI remains unclear and is a hotspot of research in
the ICU.

Recently, ultrasonography was reported for daily evalu-
ation of critically ill patients and a gastrointestinal and urin-
ary tract sonography (GUTS) protocol was performed
based on ultrasonography indicators to grade AGI [24].
However, there are several limitations of GUTS protocol as
follows. First, few studies about the clinical application of
GUTS protocol have been performed and its validity and
reliability for the prediction of AGI still require more clin-
ical research to confirm. Second, the GUTS protocol in-
cludes evaluation not only of the intestine but also of the
stomach, IAP, and bladder. The performance of such evalu-
ations is complicated in clinical practice. Herein, we aim to
evaluate the validity of GUTS protocol for the prediction of
AGI and to investigate the feasibility of using intestinal
ultrasonography alone for the prediction of AGI in critically
ill patient, which is a simplification of GUTS protocol. As
patients may suffer feeding intolerance even after the effect-
ive management of IAH and gastric issues, an intestinal as-
sessment is needed. Thus, we also evaluated the predict
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value of intestinal ultrasonography indicators in feeding in-
tolerance. The present study aims to identify an approach
with accuracy in predicting AGI and in the management of
critically ill patients.

Materials and methods

Study subjects

This prospective, observational study was conducted in a
22-bed surgical ICU at the General Surgical Department
of Jinling Hospital (affiliated with the Hospital of Nan-
jing University Medical School), which mainly admits
patients with severe complications after severe trauma
and surgery. Patients were recruited from 1 July 2016 to
1 January 2018. The protocol was approved by the Hu-
man Ethics Committee of Jinling Hospital, and informed
consent was obtained from all patients or from their
relatives.

Patients were screened for eligibility within 24 h of ad-
mission to the ICU. The inclusion criteria were as fol-
lows: (1) age>18years and (2) Acute Physiology and
Chronic Health Evaluation II (APACHE II) score > 8.
The exclusion criteria were as follows: (1) uncontrolled
mesenteric vascular disease, (2) uncontrolled chronic
organ dysfunction, (3) advanced cancers, and (4) any
terminal-stage diseases.

Standardized performance of US

Two experienced attending doctors from the ICU who
often perform ultrasonography (without assistance) in
critically ill patients performed all ultrasonography
within 1 week of a patient’s admission to the ICU. For
all patients, ultrasonography was performed during the
hours of 8:30-10:00 AM. Before the study, both intensi-
vists had undergone 6 h of practical training in intestinal
ultrasonography (> 10 cases). Patients were placed in the
supine position. The abdomen was divided into four
quadrants by crossing the anterior median line and um-
bilical horizontal line. Each region was screened with a
curvilinear probe (2-5MHz, LOGIQe, GE Healthcare,
Wuxi, China). While performing the ultrasonography
examination, operators classified conditions as “good
quality,” “poor quality,” or “impossible.” Next, operators
inspected the diameter of the intestinal canal (Fig. 1a),
changes in intestinal folds (e.g., shortened, decreased,
Fig. 1b), thickness of the intestinal wall (Fig. 1b), stratifi-
cation of the intestinal wall (Fig. 1c), intestinal peristal-
sis, and movement of intestinal contents. We measured
one point in each quadrant and obtained four parame-
ters in total. The average values of four measurements
(for the four quadrants of the intestine) were recorded
and used to calculate the AGI ultrasonography (AGIUS)
score (Table 1).
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intestinal wall (solid arrow)

Fig. 1 Examples of intestinal US images showing increased intestinal diameter, shortened intestinal folds, thickened intestinal walls, and stratified
intestinal walls. a Increased intestinal diameter. b Shortened intestinal folds (solid arrow) and thickened intestinal walls (dotted arrow). ¢ Stratified

Nutrition protocols

If no contraindication for enteral nutrition was present,
enteral feeding was initiated 24—48 h after ICU admis-
sion. The initial infusion rate was 20 mL/h. Feeding tol-
erance was defined as no discomfort or abdominal
distention, diarrhea, or severe reflux (vomiting, gastric
residual volume >300 mL in 6h) after enteral nutrition
application, or symptoms of feeding intolerance that
were relieved by treatment. Feeding intolerance was de-
fined as the interruption of enteral nutrition because of
a gastrointestinal issue (severe abdominal distention,
diarrhea, vomiting, gastric residual volume >300 mL in
6 h, or subjective discomfort) [3, 25, 26]. Feeding toler-
ance was assessed 6 h after the initiation of enteral nutri-
tion. If the patient reached feeding tolerance, the rate
was incrementally increased by 10 mL/h until the enteral
nutrition infusion rate reached the target (50 mL/h). In
the case of feeding intolerance, the rate was decreased
by 10 mL/h. The infusion rate was adjusted again ac-
cording to the results of reassessment after 6 h. For pa-
tients at low nutritional risk (Nutritional Risk Screening
2002 [NRS-2002] < 3), we set a target caloric intake of
20 kcal/kg/day for the first week without supplemental
parenteral nutrition, even in the case of feeding intoler-
ance. For patients at high nutritional risk (NRS-2002 >
3), we set a target caloric intake of 25-30 kcal/kg/day for
the first week, with supplemental parenteral nutrition in
the case of feeding intolerance. The target caloric intake
for all patients was 25—30 kcal/kg/day over the following

Table 1 Intestinal ultrasound score (AGIUS score)

weeks, with supplemental parenteral nutrition if there
was feeding intolerance. In the case of delayed gastric
emptying, we added prokinetics to prevent pyloric bile
reflux and protect the gastric mucosa (metoclopramide,
10 mg g8h, i.m.) and a postpyloric feeding route.

IAP was measured via the bladder (with patients in the
supine position) using the closed-loop system repeated-
measurements technique [27]. IAP was measured at least
twice a day when the values recorded were normal (< 12
mmHg) and at least four times per day if the IAP was el-
evated above 12 mmHg. IAH and ACS were defined ac-
cording to the recommendations of the World Society of
the Abdominal Compartment Syndrome as well as the
working group on abdominal problems of the European
Society of Intensive Care Medicine [13-16].

Data collection

Data pertaining to baseline characteristics, including age,
gender, body mass index, cause of ICU admission, serum
lactate, APACHE II scores, and Sequential Organ Failure
Assessment (SOFA) score, were collected within the first
24h of ICU admission. SOFA score and AGIUS score
were collected or recorded daily within the first week
after admission to ICU. GIF score was calculated on a
daily basis during the first week of ICU admission [3]
(Table 2). AGI (GIF score 0-2) patients and non-AGI
(GIF score 3—4) patients were compared. AGIUS score
was recorded daily during the first week after ICU ad-
mission. GUTS score was determined daily during the

0

The diameter of the intestine + <3 .cm, without changes

in the intestine folds

« <3 mm, without the stratified
intestinal wall

The thickness of the intestine

+ 5-10/min, with transmission
of intestine contents

Intestinal peristalsis

+ 23 cm or changes in the

+ =3 mm or with stratified

+ <5/min or > 10/min

+ 23 cm and changes in

intestine folds the intestine folds

- 23 mm and with stratified

intestinal wall intestinal wall

- No peristalsis, or without transmission
of intestine contents
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Table 2 Reintam'’s gastrointestinal failure (GIF) score

Points Clinical symptomatology

0 Normal gastrointestinal function

1 Enteral feeding < 50% of calculated
needs or no feeding 3 days after
abdominal surgery

2 Food intolerance (enteral feeding not
applicable due to high gastric aspirate
volume,
vomiting, bowel distension, or severe
diarrhea) or IAH

3 Food intolerance and I1AH

4 Abdominal compartment syndrome

first week after ICU admission [24]. The GUTS score
entered into the medical record was a modified version
that reflected the following indices: small bowel diam-
eter, peristalsis, IAP, and abdominal perfusion pressure
(APP) (Table 3). Other data collected included intraven-
ous fluid volume, urine output, hematocrit, gastric re-
sidual volume, mechanical ventilation (number of
episodes and duration of each), PaO2/FiO,, platelet
count, total bilirubin, mean arterial pressure (MAP),
serum creatinine, use of vasoactive drugs, and number
of renal replacement therapies. APP was calculated as
MAP minus IAP [28]. Fluid overload within the first
week was defined as cumulative fluid balance divided by
baseline admission body weight (if > 10%) [29]. The pri-
mary outcomes were 28-day mortality and length of the
ICU stay.

Statistical analyses

Patients with good ultrasonography conditions (> 3 times)
were eligible for analysis. Maximum scores were calcu-
lated as the maximum of the individual values collected
for each patient within the first week. Mean scores were
calculated as the average of daily maximum values for all
patients included in the study. Statistical analyses were
performed using SPSS 16.0 software (SPSS, Chicago, IL).
Data are expressed as means + standard deviations, me-
dians (interquartile range), or frequencies (percentages).
Continuous variables were compared with Student’s ¢ test
or the Mann-Whitney U test when appropriate, whereas
categorical variables were compared with the y* test or
Fisher’s exact test when appropriate. The Spearman cor-
relation test was used to analyze the correlations of ranked
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variables. Receiver operating characteristic (ROC) curves
were used to determine the likelihood ratios for the cap-
acity of the GIF score, AGIUS score, GUTS protocol
score, SOFA score, and AGIUS score in combination with
SOFA to predict 28-day mortality. Statistical significance
was defined as p < 0.05. Univariate and multivariate logis-
tic regression analyses were undertaken to examine the ef-
fects of variables on 28-day mortality and on AGIUS
score. The results are reported as adjusted odds ratio of
death with corresponding 95% confidence intervals.

Results

Clinical and demographic characteristics of patients

A total of 136 patients were considered as eligible for in-
clusion, and 116 were included in the final analysis (Fig. 2).
Regarding the 20 ineligible patients, 14 patients were ex-
cluded because of postoperative abdominal gas, 2 patients
because of unclear vision caused by the presence of drain-
age tubes, 2 patients because of abdominal wall defects, 1
patient because of subcutaneous abdominal wall gas, and
1 patient because of abdominal obesity. A total of 751
ultrasonic examinations were performed on all 116 pa-
tients. There were 113 (15%) examinations classified as in-
volving “impossible” conditions. In most of these cases,
gas impeded penetration of the ultrasonography. Of the
remaining conditions (85%), 511 samples were classified
as “good quality” (68%) and 127 as “poor quality” (17%).
The corresponding clinical and demographic characteris-
tics are shown in Table 4. Overall 28-day mortality was
36.2% (42/116). There were 46 patients in low nutritional
risk group and 70 patients in the high nutritional risk
group. The numbers of delivered and prescribed calories
were 1105 (320-1149) and 1281 (1115-1421) kcal (p <
0.001) in the low nutritional risk group, and were 1685
(1458-1847) and 1778 (1496—1898) kcal (p =0.19) in the
high nutritional risk group. Ninety-three (80.2%) patients
were successfully delivered with the total target number of
calories. Sixty-one (52.6%) patients, including 38 patients
in the high malnutrition risk group and 23 patients in the
low malnutrition risk group, achieved the enteral nutrition
target within 1 week.

Analysis of GIF score, SOFA score, AGIUS score, and GUTS
score

The evolution of GIF scores within the first week is
shown in Additional file 4: Figure S1. GIF scores and

Table 3 Gastrointestinal and urinary tract sonography protocol (GUTS) score

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

« SBD <20 mm « SBD <20 mm « SBD 20-30 mm + SBD>30mm « SBD >30mm

« Peristalsis present - Peristalsis absent or non-effective - Peristalsis absent, augmented, or non-effective - Peristalsis absent -« Peristalsis absent
« IAP 12-15 mmHg «IAP 16-20 mmHg  « IAP > 20 mmHg

+ APP <60 mmHg

Our modified GUTS score was quoted from the detailed version presented in reference [24], which includes > 10 parameters
SBD small bowel diameter, /AP intra-abdominal pressure, APP abdominal perfusion pressure

« APP <60 mmHg
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Screened for eligibility (n=173)

10 patients who died within 24h after
ICU admission were excluded

3 patients with mesenteric arteritis or

venous thrombosis were excluded

5 patients with mechanical intestinal

obstruction were excluded

13 patients with abdominal infection

needing surgery were excluded

1 patient with advanced cancer was

excluded

5 patients who were lost to follow-up

were excluded

Eligible for included (n=136)

20 patients with whole “poor” or

“impossible” ultrasonic conditions

were excluded

Eligible for analysis (n=116)

Fig. 2 Enroliment flowchart

patient numbers are shown in Additional file 1: Table
S1. On average, AGI (GIF score 3-4) occurred on day
2.5 (2.0-3.0). A positive correlation was found be-
tween GIF score and SOFA score (r=0.62, p <0.001)
during the first week. The characteristics of AGI pa-
tients and non-AGI patients are listed in Table 4. The
evolution of AGIUS scores within the first week is
shown in Additional file 5: Figure S2. AGIUS scores
and patient numbers are shown in Additional file 2:
Table S2. AGIUS score differed significantly between
AGI patients and non-AGI patients (4.0 [3.0-4.0] vs.
2.0 [1.0-3.0], p<0.001). A positive correlation was
found between AGIUS score and GIF score (r=0.54,
p <0.001). Increases in AGIUS scores were associated
with increases in SOFA scores (Fig. 3).

The evolution of GUTS scores within the first
week is shown in Additional file 6: Figure S3. GUTS
scores and patient numbers are shown in
Additional file 3: Table S3. A correlation was found
between GIF score and GUTS score (r=0.66, p<
0.001). SOFA score increased with GUTS score, as
shown in Fig. 4.
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Characteristics of non-IAH and IAH patients

IAH is an important factor that may result in AGIL. The
difference between patients with IAH and without IAH
is shown in Table 5. Upon applying ROC curve analysis
to identify the ultrasonography items in IAH patients,
the area under the curves (AUC) was 0.51 (0.40-0.62)
(intestinal diameter), 0.61 (0.51-0.72) (intestinal folds),
0.56 (0.45—0.68) (wall thickness), 0.58 (0.47—-0.69) (strati-
fied wall), and 0.39 (0.29-0.49) (intestinal peristalsis).

Comparison of ultrasonography indicators in patients
with vs. without feeding intolerance

Feeding intolerance is another sign of AGI. When pa-
tients with feeding intolerance (41/116, 35.3%) were
compared to patients without feeding intolerance (75/
116, 64.7%), there were significant differences in terms
of intestinal wall thickness (2.8 [2.7-3.1] vs. 2.6 [2.4—2.8]
mm, p =0.001), changes in the intestinal folds (28/41 vs.
13/75, p <0.001), number of stratified intestinal walls
(35/41 vs. 23/75, p <0.001), and risk for disturbances of
intestinal peristalsis (4.0 [3.0-7.0] vs. 7.0 [6.0-9.0], p <
0.001), while no significant difference was found for in-
testinal diameter (2.7 [2.5-2.8] vs. 2.6 [2.4-2.7] cm, p =
0.06). Use of ROC curve analysis to identify the ultrason-
ography items in feeding intolerance yielded AUC values
of 0.60 (0.48-0.71) (intestinal diameter), 0.76 (0.67—0.85)
(intestinal folds), 0.71 (0.62—0.80) (wall thickness), 0.77
(0.69-0.86) (stratified wall), and 0.78 (0.68—0.88) (intes-
tinal peristalsis), respectively. In total, 24 out of 29
(82.8%) patients with intestinal peristalsis frequency <5/
min experienced feeding intolerance within the first
week, compared with 16 out of 83 (19.3%) patients with
intestinal peristalsis frequency of 5-10/min, and 1 of 4
(25.0%) patients with intestinal peristalsis frequency >
10/min. In addition, when comparing patients with a
normal rate of peristalsis (5-10/min) to those with ab-
normal peristalsis rates (< 5/min or > 10/min), the prob-
ability of feeding intolerance was significantly lower in
the former group (16/83 vs. 25/33, p <0.001). Patients
with abnormal peristalsis were more likely to have re-
ceived treatment with prokinetics than patients with
normal peristalsis (30/33 vs. 32/83, p < 0.001).

Stratified analysis for patients with low vs. high AGIUS
scores

In the ROC curve analysis of predicting 28-day mor-
tality, a cutoff value of 2.0 for AGIUS score had a
sensitivity of 85.7% and a specificity of 71.6%. There-
fore, we used an AGIUS score of 2 to stratify the
clinical data. There were 59 patients with low AGIUS
scores (<2) and 57 patients with high AGIUS scores
(>2). A significant difference in 28-day mortality was
found between groups (6/59 vs. 36/57, p<0.001). In
addition, patients with low AGIUS scores had lower
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Table 4 Characteristics of non-AGI and AGI patients
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Total (n=116) Non-AGl (n =80) AGI (n=36) t/Z/x p value
Age (year) 534+206 539+216 522+185 041° 0.68
Male/female, n (%) 62/54 42/38 20/16 0.09° 0.76
BMI (kg/m?) 223+39 221+£39 225140 049° 063
Cause of ICU admission
Major trauma, n (%) 59 (50.9) 43 (53.8) 16 (44.4) 0.86° 035
Complications after surgery, n (%) 45 (38.8) 30 (37.5) 15 (41.7) 0.18° 0.67
Others, n (%) 12 (10.3) 7 (8.8) 5(139 0.71¢ 040
Serum lactate at onset (mmol/L) 24+10 23+10 25+09 1218 023
APACHE Il on ICU admission 15.0 [11.0-17.0] 15.0 [11.0-17.0] 145 [13.0-18.0] 183° 0.78
SOFA score on ICU admission 10.0 [8.0-13.0] 9.5 [8.0-13.0] 10.0 [9.3-13.0] 5.14° 048
Mechanical ventilation, n (%) 62 (53.5) 36 (45.0) 26 (72.2) 7.40° 0.007
Pa02/FiO, (mmHg) 206.5+21.5 209.8 +£20.7 19911216 2.54° 0.01
Platelet count (x 107/L) 133.7+19.7 13711+19.7 12611+17.7 287° 0.005
Total bilirubin (mmol/L) 70.1+£328 541 £227 105.8+22.0 11.46° <0.001
MAP (mmHg) 750+6.2 752£56 743+74 0.76° 045
Vasopressor support, n (%) 59 (50.9) 35 (43.8) 24 (66.7) 522° 0.02
Norepinephrine, n (%) 59 (50.9) 35 (43.8) 24 (66.7) 522° 0.02
Epinephrine, n (%) 7 (6.0) 2(25) 5(13.9) 5.68° 0.02
Dobutamine, n (%) 3(26) 0 (0) 3(83) 6.84° 0.009
Norepinephrine dose (g/kg/min) 0.06 [0.03-0.15] 0.04 [0.03-0.06] 0.15 [0.09-0.24] 522° <0001
At least two drugs, n (%) 9 (7.8 2 (2.5 7 (194) 9.96° 0.002
Serum creatinine (umol/L) 940 [61.5-131.8] 80.0 [50.5-107.3] 162.0 [108.5-200.8] 18.64° <0.001
Renal replacement therapy, n (%) 34 (29.3) 19 (23.8) 15 (41.7) 3.85¢ 0.05
Intra-abdominal pressure (mmHg) 106+6.3 84+55 155+53 6.57° <0.001
Abdominal perfusion pressure (mmHg) 643 +83 669+7.8 588+6.6 541° <0.001
Intra-abdominal hypertension, n (%) 78 (67.2) 43 (53.8) 35(97.2) 21.30° <0.001
Feeding intolerance, n (%) 41 (35.3) 5(6.3) 36 (100) 95.49¢ <0.001
Duration of mechanical ventilation (days) 3.0 [0.0-12.8] 1.0 [0-7.0] 12.0 [0-14.8] 448° <0.001
AGIUS score 20 [1.0-3.0] 2.0 [1.0-3.0] 4.0 [3.0-4.0] 585° <0.001
GUTS score 3.0 [2.0-3.0] 3.0 [2.0-3.0] 3.0 [3.0-3.0] 460° <0.001
Length of ICU stay (days) 9.5 [6.0-18.0] 8.0 [5.0-14.5] 17.0 [88-21.0] 338° 0.001
Length of hospital stay (days) 17.0 [11.0-23] 14.0 [10.0-20.8] 21.0 [19.0-25.8] 3.75° <0.001
28-day mortality, n (%) 42 (36.2) 14 (17.5) 28 (77.8) 39.06° <0.001
ICU mortality, n (%) 37 (319 12 (15.0) 25 (694) 38.21° <0.001
Hospital mortality, n (%) 41 (35.3) 14 (17.5) 27 (75) 35.92¢ <0.001

Variables including PaO2/FiO2, platelet count, total bilirubin, norepinephrine dose, serum creatinine, and duration of mechanical ventilation were reported as the
average values during stay in the ICU. Variables including mechanical ventilation, vasopressor support, and renal replacement therapy were reported as the
number of patients receiving these treatments during stay in the ICU. Variables including MAP, intra-abdominal pressure, and abdominal perfusion pressure were
reported as the average values of the first week after ICU admission. Variables including AGIUS score and GUTS score were reported as the highest values
recorded during the first week after ICU admission. Variables including intra-abdominal hypertension and feeding intolerance were reported as the number of

patients of the first week after ICU admission
p value represents the difference between non-AGlI patients and AGI patients

Continuous data are expressed as median [Q1; Q3] or mean + standard

BMI body mass index
2Student’s t test
PMann-Whitney Utest

Y test or Fisher's exact test
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Fig. 3 The evolution of SOFA with increasing AGIUS scores

rate of mechanical ventilation, lower renal replace-
ment therapy rate, lower serum lactate level, lower
SOFA scores, shorter duration of mechanical ventila-
tion, and shorter duration of ICU stay (Table 6).

ROC curve analysis for use of AGIUS, GIF, or GUTS score
in predicting 28-day mortality

ROC curve analysis was used to identify the sensitivities
and specificities of the AGIUS score, GUTS score, and
GIF score in predicting 28-day mortality, as shown in
Fig. 5. The AUC of ROC analysis revealed that the AGIUS
score had higher predictive value than the GIF score for
predicting 28-day mortality (0.86 (0.79-0.93) vs. 0.82
(0.74-0.90), p = 0.10). The AUC of the ROC was larger for
AGIUS score than for GUTS score (0.86 (0.79-0.93) vs.
0.76 (0.70-0.83), p = 0.03). Combining the AGIUS score
with the SOFA score yielded higher AUC for predicting
28-day mortality than did use of SOFA score alone (0.89
(0.83-0.95) vs. 0.86 (0.80-0.93), p = 0.12).

254

204

15+

104

SOFA score

0 T T 1

GUTS score

Fig. 4 The evolution of SOFA with increasing GUTS scores

Page 7 of 14

Univariate and multivariate analyses of AGIUS score and
28-day mortality

Univariate logistic regression showed that intravenous
fluid volume, serum lactate level, norepinephrine dose,
duration of mechanical ventilation, serum creatinine,
feeding intolerance, IAP, GIF score, and SOFA score
were significantly associated with AGIUS score. Multi-
variate logistic regression analysis identified mechanical
ventilation, renal replacement therapy, GIF score, and
SOFA score as independent predictors of high AGIUS
score (Table 7).

Univariate and multivariate analyses of 28-day mortal-
ity are shown in Table 8. Multivariate logistic regression
analysis identified serum lactate, use of vasopressor sup-
port, SOFA score, and AGIUS score as independent pre-
dictors of 28-day mortality.

Discussion

In our study, we found that transabdominal intestinal
ultrasonography may be used to evaluate AGI and that
intestinal ultrasonography indicators may be used to
predict feeding intolerance in critically ill patients. Nu-
merous efforts have been made to assess AGI, including
some based on the use of ultrasonography, especially in
patients with delayed gastric emptying [30-34]. Here, we
explored the application of transabdominal intestinal
ultrasonography in the assessment of AGI. The results
demonstrated the feasibility of this approach and indi-
cated that intestinal ultrasonography indicators may be
used to design an individualized approach to feeding
management in critically ill patients.

Predictive value of intestinal sonography for AGI

We found transabdominal intestinal ultrasonography
scores (AGIUS, GUTS) were correlated with AGI grade
and GIF score, confirming the possibility of intestinal
ultrasonography in predicting AGI. Intestinal ultrason-
ography examinations provide objective and quantifiable
indicators such as intestinal thickness, intestinal diam-
eter, and degree of intestinal peristalsis. We found that
the indicators initially assessed in the clinic were feeding
intolerance, IAP, and symptoms; this approach remains
controversial. Because of a lack of universally accepted
definitions, the strength of the relationship between
feeding intolerance and mortality varies substantially be-
tween studies [35]. The occurrence of feeding intoler-
ance depends strongly on feeding practices (route,
formula, and rate) and on the subjective feelings of pa-
tients, which can vary. The monitoring of IAP is recom-
mended as a routine treatment for critically ill patients
with AGI [36]. However, gastrointestinal dysfunction
can lead to IAH and vice versa. IAP is not a direct indi-
cator of gastrointestinal function, which may confuse the
relationship between gastrointestinal symptoms and IAP
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Table 5 Characteristics of non-IAH and IAH patients
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Total (n=116) Non-IAH (n=38) IAH (n=78) r/Z/X2 p value
Cumulative fluid balance within 1 week (L) 5.0 [34-6.7] 4.1 [2.1-5.5] 5.5[3.8-7.2] 021° 0.01
Fluid balance on day 1 (L) 1.6 [04-24] 14 [0.5-2.3] 1.7 [0.3-2.5] 073° 0.50
Fluid balance on day 2 (L) 1.1[04-22] 09 [0.1-1.7] 1.5[0.5-2.2] 031° 0.05
Fluid balance on day 3 (L) 1.0 [0.7-14] 0.8 [0.5-1.2] 1.1 [0.8-14] 007° 0.004
Fluid balance on day 4 (L) 06 [-06-1.3] 05[-08-1.2] 06 [-05-13] 0.06° 043
Fluid balance on day 5 (L) 08 [-03-1.7] 0.7 [-03-14] 0.7 [-0.3-1.8] 2.04° 040
Fluid balance on day 6 (L) 0.1 [-0.1-0.5] —.05[-04-05] 0.2 [-0.1-0.5] 526° 0.01
Fluid balance on day 7 (L) 0.1 [~ 04-04] 0.0 [-04-04] 0.1 [-04-04] 0.16° 0.14
Urine output (mL/kg day) 14.2 [7.9-24.4] 203 [13.5-27.8] 10.7 [6.3-22.9] 2.80° 0.001
Serum creatinine (umol/L) 940 [61.5-131.8] 83.0 [40.8-103.5] 108.0 [71.5-165.0] 973° <0.001
Fluid overload, n (%) 37319 8 (1.1 29(372) 3.06° 0.08
Hematocrit (%) 354+43 38131 341142 2.84° <0.001
Gastric residual volume (mL/day) 5214+1833 3783 +£208.2 5324 %1795 4.02° <0.001
ACS, n (%) 543) 00 564 2.52¢ 0.17
Vasopressor support, n (%) 59 (50.9) 18 (474) 41 (52.6) 0.14¢ 0.60
Norepinephrine dose (ug/kg/min) 0.06 [0.03-0.15] 0.04 [0.03-0.07] 0.13 [0.04-0.24] 3.24° 0.001
Mechanical ventilation, n (%) 62 (53.4) 17 (44.7) 45 (57.7) 0.30° 0.19
Duration of mechanical ventilation (days) 3.0[0-128] 1.0 [0-7.2] 5.5 [0-14.0] 6.13° 003
SOFA score 12.0 [10.0-14.0] 9.5 [6.0-12.0] 13.0 [11.0-15.0] 239° <0.001
GIF score 20 [1.0-3.0] 1.0 [1.0-2.0] 20 [2.0-3.0] 6.21° <0.001
AGIUS score 2.0 [1.0-3.0] 1.5 [1.0-3.0] 3.0 [1.0-4.0] 227° 0.002
GUTS score 3.0[2.0-30] 20[2.0-23] 3.0 [3.0-30] 6.69° <0.001
Intestinal wall thickness (mm) 2.7 [24-29] 26 [26-3.0] 2.7 [2.5-29] 129° 049
Changes in the intestinal folds, n (%) 42 (36.2) 8 (21.1) 34 (43.6) 562° 0.02
Stratified intestinal walls, n (%) 58 (50) 15 (39.5) 43 (55.1) 2.51¢ 0.11
Intestinal peristalsis, frequency 6.0 [4.0-8.0] 7.0 [6.0-8.0] 6.0 [4.0-8.0] 1.87° 0.07
Intestinal diameter (cm) 26 [24-28] 26 [2.5-2.7] 26[24-28] 0.34° 0.88

Variables including serum creatinine, norepinephrine dose, and duration of mechanical ventilation were reported as the average values during stay in the ICU.
Variables including vasopressor support and mechanical ventilation were reported as the number of patient during stay in the ICU. Variables including urine
output, hematocrit, gastric residual volume, SOFA score, intestinal wall thickness, intestinal peristalsis, and intestinal diameter were reported as the average values
of the first week after ICU admission. Variables including GIF score, AGIUS score, and GUTS score were reported as the highest values recorded during the first
week after ICU admission. Variables including fluid overload, ACS, changes in the intestinal folds, and stratified intestinal walls were reported as the number of

patients during the first week after ICU admission

p value represents difference between non-IAH patients and IAH patients
Continuous data are expressed as median [Q1; Q3] or mean + standard

Student’s t test
PMann-Whitney U test
X* test or Fisher's exact test

[37]. In that sense, intestinal ultrasonography has certain
advantages over other methods used previously by
practitioners.

Predictive value of intestinal sonography for feeding
intolerance

The incidence of feeding intolerance was 35.5% in our
study, compared with 30.5% in another study [26].
Our study demonstrated the value of intestinal ultra-
sonography indicators in predicting feeding intoler-
ance. As known, feeding intolerance is commonly

encountered during feeding critically ill patients. Al-
though the early administration of normocaloric en-
teral nutrition has been associated with favorable
clinical outcomes [38, 39], the presence of feeding in-
tolerance increases the risk for aspiration pneumonia
or enterogenic infection [40-43]. A recent systematic
review showed that hypocaloric enteral nutrition,
compared with full-energy nutrition, did not signifi-
cantly affect morbidity or mortality [44]. While if
there is no feeding intolerance, continuous trophic
feeding can result in the delayed recovery of total



Gao et al. Critical Care

(2019) 23:378

Table 6 Stratified analysis for patients with low vs. high AGIUS scores
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Total (n=116) AGIUS score <2 (n=59) AGIUS >2 (n=57) I/Z/)(2 p value
Cumulative fluid balance within 1 week (L) 5.0 [34-6.7] 4.7 [26-5.8] 56 [4.0-73] 0.13° 0.008
Serum lactate at onset (mmol/L) 24£10 2509 23£10 0.13° 0.36
Vasopressor support, n (%) 59 (50.9) 25 (42.4) 34 (59.7) 346° 0.06
Norepinephrine dose (ug/kg/min) 0.06 [0.03-0.15] 0.03 [0.03, 0.04] 0.12 [0.07-0.22] 492° <0.001
Mechanical ventilation, n (%) 62 (53.4) 26 (44.1) 36 (63.2) 425°¢ 0.04
Duration of mechanical ventilation (days) 3.0[0-12.8] 1.0 [0-7.0] 9.0 [0-14.0] 12.18° 0.001
Serum creatinine (umol/L) 940 [61.5-131.8] 70.0 [41.0-91.0] 128.0 [94.0-185.5] 13.25° <0.001
Renal replacement therapy, n (%) 34 (29.3) 9 (15.3) 25 (43.9) 11.45° 0.001
Feeding intolerance, n (%) 41 (35.3) 6 (10.2) 35 (61.4) 33.30° <0.001
Intra-abdominal hypertension, n (%) 78 (67.2) 35 (59.3) 43 (754) 342° 0.06
GIF score 2.0 [1.0-3.0] 2.0 [1.0-20] 3.0 [2.0-3.0] 418° <0.001
SOFA score 12.0 [10.0-14.0] 10.0 [8.0-12.0] 140 [125-15.5] 244° <0.001
Length of ICU stay (days) 9.5 [6.0-18.0] 8.0 [5.0-15.0] 14.0 [6.5-20.0] 245° 0.01
28-day mortality, n (%) 42 (36.2) 7(11.9) 35(614) 30.80° <0.001
ICU mortality, n (%) 37 (31.9) 5(85) 32 (56.1) 30.32¢ <0.001
Hospital mortality, n (%) 41 (353) 7(11.9) 34 (59.7) 28.97¢ <0.001

Variables including vasopressor support, mechanical ventilation, and renal replacement therapy were reported as the number of patients during stay in the ICU.
Variables including serum creatinine, norepinephrine dose, and duration of mechanical ventilation were reported as the average values recorded during stay in
the ICU. Variables including intra-abdominal hypertension and feeding intolerance were reported as the number of patients during the first week after ICU
admission. SOFA score was reported as the average of the first week after ICU admission. GIF score were reported as the highest values observed during the first

week after ICU admission

p value represents difference between low AGIUS patients and high AGIUS patients
Continuous data are expressed as median [Q1; Q3] or mean + standard

Student’s t test
PMann-Whitney U test
X* test or Fisher's exact test

value within the first week
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Fig. 5 ROC curve analysis for use of AGIUS, GIF, or GUTS score to predict 28-day mortality. Variables included in analyses were the maximum
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Table 7 Univariate and multivariate analyses of 28-day mortality in patients

Univariate Multivariate

OR (95% Cl) p value OR (95% Cl) p value
Age (year) 1.00 (0.98-1.02) 0.68
BMI (kg/m?) 1.09 (0.98-1.20) 0.11
Serum lactate at onset (mmol/L) 1.22 (1.10-1.34) < 0.001 1.38 (1.15-1.61) <0.001
Vasopressor support, n (%) 457 (237-6.77) <0.001 167 (1.17-2.16) 0.003
Mechanical ventilation, n (%) 3.69 (2.38-5.00) <0.001
Renal replacement therapy, n (%) 2.53 (146-4.61) <0.001
Feeding intolerance, n (%) 232 (1.27-3.65) <0.001
Intra-abdominal pressure (mmHg) 122 (1.12-1.33) <0.001
SOFA score 2(1.33-1.58) <0.001 1.53 (1.07-2.79) 0.02
AGIUS score 2.55 (1.36-3.89) <0.001 1.71 (1.48-2.73) 0.001

Variables included in regression were age, BMI, serum lactate at onset, vasopressor support (yes/no during stay in the ICU), mechanical ventilation (yes/no during
stay in the ICU), renal replacement therapy (yes/no during stay in the ICU), feeding intolerance (yes/no during the first week), intra-abdominal pressure (highest
value recorded during the first week), SOFA score (highest value recorded during the first week), and AGIUS score (highest value recorded during the first week)

BMI body mass index, OR odds ratio, Cl confidence intervals

enteral nutrition. Thus, appropriate initiation and
temporal adjustments to the protocol are essential.
However, we cannot predict tolerance of the initial or
adjusted protocol. Therefore, the identification of
feeding intolerance before the initiation of enteral nu-
trition would make sense. Because good correlations
between feeding intolerance and intestinal ultrasonog-
raphy indicators were found, we speculate that ultra-
sonography may be used to predict feeding intolerance
before nutrition is provided. Thus, in patients with
normal peristalsis, enteral nutrition could be initiated
without delay, allowing for early adjustment of the
feeding protocol, while in patients with abnormal peri-
stalsis, more time may be required before it is safe to

Table 8 Univariate and multivariate analyses of AGIUS scores

initiate enteral nutrition and to adjust the feeding
protocol. By predicting feeding intolerance, we may
decrease the risk of enteral nutrition and facilitate the
implementation of an individualized nutrition proto-
col. This possibility warrants further study.

Predictive value of intestinal sonography for IAH/ACS

As reported previously, there were significant differ-
ences between IAH and non-IAH patients in cumula-
tive fluid balance within 1 week, urine output,
hematocrit, gastric residual volume, norepinephrine
dose, and mechanical ventilation [45]. Unfortunately,
no intestinal ultrasonography indicator showed signifi-
cant predictive value for IAH/ACS, although the

Univariate Multivariate

OR (95% Cl) p value OR (95% Cl) p value
Cumulative fluid balance within 1 week (L) 1.22 (1.05-142) 0.01
Serum lactate at onset (mmol/L) 0.83 (0.56-1.28) 035
Vasopressor support, n (%) 1 (0.96-4.21) 0.06
Mechanical ventilation, n (%) 8 (1.03-3.32) 0.04 2.70 (1.38-4.02) 0.01
Duration of mechanical ventilation (days) 8 (1.06-1.32) 0.004
Renal replacement therapy, n (%) 134 (1.20-148) 0.001 167 (1.34-2.01) <0.001
Feeding intolerance, n (%) 2.05 (1.18-2.94) <0.001
Intra-abdominal pressure (mmHg) 1.09 (1.02-1.16) 0.007
GIF score 2.26 (1.17-3.46) <0.001 2.70 (1.79-4.86) 0.002
SOFA score 1(1.29-1.78) < 0.001 1.76 (1.51-2.23) 0.003

Variables included in regression were cumulative fluid balance within 1 week, serum lactate at onset, vasopressor support (yes/no within the first week),
mechanical ventilation (yes/no within the first week), duration of mechanical ventilation (days within the first week), renal replacement therapy (yes/no within the
first week), feeding intolerance (yes/no during the first week), intra-abdominal pressure (highest value recorded during the first week), GIF score (highest value
recorded during the first week), and SOFA score (highest value recorded during the first week)

OR odds ratio, C/ confidence intervals
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combined intestinal ultrasonography score had pre-
dictive value. The predictive value of intestinal sonog-
raphy for IAH/ACS requires further study.

Selection of indicators for intestinal ultrasound
Transabdominal ultrasonography is a reliable detection
method used in patients with Crohn’s disease, ileus, ce-
liac disease, intussusception, infectious enteritis, tumors,
or ischemic/hemorrhagic conditions of the small bowel
[46, 47]. Nevertheless, few studies have applied it for
AGI in critically ill patients, especially intestinal ultra-
sonography. Thus, the optimal approach to the selection
of intestinal indicators and the use of those indicators
for AGI assessment in critically ill patients remains
unclear.

Five indicators were selected for use in our study: in-
testinal thickness, stratification of the intestinal wall, in-
testinal peristalsis, changes to intestinal folds, and
intestinal diameter. By using transabdominal ultrasound,
clinicians can detect thickened colon walls, diagnose in-
flammatory colitis [48], and measure the thickness of the
intestinal wall in patients with Yersinia enteritis [49].
Fluid overload can result in bowel and intestinal edema,
as well as second- and third-space free fluid [29, 50, 51].
Capillary leak syndrome leads to the accumulation of
interstitial fluid, which can present as increased intes-
tinal thickness or even obvious stratifications. We there-
fore speculate that the thickness and stratification of the
intestinal wall could be used to evaluate the degree of in-
testinal injury. Intestinal peristalsis is a basic physiological
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function that is crucial for the maintenance of normal di-
gestion and absorption. Prokinetics can ameliorate feeding
intolerance in critically ill patients [52]. Early-stage enter-
itis is associated with enhanced motility [53]. Regardless
of whether motility is increased or decreased, abnormal
peristalsis indicates gastrointestinal dysfunction, so we
used intestinal peristalsis as a parameter. The normality of
gastrointestinal function also depends on fold integrity.
Ultrasound is used to detect changes in the intestinal folds
in patients with celiac disease [54, 55]. The present study
showed that abnormal intestinal folds were more common
in critically ill patients (Fig. 1), compared with healthy
adult (Fig. 6). Intestinal dilation is multifactorial and
mainly depends on the capacity of the intestine to deal
with its contents (absorption or discharge). In serious AGI
cases, the worsened gastrointestinal capacity to deal with
intestinal contents is expressed as abnormal intestinal
diameter. We therefore included intestinal diameter as an
indicator in this study. In our study, we analyzed the prog-
nostic value of these indicators in predicting outcomes
among patients with IAH and feeding intolerance in order
to determine the feasibility of applying these indicators in
clinical practice.

Rather than using a single indicator, we applied two
scoring systems: GUTS and AGIUS, both of which in-
corporate multiple indicators due to the complexities of
intestinal function. The GUTS score includes intestinal
morphological and functional indicators, as well as local
hemodynamic parameters and organ perfusion indica-
tors. The AGIUS score includes intestinal morphological

solid arrow)

Fig. 6 Normal transabdominal intestinal ultrasonography. This is a 36-year-old male. The intestine was screened with a curvilinear probe (5 MHz).
The image shows normal intestinal diameter (< 2 cm), normal intestinal thickness (< 2 mm, dotted arrow), and normal folds (long without edema,
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and functional indicators. Although both scoring sys-
tems have demonstrated predictive value in the treat-
ment of AGI, there were some differences. We found
that the correlation between GUTS score and GIF score
was stronger than that between AGIUS score and GIF
score. This may be because the weight of IAP was sub-
stantial for the GUTS score since only four parameters
were included, and IAP is one of the important parame-
ters in the GIF score. The inaccuracy of the GUTS score
should also be noted since the GUTS score in our study
included only four parameters while the original GUTS
protocol includes more than ten parameters [24]. The
limited parameters may impair the prognostic strength
of the GUTS score. Although there are differences in the
indicators used to yield two scores, the AGIUS score is
part of the GUTS score and is used specifically for the
evaluation of small intestine-related indicators. That is
to say, the two scores may be supplementary to each
other when predicting AGI. Further study will be neces-
sary to identify the optimal intestinal ultrasonography
indicators (and corresponding ranges) for use in the
evaluation of patients with AGL

Study limitations

There were limitations to our study. First, transab-
dominal ultrasonography is influenced by examination
conditions, such as intra-abdominal gas or abdominal
wall defects. Twenty patients were excluded from ana-
lysis because of these effects. Even among patients in-
cluded in the analysis, the proportion of “good”
pictures was only 68% of the total. These results indi-
cate that we cannot complete the ultrasonography
evaluation at one time, and ultrasonography cannot
completely replace other methods for the evaluation
of gastrointestinal function. Second, a major cause of
enhanced intestinal wall thickness is mesenteric
vascular lesions. In critically ill patients, coagulopathy
and microthrombosis are common pathophysiological
changes that may affect mesenteric vessels [56]. In our
study, although patients with obvious mesenteric vas-
cular lesions were excluded, and the average intestinal
thickness of four regions was calculated, we were not
sure whether intestinal microvascular lesions caused
this thickening. In future studies, the use of vaso-
enhanced ultrasonography may minimize this hetero-
geneity. Third, sonography is a highly device- and
operator-dependent method. Regarding device de-
pendency, convex and linear probes use different fre-
quencies. The linear probe is more accurate than the
convex probe in the discrimination of organization.
Because we did not include mesenteric vessel parame-
ters in our study, we applied a convex probe only to
acquire a large detection area and depth. Regarding
operator dependency, although we constructed a 7-
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grade score depending on intestinal ultrasonography,
there were still some subjective parameters, such as
“changes in intestinal folds” and “stratified intestinal
wall,” which require the correct interpretation of expe-
rienced operators. Objective clear cutoffs, as in the
GUTS protocol, are essential.

Additionally, our nutritional protocol differed slightly
from the guidelines. One issue is the incorporation of
early enteral nutrition guidelines in our enteral nutrition
protocol [57]. Considering the probable effects of differ-
ent enteral nutrition infusion rates on intestinal diameter
and feeding tolerance, we set a maximum infusion rate
(50 mL/h) in order to minimize the variation in feeding
rate caused by different weights. Another issue is the use
of supplemental parenteral nutrition in critically ill pa-
tients. According to the American Society for Parenteral
and Enteral Nutrition guidelines, for patients at high nu-
tritional risk, exclusive parenteral nutrition should be
performed as soon as possible following ICU admission
when enteral nutrition is not feasible [38]. Several recent
studies have considered the rationality of supplemental
parenteral nutrition [58-60]. In our study, if there was
only feeding intolerance, patients at high nutrition risk
received supplemental parenteral nutrition. The earliest
time that supplemental parenteral nutrition was started
was 48-72 h after ICU admission.

Conclusions

Transabdominal intestinal ultrasonography represents an
effective means for assessing AGI in the management of
critically ill patients. In contrast to other assessment
methods, transabdominal ultrasonography allows for the
direct observation of intestinal morphology and function,
resulting in a more targeted assessment of AGI. Intestinal
ultrasonography indicators (especially intestinal peristalsis)
may be used to predict feeding intolerance and to manage
clinical feeding practice. Additional studies should be per-
formed to determine the optimal intestinal ultrasonog-
raphy indicators for the management of feeding practice
in the treatment of critically ill patients.
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