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Abstract

BACKGROUND

Monitoring of gastric residual is an important approach for assessing gastric
emptying in patients with mechanical ventilation. By monitoring gastric contents,
the enteral nutrition scheme can be adjusted in time to ensure feeding safety.

AIM

To investigate the effects of ultrasound monitoring on the incidence of feeding
complications, daily caloric intake and prognosis of patients with severe
mechanical ventilation. To analyze the clinical significance of ultrasound
monitoring of gastric residual volume (GRV) up to 250 mL to provide a theoretical
basis for clinical practice.

METHODS

Patients admitted to the department of emergency medicine of the Affiliated
Hospital of Nantong University from January 2018 to June 2022 who received
invasive mechanical ventilation and continuous enteral nutrition support within
24-48 h after admission were enrolled in this study. Medical records for patients
within 7 d of hospitalization were retrospectively analyzed to compare the
incidence of feeding complications, daily caloric intake and clinical prognosis
between patients with gastric residual > 250 mL and < 250 mL, as monitored by
ultrasound on the third day.
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RESULTS

A total of 513 patients were enrolled in this study. Incidences of abdominal distension, diarrhea, and vomiting in
the <250 mL and = 250 mL groups were: 18.4% vs 21.0%, 23.9% vs 32.3% and 4.0% vs 6.5%, respectively; mortality
rates were 20.8% vs 22.65%; mechanical ventilation durations were 18.30 d vs 17.56 d while lengths of stay in the
intensive care units (ICU) were 19.87 d vs 19.19 £ 5.19 d. Differences in the above factors between groups were not
significant. Gastric residual = 250 mL was not an independent risk factor for death and prolonged ICU stay.
However, target feeding time of patients in the > 250 mL group was longer than that of patients in the > 250 mL
group, and caloric intake (22.0, 23.6, 24.8, 25.3 kcal/kg/d) for patients in the = 250 mL group from the 4* day to the
7* day of hospitalization was lower than that of patients in the > 250 mL group (23.2, 24.8, 25.7, 25.8 kcal/kg/d). On
the 4™ day (Z = 4.324, P = 0.013), on the 5" day (Z = 3.376, P = 0.033), while on the 6" day (Z = 3.098, P = 0.04), the
differences were statistically significant.

CONCLUSION

The use of ultrasound to monitor GRV and undertaking clinical interventions when the monitoring value is > 250
mL has no significant effects on incidences of feeding complications and clinical prognostic outcomes, however, it
significantly prolongs the time to reach target feeding, reduces the daily intake of calories during ICU hospital-
ization, and increases the risk of insufficient nutrition of patients. The accuracy and necessity of monitoring gastric
remnants and monitoring frequencies should be investigated further.

Key Words: Gastric residual monitoring; Mechanical ventilation; Vomit; Caloric intake; Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Patients with invasive mechanical ventilation in intensive care units (ICU) are in a high catabolic state and are prone to
malnutrition, resulting in intestinal ischemia and reperfusion injury and affecting intestinal immune functions[1]. As one
of the important therapeutic nutritional support interventions for severe patients, enteral nutrition can maintain the
normal physiological functions of the gastrointestinal tract, prevent intestinal villus atrophy, and guarantee intestinal
barrier functions[2]. The nutrition guidelines recommend that if there is no contraindication, enteral nutrition support can
be started at 24-48 h after ICU admission[3]. To reduce the mortality rates, infection incidences, as well as hospitalization
time and improve the prognostic outcomes of patients, early implementation of enteral nutrition should conform to the
physiological needs of the gastrointestinal tract of patients[4]. However, for ICU patients, their gastrointestinal functions
are impaired, and there are feeding intolerance (FI) risks during enteral nutrition implementation. There is no unified
standard definition for FI. Currently, the definitions proposed by the European Society of Intensive Care Medicine in 2012
[5] are widely used, including gastrointestinal adverse reactions, low rate of energy requirements and termination of
enteral nutrition. Incidence of FI during early enteral nutrition have been reported to be between 30.5%-67.5%. Therefore,
timely and accurate evaluation of gastrointestinal functions is particularly important. Monitoring of gastric residual is an
important approach for evaluating gastric emptying of patients with mechanical ventilation. By monitoring gastric
contents, the enteral nutrition scheme can be adjusted in time to ensure feeding safety[6,7]. Various methods for
monitoring gastric residual volume (GRV) in clinics have been proposed. The most traditional and common method is
aspiration, which involves using a syringe to extract gastric contents through the gastric tube. Even though this method is
simple to operate, its measurement results are affected by many factors, such as position of the tip of the gastric tube and
suction force degree. The extracted gastric contents are exposed to the air and are easily contaminated[8]. Moreover,
when the gastric contents are discarded, it is easy to lose the nutrient solution and the digestive fluid in the stomach, and
when target feeding amount cannot be attained, it increases the malnutrition risk in patients. Gastric ultrasound can
provide information about the nature and volume of gastric contents at the bedside[9]. The accuracy and repeatability of
gastric ultrasound has been reported in previous studies. Although it cannot fully assess the gastric functions and state
(such as pH value), it can provide important and useful information, such as volume and nature of gastric contents
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(transparent liquid, solid or not)[9-11]. The accuracy of ultrasonic monitoring of GRV is also high, and there is no need to
withdraw gastric contents, which reduces body fluid exposure risks[12]. However, the correlation between gastric
residual and poor prognostic outcomes, such as aspiration, ventilator-related pneumonia and FI has not been fully
elucidated[13-15]. The guidelines[16] issued by the critical illness Association and the American Association for
parenteral and enteral nutrition in 2016 do not recommend monitoring of gastric residual amounts in clinical routine or
assessing the feeding tolerance of patients by only relying on gastric residual amounts. However, a previous survey|[6,17-
19] revealed that 97.1% of nurses judge whether patients have FI by monitoring gastric residual amounts because the
monitoring method is simple and convenient.

The aim of this study was to investigate the effects of ultrasound monitoring on incidence of feeding complications,
daily caloric intake and clinical prognosis of patients with severe mechanical ventilation. Moreover, we analyzed its
clinical significance to provide a theoretical basis for guiding clinical practice.

MATERIALS AND METHODS
Study participants

Patients admitted to the department of emergency medicine of the Affiliated Hospital of Nantong University from
January 2018 to June 2022, and who received invasive mechanical ventilation and continuous enteral nutrition support
within 24-48 h after admission were enrolled in this study. Medical records of the patients within 7 d of hospitalization
were retrospectively analyzed to compare incidences of feeding complications, daily caloric intake and clinical prognosis
between patients with gastric residual = 250 mL and those with < 250 mL, as monitored by ultrasound on the third day of
admission.

Patient data were retrospectively collected from the electronic medical records system of the intensive care units.
Screening of study participants and data collation were performed as shown in Figure 1.

The inclusion criteria were: (1) No previous gastrointestinal dysfunction and enteral nutrition for 3 d; (2) Aged > 18
years; and (3) Patients or family members who agreed to sign the informed consent form.

The exclusion criteria were: (1) Presence of aspiration pneumonia, diarrhea or diabetes before admission to intensive
care units; (2) Shock, gastrointestinal bleeding, gastrointestinal surgery, severe intestinal obstruction, severe abdominal
distension and diarrhea; (3) Abdominal space syndrome; (4) Enteral nutrition treatment via jejunum feeding or gastroen-
terostomy; and (5) Patients with incomplete case data records.

General observation index

The general data and clinical characteristics of study participants, including age, sex, body mass index (BMI), acute
physiology and chronic health evaluation II (APACHE II), sequential organ failure assessment (SOFA), and disease
diagnosis among others were collected.

Feeding complications

Vomiting: Stomach contents flow out of the mouth and nose through the esophagus. Diarrhea: The number of daily
defecations is more than 3 times, feces are thin, the water content is high, and the daily defecation volume is more than
200 g. Abdominal distension: Discomfort caused by abdominal swelling or fullness.

Prognostic indicators
Data on time of mechanical ventilation, daily caloric intake from day 3 to day 7 after hospitalization in the ICU, the time
to reach the feeding target, ICU hospitalization days and mortality were collected. The time to reach the feeding target:
the number of days to reach 25 kcal/kg/D in gastrointestinal nutrition.

Daily caloric intake: Obtained by multiplying the volume of nutrient solution (mL) taken by the patient every day by
the energy density of the nutrient solution (kcal/mL) divided by body weight.

Ultrasonic monitoring of gastric remnants

The monitoring frequency of gastric remnants was once every 4 h. Briefly, patients were placed in supine positions (the
head of the bed was raised by 30°-45°), the portable color ultrasound diagnostic instrument was selected, the probe
frequency was set at 2-5 mhz, and the single section of the antrum selected, that is, the ultrasound probe was placed
under the xiphoid process of the patient and perpendicular to the abdomen angle. The antrum, the superior mesenteric
artery, the left lobe of the liver and the abdominal aorta were examined to locate the position of the antrum, and
ultrasound used to determine the size of the antrum. The area of the antrum was calculated by measuring the transverse
and anterior posterior diameters of the antrum, after which the gastric residual was obtained by comparing the area of
the antrum with age. When residual amount of the stomach exceeded 250 mL, enteral nutrition was stopped and further
monitoring performed after 2-4 h. If < 250 mL, enteral nutrition was continued. If the gastric residual was still high, the
jejunal nutrition tube or drug treatment was reserved according to patient's conditions, and if necessary, it was changed
to parenteral nutrition support. Since some patients were hospitalized for 24-48 h, continuous enteral nutrition was not
given until the condition was relatively stable. The GRV of patients was collected on the third day of ICU hospitalization,
and the patients were assigned into > 250 mL and < 250 mL groups.
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541 patients received in Department of Emergency Medicine (January 2018 to June 2022)

Excluded

13: Aspiration pneumonia, diarrhea or diabetes occurred before
admission to the emergency care unit

6: Shock, gastrointestinal bleeding, gastrointestinal surgery, severe
intestinal obstruction, severe abdominal distension, diarrhea

3: Abdominal space syndrome

2: Enteral nutrition treatment by jejunal feeding or gastroenterostomy

4: Incomplete medical records

513 patients were analyzed

— ¢

451 patients: < 250 mL 62 patients: > 250 mL

DOI: 10.4240/wjgs.v15.i8.1719 Copyright ©The Author(s) 2023.

Figure 1 Study flowchart.

Statistical analysis

The results for each scale were input into the computer for score conversion. The SPSS 24.0 software (IBM Corp., Armonk,
NY, United States) was used for statistical analyses. Measurement data are expressed as means + SD, while the counting
data are expressed as frequencies and percentages. t-tests, analysis of variance, and chi square tests were used for inter-
group statistical analyses. Logistic regression models were established for multivariate analyses. Bilateral P < 0.05 was set
as the threshold for statistical significance.

RESULTS

Baseline data

A total of 513 patients (451 in the < 250 mL group and 62 in the > 250 mL group) were enrolled in this study. There were
267 (59.2%) males in the 250 mL group, with age (53.04 + 3.9 years), BMI (20.39 + 2.5), APACHE II scores (6.39 + 2.44), and
SOFA (3.51 + 0.53). There were 33 (53.2%) males in the = 250 mL group, with age (53.92 + 4.29 years), BMI (20.87 + 2.49),

APACHE II scores (16.71 + 2.41), and SOFA (3.47 + 0.5). Differences in general data between the groups were insignificant
(Table 1).

Comparisons of medication and complications between the groups

Results showed that 29.9% and 25.1% of patients in the < 250 mL group used sedatives or sedatives, compared to 48.4%
and 38.7% in the 2 250 mL group (P < 0.05). The probabilities of abdominal distension, diarrhea and vomiting in the <250
mL group were 18.4%, 23.9% and 4.0%, compared with 21.0%, 32.3% and 6.5% in the = 250 mL group (P > 0.05; Table 2).

Comparisons of prognostic outcomes between groups

The time to reach the feeding target was significantly shorter for the 2 250 mL group, compared to that of the < 250 mL
group (P < 0.05). Differences in mechanical ventilation time, ICU hospitalization days and mortality rates between the
two groups were not significant (P > 0.05). Caloric intake (22.0, 23.6, 24.8, 25.3 kcal/kg/d) for patients in the < 250 mL
group was lower compared with that of patients in the < 250 mL group (23.2, 24.8, 25.7, 25.8 kcal/kg/d). Caloric intakes
on the 4" day (Z = 4.324, P = 0.013), 5" day (Z = 3.376, P = 0.033) and 6" day (Z = 3.098, P = 0.04) were significant (Figure 2
and Table 3).

Effects of each variable on prognosis

When residual gastric volume > 250 mL, sedative drugs, analgesics, vomiting, and time to reach the feeding target were
taken as independent variables and respectively introduced into the logistic regression model for analysis, it was found
that the time to reach the target feeding was an independent risk factor influencing the prognosis and extension of ICU
stay. However, GRV > 250 mL had no significant effects on patient death and ICU stay outcomes (Tables 4 and 5).

DISCUSSION

The 2016 guidelines of the American Society of critical care medicine and the society of enteral and parenteral nutrition
recommend monitoring of tolerance of enteral tube feeding (ETF) for critically ill patients in combination with
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Table 1 Baseline characteristics of participants: Comparisons of the 2 groups, n (%)

Item <250 mL (n = 451) 2250 mL (n=62) tx? Pvalue
Gender 0.802° 0371
Female 184 (40.8) 29 (46.8)
Male 267 (59.2) 33 (53.2)
Age (yr) 53.04+39 53.92 +4.29 1.652 0.099
BMI 20.39+25 20.87 +£2.49 1.420" 0.156
APACHE II 16.39 £2.44 16.71 £2.41 0.982! 0.327
SOFA 3.51+£0.53 3.47+05 0.587" 0.557
Acute cerebrovascular accident 133 (29.5) 23 (37.1) 1.490 0.222
Acute pneumonia 84 (18.6) 9 (14.5) 0.620° 0.431
Acute heart failure 122 (27.1) 14 (22.6) 0.559" 0.455
Craniocerebral injury 112 (24.8) 16 (25.8) 0.028” 0.868
Other 20 (4.4) 3 (4.8) 0.021° 0.885
Hypertension 271 (60.1) 45 (72.6) 3.59 0.058
Diabetes 106 (23.5) 12 (19.4) 0.530° 0.467
Coronary heart disease 161 (35.7) 23 (37.1) 0.046” 0.830

!Independent samples  test.
2Chi-square test.
BMI: Body mass index; APACHE II: Acute physiology and chronic health evaluation II; SOFA: Sequential organ failure assessment.

Table 2 Comparisons of medication and complications between the groups, n (%)

Item <250 mL (n = 451) 2250 mL (n = 62) X P value

Sedative drug use rate 135 (29.9) 30 (48.4) 8.507 0.004

Analgesic drug use rate 113 (25.1) 24 (38.7) 5.192 0.023
Abdominal distention 83 (18.4) 13 (21.0) 0.236 0.627
Diarrhea 108 (23.9) 20 (32.3) 2.011 1.156
Vomit 18 (4.0) 4(6.5) 2382 0.336

Table 3 Comparisons of prognostic outcomes between the groups, n (%)

Item <250 mL (n = 451) 2250 mL (n=62) X P value
Mechanical ventilation time, d 18.30 + 4.56 17.56 +5.04 1.174" 0.241
Days to reach feeding target, d 5.01+0.32 6.02 £0.95 16.779'" 0.000
ICU hospitalization days, d 19.87 + 4.64 19.19+5.19 1.059" 0.290
Mortality 94 (20.8) 14 (22.6) 0.099” 0.753

!Independent samples  test.
2Chi-square test.

radiological images, physical examination, flatulence and defecation[20]. The ETF intolerance is mainly manifested by
nasal feeding tube withdrawal, abnormal imaging, vomiting, abdominal distension or diarrhea, which can occur in up to
one third of hospitalized patients. The TF intolerance is associated with poor prognostic outcomes[21]. The 2021 interna-
tional guidelines for management of sepsis and gastric shock recommend that GRV should be routinely measured for
patients with FI or high risk of aspiration[22]. Currently, the definition of GRV has not been standardized. A meta-
analysis[23] involving 72 articles showed that the definition of FI includes one or all of the three aspects: large gastric
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Table 4 Logistic regression analysis of risk factors for death

Related factor i} SE X P value OR 95%Cl
=250 mL 0.031 0.338 0.008 0.928 1.031 0.532-2.000
Sedatives 0.082 0.678 0.015 0.903 0.921 0.244-3.481
Analgesics 0.229 0.231 0.984 0.321 0.795 0.505-1.251
Time to reach feeding target 1.186 0.311 5.659 0.039 1.205 0.655-2.217
Constant -1.240 1.042 1.417 0.234 0.289

Table 5 Linear regression analysis of risk factors for length of stay in the intensive care unit

Related factor B SE t P value
2250 mL -0.634 0.659 -0.963 0.336
Sedatives -0.307 1.340 -0.229 0.819
Analgesics 0.324 0.452 0.717 0.474
Time to reach feeding target -1.393 0.613 -3.641 0.034
Constant 20.608 1.268 16.252 0.000
28 —
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Figure 2 Daily caloric intake for the two groups.

residues (average 250 mL), gastrointestinal symptoms, and insufficient intake of calories. A previous study[24] revealed
that the degree of influence of FI on poor prognostic outcomes is associated with definition of FI, and that the definition
of high GRV (more than 500 mL for 24 h) and gastrointestinal symptoms is strongly correlated with 90-day mortality. The
2017 European Society of critical care clinical practice guidelines recommend delayed gastrointestinal nutrition for
critically ill patients with GRV > 500 mL/6 h[25]. In 2021, expert consensus recommendation in China reported that
residual gastric residue > 250 mL suggest FI, and intervention treatments should be started as soon as possible [26]. This
is why 250 mL was selected as the grouping standard in this study. Studies[23,27-30] have confirmed that FI increases
mortality outcomes and prolongs the ICU hospitalization as well as mechanical ventilation times. Currently, there is no
unified definition standard for FI. Abdominal distension, diarrhea and vomiting are regarded as the signs of FI and
increased aspiration risk. In this study, it was found that when gastric residues of patients > 250 mL, clinical interventions
did not significantly increase the incidences of abdominal distension, diarrhea and vomiting. Regarding the relationship
between gastric residual allowance and enteral nutrition complications, studies[13-15] have confirmed that occurrences of
vomiting, diarrhea, aspiration, pneumonia and other complications in ICU patients are not directly related to setting of
critical values of gastric residual allowance, and that increasing the critical value of gastric residual allowance has no
significant impact on enteral nutrition complications. In 2016, the Association for critical illness and the American
Association for parenteral and enteral nutrition proposed the nutrition treatment guidelines[16]: They recommend
monitoring gastric residual allowance in an irregular manner in clinical practice. For ICU patients, when the gastric
residual allowance is less than 500 mL and if the patient has no abdominal symptoms such as vomiting and diarrhea,
enteral nutrition should not be stopped. Therefore, we do not recommend clinical interventions to prevent vomiting
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when the patient's gastric residue exceeds 250 mL, unless the patient has abdominal symptoms or the gastric residue
exceeds 500 mL. We found that > 250 mL gastric remnants for ICU patients had no significant effects on mortality
outcomes and ICU hospitalization time. Therefore, we postulate that gastric residue is only one of the signs of FI, and it
cannot predict whether the patient has FI, thus, it will not have a significant impact on prognostic outcomes. Assessment
of feeding tolerance or estimating its impact on prognostic outcomes should not be based on gastric residues only.

We also found that food intake for ICU patients with gastric residual > 250 mL from the 4™ to the 7" day was lower
than that of patients with gastric residual < 250 mL, and that differences between the groups from the 4* to the 6" day
were significant. This may have been because enteral nutrition was stopped for 2-4 h when the GRV exceeded 250 mL.
The higher the number of times the patient suspends enteral nutrition, the less calories he consumes on that day. If the
GRYV cannot accurately reflect the gastrointestinal movement, it causes unnecessary interruption of nutrition supply and
increases the mortality as well as complication rates for patients, which is attributed to insufficient energy supply. When
monitoring the gastric residual amount, interruption or cessation of enteral nutrition due to high gastric residual amounts
leads to insufficient feeding of the patient, which affects the patient's caloric intake, and ultimately increases the mortality
outcomes[31,32]. The monitoring frequency of GRV also has an impact on daily caloric intake for patients. A multicenter
study involving a large sample size by Reignier et al[33] reported that the proportion of patients who did not routinely
monitor GRV and reached the target feeding volume was significantly higher than that of the routine monitoring group.
It was 1.77 times that of the routine monitoring group. Wiese et al[15] found that 84.5% of patients who did not routinely
monitor gastric residual amounts had their actual enteral nutrition feeding amounts reaching more than 90% of the target
feeding amount within 24 h, and that 83.3% of patients had their actual enteral nutrition feeding amount being more than
90% of the target feeding amount during ICU hospitalization, which were significantly higher than those in the routine
monitoring group (46.4% in 24 h and 61.9% in ICU hospitalization).

CONCLUSION

Ultrasound monitoring of gastric residual and clinical interventions when the monitoring value exceeds 250 mL have no
significant impacts on complication rates and clinical prognosis of ICU patients, but significantly reduces the intake of
calories during ICU hospitalization, prolongs the time to reach the feeding target, increases the risk of insufficient
nutrition of patients, and affects the prognostic outcomes of patients. When the gastric residual exceeds 250 mL, clinical
interventions that increase the nutritional intake are not recommended. This study has some limitations. As a
retrospective single center study, there may be some information bias, therefore, our findings should be further
confirmed by prospective and large sample studies.

ARTICLE HIGHLIGHTS

Research background

Gastric residual monitoring is considered an important way to evaluate gastric emptying in mechanically ventilated
patients, but its correlation with adverse outcomes such as aspiration, ventilator-associated pneumonia, and feeding
intolerance is controversial.

Research motivation

To analyze the impact of intervention with ultrasound monitoring of gastric residual volume (GRV) reaching 250mL on
the incidence of feeding complications, daily calorie intake, and clinical prognosis in patients with severe mechanical
ventilation.

Research objectives
To provide theoretical basis for clinical practice.

Research methods
Retrospective analysis method.

Research results
The use of ultrasound to monitor gastric residue and clinical intervention at monitoring value > 250ml did not
significantly affect the incidence of feeding complications and clinical prognosis of patients.

Research conclusions

This study suggests that ultrasound monitoring of gastric residue and clinical intervention when the monitoring value
exceeds 250 mL have no significant impact on the incidence of complications and clinical prognosis of intensive care unit
(ICU) patients. However, it significantly reduces the calorie intake of patients during ICU hospitalization, prolongs the
time to reach feeding goals, increases the risk of insufficient nutrition, and affects patient prognosis.
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Research perspectives
It is not recommended to judge the patient's feeding tolerance or estimate the impact on the patient's prognosis solely
based on GRYV in clinical practice.
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