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Summary Kratak sadrzaj

Background: Despite a lack of sufficient knowledge about Uvod: Uprkos nedostatku dovoljno znanja o prevalenciji i
the prevalence and impact of hypophosphatemia in critical- uticaju hipofosfatemije kod kriti¢cno obolelih pacijenata sa
ly ill COVID-19 patients, organ dysfunction, adverse clinical COVID-19, disfunkcija organa, nepovoljni klini¢ki ishodi i
outcomes, and increased mortality have been consistently povedana smrtnost dosledno se povezuju sa hipofosfatemi-
associated with hypophosphatemia across diverse patient jom u razli¢itim populacijama pacijenata. Ova retrospektiv-
populations. This retrospective, observational study aimed na, opservaciona studija je imala za cilj da ispita uc¢estalost
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to investigate hypophosphatemia (HypoP) frequency and
establish the correlation between variations in serum phos-
phorus levels and outcomes in critically ill patients with
SARS-CoV-2.

Methods: The research comprised 205 patients diagnosed
with COVID-19 confirmed via RT-PCR. The study included
COVID-19 patients who experienced respiratory failure and
were in intensive care for more than 24 hours, and their
phosphorus values were accurately documented. Clinical
parameters, comorbidities, respiratory support require-
ments, and laboratory findings were analysed.

Results: The study participants had a median age of 64
(IQR: 54-75 years), with hypertension being the most pre-
valent chronic disease (46%). During the first three days of
intensive care, 33% of the participants received conven-
tional oxygen support, whereas 54% required intubation
and mechanical ventilation (MV). During this period, hypo-
phosphatemia was noted in 25% of patients, with an ICU
admission median serum phosphorus level of 1.02 (0.87-
1.25) mmol/L. The median duration of stay in the intensive
care unit (ICU) was 7 days, significantly extended in
patients with hypophosphatemia (p=0.046). Phosphorus
levels on the third day of ICU stay were an independent
predictor of ICU mortality. (COX, HR=1.48, 95%
Cl=1.11-1.98, p=0.006)

Conclusions: During the first three days of ICU admission,
25% of SARS-CoV-2 critically ill adult patients presented
with hypophosphatemia. This condition was found to
increase ICU mortality rates and prolong ICU stays.
Therefore, it is crucial to monitor serum phosphorus levels
in the care of critically ill COVID-19 patients.

Keywords: SARS-CoV-2, hypophosphatemia, intensive
care unit, respiratory failure, critical care

Introduction

Hypophosphatemia has been recognised as a
crucial factor linked to elevated mortality and morbid-
ity in critically ill patients (1). Phosphorus, an integral
component of nucleic acids in DNA and RNA, is cru-
cial in generating adenosine triphosphate, the energy
source vital for all cellular functions (2). Conse-
quently, hypophosphatemia can manifest as mild
symptoms like muscle weakness but can also lead to
severe consequences, including respiratory failure
and death (3).

The aetiology of hypophosphatemia in critically
ill patients is multifaceted and may result from tran-
scellular redistribution, characterised by decreased
uptake and absorption, increased losses, or enhanced
cellular phosphate uptake (4). Recognised risk factors
contributing to hypophosphatemia encompass
anorexia, nutritional intolerance, pre-existing nutri-
tional deficiencies, refeeding syndrome, blood gas
disorders, and continuous haemodialysis (5).

Objectives

Despite existing evidence indicating that
hypophosphatemia prolongs hospitalisation and
increases mortality in COVID-19 patients, there

hipofosfatemije (HypoP) i uspostavi korelaciju izmedu vari-
jacija nivoa fosfora u serumu i ishoda kod kriti¢no obolelih
pacijenata sa SARS-CoV-2.

Metode: IstraZivanije je obuhvatilo 205 pacijenata kojima je
COVID-19 potvrden RT-PCR testom. Studija je ukljucivala
pacijente sa COVID-19 koji su imali respiratornu insufici-
jenciju i bili na intenzivnoj nezi duze od 24 sata, a cije su
vrednosti fosfora bile precizno zabeleZene. Analizirani su
klinicki parametri, komorbiditeti, potrebe za respiratornom
podr kom i laboratorijski nalazi.

Rezultati: Uclesnici studije su imali median starosti od 64
godine (IQR: 54-75 godina), pri ¢emu je hipertenzija bila
najzastupljenija hroni¢na bolest (46%). Tokom prva tri dana
boravka na intenzivnoj nezi, 33% ucesnika je primilo konven-
cionalnu kiseoni¢ku podr ku, dok je u 54% slucajeva bila
potrebna intubacija i mehanicka ventilacija (MV). U tom
periodu, hipofosfatemija je zabelezena kod 25% pacijenata,
sa medianom nivoa fosfora u serumu pri prijemu u jedinicu
intenzivne nege od 1,02 (0,87-1,25) mmol/L. Median tra-
janja boravka u jedinici intenzivne nege (ICU) je bio 7 dana,
znadajno duzi kod pacijenata sa hipofosfatemijom
(p=0,046). Nivoi fosfora tre¢eg dana boravka u intenzivnoj
nezi su se pokazali kao nezavisan prediktor smrtnosti u ICU
(COX, HR=1,48, 95% CI=1,11-1,98, p=0,006).
Zakljuéak: Tokom prva tri dana boravka u jedinici inten-
zivhe nege, hipofosfatemija je zabelezena kod 25% kriti¢no
obolelih odraslih pacijenata sa SARS-CoV-2. Utvrdeno je
da ovo stanje povecava stopu smrtnosti u ICU i produzava
trajanje boravka na intenzivnoj nezi. Stoga je pradenje
nivoa fosfora u serumu kod kriti¢cno obolelih pacijenata od
COVID-19 od klju¢nog znacaja.

Kljuéne reéi: SARS-CoV-2, hipofosfatemija, jedinica in-
tenzivne nege, respiratorna insuficijencija, intenzivna nega

remains a dearth of comprehensive data on the fre-
quency and repercussions of hypophosphatemia in
this specific patient population (6-8). This study aims
to assess the frequency of hypophosphatemia, moni-
tor serum phosphorus level changes, and investigate
the relationship between hypophosphatemia and clin-
ical outcomes in patients with SARS-CoV-2-related
acute respiratory failure admitted to intensive care
units.

Materials and Methods

This retrospective study was conducted in 21
intensive care units across 18 hospitals in Turkey. It
serves as a secondary analysis of the study conducted
by Gundogan et al. (9). Patient enrollment occurred
between 11 March 2020 and 11 June 2020.

The study involved patients diagnosed with
SARS-CoV-2, confirmed by RT-PCR, who were admit-
ted to the intensive care unit (ICU) due to respiratory
failure lasting more than 24 hours. The study record-
ed the phosphorus values of these patients. Exclusion
criteria included patients without recorded phospho-
rus values, those diagnosed with renal failure before,
and those undergoing haemodialysis in the ICU.
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Demographic information, age, gender, respira-
tory therapy, length of stay (LOS) in hospital and
intensive care unit, APACHE-II score, laboratory find-
ings (hemogram, blood urea nitrogen, creatinine,
sodium, potassium, calcium, magnesium, albumin,
ALT, AST, LDH, troponin, PT, Aptt, D-Dimer, ferritin,
CRP, procalcitonin values), Sequential Organ Failure
Assessment (SOFA) score at admission were record-
ed. Additionally, serum phosphorus levels during the
first three days of ICU stay, cardiovascular complica-
tions, ICU-related events, and 28-day mortality were
documented.

While nutritional status and diuretic use are
recognised as potential confounding factors in the
relationship between hypophosphatemia and ICU
outcomes, data on these variables were not collected
during the study.

Hypophosphatemia was defined as a phospho-
rus value <0.8 mmol/L during the first three days.
Further categorisation included mild (0.8-0.65
mmol/L), moderate (0.64-0.32 mmol/L), and severe
hypophosphatemia (<0.32 mmol/L) (10).

Ethics

Approval for the study was granted by the
Ministry of Health (2020-05-04T09 48 29) and the
Erciyes University Ethics Committee (Date: 22 July
2020, No: 2020/401). The requirement for
informed consent was waived.

Statistical analysis

Statistical analysis was conducted using IBM
SPSS Statistics Version 22. To determine normal dis-
tribution, Skewness, Kurtosis, Kolmogorov-Smirnoy,
and Shapiro-Wilk tests were employed. The Chi-
Square or Fisher’s exact test was used to compare
categorical variables. Descriptive statistics for categor-
ical variables were provided. We used t-tests or Mann-
Whitney U-tests as appropriate for group comparisons
of numerical variables, with a statistical significance
level of P<0.05. To identify the relationship between
hypophosphatemia and mortality, we conducted a
Cox proportional hazards regression analysis, yielding
hazard ratios (HRs) and 95% confidence intervals

(Cls).

Results

In the TRICS-NET COVID-19 study, comprising
421 patients, 246 had serum phosphorus values, and
after excluding those receiving haemodialysis and
patients with end-stage renal failure, the study includ-
ed 205 patients. (Figure 1, flow chart). The median
age of the patients was 64 years (IQR: 54-75), with
61% being male. Hypertension and diabetes mellitus
were the most prevalent comorbidities. Various respi-
ratory support types were administered, including
conventional O, therapy (33%), high-flow nasal can-
nula O, therapy (HFNCO, 10%), non-invasive
mechanical ventilation (NIV, 3%), and invasive
mechanical ventilation (IMV, 54%).

Start

651 patient records

PCR negative (n117)

reviewed.
421 patients eligible
| after applying
inclusionfexclusion
critéra
Exclusions

Atypical Thorax CT image (n:66)
Insufficient or lack of data (n:47)

Patients without serum P at
Lasele avillos I-day Mollow-ups
(m: 1758)

Patlerts rec elhving renal
replacement tharapy and patients
with end-stage renal disease {redl)

LN Final study patients:
205

Figure 1 Flowchart Design: Patient Selection Process
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Table | Study subjects demographic and clinical characteristics.

. Total Hypophosphatemia (+) Hypophosphatemia (-)
Variables n: 205 n: 51 (%25) n: 154 (%75) P
Age, year median (IQR) 64 (54-75) 65 (55-74) 64 (53-75) 0.933
Gender, n (%)
Female 80 (39)125 (61) 18 (35)33 (65) 62 (40)92 (60) 0.529
Male
APACHE-II, median (IQR) 17 (12-27) 18 (15-28) 17 (12-26) 0.318
SOFA, median (IQR) 5 (3-8) 6 (3-8) 4 (3-8) 0.097
Comorbidities, n (%)
Hypertension 94 (46) 19 (37) 75 (49) 0.155
Diabetes mellitus 59 (29) 13 (26) 46 (30) 0.549
COPD 27 (13) 6(12) 21(14) 0.732
Malignancy 23 (11) 6 (12) 17 (11) 0.887
Heart Failure 18 (9) 2 (4) 16(10) 0.157
CVvD 15 (7) 3 (6) 12 (8) 0.650
Respiratory support
(baseline and follow-up)
n (%)
Standard O2 67 (33) 12 (22) 55 (36) 0.921
HFNCO 20 (10) 4 (6) 16 (11) 0.308
NIVM 8 (3) 3(4) 5 (3) 0.106
IVM 109 (54) 34 (68) 75 (50) 0.026
Covid-19 associated
cardiovascular event, n (%) 11(5.4) 4(7.8) 7(4.5) 0.565
Duration of IVM (days),
median (IOR) 7 (3-17) 7 (3-12) 8 (3-18) 0.570
Length of ICU stay, median
(IQR), day 7 (3-16) 10 (5-18) 6 (3-16) 0.046
Length of hospital stay,
median (IQR) day 17 (10-26) 18 (9-28) 17 (11-27) 0.929
ICU mortality, n (%) 73 (36) 21 (41) 52 (34) 0.338
28-day mortality, n (%) 75 (37) 20 (39) 55 (36) 0.653
Hospital mortality, n (%) 86 (42) 22 (44) 64 (42) 0.761

Cardiovascular complications

(arrhythmia,

There was no statistical difference in the median

myocardial infarction, myocarditis, and sudden car-
diac arrest) were more common in patients with
hypophosphatemia (7.8% vs 4.5%), although the dif-
ference was not statistically significant (p=0.36).

The median ICU length of stay was 7 days (IOR:
3-16), and it was significantly higher in the
hypophosphatemia group (10 days, IQR: 5-18) com-
pared to the non-hypophosphatemia group (6 days,
IQR: 3-16) (p=0.046).

hospital length of stay between the two groups
(p=0.929).

The 28-day mortality rate of the patients was
42%, and there was no statistically significant differ-
ence between the groups (p=0.653).

Hypophosphatemia was present in 25% (n: 51)
of patients.

The distribution of hypophosphatemia on the
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Figure 2 Frequency of hypophosphatemia three-day follow-up period.
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Figure 3 Frequency of mild, moderate, and severe hypophosphatemia over three days.
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Table Il Study participants’ laboratory parameters.
Variables (admission) Total Hypophospbatemia (+) Hypopho§phatemia ) P
n:51 n:154
Phosphorus 1.02 (0.87-1.25) 0.77 (0.66-1.03) 1.08 (0.96-1.29) 0.000
WBCs (x10°/L), median (IQR) 8.3 (5.78-11.26) 7.7 (5.60-10.74) 9.23 (5.77-11.60) 0.241
Neutrophils (x10°/L), median (IQR) 6.5 (4.20-9.40) 6.15 (4.20-9.40) 7.20 (3.84-9.60) 0.586
Lymphocytes (x10%/L), median (IQR)|  0.88 (0.59-1.22) 0.75 (0.54-1.10) 0.85 (0.50-1.33) 0.194
Hemoglobin (g/L), median (IQR) 12.40 (10.80-13.95) 12.10 (10.85-13.40) 12.10 (10.60-13.90) | 0.717
Platelets (x10%/L), median (IQR) 207 (151-268) 210 (157-264) 194 (136-252) 0.476
Glucose (mg/dL), median (IQR) 126 (99-164) 140 (108-171) 118 (92-152) 0.173
BUN (mg/dL), median (IQR) 22 (13-37) 20 (12-33) 23 (14-47) 0.154
Creatinin (mg/dL), median (IQR) 0.85 (0.66-1.10) 0.89 (0.68-1.21) 0.99 (0.70-1.49) 0.058
Sodium (mmol/L), median (IQR) 137 (134-140) 137 (133-139) 137 (134-140) 0.058
Potasium (mmol/L), median (IQR) 4.04 (3.64-4.40) 3.83 (3.59-4.35) 412 (3.80-4.40) 0.082
Calcium (mg/dL), median (IQR) 8.30 (7.99-8.67) 8.20 (7.90-8.60) 8.30 (7.93-8.70) 0.857
Albumin (g/dL), median (IQR) 3.12 (2.75-3.50) 3.17 (3.88-3.43) 3.10 (2.60-3.40) 0.479
ALT (U/L), median (IQR) 26 (16-49) 26 (17-48) 25 (16-45) 0.811
AST (U/L), median (IQR) 38 (26-65) 39 (31-56) 36 (28-56) 0.883
Total bilirubin (mg/dL), median (IQR) 0.59 (0.40-0.81) 0.50 (0.40-0.80) 0.59 (0.40-0.81) 0.477
LDH (U/L), median (IQR) 393 (291-534) 398 (249-493) 395 (269-538) 0.508
Troponin (ng/L), median (IQR) 6.40 (0.10-28.85) 5.20 (0.04-19.80) 4.80 (0.04-28.80) 0.790
D-dimer (ng/mL), median (IQR) 1105 (564-2862) 1119 (665-2390) 1505 (630-3200) 0.664
Ferritin (ng/mL), median (IQR) 462 (184-899) 432 (203-787) 580 (151-970) 0.977
CRP (mg/L), median (IQR) 104 (46-167) 119 (66-179) 94 (53-152) 0.764
Procalsitonin (ng/mL), median (IQR) 0.26 (0.10-0.90) 0.34 (0.13-0.84) 0.34 (0.13-1.87) 0.562

first, second, and third days of ICU stay was 13%, 9%,
and 12%, respectively.

Categorisation of hypophosphatemia based on
serum phosphorus level revealed that mild hypophos-
phatemia was the most common.

In patients with hypophosphatemia, there was a
higher requirement for IMV compared to the group
without hypophosphatemia (68% vs 50%, p=0.026).

The groups did not differ in terms of various lab-
oratory parameters, including hemogram, serum glu-
cose, BUN, creatinine, sodium, potassium, calcium,
albumin, ALT, AST, total bilirubin, LDH, troponin, d-
dimer, ferritin, CRP and procalcitonin levels.

Intensive care mortality for all patients was 36%.
Mortality was 41% in the hypophosphataemia group
and 34% in the other group, but there was no statis-
tical difference (p=0.338).
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Table 1l Cox proportional hazard analysis for evaluating the
impact of phosphorus levels on ICU mortality.

HR (95% Cl) p
Crude
Phosphorus level
(per 1 mg/dL decrease)
Day 1 0.75(0.51-1.09) | 0.131
Day 2 1.08 (0.72-1.61) | 0.700
Day 3 1.49 (1.12-1.99) | 0.006
Adjusted *
Phosphorus level
(per 1 mg/dL decrease)
Day 1 0.98 (0.96-1.08) | 0.188
Day 2 1.20 (0.80-1.82) | 0.381
Day 3 1.46 (1.08-1.97) | 0.014

* Adjusted for age and gender

S5 _Nued for Invasive Mechanical Ventilation

BO p = 0.026

A

6O

a0

Percentage (%)

20

HypoP Without HypoP

Groups

Figure 4 Need for invasive mechanical ventilation between
groups.

Phosphorus levels on the third day of ICU stay
were an independent predictor of ICU mortality
(COX, HR=1.49, 95% Cl=1.12-1.99, p=0.006).
Even after accounting for confounding variables such
as age and gender, the association between the phos-
phorus level on the third day and ICU mortality per-
sisted (HR [95% Cl] 1.46 [1.08-1.97], p=0.014).

In both the crude and adjusted models, there
was no association between phosphorus levels on the
first and second day and ICU mortality (p=0.131 and
p=0.700 for the crude model, p=0.188 and
p=0.381 for the adjusted model, respectively).

These findings highlight the prevalence of
hypophosphatemia in critically ill SARS-CoV-2
patients and its association with specific clinical out-
comes, including respiratory support requirements

and ICU mortality. The study provides valuable
insights into the relationship between hypophos-
phatemia and adverse outcomes in this patient popu-
lation.

Discussion

During the initial 3 days of follow-up, 25% of
critically ill patients with COVID-19 exhibited
hypophosphatemia. This prevalence is comparable to
other studies conducted in 2013 and 2020, with
rates ranging from 20% to 25%, but higher than the
point prevalence study by M.M. Berger et al. (10) in
2020, which reported 15.4%. Our study exclusively
focused on critically ill SARS-CoV-2 patients. Hypo-
phosphatemia was recorded at any time during the 3-
day follow-up, which may explain the variance in
prevalence (11-13). Factors such as nutritional into-
lerance, pre-existing nutritional deficiencies, refeed-
ing hypophosphatemia, subcutaneous diabetes treat-
ments, blood gas disorders, and losses due to
diuretics and antacids may contribute to the higher
prevalence observed.

The increased demand for adenosine triphos-
phate (ATP) by immune system cells fighting the
COVID-19 infection can be attributed to the relation-
ship between hypophosphatemia and respiratory fail-
ure in critically ill patients (14). The subsequent
decrease in phosphorus, a key component in ATP
synthesis and regeneration, may lead to respiratory
muscle weakness and, ultimately, respiratory failure
(15). This is supported by our findings, which showed
a higher requirement for invasive mechanical ventila-
tion (IMV) in the hypophosphatemia group compared
to the non-hypophosphatemia group (68% vs 50%,
p=0.02). A study also found an association between
hypophosphatemia and respiratory failure, emphasis-
ing the need for mechanical ventilation (16).
Additionally, a study by Broman et al. (17) revealed
that patients with hypophosphatemia had a longer
duration of mechanical ventilation than the control
group. Furthermore, hypophosphatemia was identi-
fied as a standalone predictor for weaning failure
(OR: 0.43, 95% Cl: 0.21-0.88, p=0.02) (18).

The study showed that patients with hypophos-
phatemia had a more extended stay in the ICU than
those without hypophosphatemia (10 days vs 6 days,
p=0.046). This is consistent with the results of two
meta-analyses, which reported longer ICU stays for
patients with hypophosphatemia. (19, 20). The
extended ICU stay in the hypophosphatemia group in
our study may be indicative of poor clinical outcomes
associated with hypophosphatemia.

The study found that ICU mortality was 25%. In
this study, phosphorus levels were an independent
predictor of ICU mortality on the third day after ICU
admission. After adjusting variables such as age and
gender, the association between phosphorus levels on
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the 3rd day and ICU mortality remained significant.
Several studies have highlighted the critical role of
phosphorus levels in predicting ICU outcomes, partic-
ularly mortality. Our findings, which demonstrate that
third-day phosphorus levels independently predict
ICU mortality, align with previous research. For
instance, studies by Berger et al. (10) and Broman et
al. (17) emphasise that sustained hypophosphatemia
is associated with prolonged mechanical ventilation
and higher mortality rates. The observed persistence
of this association, even after adjusting for age, gen-
der, and disease severity, underscores the clinical
importance of monitoring and addressing phosphorus
levels in critically ill patients. Integrating these find-
ings into routine ICU practice could help refine prog-
nostic models and guide early interventions to miti-
gate hypophosphatemia-related complications (10,
17, 21). Despite lower APACHE-II scores in our study
compared to that study, suggesting a potentially lower
severity, ICU mortality in COVID-19 varies widely in
the literature, ranging from 28% to 54% in different
studies (22-24).

The heightened intensive care unit mortality
within the hypophosphatemia group, juxtaposed with
the well-established link between hypophosphatemia
and respiratory failure, suggests a conceivable associ-
ation pointing towards increased mortality in ICU
patients with COVID-19. However, no statistically sig-
nificant difference in 28-day mortality was observed
between the study groups. A study from China report-
ed a 28-day mortality of 39%, which was higher than
our findings and may again be attributed to
hypophosphatemia (25).

Strengths of our study include the continuous
monitoring of phosphorus values during the 3-day fol-
low-up in critically ill COVID-19 patients.

Limitations

Nutritional interventions, phosphorus supple-
mentation, diuretic use, and renal replacement ther-
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