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Lesson learnt from the COVID-19 pandemic. Analysis
of nutritional aspect of critically ill patients treated
in intensive care unit — single-centre, retrospective study
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ABSTRACT

Background: The patient overload brought about by the COVID-19 pandemic challenged the ca-
pacity healthcare system. The virus causes respiratory symptoms, including cough and dyspnea as
well as loss of taste and smell. These symptoms can lead to reduced food intake and, in severe cases,
may result in malnutrition, which is one of the important challenges among hospitalized patients.

Methods: This was a retrospective study assessing the nutritional aspects of the Intensive Care Unit
(ICU) COVID-19 patients with the primary aim of analysing preadmission data and ICU stay data with
the occurrence of refeeding syndrome.

Results: Out of 165 patients included in the study, 110 (66.6%) developed refeeding syndrome. The
only discriminating factor of developing refeeding syndrome in this study was phosphate levels at
the admission (p =0.0001). In the study, 69 out of 165 (41.8%) patients had enteral access present at
admission to ICU. All 165 patients received enteral nutrition during ICU stay at median day 1 (1-1).
38 (23%) additionally received parenteral nutrition (PN). The indications for PN were appropriate
protein delivery during continuous renal replacement therapy in 30 out of 38 patients (78.9%) and
persistent enteral nutrition intolerance in 8 out of 38 patients (21.1%).

Conclusion:In conclusion, monitoring for refeeding syndrome should be implemented in all patients
with malnutrition risk. Nutritional education and establishing internal protocols regarding nutritional
intervention could provide better care for patients. Further studies that monitor the nutritional status
of ICU patients could greatly improve nutritional interventions in critically ill patients.

Key words: refeeding, nutrition in ICU, COVID-19 nutrition

STRESZCZENIE

Wstep: Przecigzenie systemow opieki zdrowotnej spowodowane pandemia COVID-19 stanowito
wyzwanie dla wydolnosci i jakosci procesu leczenia. Wirus SARS-COV-2 wywotywat objawy ze stro-
ny uktadu oddechowego, w tym kaszel i dusznos¢, a takze utrate smaku i wechu. Objawy te mogty
prowadzi¢ do zmniejszonego spozycia pokarmu, a w ciezkich przypadkach do niedozywienia,
bedacego jednym z wyzwan w leczeniu pacjentéw.

Metody: Byto to jednoosrodkowe badanie retrospektywne, w ktérym oceniano aspekty zywieniowe
pacjentéw z COVID-19 na Oddziale Intensywnej Terapii (OIT). Gléwnym celem badania byta korelac-
ja danych przed przyjeciem do szpitala oraz danych dotyczacych pobytu na OIT z wystgpieniem
zespotu ponownego zywienia.

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles and
share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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Wyniki: Sposréd 165 pacjentéw wigczonych do badania u 110 (66,6%) rozwinat sie zesp6t ponow-
nego odzywienia. Jedynym czynnikiem przy przyjeciu identyfikujgcym ryzyko rozwoju zespotu
ponownego odzywienia w tym badaniu byt poziom fosforanéw (p =0,0001). W badaniu 69 pacjentéw
(41,8%) miato dostep dojelitowy obecny przy przyjeciu w OIT. Wszyscy pacjencileczeniw OIT w trak-
cie badania (165) otrzymywali zywienie dojelitowe od 1. dnia (1-1); 38 pacjentow (23%) otrzymato
dodatkowo zywienie pozajelitowe (PN). Wskazaniami do PN byto odpowiednie dostarczanie biatka
podczas ciagtej terapii nerkozastepczej (30 sposréd 38 pacjentéw) (78,9%) oraz utrzymujaca sie
nietolerancja zywienia dojelitowego u 8 sposréd 38 pacjentow (21,1%).

Whioski: Podsumowujac, monitorowanie zespotu ponownego zywienia nalezy wdrozy¢ u wszyst-
kich pacjentéw z ryzykiem niedozywienia. Edukacja zywieniowa i ustanowienie wewnetrznych
protokotéw dotyczacych interwencji zywieniowych moze zapewnic lepsza opieke nad pacjentami.
Dalsze badania, ktére monitorujg stan odzywienia pacjentéw w OIT, moga znacznie poprawic in-

INTRODUCTION

The patient overload brought about by the COVID-19 pan-
demic challenged the capacity of health providers and the
healthcare system as a whole. The virus causes respiratory
symptoms, including cough and dyspnea as well as loss
of taste and smell [1, 2]. These symptoms can lead to
reduced food intake and, in severe cases, may result in
malnutrition, which is one of the important challenges
among hospitalized patients [3]. In 2020, expert state-
ments were published to help healthcare providers iden-
tify, monitor, and treat those at risk of COVID-19-related
malnutrition [4]. The majority of these statements were
based on evidence from earlier studies that formed the
basis for previous European Society for Clinical Nutrition
and Metabolism (ESPEN) guidelines. The statements inc-
luded recommendations for mild, moderate, and severe
courses of COVID-19, with strategies for both noninvasive
and invasive respiratory support in intensive care units
(ICU). They listed indications and requirements for oral,
enteral (EN), and parenteral nutrition (PN) and outlined
potential complications.

At the Regional Extracorporeal Membrane Oxygenation
(ECMO) Centre, admitted were the most severe cases of
COVID, who often required both mechanical ventilation
and advanced life support techniques [5]. In critically ill
COVID-19 patients, nutritional difficulties have been re-
ported, including a high risk of malnutrition, a high rate of
occurrence of refeeding syndrome, and nutritional intole-
rance [6]. Responding to nutritional issues played a major
role in the treatment of critically ill patients. Gathering and
sharing data regarding nutritional interventions among
critically ill patients is an interest of many researchers. With
the pandemic ending, conclusions should be drawn to
improve patient care in the future.

Thus, in this study the nutritional aspects of the ICU
COVID-19 patients were assessed with the primary aim of
the study being to analyse preadmission data, and ICU stay
data with the occurrence of refeeding syndrome.

terwencje zywieniowe u pacjentéw w stanie krytycznym.

Stowa kluczowe: zespét ponownego odzywienia, zywienie na OIT, zywienie po COVID-19

METHODS
This was a single-centre, retrospective study approved by
the local ethics committee at the Medical University of
Lublin (KE-0254/14/01/2024) performed with adherence
to the Declaration of Helsinki and Good Clinical Practice.
Due to the retrospective nature of the study, the need for
informed consent was waived. Patients’ data was collec-
ted from tertiary hospital digital database screening for
patients diagnosed with COVID-19 and treated in the ICU.

Included were patients aged 16-80 who were admitted
to the ICU for COVID-19 treatment between November
2020 and January 2022. Patients whose hospital stays were
shorter than four days and patients who did not require
advanced respiratory support, including mechanical
ventilation, non-invasive ventilation (NIV), and high-flow
nasal oxygenation therapy (HFNOT) were excluded, as well
as patients with missing data related to the parameters
measured in this study.

General information was gathered at the admission
point, including age, height, weight, body mass index (BMI),
gender, date of COVID-19 positive test, date of admission
to the centre, duration of the stay in the centre, presence
of enteral access at the time of admission (nasogastric or
nasojejunal tubes), need for noradrenaline infusion upon
admission, and admissions serum levels of: phosphates
(mmol/L normal range: 0.84-1.45), albumin (g/dL; normal
range: 3.5-5.2), and total protein(g/dL normal range:
6.4-8.3).

The study included data regarding patients’ stay in
ICU including duration of ICU stay, the number of days
that patients received enteral nutrition (EN) or parenteral
nutrition (PN), which day of patient stay EN or PN was
introduced, and the prevalence of EN or PN as a nutrition
strategy during patient stays (defined as the number of
days patients received EN or PN divided by the number of
days patients stayed in the centre; for PN, included were
only patients qualified for PN. Additionally, collected were
laboratory measurements of the lowest serum phospha-
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tes, the last measures of albumin and total protein during

ICU stay.

The primary aim of the study was to analyse preadmis-
sion data, and ICU stays data with the occurrence of the
refeeding syndrome (defined as refeeding hypophospha-
temia of < 0.65 mmol/L or a drop of at least 0.16 mmol/L
after the introduction of the nutritional intervention).

Secondary aims of the study included:

1. Factors assessment associated with the prevalence of
enteral access at the admission.

2. Correlation of preadmission and ICU stay data with
the need for PN intervention, implementation of con-
tinuous renal replacement therapy (CRRT), and ICU
mortality.

3. Evaluation of above events on how they changed
albumin and total protein levels during ICU stay by
calculating the change between admission levels and
the last measured levels of serum albumin and total
protein (defined as the admission levels minus the last
measured levels).

Statistical data was collected using Microsoft Excel
spreadsheets (Microsoft, Redmond, WA, USA). Categorical
variables were presented as numbers and frequencies and
analysed using the Chi-square test. Continuous variables
were tested for normal distribution using the Kolmogo-
rov-Smirnov, Lilliefors, and Shapiro-Wilk tests. Normally
distributed continuous variables are presented as means
and standard deviations of the mean and were analysed
using Student’s t-test. Non-normally distributed variables
are presented as medians and interquartile ranges (IQRs)
and were analysed using the Mann-Whitney U test. All
statistical calculations were performed using Statistica
14.0 (StatSoft Inc., Tulsa, OK, USA).

RESULTS
228 patients were screened and 165 met the inclusion cri-
teria, of whom 70.3% were male. Of the patients included
in the study, 90.3% were transferred to the study centre

Table 2. Comparison of patients with and without refeeding syndrome

Age [years, SD]

BMI [kg/m?, SD]

Days from positive COVID-19 test to admission to the centre [days, IQR]
Admission phosphates [mmol/L, IQR]
Admission total protein [g/dL, SD]

Admission albumin [g/dL, SD]

Prevalence of enteral access at admission [n, %]
Lowest phosphates [mmol/I, IQR]

Last measure total protein [g/dL, SD]

Last measured albumin [g/dL, SD]

Prevalence of patients receiving PN [n, %]

CRRT [n, %]

Mortality [n, %]

Table 1. Study population preadmission and ICU stay data

Study population
(n=165)

Preadmission data

Days from positive COVID-19 test to admission
to the centre [days, IQR]

Admission phosphates [mmol/L, IQR]

8(4-11)

1.28(0.98-1.57)

Admission total protein [g/dL, SD] 5.31+0.69

Admission albumin [g/dL, SD] 2.73+£0.49

Prevalence of enteral access at admission [n, %] 69 (41.8)

Noradrenalin infusion upon admission [n, %] 64 (38.8)
ICU stay data

Duration of stay in the centre [days] 12 (8.5-18)

Prevalence of patients receiving EN [n, %] 165 (100)

Day of starting EN [days, IQR]

Prevalence of EN as a nutrition strategy during
patient stay (%, IQR)

1(1-1)
100 (90-100)

Prevalence of patients receiving PN [n, %] 38(23)
Day of starting PN [days, IQR] 9(6-12)
Prevalence of PN as a nutrition strategy during 32.8(20-53.3)
patient stay (%, IQR)

Lowest phosphates [mmol/L, IQR] 0.75 (0.6-0.88)
Last measure total protein [g/dL, SD] 5.07 £0.74
Last measured albumin [g/dL, SD] 23+0.5

IQR — interquartile range; SD — standard deviation; EN — enteral nutrition; PN —
parenteral nutrition; CRRT — continuous renal replacement therapy

from other hospitals. The patients’'mean age was 51 years,
and the mean BMIwas 32.5 kg/m? Detailed data regarding
preadmission and ICU data from the entire study popula-
tion is presented in Table 1.

Refeeding syndrome

Refeeding syndrome defined as hypophosphatemia oc-
curred in 110 patients in this study (66.6%). The refeeding
syndrome analysis is presented in Table 2.

Enteral access at admission

Patients admitted to the centre with enteral access sho-
wed a statistically longer mean time between the date of
positive COVID-19 test and admission to the centre than

Patients with refeeding

Patients without refeeding

syndrome syndrome
(n=110) (n=55)
49.7£123 533+127 0.08
324+6.5 326+53 0.81
8(5-11) 8(4-12) 0.89
1.23(0.91-1.44) 1.42(1.11-1.84) 0.0001
5.26+0.73 5.41+0.62 0.2
269+048 2.81+047 0.14
21(38.2) 48 (43.6) 0.5
0.63 (0.53-0.75) 0.95 (0.87-1.21) <0.0001
5.12+0.75 497 £0.71 0.27
231048 230+0.54 0.89
13(23.6) 25(22.7) 0.65
17 (15.5) 25 (45.5) 0.0003
85(77.3) 43 (78.1) 0.89

IQR — interquartile range; SD — standard deviation; PN — parenteral nutrition; CRRT — continuous renal replacement therapy
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patients without enteral access (median 7 days (IQR:4-11)
vs. median 9 days (IQR: 6-13), p = 0.02). The absence of
enteral access upon admission was not associated with
mortality (76.6% vs. 81.1%, p = 0.48) and the need for
noradrenaline infusion upon admission (36.2% vs. 43.5%,
p = 0.35). No statistical difference was observed between
patients admitted with and without enteral access in
terms of admission laboratory parameters [i.e., serum total
protein (p = 0.43), serum albumin (p = 0.35), and serum
phosphates (p = 0.23)].

Parenteral nutrition

The two identified indications for PN were appropriate
total protein delivery during CRRT in 30 out of 38 patients
(78.9%) and persistent enteral nutrition intolerance in
8 out of 38 patients (21.1%). Patients receiving PN had
a statistically longer median stay at the centre than pa-
tients without PN (median 15 days (IQR: 10-21) vs. 11 days
(IQR: 8-16), p = 0.003. They also presented with lower last
measured serum albumin but not lower last measured
total protein (2.04 + 0.48 vs. 2.39 + 0.48, p = 0.0003;
4,99 £ 0.65 vs. 5.1 + 0.76, p = 0.43, respectively). The im-
plementation of PN did not affect the change between
admission and last measured serum albumin (p = 0.21),
and total protein (p = 0.74).

Continuous renal replacement therapy

The CRRT was implemented in 42 (25.5%) of all study
patients. Patients undergoing CRRT had decreased last
measured albumin and total protein in comparison to pa-
tients without CRRT (2.04 +£0.52 vs. 2.38 + 0.47, p = 0.0005;
5.07 £ 0.69 vs. 5.06 £ 0.79 p = 0.63). No statistically signif-
icant change of admission and last measured albumin
(p = 0.1), or total protein (p = 0.64) was found between
patients with and without CRRT. Patients requiring CRRT
also presented with higher admission phosphate levels
(1.48 (IQR: 1.15-1.95) vs. 1.21 (QR: 0.95-1.43), p = 0.0001), as
well as higher lowest measured phosphate during ICU stay
(0.86 (IQR: 0.75-1.12) vs. 0.7 (IQR: 0.57-0.84), p = 0.0001).

Mortality

The general mortality of all patients was 77.6% (128/165).
No significant nutritional predictors of mortality were
found upon admission. It was observed that mortality
was associated with a decreased value in the last mea-
sured serum total protein and albumin levels in compar-
ison to survivors (4.98 £ 0.67 vs. 5.38 = 0.86, p = 0.005,
and 2.24 + 0.47 vs. 2.53 £ 0.54, p = 0.002, respectively).
The change between admission and last measured se-
rum albumin was also significantly smaller in survivors
(0.27 +£0.61 vs. 0.57 £ 0.69, p = 0.02). Survivors also spent
more days in the centre (median 18 days (IQR: 11-27)
vs. 11 days (IQR: 8-16), p = 0.0005). Use of PN was similar
in both survivors and nonsurvivors (22.2% vs. 30.6%,
p =0.88).

DISCUSSION
The results of this study highlight some of the challenges
of treating COVID-19 patients in ICU settings. Due to the
nature of the study ICU, during COVID-19, it acted as one of
the main extracorporeal membrane oxygenation centres in
the country; thus, over 90% of all admissions to the centre
came from other hospitals.

Due to the nature of the admitted patients, the authors
were unable to perform nutritional screening. However,
they found a median of eight days from patients’ positive
COVID-19 test to admission to the centre with symptoms
such as coughing, dyspnoea, and loss of taste and smell,
all of which affect food consumption, as well as a lack of
enteral access, suggesting a high risk for malnutrition
among the study population. In the present study, 66.6%
of patients met the hypophosphate refeeding syndrome
criteria. A previous study reported a high risk of refeeding
syndrome among COVID-19 patients, reaching up to 82% of
all critically ill cases and developing in 36% of patients [7].In
the present cohort, the occurrence of refeeding syndrome
was almost two times higher than in the aforementioned
study, which supports the theory of inadequate nutritional
interventions in the preadmission period. Lower, but still
within normal range, admission phosphate levels were the
only predictive factor of developing refeeding syndrome
in patients from the present study. All other measured in
this study factors, such as admission albumin and total
protein serum levels, or duration of COVID-19, did not
predict the development of refeeding syndrome. This
further confirms that after the introduction of nutritional
intervention for the patients with malnutrition risk, careful
monitoring for development of refeeding syndrome should
be implemented. And the standard laboratory markers of
malnutrition including albumin and total protein levels
can be implemented in elective patients, but not in acute
phases of severe diseases [8].

Patients undergoing CRRT had a statistically signifi-
cant lower percentage of identified incidents of refeeding
syndrome. This phenomenon is most likely not associated
with the better nutritional status of patients with renal
failure but rather with the diagnostic criteria of refeeding
syndrome, which include electrolyte imbalance caused by
renal insufficiency. The diagnostic criteria for and the ma-
nagement of refeeding syndrome in patients undergoing
CRRT, as well as its impact, remain elusive due to a lack
of high-quality evidence. It is reasonable to assume that
similar precautions should be taken to prevent potential
harm caused by overfeeding malnourished patients un-
dergoing CRRT.

The majority of the patients in this study were me-
chanically ventilated at admission, while enteral access at
admission was present in roughly 42% of cases. According
to ESPEN guidelines, oral nutrition should be the first choice
of nutritional intervention followed by enteral nutrition if
oral nutrition is contraindicated or nonviable [9]. In the
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centre, the median for starting EN was day one, which
makes the lack of enteral access upon admission difficult
to explain. There has been discussion about EN patients
receiving NIV or HFNOT support and the fact that placing
nasogastric tubes often results in mask air leakage and
air stomach dilatation, which affects ventilation and may
potentially lead to vomiting [10]. However, the evidence
regarding these issues remains scant, and after invasive
mechanical ventilation was implemented in the patients,
the enteral nutrition should be started unless it was con-
traindicated. Some situations that have been previously
considered contraindications are no longer considered so;
these include the use of vasopressors or neuromuscular
blocking agents or prone position implementation [11].
A small number of patients who were admitted to the
centre from ICUs in other hospitals and who already had
enteral access may have been exposed to a lack of enteral
nutrition protocols. In a study by Kim et al., implementa-
tion of such protocols increased the number of patients
receiving EN within the first 24 hours of admission and
significantly reduced the time that elapsed from admis-
sion to implementation of EN [12]. Overall, sites that have
implemented nutritional protocols use more EN alone,
better manage enteral mobility issues, and achieve better
nutritional adequacy in comparison with sites without such
protocols [13]. Constant education and encouragement
to implement EN protocols could increase the number of
patients receiving EN in the country.

Parenteral nutrition (PN) was used in 23% of the
present study’s patients, which is similar to a large study
conducted in Italy [14]. The main causes for implemen-
ting PN were inadequate nutrient delivery during CRRT
(78.9%) and enteral nutrition intolerance (21.1%). Despite
use of parenteral nutrition mostly in CRRT patients they
still had lower last measured albumin levels probably due
to increased amino acid clearance, which increases the
demand for protein intake. The implementation of PN did
not affect mortality in the study patients. In this study, the
potential complications of parenteral nutrition, such as
central venous access infections, were not evaluated, due
to multiple factors, including prolonged ICU stays, which
could have altered the results.

This study did not find any significant nutritional factors
that directly affected the mortality of the patients. A severe
COVID-19 course has been associated with extremely high
mortality in ICUs, reaching over 80% in some studies [15].
It is still unclear which major factors affected the survival
rate of COVID-19 patients during the pandemic. Thus, it is
rather unlikely that nutrition as a single factor is associated
directly with mortality. However, it could be part of a mul-
tifactorial model that, despite multiple studies, has still not
been determined almost two years after the pandemic. In
the present study, despite similar nutritional interventions
in survivors and non-survivors, total protein and albumin
serum levels were statistically higher in survivors. Thisis in
line with findings suggesting that both these parameters

represent overall patient condition and not nutritional sta-
tusinintensive care patients [16]. Thereis still. no nutritional
marker that can be objectively measured by a laboratory
testin the ICU. It is needed to combine daily physical exa-
mination, assessment of nutritional intervention, general
laboratory testing, and the personal experience to assess
patients’ nutritional status in the ICU.

This study has some limitations. It was a retrospective,
single-centre study of the most critically ill patients, who
often required advanced life support techniques; thus, the
results do not apply to all COVID-19 patients with severe
iliness. Proper nutritional screening could not be perfor-
med in mechanically ventilated patients at the time of
admission, and there was no access to information about
nutritional interventions from the referring centres. Due
to a lack of computerized data, it was impossible to assess
the nutritional provisions of the patients, which could be
a factor in the occurrence of refeeding syndrome.

In conclusion, the COVID-19 pandemic was a challen-
ging period that resulted in an overload of patients in many
ICUs. Monitoring for refeeding syndrome should be imple-
mented in all patients with malnutrition risk. Focus must
be put on nutritional education as well as on establishing
internal protocols regarding nutritional intervention to pro-
vide better care for patients, even in difficult times. Further
studies that monitor the nutritional status of ICU patients
could greatly improve nutritional interventions in critically
ill patients.
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