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Background & aims: Critically ill patients with COVID-19 are at high nutrition risk. This study aimed to
describe the nutrition support practices in a single centre critical care unit during the initial surge of the
COVID-19 pandemic. Practices were explored from ICU admission to post-ICU follow-up clinic and pa-
tients who received veno-venous extra-corporeal membrane oxygenation (VV-ECMO) were compared to
those who did not.
Methods: This retrospective observational study included COVID-19 positive, adult ICU patients who
were mechanically ventilated for �72 h. Data were collected from ICU admission until the time of post-
ICU clinic. For in-ICU data, results are compared between patients who did and did not receive VV-ECMO.
Results: 252 patients were included (VV-ECMO n ¼ 58). Adequate energy and protein was delivered in
193 (76.6%) patients during their ICU admission with no differences between those who did and did not
receive VV-ECMO (44 (75.9%) vs. 149 (76.8%)). Parenteral nutrition only being required in 12 (4.8%) pa-
tients. Following stepdown to the ward 77 (70%) patients required ongoing enteral nutrition support, and
74 (66.7%) required a texture modified diet or were NBM. Following hospital discharge, nearly a third of
ICU survivors (28.4%) were referred for dietetic input. The most common referral reason was loss of
weight. Breathlessness and fatigue were the most commonly reported nutrition impact symptoms
experienced following hospital discharge.
Conclusion: Results show it is possible to reach nutritional adequacy for most patients and that neither
VV-ECMO nor proning were barriers to nutritional adequacy. Nutritional issues for patients who were
critically ill with COVID-19 persist following stepdown to ward level and into the community and
strategies to manage this require further investigation.

Crown Copyright © 2022 Published by Elsevier Ltd. All rights reserved.
1. Introduction

The Coronavirus disease 2019 (COVID-19) pandemic led to
worldwide surge expansion of critical care requirement and ca-
pacity. This included the provision of critical care outside of tradi-
tional intensive care units (ICUs) leading to challenges in the
provision of care e including nutrition assessment and delivery to
these patients [1].

Nutrition is a mainstay of supportive care for critically unwell
patients. Multiple guidelines were rapidly published in relation to
titian, Dept of Nutrition and
, London SE17EH, UK.
ar).
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D-19 pandemic e A compari
the nutrition care of COVID-19 patients in critical care settings
[2e5] with recommendations extrapolated from non-COVID-19
respiratory failure aetiologies.

The prevalence of malnutrition in critically ill COVID-19 positive
patients at ICU admission ranges from 18% to 60% using Global
Leadership Initiative on Malnutrition (GLIM) criteria [6,7] and a
proportion of these patients have a hypermetabolic phenotype
[8e10]. Moreover, nutritional status declines in this patient group
throughout the hospital stay [11e13]. This is associated with both
increased length of stay and mortality [7]. Given the prognostic
importance of nutritional status in patients with severe COVID-19,
the prevention of nutritional decline should be a prioritized.

Initial observational studies on nutrition related issues and care
patients received during the first surge of the COVID-19 pandemic
support practices across the care continuum in a single centre critical
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in critical care have recently been published [14e16]. Findings
suggest feeding intolerance is common [15], though may not
significantly affect nutritional adequacy early in ICU admission [16].
An association between early caloric adequacy and decreased ICU
mortality has also been reported [14].

With the increase in severe respiratory failure associated with
COVID-19, there was a parallel increase in the use of veno-venous
extra-corporeal membrane oxygenation (VV-ECMO).

Whilst ECMO is reserved for the most severely unwell patients,
to date more than 13,000 COVID-19 patients world-wide have
received ECMO [17]. Patients receiving both VV and VA (veno-
arterial) ECMO have been reported to have specific nutritional is-
sues including high rates of enteral feeding intolerance [18] and
poor nutrition provision during ICU stay [19,20]. Only one study (in
abstract form) comparing provision of nutrition to VV-ECMO
compared with non-ECMO exists with slightly higher prescribed
versus delivered feeds in the VV-ECMO patients being reported,
though the reasons behind this difference are not examined [21].

There is a growing interest in nutrition in the post-ICU period,
with a move towards considering the whole trajectory of care for
patients who have been critically unwell, given this may be a
pertinent period for nutrition intervention when patients move
towards catabolism and rehabilitation [22]. Nutritional intake in
this group following step-down to the ward is poor [23], and rates
of dysphagia are high [12,24].

There have been a number of studies published regarding
nutrition in patients with COVID-19 however there remains many
unanswered questions. There are very few studies which look at
significant numbers of patients who received VV-ECMO compared
to those who did not, the nutritional issues experienced in these
patient groups not only during ICU admission, but following ICU
and hospital discharge. The ability to provide adequate nutrition
care to these patients during a time of immense pressure to
healthcare systems internationally has been a unique challenge
from which there is much to learn.

The aim of this study was to describe the nutrition care, ade-
quacy and barriers to the provision of nutrition support to COVID-
19 patients in critical care during the initial surge in a single centre
in the UK and to compare this in patients who received VV-ECMO
compared to those who did not. Additionally, the nutrition care
and nutrition-related issues following step-down to the ward and
following hospital discharge are described.

2. Material & methods

2.1. Study design

This was a retrospective observational study undertaken at a
single UK NHS trust between 01/03/2020 to 30/06/2020. The
critical care unit is a severe respiratory failure centre with an
ECMO service regulate by NHS England [25]. All adult (18 years of
age and over) patients who were admitted to the ICU with a
positive COVID-19 PCR test and who were mechanically ventilated
for 72 h or longer were included. Those who were previously
COVID positive but had further negative tests prior to ICU admis-
sion were excluded.

Local ethical approval was received (reference number 11023)
with the need for informed consent waived.

2.2. Data collection

Data was collected from electronic medical records, starting
from the time of ICU admission. Inpatient data collection
continued up until transfer to an external hospital, hospital
discharge or death. Outpatient data were collected for any
2

included subject who attended the local post-ICU recovery clinic
following hospital discharge.

Inpatient data collected included the following information for
critical care admission: demographic information, APACHE II (Acute
Physiology and Chronic Health Evaluation II) and SOFA (Sepsis-
related Organ Failure Assessment) score on day of ICU admission,
anthropometry, time to commencement of enteral (EN) or paren-
teral nutrition (PN), nutritional adequacy (as defined below), use of
prokinetic drugs, feed tolerance (high gastric residual volumes
(GRV) defined as >300 ml), dietetic input and type of nutrition
support received. Outpatient information collected included
symptoms that were deemed a priori to impact on nutrition intake
or status or be a consequence of poor nutritional intake or status
and reasons for dietetic referral.

2.3. Nutrition support

Enteral nutrition was commenced as per local hospital policy
with enteral feed target rate set depending on body weight and
followed for the first 48e72 h. Following Dietetic assessment (aim
within 48e72 h of admission), enteral formula and target rate were
individualised by the dietitian. An enteral modular protein sup-
plement was used when enteral nutrition formulas were inade-
quate to meet protein targets. Enteral and parenteral nutrition
support were prescribed continuously over 24 h as per local policy.

Energy targets were set by dietitians using either the Penn State
Equation 2003 b [26] or 25 kcal/kg using an adjusted body weight
for those with BMI >30 kg/m2. For those receiving VV-ECMO, all
were calculated using 25 kcal/kg (using an adjusted body weight if
BMI >25 kg/m2. Adjustment was calculated by calculating ideal
body weight and adding 50% of excess weight if BMI was
25.1e29.9 kg/m2, or 25% of excess weight if BMI >30 kg/m2).

Protein targets were set at a minimum of 1.2 g/kg/day, with
increases depending on clinical condition (i.e. continuous renal
replacement therapy, obesity, etc.). Actual weight was used for this
calculation for patients with BMI <25 or using an ideal bodyweight
for those with a BMI >25 kg/m2.

Adequacy of delivered energy and protein were calculated daily
for the length of critical care admission. Energy provision included
calories from non-nutrition sources including propofol and intra-
venous (IV) glucose. Underfeedingwas defined as receiving <80% of
nutritional targets and overfeeding was defined as receiving >110%
energy targets. Discarded GRVs were not taken into account.

Daily energy and protein delivered were compared with the
estimated target that day. If targets were expressed as a range, the
midpoint of the range was used. For the first and last day of ICU
admission, nutritional targets were calculated as a proportion of a
24-h period based on the time of admission, and the time of critical
care discharge or death.

2.4. Statistical analysis

Categorical data are presented as n (%), continuous data as
mean (standard deviation [SD]) for normally distributed data and
median (interquartile range [IQR]) for non-normally distributed
data. Assumptions for normality were assessed using Kolmogor-
oveSmirnov OneeSample test.

Categorical data were compared between groups using Chi-
squared test or Fisher's exact test where cells contain counts of
less than 5. Continuous data, which was not normally distributed,
were compared between groups using the ManneWhitney U test.
Where data are normally distributed, the independent samples t-
test was used. Significance was considered where p < .05.

Analysis were performed using SPSS 26 (IBM Corp. Armonk, NY)
and Graphpad Prism 8.
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3. Results

In total, 338 patients were screened for eligibility with 252
included in the final analysis, as detailed in Fig. 1. Of these 252
patients, 58 received VV-ECMO. Baseline demographics are re-
ported in Table 1. Patients who received VV-ECMO were younger
(45.0 (8.5) vs. 56.0 (12.5) years; p ¼ .000), received proning on
fewer occasions (1.5 (1.0e3.5) vs. 3.0 (2.0e5.0) p ¼ .000), but
received sedation for longer (18.0 (11.8e25.5) vs. 13.0 (8.0e21.0)
p ¼ .011). Length of hospital stay was also longer for patients
requiring VV-ECMO (52.0 (27.0e65.0) vs. 27.0 (14.3e49.0)
p ¼ .000).
3.1. Route of feeding, time to feeding and adequacy of nutrition
support

Data relating to the route of feeding, time to feeding and the
adequacy of nutrition support can be seen in Table 2. Naso-gastric
(NG) feeding was the most common route of feeding for all pa-
tients (251 (99.6%)) with only one patient never receiving NG
feeding. Parenteral nutrition was used in only 12 (4.8%) patients.
More patients who received VV-ECMO required post-pyloric
feeding at some point during their admission than non-ECMO pa-
tients (10 (17.2%) vs. 4 (2.1%), p ¼ .000).

The median (IQR) time taken to commence feeding from ICU
admission (EN or PN) was 9.6 h (6.5e14.0 h) with no significant
difference between those who received VV-ECMO and those who
did not (10.4 h (8.0e15.0 h) vs. 10.4 h (8.0e15.0 h), p ¼ .057). The
median energy delivery from all sources (EN, PN, propofol, IV
glucose) compared to target was 96.4% (88.5e101.6%) and for EN
and PN alone was 87.1% (77.9e93.4%). Median protein delivery
compared to target was 92.2% (81.4e100.5%). Data are similar be-
tween those who received VV-ECMO and those who did not, except
for energy delivery from EN or PN alone which was higher in pa-
tients receiving VV-ECMO (91.3% (83.0e95.7%) vs. 85.7%
(76.7e92.4%), p ¼ .003) (Figs. 2 and 3). Overall, 193 (76.6%) patients
received both adequate energy and protein over the course of their
ICU admission.

Overfeeding occurred in less than 10% of patients when ac-
counting for all energy sources (18 (7.1%)) or from EN and PN alone
(2 (.8%)). However, underfeeding protein occurred in more than
Fig. 1. Study flowchart.
Figure shows screening and inclusion/exclusion of participants
Abbreviations: COVID-19 ¼ Coronavirus disease 2019; VV-ECMO ¼ venovenous
extracorporeal membrane oxygenation.
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20% of patients overall (55 (21.8%)). Similar rates of feeding ade-
quacy were seen between those who received VV-ECMO and those
who did not (Table 2). However, the days taken to reach adequate
energy (2.0 days (2.0e3.0 days) vs. 2.0 days (2.0e3.0 days),
p ¼ .006), adequate protein (2.0 days (2.0e3.0 days) vs. 3.0 days
(2.0e4.5 days), p¼ .003) and both adequate energy and protein (2.0
days (2.0e3.0 days) vs. 3.0 days (2.0e4.5 days), p ¼ .006) were
longer in patients receiving VV-ECMO.

Proning did not affect the overall percentage of energy targets
met. Patients who were proned on at least one occasion received
more overall energy (98.3% (92.2e104.9) vs. 95.6% (85.6e101.0%),
p ¼ .002) and protein (95.9% (84.9e102.4%) vs. 90.2% (90.8e98.7%),
p ¼ .022) targets than patients who were not proned.

3.2. Enteral feeding intolerance and interruptions

High gastric residual volumes were recorded in 117 (46.6%)
patients with a higher proportion of patients receiving VV-ECMO
experiencing this compared with patients not receiving VV-ECMO
(37 (63.8%) vs. 80 (41.5%), p ¼ .03) (Table 3). More than 50% of pa-
tients received prokinetics at some point over the course of their
ICU admissionwith a significantly higher proportion being received
in patients requiring VV-ECMO compared with non-VV-ECMO pa-
tients (43 (74.1%) vs. 93 (47.9%), p ¼ .000).

Data relating to feeding interruptions were collected for the 59
(n ¼ 14 VV-ECMO) patients who received <80% of their energy or
protein targets with almost all these patients having at least one
feeding interruption recorded (57 (96.9%)) with a cumulative me-
dian (IQR) total of 35.0 h (15.5e65.0 h) per patient. Planned extu-
bation was the main reason for feeding interruptions and
accounted for just over 25% of episodes (Table 3).

3.3. Post-ICU nutrition management (ward)

A total of 111 patients stepped down to a local hospital ward,
with 107 (96.4%) receiving ongoing dietetic input on step down
(Table 4). No comparisons between patients receiving and not
receiving VV-ECMO were made for any post-ICU nutrition man-
agement data due to the small number of VV-ECMO survivors
stepping down to a local ward. A median (IQR) of 3 (2.0e5.0) di-
etetic contacts were recorded in the post-ICU hospital period.
Ongoing NG feeding was required in 78 (70.3%) of patients for a
median (IQR) of 3 days (1.0e6.0 days). The most common nutrition
intervention on step-down to the ward was enteral plus oral
nutrition support (60 (54.5%)) followed by oral nutrition support
alone (44 (40%)). A texture modified diet was required in 45.9%
(n¼ 51) of patients andmore than 20% of patients (24 (21.6%)) were
deemed to be unsafe for any solid food on step-down from ICU.
Nearly 15% of patients (n ¼ 16 (14.4%)) were unsafe for oral fluids
and 25.2% (n ¼ 28) required modified consistency fluids or were
allowed sips of fluid only (Table 4).

3.4. Post-ICU nutrition management (hospital discharge)

A total of 62 (43.7%) patients were referred to the dietitian from
the post-recovery follow-up clinic (Table 5). The median time to
clinic appointment was 41.0 days (30.0e59.0 days) following hos-
pital discharge. The most common reason for referral was signifi-
cant weight loss (25 (20.8%)). Patients reported a vast number of
symptoms at the post-ICU recovery clinic that could either impact
on nutritional intake and nutrition status or could be a result of
poor nutritional intake and nutrition status (Table 5). The most
commonly reported symptoms were taste changes (40 (71.8%))
followed by breathlessness (101 (71.1)) and fatigue (97 (68.3)). All
other symptoms can be seen in Table 5.



Table 1
Baseline characteristics.

Variable All (N ¼ 252) Non-ECMO (n ¼ 194) VV-ECMO (n ¼ 58) p value

Age 53.5 (12.5) 56.0 (12.5) 45.0 (8.5) .000
Sex (male), No. (%) 184 (73.0) 141 (72.7) 43 (74.1) .868
Ethnicity e

White 92 (36.5) 67 (34.5) 25 (43.1)
Mixed 3 (1.2) 2 (1.5) 0 (.0)
Asian 17 (6.7) 13 (6.7) 4 (6.9)
Black 63 (25.0) 57 (29.4) 6 (10.3)
Other 29 (11.5) 14 (7.2) 15 (25.9)
Unknown 48 (19.0) 40 (20.6) 8 (13.8)

BMI (kg/m2) 29.3 (26.0e34.6) 29.1 (25.7e34.8) 31.3 (27.5e34.2) .260
Underweight (<18.5) 1 (.4) 1 (.5) 0 (.0)
Normal (18.5e24.9) 40 (15.9) 35 (18.0) 5 (8.6)
Overweight (25e29.9) 101 (40.1) 74 (38.1) 27 (46.6)
Obese I (30e34.9) 52 (20.6) 39 (20.1) 13 (22.4)
Obese II (35e39.9) 41 (16.3) 33 (17.0) 8 (13.8)
Obese III (�40) 17 (6.7) 12 (6.2) 5 (8.6)

APACHE II 14.6 (4.8) 14.6 (4.9) 14.7 (4.3) .832
SOFA 6.0 (2.5) 5.9 (2.5)b 6.6 (2.8) .087
Co-morbidities
Hypertension 113 (44.8) 101 (52.1) 12 (20.7) .000
Diabetes 92 (36.5) 81 (41.7) 9 (15.5) .000a

Respiratory 50 (19.8) 40 (20.6) 10 (17.2) .745
Immunocompromised 25 (9.9) 22 (11.3) 1 (1.7) .103
Cardiac 20 (7.9) 17 (8.7) 3 (5.2) .960

Sedation received, No. (%) 252 (100.0) 194 (100) 58 (100.0) e

Sedation days 14.0 (9.0e22.0) 13.0 (8.0e21.0) 18.0 (11.8e25.5) .011
Neuromuscular blockade agent received, No. (%) 184 (73.0) 130 (67.0) 54 (93.1) .000
Neuromuscular blockade agent days 4.0 (2.0e8.0) 4.0 (2.0e8.0) 4.0 (2.0e7.0) .004
Vasopressors received, No. (%) 212 (84.1) 165 (85.1) 47 (81.0) .463
Vasopressor days 6.0 (3.0e9.0) 7.0 (3.0e11.0) 4.0 (2.0e6.0) .001
RRT received, n (%) 104 (41.3) 81 (41.8) 23 (39.7) .776
RRT days 11.0 (6.0e18.0) 11.0 (6.0e7.5) 13.0 (9.0e18.0) .998
Proning, No. (%) 95 (37.7) 87 (44.8) 8 (13.8) .000
Proning occasions 3.0 (2.0e5.0) 3.0 (2.0e5.0) 1.5 (1.0e3.5) .000
Pre-ICU LOS 1.0 (.0e3.0) 1.0c (.0e2.0) 2.0 (.0e4.0) .007
Received VV-ECMO, n (%) 58 (23.0) 0 (.0) 58 (100.0) e

Duration of VV-ECMO n/a n/a 14.5 (9.0e22.0) e

Duration of Mechanical ventilation 16.0 (10.0e26.0) 15.0 (9.0e26.0) 18.5 (11.0e26.3) .199
Length of ICU stay 18.0 (11.0e31.0) 17.5 (10.0e31.0) 20.5 (13.0e27.3) .422
Post-ICU length of stay 16.0 (6.0e24.0) 14.0d (6.0e23.0) 27.0 (19.5e28.5) .063
Length of hospital stay* 31.0 (15.0e54.0) 27.0e (14.3e49.0) 52.0 (27.0e65.0) .000
Survival, No. (%) 172 (68.3) 129 (66.5) 43 (74.1) .273
Transferred into GSTT ICU, n (%) 107 (42.5) 50 (25.8) 57 (98.3) .000
Destination post-ICU
Local ward 111 (44.0) 106 (54.6) 5 (8.6) .000
Other hospital 62 (24.6) 24 (12.4) 38 (65.5)

Missing data for some variables as follows: bn ¼ 191; cn ¼ 193; dn ¼ 95; en ¼ 184; fn ¼ 105.
Abbreviations: APACHE II¼ Acute Physiology and Chronic Health Evaluation II; BMI¼ bodymass index; ICU¼ intensive care unit; SOFA¼ sequential organ failure assessment;
VV-ECMO ¼ venovenous extracorporeal membrane oxygenation.

a Fishers exact.
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4. Discussion

There are a number of important findings from this study. First,
neither VV-ECMO nor proning were barriers to adequate nutrition
provision in critically ill COVID-19 patients, however planned
extubationwas a frequent reason for enteral feed interruptions. The
majority of patients were either nil bymouth or prescribed texture-
modified diets at the time of stepdown from critical care to the
ward and 70% of patients still had a nasogastric tube insitu at this
time. High rates of nutrition related symptoms persisted following
hospital discharge though this was not reflected in reports of
weight-loss. Focussing attention and resources to challenges
identified in this study may help to improve nutritional care and
services to critically ill patients with COVID-19 throughout their
trajectory of care.

To our knowledge, this is the largest dataset describing nutrition
adequacy and nutrition related issues in critically ill COVID-19
positive patients which compares a cohort receiving VV-ECMO to
4

a non-ECMO cohort. This is also the most comprehensive
observational study to follow these patients through their trajec-
tory of care, mapping nutritional issues up until a post-ICU clinic
appointment when patients were back in the community.
4.1. Route of feeding, time to feeding and adequacy of nutrition
support

The use of PN in this cohort was low with less than 5% of pa-
tients receiving PN during their ICU admission. This is in contrast to
several others who have reported PN use of 16e51% in COVID-19
positive cohorts [11,14]. This may be related to higher supple-
mental PN usage in these other studies which may reflect differ-
ences in local practices, or more conservative thresholds for GI
intolerance. Our results are more similar to those published by
Terblanche and colleagues [13], whose population and local prac-
tices appear closer to our own given both centres are London-based



Table 2
Feeding and Nutrition data.

All Non-ECMO VV-ECMO p value

Energy target (kcal) 1916.7 (263.8) 191,971 (277.9) 1906.5 (212.0) .739
Protein target (g) 101.3 (72.0) 101.7 (81.5) 99.8 (17.4) .854
Percent energy received 96.4 (88.5e101.6) 96.2 (88.5e101.5) 96.9 (87.7e102.4) .968
Percent energy received from EN/PN 87.1 (77.9e93.4) 85.7 (76.7e92.4) 91.3 (83.0e95.7) .003
Percent protein received 92.2 (81.4e100.5) 91.6 (81.2e100.2) 94.4 (82.6e101.5) .483
Energy adequacy Total, No. (%) .617
Underfeeding 28 (11.1) 20 (10.3) 8 (13.8)
Adequate feeding 206 (81.7) 161 (83.0) 45 (77.6)
Overfeeding 18 (7.1) 13 (6.7) 5 (8.6)

Energy adequacy feed only, No. (%) .090
Underfeeding 76 (30.2) 65 (33.5) 11 (19.0)
Adequate feeding 174 (69.0) 127 (65.5) 47 (81.0)
Overfeeding 2 (0.8) 2 (1.0) 0 (0.0)

Protein adequacy, No. (%) .729
Underfeeding 55 (21.8) 43 (22.2) 12 (20.7)
Adequate feeding 188 (74.6) 145 (74.7) 43 (74.1)
Overfeeding 9 (3.6) 6 (3.1) 3 (5.2)

Energy and protein adequacy 193 (76.6) 149 (76.8) 44 (75.9) .882
Time to feeding (hours) 9.6 (6.5e14.0) 9.0 (6.0e13.4) 10.4 (8.0e15.0) .057
Days to reach adequate energya 2.0 (2.0e3.0)a 2.0 (2.0e2.0)c 2.0 (2.0e3.0)e .006
Days to reach adequate proteinb 2.0 (2.0e3.0)b 2.0 (2.0e3.0)d 3.0 (2.0e4.5)e .003
Days to reach adequate energy and proteinb 2.0 (2.0e3.0)b 2.0 (2.0e3.0)d 3.0 (2.0e4.5)e .006
Time to dietetic review 48.0 (37.0e68.0) 48.0 (33.4e68.0) 47.7 (39.1e68.0) .681
Feeding route
Nasogastric 251 (99.6) 193 (99.5) 58 (100.0) 1.000
Post-pyloric 14 (5.6) 4 (2.1) 10 (17.2) .000
Parenteral nutrition 12 (4.8) 9 (4.6) 3 (5.2) 1.000

Feeding type
Low volume 115 (45.8) 86 (44.6) 29 (50.0) .548
Additional waterf 67 (59.3) 47 (56.0) 20 (69.0)

Missing data for some variables as follows.
a n ¼ 249, 3 patients never received adequate energy.
b n ¼ 248, 3 patients never reached adequate protein or adequate energy and protein.
c n ¼ 192, 2 patients never reached adequate energy.
d n-192, 3 patients never reached adequate protein or adequate energy and protein.
e n ¼ 57, 1 patient never reached adequate protein, adequate energy or adequate energy and protein.
f n ¼ 29, only for those patients receiving low volume feed; Abbreviations: kcal ¼ kilocalories, g ¼ grams, EN ¼ enteral nutrition, PN ¼ parenteral nutrition.
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NHS tertiary referral hospitals with large pre-existing ICUs prior to
the COVID-19 pandemic.

The finding of better energy adequacy with enteral feed in the
VV-ECMO compared to non-ECMO cohort is surprising given
previous studies suggest that patients receiving ECMO are
Fig. 2. Figure of energy and protein delivery.
Figure shows the percentage delivery of total energy (including all sources), energy
delivery from EN and PN alone and the protein delivery for the total group, VV-ECMO
and non VV-ECMO patients. Box plot indicates median values with interquartile range.
Whiskers indicate minimum and maximum values. Shaded area indicates adequacy
level (80e110% targets). p ¼ .003 for the difference between energy delivery (EN/PN)
between those who received VV-ECMO and those who did not, otherwise no statistical
significance between groups.
Abbreviations: EN¼ enteral nutrition; PN¼ parenteral nutrition; VV-ECMO¼ venovenous
extracorporeal membrane oxygenation.
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relatively poorly fed with significant enteral feeding interruptions
[19,20]. This may be explained by the difference in the use of
propofol between the patient cohorts and the preferential use of
2% propofol for the VV-ECMO cohort during times of propofol
shortage. Given these excess calories were being taken into ac-
count by the ICU dietitians when devising feeding regimens to
prevent overfeeding explains, in part, the higher energy adequacy
when looking at enteral feed only. Of note Castro and colleagues
[21] report higher rates of enteral feed delivery in a VV-ECMO vs
non-ECMO cohort. The potential reasons behind this are not dis-
cussed, however indicates that there may be another more general
root cause for this, such as VV-ECMO patients receiving more
intensive dietetic or nursing input to rectify feeding issues in a
more timely manner.

Another unexpected finding of this study was that patients who
were proned received both more energy and protein compared to
those who were not proned. Whilst Savio and colleagues [27] re-
ported similar amounts of energy provision in proned vs supine
patients with severe acute respiratory distress syndrome, the
proned patients received lower protein provision [27]. The
increased energy received in this study may again be related to
higher propofol usage in proned patients, who may require deep
sedation during turning and proning [28]. The higher protein ad-
equacy however can only come from improved feed and/or
modular protein supplement provision. One potential explanation
could be that patients who were proned may have had longer
critical care length of stays, thereby allowing for more enteral feed
to be delivered over time. Regardless of the reason behind this



Fig. 3. Figure of daily energy and protein delivery for the first 7 days.
Figure shows the daily percentage delivery of total energy (including all sources), and protein delivery for the first 7 days of ICU admission. Box plot indicates median values with
interquartile range. Whiskers indicate minimum and maximum values. Shaded area indicates adequacy level (80e110% targets).
Abbreviations: ICU ¼ intensive care unit; VV-ECMO ¼ venovenous extracorporeal membrane oxygenation.
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result, this study provides evidence that proning should not be a
barrier to enteral feeding and good nutritional adequacy in criti-
cally ill patients.

4.2. Enteral feeding intolerance and interruptions

This study reports high GRVs in almost half of the patient
cohort, which is in contrast to others [16] who found only on
quarter of COVID-19 patients experienced high GRVs. Interest-
ingly, their GRV threshold was also set at 300 ml, and both the
APACHE II and SOFA scores are higher, therefore this difference is
unlikely to be related to severity of illness. Their study does
however only run for the 1st 7 days, and it is unclear how
frequently GRVs were measured during the study period. It may
be that rates of high GRVs increase as the critical care stay pro-
gresses, or that in our population GRVs could have been recorded
more frequently, thereby capturing a higher number of instances.
Remarkably, the patients in the Osuna-padilla et al. study received
enteral feeding over an 18-h period [16], as opposed to over 24 h
in this study. Given cyclic feeding is thought to increase the rate of
feeding intolerance and GRVs [29], this again suggests some other
difference between these to study groups which lead to a two-fold
difference in high aspirates. The prevalence of high GRVs reported
in this study are similar to those reported by Liu and colleagues
Table 3
Feeding intolerance and interruptions.

ALL N

High GRVs, No. (%) 117 (46.6) 8
Prokinetics 136 (54.0) 9
Feed stoppagesa, No. (%) 57 (96.9) 4
Number of feed stoppagesa 4.0 (2.5e6.5) 4
Total hours of feed stoppages 35.0 (15.5e65.0) 3
Reasons for feed stoppages
Planned extubation 15 (26.3) 1
Other 11 (19.3) 9
Tube dislodgement 9 (15.8) 7
Vomiting 7 (12.3) 4
Unclear 4 (7.0) 2
High GRV 3 (5.3) 2
Procedures 3 (5.3) 1
Proning 3 (5.3) 3
Tracheostomy 1 (1.8) 1
Tube blockage 1 (1.8) 1

Abbreviations: GRVs ¼ gastric residual volumes; VV-ECMO ¼ venovenous extr
a All n ¼ 59, VV-ECMO n ¼ 14, only included patients who did not meet mo
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[15], though the definition of a high GRV was significantly
different, as in their study a volume threshold was not used, but
instead any aspirate which led to enteral nutrition being withheld
was considered high. Despite high levels of GRVs, high use of
prokinetics and possibly, high levels of dietetic input likely pre-
vented this from resulting in poor nutritional adequacy.

The finding of planned extubation as the main reason behind
feeding interruptions may be related to the severity of respiratory
failure in COVID-19 patients, and the uncertainty around the
management of these patients early in the course of the
pandemic. This likely led to high rates of anticipated extubation
which either failed or were then found to be inappropriate and
not attempted. This is in line with a survey-study by Suliman and
colleagues [30] whereby respondents indicated that ‘unclear
clinical course’ was one of the main barriers to the delivery of
enteral nutrition.

4.3. Post-ICU nutrition management (ward)

In this cohort of patients, 7 in 10 patients had an NG tube insitu
at the time of ward stepdown. This is similar to the numbers re-
ported by Terblanche et al. [13] and slightly higher than the 6 in 10
patients reported by Weirdsma and colleagues [24]. This is indic-
ative not only of ongoing nutritional issues, but of a service-wide
on-ECMO VV-ECMO p value

0 (41.5) 37 (63.8) .03
3 (47.9) 43 (74.1) .000
4 (97.8) 13 (92.9) .374
.0 (2.0e6.0) 4.5 (2.75e8.0) .476
6.0 (17.25e60.75) 24.5 (6.25e72.5) .277

4 (31.8) 1 (7.7) n/a
(20.5) 2 (15.4)
(15.9) 2 (15.4)
(9.1) 3 (23.1)
(4.5) 2 (15.4)
(4.5) 1 (7.7)
(2.3) 2 (15.4)
(6.8) 0 (.0)
(2.3) 0 (.0)
(2.3) 0 (.0)

acorporeal membrane oxygenation.
re than 80% of energy or protein targets.



Table 4
Post-ICU nutrition management (ward).

ALL (n ¼ 111)

Reviewed by ward dietitian 107 (96.4)
Number of dietetic contacts 3 (2.0e5.0)
NGT in situ on step-down 77 (70.0)
Enteral feeding days 3 (1.0e6.0)
Ward interventions
ONS alone 44 (40.4)
ENS alone 2 (1.8)
ONS and ENS 59 (54.1)
PNS and ENS 1 (0.9)
PNS, ENS and ONS 1 (.9)
Other 2 (1.8)

Diet at time of ward step-down
Normal 36 (32.4)
Level 6 Soft and bite-sized 18 (16.4)
Level 5 minced 5 (4.5)
Level 4 puree 13 (11.8)
Custard/yoghurt only 14 (12.7)
No solids 24 (21.8)

Fluid at time of ward step-down
Thin 66 (60.0)
Thickened fluids 3 (2.7)
Sips only 25 (22.7)
Nil 16 (14.5)

Abbreviations: ICU ¼ intensive care unit; ENS ¼ enteral nutrition support;
NGT ¼ nasogastric tube; ONS ¼ oral nutrition support; PNS ¼ parenteral nutrition
support; VV-ECMO ¼ venovenous extracorporeal membrane oxygenation.

Table 5
Post-ICU nutrition management (hospital discharge).

ALL

Referral to dietetic clinic post-hospital discharge 49 (28.4)
Dietetic referral reason
Significant weight loss 21 (42.9)
Poor appetite 11 (22.4)
Weight gain 8 (16.3)
PG-SGA score 2 (4.1)
Offered, but declined 1 (2.0)
Other 6 (12.2)

Days from hospital discharge to Post-ICU clinic
appointment

41.0 (30.0e59.0)

Symptomsa

Breathlessness 101 (71.1)
Fatigue 97 (68.3)
Muscle weakness 77 (54.2)
Hair loss 43 (30.3)
Taste changes 40 (28.2)
Poor appetite 20 (14.1)
Change in bowel habit 18 (12.7)
Dysphagia 17 (12.0)
Weight loss 11 (7.8)

Abbreviations: PG-SGA ¼ patient generated subjective global assessment.
a Symptoms as reported in post-ICU recovery clinic (n ¼ 142).
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understanding of the importance of nutrition to the rehabilitation
of these patients. More than half of the patients who stepped down
to the ward were receiving both enteral and oral nutrition support,
which suggests an understanding by staff that in the post-ICU
period there are many barriers to eating [31,32] and patients may
struggle to meet their nutritional needs with food and oral nutri-
tion support alone [33].

Texture modified diets and ‘nil by mouth’ status at the time of
ward step down was recorded in two thirds of patients at the time
of ICU discharge. This is similar to texture modified diet rates re-
ported byWeirdsma and colleagues [24], as well as post-extubation
dysphagia rates reported by Hoiyoes et al. [12], which is the pre-
sumed issue underlying these dietary restrictions.

4.4. Post-ICU nutrition management (hospital discharge)

In-line with other literature [24], there were high rates of
nutrition related symptoms even several months following hospital
discharge. Despite these high rates of symptoms that are likely to
impact nutritional intake (such as breathlessness, fatigue, taste
changes, poor appetite, and dysphagia) loss of weight was recorded
as an issue in less than 1 in 10 patients. This could indicate that
patients had successfully implemented strategies to maximise
caloric intake despite these challenges, or alternatively it may
indicate that weight-loss was a symptom that was less enquired
about by clinicians in the post-ICU clinic, particularly given clinics
were taking place virtually as opposed to in-person where patients
can be weighed at the clinic appointment. Further research into the
actual weight-loss of this patient group following discharge to the
community, as well as clinicians’ attitudes regarding the impor-
tance of unintentional weight loss in a post-ICU clinic setting is
warranted.

4.5. Strengths and limitations

There are several strengths to this study. Data were collected on
relatively large patient numbers, data collection continued for the
7

entire ICU admission and the full patient journey onto theward and
following discharge were considered. With the significantly
increased patients admitted to our critical care service, the core
critical care dietitians were supplemented with a large number of
surge dietitians with limited prior critical care experience, who
were provided with training and clinical supervision to ensure that
standards of nutritional care were upheld as much as possible.

As with all retrospective studies examining medical records,
data collected is based on what has been recorded, and will not
always accurately reflect all the relevant information. However, as
the authors were clinically involved with the patients during the
timeframewhen datawas examined, we can attest that, overall, the
data reflects what was occurring on a gross scale. Data regarding
weights at ICU admission are largely based on visual estimates due
to the difficulties in acquiring actual weight in critically ill patients.
Furthermore, whilst we attempted to collect data regarding weight
changes throughout hospitalisation and at post-ICU clinic, there
was sparse information available and there was some conflicting
data, as patient reported information and supposed recorded
weights were often very different. As such this data was excluded
from analysis. The data collected for VV-ECMO patients in the post
ICU hospitalisation period was very limited due to the high
numbers of patients repatriated to local centres following ECMO
decannulation.

5. Conclusion

Despite the pressures of the COVID-19 pandemic on intensive
care services, it was possible to ensure a significant number of
patients reached nutritional adequacy by utilising the increased
dietetic capacity. Neither VV-ECMO nor proning were barriers to
nutritional adequacy in this critically ill COVID-19 cohort. Nutri-
tional issues for patients who were critically unwell with COVID-19
persist following stepdown to ward level and into the community
for some of these patients, but the impact of this on nutritional
status requires further exploration.
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