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Background & aims: Hypophosphatemia (HypoP) is associated with organ dysfunction and mortality.
Despite its potential severe consequences, HypoP remains poorly characterized in terms of real preva-
lence and timing of onset. The primary objective was to determine the prevalence of HypoP defined as
blood phosphate <0.8 and < 0.65 mmol/l on one particular day at international level.
Methods: One-day point prevalence survey conducted by the Section of Metabolism, Endocrinology and
Nutrition (MEN) of the European Society of Intensive Care Medicine (ESICM) during week 11e2020.
Results: In total, 56 adult and 4 paediatric ICUs, from 22 countries participated: 41 ICUs were mixed
medico surgical, the 19 others being cardiac, medical or surgical. Phosphate measurements were per-
formed daily in 21 ICUs, and 1e3 times per week in 39 ICUs. On D-Day 909 patients (883 adults) were
present and 668/883 (75.7%) had serum/plasma phosphate determined, revealing a HypoP in 103 (15.4%)
patients aged 62 [18 to 85] years. Of those, 49 patients presented phosphate <0.65 mmol/l: cases of
hypophosphatemia were detected at any time of patient's ICU stay. No HypoP was observed in children. A
treatment protocol existed only in 41.1% of adult ICUs, independently of ICU type, or size. Only 41/98 of
the HypoP patients (29/41 of patients with phosphate <0.65 mmol/l) were receiving phosphate.
Conclusion: HypoP is present at least in 15.4% of ICU patients, and may occur at any time during the ICU
stay. The absence of phosphate repletion protocols in 60% of participating ICUs is an unexpected finding,
and confirms the necessity for the development of ICU phosphate protocols and guidelines.
ClinicalTrials identifier: NCT04201899
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Phosphorus is an essential component of the human body. It is a
key element in organic molecules essential for cellular functioning
[1,2], including biochemical energy transfer via adenosine
triphosphate (ATP), maintenance of genetic information with nu-
cleotides DNA and RNA, intracellular signalling via cyclic adenosine
monophosphate (cAMP), and membrane structural integrity via
glycerophospholipids. In blood, the phosphorus content is about
12 mg/dL (3.87 mmol/l) with about a third present as inorganic
phosphorus (Pi, phosphate), which is the form measured in the
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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blood serum or plasma [3] and considered hereafter. In adults,
normal phosphate concentration in serum or plasma is
0.81e1.45mmol/l (2.5e4.5mg/dL) [3]. Approximately 55% of serum
phosphate is free, 35% is complexed with small cations, and 10% is
protein-bound [3]. The determination of intra-cellular phosphate
levels is very difficult, as phosphate is complexed with carbohy-
drates, lipids and proteins [4,5]: it's value is not available in clinical
settings.

Hypophosphatemia (HypoP), a serum or plasma phosphate level
below the reference interval, is demonstrated in different ICU
subpopulations, affecting preferentially patients requiring contin-
uous renal replacement therapy [6], diabetic ketoacidosis [7], res-
piratory alkalosis [8], or patients admitted with short or long term
malnutrition [9]. The international NutritionDay survey showed
that it may affect up to 35% of ICU admissions [10]. But we could
observe in our systematic review that a universal definition of the
cut-offs of severity is lacking [11]: the grading <0.65 mmol/l as
“moderate” and <0.32 mmol/l as “severe” comes from old studies
conducted on non-ICU populations [12,13]. As critically ill patients
develop electrolyte changes much faster than chronic patients,
particularly due to insulin administration for glucose control, and
as the symptoms are difficult to detect whereas consequences may
be more severe, the authors decided to use “severe” and “very se-
vere” respectively for the two cut-offs in this survey. Severe
hypophosphatemia is associated with organ dysfunction, rhabdo-
myolysis, muscle weakness and higher mortality. A recent Chinese
meta-analysis of 10 trials reported that the presence of HypoP was
associated with increased severity of illness (p ¼ 0.002), a longer
duration of mechanical ventilation (p ¼ 0.0003) and length of ICU
stay (p ¼ 0.02), as well as a higher ICUmortality (p < 0.00001) [14].
However, the true prevalence of HypoP is unknown [15]. While
apparently simple, the treatment of HypoP whatever its originwith
intravenous (i.v.) or enteral phosphate, requires diagnosis (mea-
surement) andmay require additional measures to improve patient
management [16], and reduce mortality. Despite the potential se-
vere consequences of HypoP, well defined characterisation of crit-
ically ill patients at risk and the role of contributing or causing
factors (such as a refeeding syndrome, or ICU treatments as renal
replacement therapy or insulin-therapy) remain poorly quantified
and characterized.

The primary objective of this survey was to determine the
prevalence of HypoP defined as serum or plasma Pi < 0.8 mmol/l on
one particular day (D-Day) at international level, while gathering
information about the internal ICU policies/guidelines for the
management of HypoP among ICUs worldwide.

2. Methods

This one-day point-prevalence survey was conducted by the
Section of Metabolism, Endocrinology and Nutrition (MEN) of the
European Society of Intensive Care Medicine (ESICM). The survey
was endorsed by the research committee of the ESICM and regis-
tered on Clinical Trials (NCT04201899). The centres were recruited
by an invitation sent by the central ESICM office to the 394 ESICM
members who had mentioned the MEN section as first interest.
Altogether 93 physicians answered and tried to get Ethics approval
in their respective institutions within the time planned for the
survey.

2.1. Ethical approval and consent to participate

The principal ethics institutions delivering the Ethical approval,
were the Erasme University (Brussels, Belgium) as N�P2019/403,
and the Commission Cantonale d'‘Ethique de la Recherche sur l'Être
Humain (Switzerland): N� CER-VD 2019e02343 for the 10 Swiss
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centres). Individual consent was waived by all institutions based on
the importance of conducting a real prevalence survey, and the very
limited personal data included in the survey. Ethical approval was
obtained at a country or centre-level depending on local regula-
tions, being under the responsibility of the sites' principal
investigators.

2.2. Prevalence survey

The survey included two parts: 1) the ICU practices, and 2) a few
characteristics of patients presenting HypoP on the D-Day (sup-
plemental material). Datawere entered on an electronic case report
form (e-CRF) (REDCap®). The following ICU characteristics were
collected: number of beds, number of patients present on D-Day,
frequency of phosphate analysis, and HypoP treatment strategies.
The recorded variables in patients with HypoP on D-Day were: age,
days in ICU, ongoing phosphate administration, nutritional or renal
replacement therapy (RRT) on D-Day. No outcome data was
collected.

The primary endpoint was the prevalence of serum or plasma
Pi < 0.8 mmol/l and Pi < 0.65, on one D-Day during week 11 of 2020
(9e13th March 2020), the day being selected locally by the
participating sites. Phosphate data were expressed in mmol/l (SI
units) using the conversion factor mg/dl ¼ mmol/L * 3.1.

2.3. Statistical analysis

Data are presented as number (percentage) for categorical and
median [IQR P25; P75] for continuous variables. Data were analysed
using non-parametric tests for continuous variables (visual testing
showed non-normal distribution for all tests), and contingency
analysis (Pearson's test) for discrete variables. Linear simple
regression was calculated between the time in ICU and lowest
phosphate value. A value of p < 0.05 was considered significant. The
statistical package used was JMP version 15.0., SAS, California.

3. Results

In total, 60 ICUs, including 4 paediatric ICUs, from 22 countries
participated (Fig. 1), with seven only reporting general ICU char-
acteristics but no patient data. Local ethical approval was obtained,
except in seven ICUs from five countries (Argentina, Egypt,
Netherlands, Peru, UK) which therefore limited their participation
to general ICU characteristics with no patient data. When the
number of responding ICUs is compared to the total number of ICUs
in the different countries, only 1% of ICUs were participating.

C ICU characteristics

Most adult ICUs (37 of 56, 66.1%) were mixed medico-surgical
(Table 1). The 4 paediatric ICUs were mixed medico-surgical.

Phosphate determination was almost equally performed on
serum (46.7%) and plasma (40.0%), while the matrix was unknown
in 13.3% of sites. Results were delivered in mmol/l in 61.7% and in
mg/dl in 38.3% of ICUs. Recorded local upper and lower normal
values for phosphate varied slightly and were: 1.45 [1.45; 1.47]
mmol/l and 0.81 [0.80; 0.82] mmol/l.

Frequency of phosphate determination varied: 21 (19 adultþ2
paediatric) sites measured serum/plasma phosphate at least once
daily, while 39 (37 adultþ 2 paediatric) measured phosphate one to
three times weekly. This frequency was also different according to
the ICU type being more frequent in the larger ICUs (p ¼ 0.0274)
and in surgical and mixed medico-surgical ICUs (p ¼ 0.0086)
(Table 2). In paediatric ICUs monitoring policy was similar to the
adults. In ICUs with a high proportion of tested patients, HypoP was



Fig. 1. Geographic ICU distribution of ICUs participating per country (dark blue - 1 ICU, light blue- 2ICUs, orange 3-7 ICUs, red 8e10 ICUs).

Table 1
Characteristics of the participating adult ICUs according to their size, with detail of participating paediatric ICUs. Exact Pi values were documented only for 98 adult patients.

ICU information Total Small ICU (�12 beds) Middle ICU (13e40 beds) Large ICU (>40 beds)

Number of ICUs by size 56 16 38 2
ICU type
Mixed medico surgical 37 6 29 2
Surgical 9 2 7 0
Medical 8 6 2 0
Cardiac 2 2 0 0

Total patients in the ICU
Adults 883 130 675 78
Paediatric 26 26 0 0

N with Pi analysis
Adult 668 (75.7%) 83 (63.8%) 512 (75.9%) 73 (93.6%)*
Paediatric 19 (73.1%) 19 0 0

Adult Patients with Pi < 0.8 mmol/l 103 (15.4%) 12 (14.5%) 79 (15.4%) 12 (16.4%)
Pi < 0.65 mmol/l 49/98 (50%%) 7 41 1
Pi < 0.32 mmol/l 16/98 (16.3%) 4 12 0

Phosphate measure frequency
At least once daily** 20 (35.7%) 7 12 1
1e3 x per week 36 (64.3%) 9 26 1

Phosphate repletion protocol ** 23 (41.1%) 5 16 2

* p ¼ 0.086; ** paediatric ICUs: 2/4 reported having a phosphate protocol, and 2/4 analysed Pi at least once daily.
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more frequently detected (p ¼ 0.008), and Pi < 0.65 mmol/l more
frequently observed (p ¼ 0.016).

Phosphate protocol: a hypoP treatment protocol existed only in
41.1% of ICUs. Absence of protocol was independent of ICU type or
size. In case of Pi < 0.65 mmol/l, most ICUs would treat and provide
intravenous phosphate (72.4%), while 24.1% would combine enteral
and i.v., and only two adult ICUs would use the enteral route (3.4%)
alone. In ICUs who provided more detailed information, 3/9 ICUs
reported the use of phosphate containing re-injection solutions or
Table 2
Frequency of phosphate determination according to ICU type in adult patients present o

Variable/ICU type Mixed medico surgical

Median number of patients with Pi determination 11 [ 7; 18]
% of patients with Pi measurement 90 [59; 100]

3617
dialysates for continuous RRT, to reduce the risk of hypo-
phosphatemia [17,18].

C Prevalence of HypoP and patient characteristics

On D-Day 883 adult patients were present in the ICUs and 668
(75.7%) had phosphate determined, revealing hypophosphatemia
in 103 (15.4%) adult patients (complete data only in 98 patients)
(Table 1). Of those, 49 patients (50%) presented with
n D-Day (median [IQR]).

Surgical Medical Cardiac P value

12 [11; 17] 6 [1; 10] 1 [1; 1] 0.0274
95 [89; 100] 82 [8e100] 13 [9; 17] 0.0086
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Pi < 0.65 mmol/l, and 16 had values < 0.32 mmol/l. Cases of HypoP
were detected at any time of patient's ICU stay. The lowest phos-
phate level of 0.10 mmol/l was recorded in two patients on days 7
and 8: one was receiving phosphate while the other was not. Fifty
one (52%) of the 98 HypoP cases were documented within the first
5 days in the ICU (Fig. 2). HypoP patients were aged 62 [18 to 85]
years, similar across the categories of admissions. Table 3 provides
available patient data and the comparison according to admission
category. Of note, the distribution of ICU-length of stay is by design
unknown.

3.1. Paediatric patients

26 were present on D-Day in four ICUs, and 19 had phosphate
determination (73.1%), but no HypoP was observed.

3.2. Time in ICU of documented HypoP

Median time of moderate HypoP (0.65e0.79 mmol/l) was 4 [2;
10] days, while time of HypoP <0.65 mmol/l was 6 [2; 8] days
(p ¼ 0.668), and time to the very severe Pi < 0.32 mmol/l values
(n ¼ 14) was 7 [4; 10] days (p ¼ 0.044).

3.3. Relation to nutrition

69 patients (70.4%) were fed on D-Day (51 (52%) on enteral, 21
(21.4%) on parenteral, three being on combined enteral and
parenteral). HypoP <0.65 mmol/l was observed more often in fed
patients as compared to non-fed patients (39/49 versus 30/49:
Fig. 2. Density distribution of hypophosphatemia by length of IC

Table 3
Characteristics of the adult patients with hypophosphatemia (individual values only in 9

Total n Medical E

HypoP <0.80 mmol/l 98 56 1
HypoP <0.65 mmol/l (% of total) 49 27 (55.1%) 7
On RRT (% of total) 15 7 (46.7%) 6
On artificial feeding 69 (70.4%) 37 1

EN 51 (52.0%) 31 (60.8%) 8
PN 21 (21.4%) 6 (28.6%) 6
EN þ PN 3 (4.3%) 1 0

Abbreviations: EN ¼ enteral nutrition, PN ¼ Parenteral nutrition, EN þ PN ¼ combined.
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p ¼ 0.046). The three patients on combined feeding had
Pi < 0.65 mmol/l.
3.4. Relation to RRT

Only 15 (15.3%) of the 98 patients with HypoP were on RRT. In
these 15 patients, HypoP was documented between the 1st and
39th day of their stay. The proportion of patients with
Pi < 0.65 mmol/l was non-significantly higher in RRT versus non-
RRT patient s (64.7% versus 46.9% in non-RRT: p ¼ 0.182). In the
10 ICUs reporting these 15 patients, all were using continuous RRT,
3/10 were using phosphate containing solutions: the with-P re-
ported 3 HypoP (2 with Pi < 0.65), and those without P reported 12
HypoP (with 8 < 0.65) cases. Ten out of 15 patients on RRT received
additional phosphate.
3.5. Phosphate therapy

41.8% of the HypoP patients were receiving additional phos-
phate. Among the 49 patients with Pi < 0.65 mmol/l, only 28 were
receiving phosphate (57.1%). Phosphate administration differed
significantly between patients depending on being on RRT or not
(Phosphate in 10/5 (66.7%) on-RRT versus 31/83 (37.3%) no-RRT:
p ¼ 0.034), possibly reflecting better attention to patients on RRT.
The presence of a protocol was associated with a few more HypoP
patients being treated (16/50 vs 23/48; p ¼ 0.044).
U stay (the red horizontal line indicates Pi < 0.65 mmol/l).

8/103 HypoP patients).

lective surgery Emergency
surgery

Elective
cardio-surgical

P value

5 21 6 0.147
(14.3%) 12 (24.5%) 3 (6.1%) 0.904
(40.0%) 2 (13.3%) 0 0.029
3 16 3 0.268
(15.7%) 10 (19.6%) 2 (3.9%) 0.738
(28.6%) 8 (38.1%) 1 (4.7%) 0.015

2 0 ns
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4. Discussion

This is the first international point-prevalence survey reporting
on the frequency of hypophosphatemia. It shows that HypoP is
present at least in 15% of critically ill patients. This electrolyte ab-
normality may occur at any time during the stay, even in patients
with prolonged ICU stay. Only half of the low values was observed
within the first five ICU days. Severe HypoP (Pi < 0.65 mmol/l) was
present in 7.3% of patients with phosphate determination and
occurred within the first 6 days as a median, which means that
about half of the cases were observed even later.

It is likely that this 15.4% prevalence is an underestimation for
several reasons. First, only 75.7% of the patients present in the
ICUs had blood phosphate determination on the study day, some
ICUs testing only once in a week. While some of the participating
ICUs probably did more testing on their individually chosen D-Day,
others did not change their routines. The results of a previous
international survey by the MEN section regarding micronutrient
practice gave similar results [19]: 120 (35.9%) respondents re-
ported to daily measure phosphate, whereas 75 (22.5%) reported
not to do routine measurements. This proportion of testing hence
seems to correspond to standard practice as shown in a Danish
cohort [20]: out of 190 patients admitted to their ICU, 122 (64.2%)
had serum phosphate levels measured during the first 24 h of
admission, of whom 25 (20.5%) were low. Hypophosphatemia in
the Danish cohort was not associated with ICU or 28-day mor-
tality. Low testing may also be related to special measures, such as
the use of phosphate containing re-injection solutes during RRT
[17,18,21], or a systematic i.v. Phosphate administration in patients
after stabilization and/or confirmation of higher than usual
phosphate needs, reducing the perceived need for daily mea-
surements. Indeed, HypoP during RRT is more due to the duration
of RRT and to the solutes than to the RRT method itself [21]: if re-
injection solutions or dialysates contain phosphate at about
1 mmol/l, the patient will rarely experience hypophosphatemia
[17,18]. Of the 10 ICUs reporting the 15 cases of HypoP during RRT,
three were using phosphate containing solutions: 12 HypoP
including the most severe occurred in those not using integrated
phosphate.

Our study sites were almost equally divided using phosphate
measurements in blood plasma or in serum. Determinations in
plasma are shown to be slightly (0.06e0.1 mmol/l) lower than in
serum [22]. This may explain the negligible variation in reported
reference values.

A relatively high number of patients, 7.1% in the present study,
had a severe hypophosphatemia (Pi < 0.65mmol). The qualification
“severe” is neither universally applied, nor is the threshold for
imperative treatment well defined, some authors keeping the term
severe for values Pi < 0.32 mmol/l [17,21]. However, we know from
the literature that patients with Pi < 0.65 mmol/l are at particular
risk of serious consequences such as cardiac arrhythmias, muscle
weakness, respiratory failure, dysphagia and ileus contributing to
poor ICU outcome [14]. In our opinion this suggests that serum
phosphate levels should be obtained daily (or at least more than
once a week) for most of ICU patients and not only at admission.

There are many causes of HypoP, but the fourmajormechanisms
are [14,16,20]: 1) the redistribution of phosphate from the extra-
cellular fluid into cells (due to increased insulin secretion during
feeding, exogenous insulin/catecholamines infusion or respiratory
alkalosis), 2) decreased intestinal absorption of phosphate, 3)
increased urinary phosphate excretion, and 4) removal by RRT.
Moreover, hypophosphatemia results frequently from not only one,
but multiple associated causes in critically ill patients.

HypoP is a component of the refeeding syndrome (RFS), a life-
threatening complication [14]. The prevalence and impact on
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long-term outcomes of RFS in the critically ill are still unknown. The
presence and the impact of RFS on transfer to the ICU and mortality
was analysed in a subgroup 947 out of the 2088 patients included in
the nutritional study EFFORT that tested individualised nutritional
support in medical non critically ill inpatients at nutritional risk
[23]. RFS was confirmed in 14.6% of patients, and a significant in-
crease of 180-days mortality rates was observed (29.8% vs 21.9%,
adjusted odds ratio of 1.53 (95% CI 1.02 to 2.29, p < 0.05). Patients
with RFS also had an increased risk for ICU admission (4.3% vs 1.6%),
adjusted odds ratio 2.71, p < 0.05) and longer length of hospital stay
(adjusted difference 1.57 days, p ¼ 0.01).

An argument in favour of 0.65 mmol being considered as severe
is the fact that correcting HypoP during RFS in ICU patients, might
not be sufficient to improve outcome as shown by an Australian
study [16]: the study inclusion criteria was a Pi < 0.65 mmol/l
within 72 h after starting nutritional support. The patients were
randomised to phosphate repletion alone, or to repletion plus
restricted feeding progression. While the phosphate replacement
dose did not differ between the study groups, a 60-day mortality
reduction was observed in the phosphate plus calorie-restriction
group [16]. While phosphate administration might be insufficient,
its administration should certainly not be omitted. There is to our
knowledge no study comparing phosphate to placebo in the
context of Pi < 0.65 mmol/l.

Recognizing the prevalence and the potential dangerousness of
HypoP should prompt for creation of standard operating proced-
ures (SOP). The low number of patients receiving phosphate
treatment was disturbing: only 41.8% of the patients were receiving
phosphate therapy, a little more in the severe HypoP patients with
(28/49 i.e. 57.1%). This is probably connected to the fact that only
41.1% of ICUs had a repletion protocol in place at the time of the
survey. The absence of SOP seems to be common practice. We
therefore need to highlight that if phosphate levels are not
measured, a hypophosphatemia will not be corrected. Although
this is evident, we insist on this point as 64.3% of centres measure Pi
only 1e3 times per week. In the previously mentioned MEN survey
[19], only 173 (59.2%) of the 292 respondents reporting on sup-
plementation, regularly supplemented phosphate.

4.1. Limitations

The main limitation of the study is the scarce number of
participating ICUs estimated at approximately 1% of all ICUs in the
respective countries, which limits the generalisability of the results.
As the study was conducted through the MEN section of ESICM,
participating ICUs and clinicians are more likely to have a focus on
metabolism and nutrition. Such potential bias would obviously only
result in underestimation of this problem; non-participating ICU's
might measure phosphate even less frequently, with the risk of
HypoP being more often overlooked [21]. Furthermore, we did not
collect detailed patient information about the severity of illness, the
reason of admission, the duration of mechanical ventilation, ICU
stay, complications, or outcome. The individual data collected was
also limited to those patients in the study population who did
develop HypoP on D-Day precluding identification of characteris-
tics typical for these patients. This limitation occurred by design: in
absence of funding and dedicated research personnel, only a
limited number of data was collected to reduce the participating
clinicians' collectionworkload. It was also done in order to facilitate
the local ethical clearance. Despite the few variables collected,
seven ICUs could not obtain clearance within the three months that
were available to participate in the survey, and several others did
not even attempt to get clearance. . The information regards RRT
modalities was completed posthoc: continuous RRTwas used in the
15 patients, and 3/10 ICUs were using phosphate in the
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replacement solutions. Finally, prevalence on one day does not
enable understanding the progression of an abnormality. Longitu-
dinal repeated measurements might have observed more patho-
logical values or, on the other hand, might have revealed
spontaneous normalisation of pathologic values over time.

5. Conclusion

The one-day point-prevalence survey demonstrated that HypoP
is present in 15.4% of ICU patients, andmay be observed at any time
during the ICU stay. Half of the hypophosphatemic patients had a
severe alteration defined as Pi < 0.65 mmol/l. The prevalence
number is likely to be an underestimation since systematic daily
measurements occurred only in 35.7% of ICUs. Moreover, the study
was conducted in ICUs with metabolic interest: it is therefore likely
that phosphate measurements are even less frequent, and HypoP
not recognised more frequently in the ICUs without that specific
interest. The high prevalence, occurrence at random times during
the whole ICU stay, and clinical consequences of HypoP justify a
more systematic and repetitive determination of phosphate within
ICU hospitalisation. Abnormal values can only be timely detected
and treated if phosphate determination belongs to routine: an in-
clusion of Pi in the blood gas point-of-care analysers would facili-
tate the monitoring. Considering the severity of the consequences
of HypoP, the creation of phosphate protocols with prospective
validation studies including outcome variables should be encour-
aged, and development of guidelines within societies interested in
metabolism and critical care should be undertaken.
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