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Abstract

Background: Gastric residual volume (GRV) measurement to detect gastrointestinal

(GI) dysfunction is a common diagnostic procedures in critical care, albeit still not

well standardized being operator‐, patient‐, and tube‐dependent. Our aim was to

describe current practice of GRV measurements and its association with clinical

outcomes in critically ill patients.

Methods: This was a secondary analysis of an international prospective observa-

tional cohort study (intestinal‐specific organ function assessment). Eligibility criteria

were defined as ≥1 GRV measurement during the 7‐day study period. Data

collection included GRV measurement practices, tube diameters and volumes,

symptoms of GI dysfunction, and clinical outcomes. The primary aim was to describe

current practices of GRV measurements, and the secondary aim was to test the

association of high (>200ml) vs. low GRV with symptoms of GI dysfunction and

clinical outcomes using generalized linear regression and survival models.

Results: Two hundred fifty‐eight patients with 2422 GRV measurements on 875

study days were analyzed. GRV was mainly measured via passive drainage twice

daily using large diameter tubes. There was no significant association between tube

size or measurement technique and high GRV. High GRV occurred in 34% of patients

and was associated with other GI symptoms and with increased disease severity but

not with 28‐day or 90‐day mortality, intensive care unit‐free and ventilator‐

free days.

Conclusion: There was substantial variability of GRV measurement techniques, but

this had no impact on the amount of GRV. High GRV was not associated with

mortality or ventilator‐free days but may serve as a marker of GI dysfunction and

disease severity.

J Parenter Enteral Nutr. 2023;47:614–623.614 | wileyonlinelibrary.com/journal/jpen

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Journal of Parenteral and Enteral Nutrition published byWiley Periodicals LLC on behalf of American Society for Parenteral and Enteral Nutrition.

http://orcid.org/0000-0003-2647-7790
http://orcid.org/0000-0001-6067-972X
http://orcid.org/0000-0003-1211-7372
http://orcid.org/0000-0002-4948-1605
mailto:Matthias.Lindner@uksh.de
https://onlinelibrary.wiley.com/journal/19412444
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjpen.2502&domain=pdf&date_stamp=2023-04-26


K E YWORD S

administration, critical care, enteral access, enteral nutrition, nutrition, nutrition support practice,
research and diseases

INTRODUCTION

Gastrointestinal (GI) dysfunction, including impaired gastric emptying

and intestinal dysmotility, is common during critical illness1–3 and has

a prevalence of up to 40%.4 GI dysfunction can be both a result of the

underlying disease and/or organ dysfunction, respectively.1–3 GI

dysfunction may lead to regurgitation or vomiting of gastric contents,

increased risk of aspiration and ventilator‐associated pneumonia

(VAP).5 The presence of a nasogastric tube and intermittent enteral

nutrition (EN) are known risk factors for aspiration.6,7 Despite such

risk, current international nutrition guidelines state that EN is the

preferred type of medical nutrition therapy.8–11 Because of the high

likelihood of GI dysfunction and its association with poorer clinical

outcomes, a daily evaluation of GI function and a clinical examination

of the abdomen should be performed in critically ill patients.12,13 The

aim of the daily evaluation is to detect GI dysfunction early, reduce

the risk of aspiration‐related pulmonary complications and abdominal

complications, and to optimize administration of EN.

A high gastric residual volume (GRV) is considered a surrogate

parameter for GI motility disorders or EN intolerance in general and

impaired gastric emptying in particular.1,14 Two main approaches to

measure GRV are principally used in the intensive care unit (ICU),

either active aspiration of the gastric content using a syringe or passive

by gravity drainage into a reservoir.15,16 Apart from these two

measurement methods, a high variability in GRV measurement practice

is attributed to factors concerning the gastric tube (eg, length and

diameter), patient (eg, posture), and investigator performance.17

Monitoring GRV and withholding or interrupting EN for high GRV

is a widely accepted nursing practice in the ICU. In an early national

survey among the American Association of Critical Care Nurses, >97%

of nurses reported measuring GRV with most frequently used

threshold levels for interrupting EN of 200–250ml.18 However, based

on more recent evidence from randomized controlled trials,19,20

current American Society for Parenteral and Enteral Nutrition guide-

lines suggest to not use GRV as part of routine care to monitor ICU

patients receiving EN, and if GRV is still used to monitor GI tolerance,

to withhold EN for GRVs >500ml in the absence of other signs of EN

intolerance, whereas current European Society for Clinical Nutrition

and Metabolism guidelines recommend to delay EN for patients with

GRV > 500ml without separating between different patient popula-

tions.8,11,21 Therefore, to study current real‐world practice, we

performed a secondary analysis of the international prospective,

multicenter, observational intestinal‐specific organ function assess-

ment (iSOFA) study in which all aspects of GRV measurements were

left to discretion of the treating ICU team.22 The primary aim of this

study is, therefore, to describe current real‐world practice of GRV

measurements in the mixed cohort of critically ill iSOFA study patients.

We additionally evaluate the association of a single GRV measure-

ment > 200ml with 28‐day mortality and 90‐day mortality, clinical

outcomes, and other GI symptoms.

METHODS

Study design, setting, and participants

We performed a retrospective cohort study on data from the iSOFA

study (ClinicalTrials.gov Identifier: NCT02613000) conducted at 11

ICUs in both university teaching hospitals and general (nonacademic)

hospitals in Europe and South America. In brief, consecutive ICU

patients were enrolled in the main study if they were age ≥18 years

and they had a signed written informed consent by the patient or

legal representative, if deemed necessary by local ethics committee.

The per‐site study period ranged from 2 to 4 weeks, and patient data

were collected for 7 days or until ICU discharge, with a follow‐up of

90 days. Exclusion criteria were defined as restriction of care on ICU

admission (ie, any limitation of intensive care measures) or

readmission ≥7 days after initial admission to the ICU. If the patient

was discharged from the ICU but readmitted before day 7, data

collection was continued until day 7 following initial ICU admission.

Variables, aims, and outcomes

Demographic and baseline clinical data (clinical profile, previous

surgery, presence/absence of sepsis, and illness severity scores) were

collected on the day of ICU admission. Results are reported following

the STROBE statement checklist for observational studies. Predefined

relevant GI symptoms; intra‐abdominal pressure (IAP) with minimum,

maximum, and mean daily values; whether bladder catheter was

present as standard of care; GRV; nutrition details; Sequential Organ

Failure Assessment (SOFA) score with all its subscores; urine output;

fluid balance; medications relevant for hemodynamics and for GI

symptoms (vasopressors, opioids, prokinetics, neuromuscular blocking

agents); comedication; and ICU‐related therapies (ventilation, renal

replacement therapy) were collected daily until maximum ICU day 7.

Outcome data, including ICU and hospital length of stay, duration of

mechanical ventilation, use of renal replacement therapy, as well as

ICU, 28‐day, and 90‐day mortality, were collected. Data on primary

diagnosis, including sepsis, were collected.23,24

GRV measurements were not specified by the study protocol and

were conducted at each study site with previously used equipment or

locally established standardized procedures. Specifically for GRV, the

total volume in milliliters for 24 h (total GRV), the maximum GRV of a
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single measurement (max single GRV), and the number of measure-

ments were documented. Furthermore, the tube size, measurement

mode as either active (using a syringe) or passive (opening the tube

connected to drainage bag), and the maximum amount of GRV

returned via the gastric tube were documented.

The exposure of interest was high GRV defined as one single

GRV>200ml. The 200ml cutpoint for one GRV was set according to

the original iSOFA study results.22 Additionally, we performed sensitivity

analyses using one GRV measurement > 500ml and a total GRV

measurement > 500ml according to previously published cutoff

values.5,13,25 The primary aim was to describe the current practice of

measurements, tube size, placement details, and frequency of measure-

ments. As a secondary aim, we tested the association with clinically

meaningful outcomes such as 28‐day mortality, 90‐day mortality, ICU,

and ventilator‐free days. The tertiary aim was to determine the

associations of GRV>200ml with other relevant GI symptoms.

Statistical analysis

Data are presented as median with interquartile ranges or

numbers and proportions. Bivariable and multivariable regression

analyses were performed using generalized linear regression

models. When assessing secondary outcomes, such as 28‐day and

90‐day mortality, we corrected for severity of illness using

APACHE II score and performed mixed‐effect models, in which

ICU site was defined as a random effect to correct for potential

within‐site correlation. To assess ICU‐free days as well as

ventilator‐free days, we applied a competing risk regression

analysis to correct for death as a competing risk.26 Cumulative

incidence curves were compared using Gray method.27 A two‐

tailed P value of 0.05 was considered statistically significant.

Analyses were performed using MatLab (version 2021b) and R

(4.1.0, R Foundation for Statistical Computing).

RESULTS

Study participants

Two hundred fifty‐eight (47.8%) of the 540 participants enrolled

in the iSOFA study in whom GRV measurements were performed

were included in this analysis. A study participant flow diagram is

presented in Figure 1. Patient baseline characteristics are shown

F IGURE 1 Modified CONSORT 2010 flow diagram. GRV, gastric residual volume.
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in Table 1. Male participants accounted for 58.1% of patients, and

57.3% of participants were surgical patients. The 28‐day and 90‐

day mortality rates were 22.9% and 28.8%, respectively. Signifi-

cant differences exist between single GRV < 200 ml and >200 ml

groups with regard to severe sepsis/septic shock, vasopressor

use, and specific surgery, as well as the maximum recorded SOFA

score and lactate and fluid balances (Table 1).

GRV practices

GRV was measured at least once daily on 875 out of a possible 1154

study days (75.8%), resulting in 2422 GRV measurements with a

median (IQR) of 2 [1–3] measurements per patient per day

(Figure 2A). Passive GRV measurements (n = 477 study days;

54.5%) were performed more often than active GRV measurements

TABLE 1 Clinical characteristics and admission data for single measurement of GRV above/below 200ml (no missing values).

Cohort Single GRV < 200ml Single GRV > 200ml OR$

Number of individuals 258 171 87

Age (years), median (IQR) 65.5 (55, 74) 66 (53, 74) 65 (55, 73) 1.00 (0.98–1.01)

BMI (kg/m2), median (IQR) 26.1 (23.1, 29.3) 26.3 (23.5, 29.4) 25.6 (23.1, 28.6) 1.00 (0.96–1.04)

APACHE II (points), median (IQR) 22 (14, 26) 21.5 (14, 25) 23 (15, 27) 1.02 (0.99–1.05)

Max. SOFAa, median (IQR) 9 (6, 12) 8 (6, 11) 11 (8, 13) 1.1 (1.04–1.18)*

Max lactateb, median (IQR) 22 (15.8, 38.3) 19 (14, 34.3) 27 (18, 45) 1.01 (1.00–1.02)*

Max fluid balancec, median (IQR) 3.1 (0.8, 6.9) 3 (0.8, 6.1) 3.3 (0.7, 8.6) 1.05 (1.00–1.1)*

Male sex, n (%) 150 (58.1) 97 (57.1) 52 (59.8) 1.12 (0.66‐1.89)

MVd, n (%) 51 (19.8) 34 (20) 17 (19.5) 0.97 (0.51–1.86)

Reason for ICU admission, n (%) n/a n/a n/a n/a

Shock 34 (13.2) 18 (10.6) 16 (18.4) 1.00

Cardiac failure 25 (9.7) 17 (10) 8 (9.2) 0.53 (0.18–1.55)

Metabolic disorder 5 (1.9) 3 (1.8) 2 (2.3) 0.75 (0.11–5.07)

Multiple organ failure 6 (2.3) 2 (1.2) 4 (4.6) 2.25 (0.36–13.97)

Neurological deterioration 41 (15.9) 30 (17.6) 11 (12.6) 0.41 (0.16–1.08)

Other 9 (3.5) 5 (2.9) 4 (4.6) 0.9 (0.21–3.94)

Post‐OP care with MV 78 (30.2) 59 (34.7) 18 (20.7) 0.34 (0.15–0.81)

Renal failure 2 (0.8) 2 (1.2) 0 (0) 0 (0–Inf)

Respiratory failure 37 (14.3) 23 (13.5) 14 (16.1) 0.68 (0.27–1.76)

Post‐OP care without MV 21 (8.1) 11 (6.5) 10 (11.5) 1.02 (0.34‐3.04)

Severe sepsis/septic shock, n (%) 71 (27.5) 33 (19.4) 38 (43.7) 3.22 (1.82–5.69)***

Surgery, n (%) n/a n/a n/a n/a

Nonabdominal surgery 91 (35.3) 71 (41.8) 19 (21.8) 1.00

Abdominal surgery 52 (20.2) 26 (15.3) 26 (29.9) 3.74 (1.78–7.85)

No surgery 115 (44.6) 73 (42.9) 42 (48.3) 2.15 (1.14–4.05)

Vasopressor use, n (%) 226 (87.6) 142 (83.5) 83 (95.4) 4.09 (1.39–12.07)*

Note: Bivariable regression analysis with GRV as dependent variable were performed to determine P values. ORs are calculated per increase of 1 unit for

continuous variables and per category for categorical variables. Significant ORs are given in bold, with corresponding P values < 0.05 marked with one
asterisk (*), P values < 0.01 with two asterisks (**), and P values < 0.001 with three asterisks (***).

Abbreviations: APACHE II, Acute Physiology And Chronic Health Evaluation II Score; BMI, body mass index; GRV, gastric residual volume; ICU, intensive

care unit; MV, mechanical ventilation; OR, odds ratio; Post‐OP, postoperative; SOFA; Sequential Organ Failure Assessment score.
aMaximum total Sequential Organ Failure Assessment score.
bMaximum lactate concentration in mmol/L.
cMaximum cumulative fluid balance in liters.
dPatients receiving MV and spontaneous breathing.
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(n = 391 study days, 44.7%). In seven patients, data regarding the

measurement mode were missing. In analytical cohort patients with

tube size recorded (n = 194; 75.2%), tube size ranged between 8 and

20 French, but larger tubes were most common (14 Fr: 41.8% and 16

Fr: 32%). The majority of patients had a nasogastric tube in place

(used as feeding tube and/or for drainage) on the first study day

(n = 266 [48.1%]).

During their ICU stay, 23 patients received a nasogastric tube

on day 2, six patients on day 3, two patients on day 4 and day 5,

respectively, and one patient on day 6. On day 7, no new

nasogastric tubes were placed. The median maximum single GRV

was 20 [0–150] ml (Figure 2B), whereas the median total GRV

was 70 [0–300] ml (Figure 2C). Bivariable logistic regression

models showed no significant association between tube size or

measurement technique for single maximum GRV of 200 ml (P

value 0.299, P value 0.964), single maximum GRV of 500 ml (P

value 0.470, P value 0.723) or total GRV >500 ml (P value 0.479

and P value 0.773).

High GRV and baseline characteristics

A single GRV measurement > 200 ml was recorded in 87 patients

(33.9%), a single GRV measurement > 500 ml was recorded in

32 patients (12.5%), and a total GRV > 500 ml in 64 patients

(24.8%) (Table 1, Tables S1 and S2). Patients with higher GRV

more often had surgery before ICU admission (P value 0.002 for

single GRV measurement > 200 ml, P value 0.003 for single GRV

measurement > 500 ml, and P value 0.018 for total GRV measure-

ment > 500 ml) and a higher SOFA score (Table 1, Tables S1

and S2).

Additionally, patients with high GRV more often had severe

sepsis or septic shock. Age, sex, and reason for ICU admission

were not associated with high GRV. For the use of vasopressors,

there were significant associations between single GRV > 200 ml

(OR 4.09 [1.39 to 12.07], P value 0.011) and total GRV > 500 ml

(OR 5.67 [1.32 to 24.44], P value 0.021) but not for single, large

GRV measurement > 500 ml (Table 1, Tables S1 and S2). Maxi-

mum lactate concentration was associated with a high total

GRV > 500 ml (odds ratio [OR] 1.01 per 1 mmol/L increase

[1.00–1.02], P value 0.002) but not with single measurements

>200 or >500 ml. Similarly, maximum cumulative fluid balance

showed a significant association with single GRV > 500 ml (OR

1.08 increase per L of fluid [1.01–1.15], P value 0.029) and total

GRV > 500 ml (OR 1.09 increase per L of fluid [1.03–1.15],

P value 0.002) but not with single GRV > 200 ml (Table 1,

Tables S1 and S2).

High GRV and clinical outcomes

Median [IQR] ICU‐free days were 25 [16, 27] and median [IQR]

ventilator‐free days 28 (21, 28) in the total cohort. Figure 3 shows

ICU‐free and ventilator‐free days for patients with a single

GRV > 200 ml, a single GRV > 500 ml, and total GRV > 500 ml. A

total GRV > 500 ml was significantly associated with cumulative

incidence in ICU‐free days (Figure 3C), whereas no significance

was found for ventilator‐free days (Figures 3B,D,F). Even when

adjusting for severity of illness, no significant associations

between the three prespecified GRV cutoff values and clinical

outcomes were found (Table 2). GRV total was associated with 90‐

day mortality in the bivariable analysis, but the adjusted mixed‐

effects regression models showed no significant association with

any of the chosen GRV cutoff values and 28‐day or 90‐day

mortality (Table 3).

Several clinical symptoms/signs of GI dysfunction were signifi-

cantly associated with all groups of high GRV (single GRV > 200ml,

single GRV > 500ml, and total GRV > 500ml, Table 4, Tables S3 and

S4). Abdominal distension, absent bowel signs, stool passage, ascites,

incidence of GI bleeding, intra‐abdominal hypertension, diarrhea, as

well as maximum IAP, were all significantly associated with all chosen

cutoffs of GRV (Table 2, Tables S3 and S4).

F IGURE 2 (A) Maximum amount of gastric residual volumes
(GRVs) in single measurement for all study days (histogram, log scale).
(B) Total amount of all GRV measurements performed each day
(histogram, log scale). (C) Histogram of number of GRV
measurements per day.
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DISCUSSION

This secondary analysis of the multicenter observational cohort

iSOFA study revealed that among 258 mixed critically ill patients,

GRV measurements were performed regularly, with variation in the

measurement practices across different ICUs. In most patients, a

nasogastric tube was already in place on ICU admission or placed

during day 1, mostly using 14‐ and 16‐Fr tubes sizes. Clinical and

experimental data suggest that aspiration may be incomplete if

gastric contents are aspirated blindly and that the technique,

including air insufflation before measurement may impact the

amount returned during measurement.28,29 Current guidelines have

still not clearly specified the measurement techniques and tube size

to be preferred. Both passive and active GRV measurements were

used in our study cohort, and we found that the amount of measured

GRV was not associated with tube size or the measurement

F IGURE 3 Cumulative incidence curves for intensive care unit‐free days (A, B, C) and ventilator‐free days (D, E, F) for different cutoffs of
single maximum and total GRV measurements. P values were calculated using Gray method. GRV, gastric residual volume; ICU, intensive
care unit.

TABLE 2 Unadjusted (bivariable) and adjusted (Acute Physiology And Chronic Health Evaluation II) regression analysis for 28‐day and
90‐day mortality using mixed‐effect models with random effects for different intensive care unit sites.

28‐day mortality 90‐day mortality
Variable OR 95% CI P value OR 95% CI P value

Single GRV > 200ml (unadjusted) 1.38 0.73–2.59 0.317 1.52 0.83–2.79 0.173

Single GRV > 200ml (adjusted) 1.24 0.62–2.48 0.535 1.40 0.72–2.72 0.327

Single GRV > 500ml (unadjusted) 1.61 0.70–3.69 0.259 1.92 0.87–4.25 0.107

Single GRV > 500ml (adjusted) 1.45 0.59–3.53 0.418 1.80 0.75–4.28 0.186

Total GRV > 500ml (unadjusted) 1.92 0.87–4.25 0.107 2.18 1.18–4.03 0.013

Total GRV > 500ml (adjusted) 1.40 0.70–2.80 0.348 1.82 0.94–3.54 0.076

Note: ORs are calculated per increase of 1 unit for continuous variables and per category for categorical variables. ORs are given with upper and lower
95% CIs and corresponding P values.

Abbreviations: GRV, gastric residual volume; GRVmax, maximum gastric residual volume per measurement; GRVtotal, maximum gastric residual volume
per study day; OR, odds ratio.
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TABLE 3 Unadjusted (bivariable) and adjusted (Acute Physiology And Chronic Health Evaluation II) competing risks regression.

ICU‐free days Ventilator‐free days
Variable HR 95% CI P value HR 95% CI P value

Single GRV > 200ml (unadjusted) 1.26 0.90–1.75 0.170 1.14 0.84; 1.53 0.390

Single GRV > 200ml (adjusted) 1.29 0.93–1.78 0.120 1.15 0.86–1.55 0.340

Single GRV > 500ml (unadjusted) 1.03 0.60–2.74 0.920 0.84 0.53; 1.31 0.440

Single GRV > 500ml (adjusted) 1.08 0.64–1.80 0.780 0.86 0.55–1.32 0.480

Total GRV > 500ml (unadjusted) 1.13 0.75; 1.68 0.550 0.97 0.68; 1.37 0.860

Total GRV > 500ml (adjusted) 1.24 0.83–1.85 0.290 1.02 0.72–1.44 0.910

Note: HRs are calculated per increase of 1 unit for continuous variables and per category for categorical variables. HRs are given with upper and lower
95% CIs and corresponding P values.

Abbreviations: GRV, gastric residual volume; GRVmax, maximum gastric residual volume per measurement; GRVtotal, maximum gastric residual volume
per study day; HR, hazard ratio; ICU, intensive care unit.

TABLE 4 Gastrointestinal symptoms and risk factors for single measurement of GRV above/below 200ml.

Cohort Missing values (n) Single GRV < 200ml Single GRV > 200ml OR

Number of individuals 258 n/a 171 87 n/a

Maximum IAP (mmHg), median [IQR] 11 [8.5, 14] 54 10.5 [7.6, 13] 13 [10, 15] 1.12 (1.05–1.19)**

Abdominal distension, n (%) 80 (31) 0 43 (25.3) 37 (42.5) 2.19 (1.26–3.78)**

Absent bowel sounds, n (%) 126 (49) 1 71 (41.8) 55 (64) 2.47 (1.45–4.23)**

Ascites, n (%) 26 (10.1) 1 12 (7.1) 14 (16.1) 2.51 (1.11–5.69)*

Bowel obstruction, n (%) 12 (4.7) 0 7 (4.1) 5 (5.7) 1.42 (0.44–4.61)

Diarrhea, n (%) 89 (34.5) 0 47 (27.6) 42 (48.3) 2.44 (1.43–4.18)**

Gastrointestinal bleeding, n (%) 21 (8.1) 0 8 (4.7) 13 (14.9) 3.56 (1.41–8.95)**

Hemoperitoneum, n (%) 12 (4.7) 1 6 (3.6) 6 (6.9) 2.01 (0.63–6.44)

Hemoretroperitoneum, n (%) 6 (2.3) 1 4 (2.4) 2 (2.3) 0.97 (0.17–5.41)

Stool passage, n (%) 132 (51.2) 0 72 (42.4) 60 (69) 3.02 (1.75–5.23)***

Opioids, n (%) 207 (80.5) 1 133 (78.7) 73 (83.9) 1.41 (0.71–2.79)

Neuromuscular blockade, n (%) 30 (11.7) 1 16 (9.5) 14 (16.1) 1.83 (0.85–3.96)

Maximum grade of IAH, n (%) n/a n/a n/a n/a n/a

No IAH 111 (54.4) 54 77 (62.6) 33 (41.3) 1.00

Grade 1 65 (31.9) 54 36 (29.3) 29 (36.3) 1.88 (0.99–3.55)

Grade 2 17 (8.3) 54 6 (4.9) 11 (13.8) 4.28 (1.46–12.53)

Grade 3 7 (3.4) 54 3 (2.4) 4 (5) 3.11 (0.66–14.68)

Grade 4 4 (2) 54 1 (0.8) 3 (3.8) 7 (0.7–69.8)

Prokinetics use, n (%) 19 (7.4) 1 12 (7.1) 7 (8) 1.14 (0.43–3.02)

Vomiting or regurgitation, n (%) 48 (18.6) 0 32 (18.8) 16 (18.4) 0.97 (0.5–1.89)

Note: Bivariable regression analysis with GRV as dependent variable were performed to determine P values. ORs are calculated per increase of 1 unit for
continuous variables and per category for categorical variables. ORs are given in bold, with corresponding P values < 0.05 marked with one asterisk (*),
P values < 0.01 with two asterisks (**), and P values < 0.001 with three asterisks (***).

Abbreviations: GRV, gastric residual volume; IAH, intra‐abdominal hypertension; IAP, intra‐abdominal pressure; OR, odds ratio.

technique, which does not enable us to give a clear recommendation

regarding tube size or measurement technique.

We assessed different cutoffs for maximum amount of single

GRV measurement as well as total amount of GRV per day. The

200ml cutoff value was established in the main iSOFA study using an

approach based on area under the receiver operating characteristic

curve for mortality prediction.22 The cutoffs of 500ml for both single

and total GRV were defined based on existing definitions commonly
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used in previous studies.5,11,19 In approximately one‐third of

patients, a single GRV measurement of >200ml was found. Single

GRV > 500ml was only found in one‐eighth of patients, whereas total

GRV > 500ml occurred in approximately one‐fourth of patients.

Whether GRV measurements should be performed at all and what

cutoffs should be used is still indifferent among guidelines.17,30 A

recent survey of the nursing community with 480 participants

identified a GRV between 50 and 200ml as problematic and only

18.4% stated that their practice was based on current guidelines.31

Our results suggest that high GRV is a marker of disease severity

and GI dysfunction. High GRV caused by gastroparesis can be treated

using prokinetic medications like metoclopramide or erythromycin, and

feeding intolerance defined by high GRV can be overcome by the

insertion of postpyloric feeding tubes,32 all of which do not seem to

have an impact on ICU length of stay or mortality.25 In our study

population, prokinetics were used in around one‐tenth of patients, and

the use of prokinetic drugs was not associated with high GRV as defined

in this study, indicating that high GRVs solely do not regularly trigger the

use of prokinetic drugs in clinical practice. High GRV reflects only one

aspect of GI dysfunction, whereas the combination with other GI

symptoms is probably more meaningful.5,12,13,22 The prospectively

developed GastroIntestinal Dysfunction Score (GIDS) using several

markers of GI dysfunction was established based on the main iSOFA

study.11 Notably, all components of the GIDS, including high GRV,

appeared important, indicating that cooccurrence of high GRV with

other GI symptoms is associated with increased mortality.22 Our current

analysis explored these associations further and showed that different

cutoffs of high GRV were associated with higher severity of illness,

expressed by higher SOFA scores, vasopressor use, patients with severe

sepsis or septic shock, and higher lactate concentrations, as well as

multiple other symptoms of GI dysfunction. In line with the findings of

the iSOFA study,22 our secondary analysis confirms that one component

alone, for example, high GRV, is probably insufficient to define GI

dysfunction or to demonstrate any effect on morbidity and mortality.31

GRV has been the most used variable to define feeding intolerance. Yet

there are indications that that GRV alone is insufficient to define feeding

intolerance, which should be based on more complex assessment.31,32

Two large retrospective studies recently studied similar research

questions to our study. A post‐hoc analysis of theTARGET trial including

3876 patients showed a relationship between high GRV and severity of

disease.33 The study demonstrated a significant association of high GRV

(defined as a single GRV ≥ 250ml) with mortality and ventilator‐free

days.33 Further, Heyland and colleagues showed in a large retrospective

cohort study that enteral feeding intolerance (defined as large GRV,

increased abdominal girth, distension, subjective discomfort, emesis, or

diarrhea) was independently associated with fewer ventilator‐free days,

increased ICU length of stay, and a daily mortality hazard rate of 1.5

(95% CI, 1.4–1.6).33,34 In our cohort focusing only on GRV, there was no

independent association with ventilator‐free days or 28‐ or 90‐day

mortality, which is likely attributable to the smaller sample size of our

cohort, differences between study cohorts and the chosen GRV cutoffs,

or missing information of measurement techniques and tube size in the

international nutrition survey data.33,34

The hypothesis that high GRV is causally linked to increased

mortality and morbidity through higher incidence of pneumonia or

abdominal complications was not confirmed in a randomized con-

trolled trial studying 329 intubated patients.19 Reignier et al20 found

similar results in a trial of 449 patients, in whom no increase in VAP or

mortality was found when GRV per se was not monitored. However,

an increase in the incidence of vomiting as a symptom of GI

dysfunction in patients without GRV measurements was demonstrated

in their trial. Our data did not show any association between vomiting/

regurgitation and higher GRV. Whether this finding could be

interpreted that measuring GRV may reduce vomiting remains unclear.

The cohort of intubated medical patients receiving EN studied by

Reignier and colleagues was considerably different from our cohort of

predominantly surgical patients with data recorded from the ICU

admission day on. Our study looked at patients in the process of

commencing and increasing EN therapy. A recent small study using d‐

glucose and acetaminophen uptake as pharmacokinetic markers of

gastric emptying showed that surgical patients had a significantly higher

incidence of higher GRV and delayed gastric emptying, compared with

medical patients.33 Therefore, at least in surgical patients, or during the

initiation of enteral feeding, high GRV together with other signs and

symptoms may indicate enteral feeding intolerance, being a useful

component to detect GI dysfunction. Nevertheless, the available data

from randomized controlled trials have led to guideline suggestions that

GRV should not be monitored routinely.9

Our study has potential limitations. Because of its observational

design, our study provides limited information on causation and is

prone to type II statistical error when assessing outcomes. Further,

GRV measurements were only performed in approximately half of the

iSOFA study population, resulting in a relatively small analytical

cohort with limited statistical power. With higher 90‐day mortality

event rates seen in the total GRV > 500ml exposure, we note more

significant crude associations with severity of illness (Table 1).

However, our data set provides generalizable information of current

clinical practices on GRV, including measurement technique and tube

diameter from multiple international ICUs.

CONCLUSION

Our study shows that GRV measurement techniques vary widely

between ICUs. Clear cutoffs are difficult to define and GRV itself was

not associated with an increase in mortality or ventilator‐free days in

this study population. GRV may be a marker of disease severity and

likely has a role in defining GI dysfunction in combination with other

signs and symptoms.
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