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a b s t r a C t

Background: Evidence-based guidelines for monitoring of 
serum phosphate levels and for the treatment of hypophos-
phataemia in critically ill patients are lacking. The aim of 
this survey was to evaluate current practice with respect to 
diagnosis and treatment of hypophosphataemia in critically 
ill patients among intensive care unit (ICU) physicians in 
the Netherlands.
Methods: A survey was conducted among all hospitals 
with an ICU in the Netherlands. Paediatric ICUs were 
excluded from participation. A questionnaire was sent, 
with questions on practice regarding serum phosphate 
monitoring and treatment of hypophosphataemia. 
Respondents returned the questionnaire either by mail or 
through a web-based survey.
Results: A response was received from 67/89 ICUs (75%). 
Respondents mentioned renal replacement therapy, 
sepsis and malnutrition, as well as surgery involving 
cardiopulmonary bypass as the most important causes of 
hypophosphataemia in intensive care unit patients. Of all 
respondents, 46% reported to measure serum phosphate 
levels on a daily basis, whereas in 12% serum phosphate levels 
were measured only on clinical indication. Less than half of 
the respondents had some sort of guideline for correction 
of hypophosphataemia. In a vast majority (79%), correction 
of hypophosphataemia was reported to start with serum 
phosphate levels <0.60 mmol/l. Intravenous administration 
of phosphate was the preferred method of correction, with 
widely variable dosages and speeds of infusion. Complications 
of intravenous phosphate were reported to occur infrequently.
Conclusion: There is large variability in the way serum 
phosphate is monitored and hypophosphataemia is treated 
in critically ill patients in the Netherlands.
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i n t r o d U C t i o n

Intensive care unit (ICU) patients are at increased risk 
for developing hypophosphataemia due to the presence of 
multiple causal factors including – but not restricted to – 
volume expansion, diuretics, metabolic acidosis, respiratory 
alkalosis and the refeeding syndrome.1 Reported incidences 
of hypophosphataemia, most frequently defined as a serum 
phosphate level <0.80 mmol/l, vary widely,2,3 with highest 
incidences in patients with sepsis4 and after hepatic5 or 
cardiothoracic surgery.6

Hypophosphataemia may have serious consequences, 
such as respiratory failure and myocardial dysfunction. 
However, it is not known whether correction of hypophos-
phataemia affects the outcome of critically ill patients.1 
Notably, correction of hypophosphataemia by means of 
intravenous administration of phosphate concentrates may 
cause abnormalities of other electrolytes, Hyperkalaemia is 
of particular concern when sodium-potassium-phosphate 
solutions are used for correction, especially when 
administered at high speeds. Currently, no evidence-based 
guidelines exist for the monitoring of serum phosphate 
levels and treatment of hypophosphataemia in ICU 
patients. Consequently, suggested treatment regimens 
described in the literature are inconsistent.7-12

We hypothesised that the approach to hypophosphataemia 
in ICUs in the Netherlands would vary widely. The aim of 
this study was to evaluate current practice of monitoring 
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serum phosphate levels and treatment of hypophos-
phataemia in critically ill patients in the Netherlands. 
For this purpose, we sent a questionnaire to ICUs in the 
Netherlands.

M e t H o d s

design
We conducted a survey using a postal questionnaire among 
all hospitals with an ICU in the Netherlands. Paediatric 
ICUs were excluded from participation. The items in the 
questionnaire were selected on the basis of the current 
literature and professional experience. We chose to use 
only closed-ended questions as these enable comparison 
across respondents, require less time to complete than 
open-ended questions and are easy to code and process.13

Approval by the Institutional Review Board was not 
deemed necessary since participation involved neither 
patients and experimental subjects nor patient data. 
Respondents were assured that confidentiality of individual 
and institutional response was protected. Completion and 
return of the questionnaire was considered equivalent to 
consent to participate in the study.

Questionnaire
The questionnaire consisted of 29 questions regarding 
causes of hypophosphataemia, frequency of serum 
phosphate measurements, triggers for correction and 
methods for correction of hypophosphataemia (the 
complete questionnaire is available online at http://home.
kpn.nl/weae19qy/questionnaire.htm). To ensure clarity and 
consistency members of our local research group assessed 
the questionnaire for face and content validity before the 
final version was compounded and sent.
In November 2011, the questionnaire was sent by mail 
to all 89 ICUs. Respondents could either return the 
questionnaire by mail or complete the web-based version 
of the survey. Six weeks after sending the questionnaire, 
a reminder letter was sent. In addition, ICUs that did not 
respond were contacted by telephone one month after 
sending the reminder letter. Two months thereafter, the 
results were analysed.
For the purpose of the questionnaire, hypophosphataemia 
was defined as moderate or severe when the serum 
phosphate level was 0.32-0.65 mmol/l (1.0-2.0 mg/dl) or 
<0.32 mmol/l (<1.0 mg/dl), respectively, consistent with 
definitions in the international literature. The trigger 
for treatment of hypophosphataemia was expressed in 
decimals of the serum phosphate concentration in mmol/l 
(e.g. 0.30, 0.40 and 0.50 mmol/l), the preferred SI units 
used to report serum phosphate in hospitals in the 
Netherlands.

statistical analysis
Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) version 19 (Chicago, 
IL, USA). Descriptive statistics of categorical variables are 
reported as total numbers and percentages. Continuous 
variables are reported as median and interquartile range. 
Pearson’s chi-squared tests were used to evaluate the 
relationship between different categorical variables.

r e s U l t s

survey response
Of the 89 questionnaires sent, 67 were returned (75%); 51 
questionnaires by mail, 16 through the online survey; 39 
(58%) respondents were internist-intensivists, and 22 (33%) 
were anaesthesiologist-intensivists. Characteristics of the 
responding ICUs are shown in table 1.

table 1. ICU characteristics

no. iCUs

Type of hospital Academic 8 (12%)

Non-academic 
teaching hospital

37 (55%)

Non-teaching 
hospital

21 (31%)

Other 1 (2%)

Hospital size (beds) <200 3 (4%)

200-500 36 (54%)

500-800 20 (30%)

>800 8 (12%)

ICU size (ventilation beds) <5 9 (13%)

5-9 24 (36%)

10-14 16 (24%)

15-19 4 (6%)

>20 14 (21%)

Number of ICU admissions 
per year <500 10 (15%)

500-1000 29 (45%)

1000-1500 10 (15%)

1500-2000 9 (14%)

>2000 6 (11%)

Patient categories Medical 67 (100%)

General surgery 67 (100%)

Major surgery* 45 (67%)

Cardiothoracic 
surgery

10 (15%)

Neurosurgery 15 (22%)

Number of full-time inten-
sivists (median, IQR)

4.8 (3-7)

Number of full-time ICU 
nurses (median, IQR)

40 (26-75)

*Major surgery: major trauma, vascular, gastrointestinal and ortho-
paedic surgery; iQr = interquartile range.
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Causes of hypophosphataemia
Responses from academic, non-academic teaching and 
non-teaching hospitals were consistent regarding causes 
of hypophosphataemia. Particularly, renal replacement 
therapy was considered a risk factor for the development 
of hypophosphataemia (84%), as well as sepsis (84%) 
and malnutrition (79%). Respondents from ICUs where 
cardiac surgery patients were admitted, more frequently 
considered cardiopulmonary bypass during surgery 
to be an important cause of hypophosphataemia than 
respondents from other ICUs. Other assumed important 
causes of hypo phosphataemia are displayed in table 2.

Monitoring of serum phosphate levels
Responses from academic, non-academic teaching 
and non-teaching hospitals were consistent, but varied 
more widely regarding policies of monitoring of serum 
phosphate levels. Of all respondents, 46% reported to 
measure serum phosphate levels every day in every patient; 
12% measured serum phosphate levels only on indication 
(figure 1). Serum phosphate levels were routinely measured 
on admission to the ICU by 39% of the respondents. 
In patients receiving renal replacement therapy, serum 
phosphate levels were reported to be measured every day 
by 85%.

incidence of hypophosphataemia
The estimated incidences of moderate and severe 
hypophosphataemia in the ICU are shown in table 3. 
Respondents from ICUs measuring serum phosphate 
levels every day in all patients estimated the frequency 
of moderate hypophosphataemia higher than those who 
performed phosphate measurements less frequently 
(median estimated incidence of moderate hypophos-

phataemia 25-40% versus 15-25%, p<0.05). The estimated 
incidence of severe hypophosphataemia was not different 
between respondents from ICUs where serum phosphate 
levels are measured every day in all patients and ICUs that 
perform phosphate measurements only on indication.

Correction of hypophosphataemia
Fifty-three percent of respondents reported correction of 
hypophosphataemia to be guided by a local guideline. The 
trigger for correction of hypophosphataemia varied widely 
between responding ICUs, but was independent of the 
type of responding ICU. In the majority of ICUs (79%), 
intravenous infusion of phosphate is started if the serum 
phosphate is <0.60 mmol/l; in 13% hypophosphataemia 
is corrected only if the serum phosphate is <0.30 mmol 
(figure 2).

table 2. Causes of hypophosphataemia

risk factor % of respondents

Renal replacement therapy 84

Sepsis 84

Malnutrition 79

Acid-base disorders 67

Diabetic ketoacidosis 61

Diuretic therapy 60

Major surgery 60

Diarrhoea 54

Increased risk for all ICU patients 46

Volume therapy 43

Inotropic/vasopressor therapy 21

Cardiopulmonary bypass 21

Mechanical ventilation 12

for every risk factor, the percentage of respondents considering this 
to be a risk factor for development of hypophosphataemia is reported.

figure 1. Monitoring frequency of serum phosphate levels
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table 3. Estimated incidences of hypophosphataemia

estimated 
incidence

% of 
respondents

Moderate hypophosphataemia 
(serum phosphate <0.65 mmol/l)

5-15% 27

15-25% 33

25-40% 25

>40% 15

Severe hypophosphataemia
(serum phosphate <0.32 mmol/l)

0-5% 71

5–15% 19

15–25% 7

25–40% 3
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Of all respondents, 87% reported phosphate to be 
exclusively administered intravenously. For intravenous 
correction, 69% reported using sodium-potassium-
phosphate concentrates, 22% sodium-phosphate 
concentrates; 5% mentioned using both solutions; 5% 
mentioned using glycerophosphate. The maximum 
dose and rate of phosphate infusion varied widely, with 
phosphate dosages ranging from ≤20 mmol up to >40 
mmol and speed of infusion ranging from ≤5 mmol up to 
>20 mmol per hour (figure 2); 43% reported using a dose 
of 30-40 mmol phosphate, and 37% reported using a speed 
of infusion of phosphate ≤5 mmol per hour. Differences 
between types of hospitals are shown in figure 2.

Complications of intravenous correction of 
hypophosphataemia
Of all respondents, 66% reported that complications of 
intravenous phosphate administration never occurred. 
Reporting of complications is neither dependent on the 
type of hospital nor on the reported phosphate infusion 
rates.

d i s C U s s i o n

Dutch intensivists consider hypophosphataemia to be 
common in ICU patients. Consequently, serum phosphate 
levels are monitored frequently in those patients. To 
our knowledge, this is the first survey to investigate the 
approach to monitoring of serum phosphate levels and 
treatment of hypophosphataemia in critically ill patients. 
The results of this survey indicate that this approach varies 
considerably between hospitals.
In general, critically ill patients have multiple reasons for 
developing hypophosphataemia. Indeed, sepsis, trauma, 
major surgery, fluid therapy, acid-base disorders, refeeding 
and treatment with catecholamines or diuretics are all 
risk factors for the development of hypophosphataemia.1 
In addition, hypophosphataemia is considered to be not 
without consequences. Hypophosphataemia has been 
associated with respiratory muscle and myocardial 
dysfunction, cardiac arrhythmia, neuromuscular 
symptoms and leucocyte dysfunction,1,14 and may therefore 
cause additional morbidity and maybe even mortality. 
Intravenous infusion of phosphate may not be without risk, 

figure 2. Trigger, dose and speed of phosphate suppletion in different hospital categories 
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as it may induce hypocalcaemia, hyperphosphataemia and 
hyperkalaemia, depending on which type of solutions are 
used.1,15 It would be appropriate to have a guideline for the 
frequency of monitoring of serum phosphate levels and for 
the correction of hypophosphataemia in the ICU setting, 
which may even be different for distinctive patient groups 
in the ICU.
Evidence from randomised controlled trials regarding 
correction of hypophosphataemia is lacking. Several 
case reports, though, show improvement of myocardial 
function after correction of severe hypophosphataemia.16-18 
Two small prospective studies report improvement of 
myocardial performance after correction of hypophos-
phataemia in patients with sepsis8 and after cardiac 
surgery.3 
The reported frequency of measuring serum phosphate 
levels and policies regarding correction of hypophos-
phataemia varied widely in this survey. Despite the 
high incidence of hypophosphataemia and its possible 
detrimental effects in critically ill patients, there seems 
to be no consensus on how frequently serum phosphate 
levels should be measured. The estimated incidence of 
hypophosphataemia by the respondents of this survey, 
however, is largely consistent with reported incidences 
in the literature.1 Maybe not too surprisingly, the survey 
showed an association between awareness of a high 
incidence of hypophosphataemia and the frequency 
of monitoring of serum phosphate levels. Frequency 
of measurement ranged from daily measurements to 
those who measure phosphate on indication only. The 
literature lacks advice regarding the frequency with which 
serum phosphate should be measured in ICU patients. 
Because risk factors for hypophosphataemia are frequently 
present in almost all ICU patients, and also because 
hypophosphataemia may have therapeutic consequences, 
we consider it appropriate to measure serum phosphate 
levels frequently and routinely. It is unclear, though, how 
frequently serum phosphate levels are to be measured. 
Routine daily measurement of serum phosphate may be 
unnecessarily frequent, except for those at high risk for 
hypophosphataemia.
Patients with malnutrition in whom feeding is initiated 
represent one of those high-risk groups. The refeeding 
syndrome is almost universally associated with hypophos-
phataemia.19 Patients who are at risk for this syndrome 
should be monitored frequently and should promptly 
receive phosphate-enriched feeding. Malnutrition was 
considered an important risk factor for the development of 
hypophosphataemia by the respondents. Early feeding in 
critically ill patients, either enterally through a nasogastric 
tube or parenterally, is common practice. Although the 
type of feeding administered to a patient may potentially 
influence the risk for the development of hypophos-

phataemia, this issue was not addressed in the current 
survey.
Our survey showed a large variability with regard to 
the trigger for correction of hypophosphataemia. Only 
half of the respondents reported to have a guideline for 
correction of hypophosphataemia. The literature advises to 
correct hypophosphataemia when it is symptomatic and/
or when serum phosphate levels fall <0.32.1,20-22 Whether 
also moderate hypophosphataemia should be corrected 
in critically ill patients is less clear, but correction is 
advised in patients on mechanical ventilation.14 Improved 
myocardial function has been reported after treating 
patients with phosphate levels between 0.30 and 0.40 
mmol/l.3,8 It seems reasonable to correct hypophos-
phataemia in patients with serum phosphate <0.40 
mmol/l. Over 95% of the respondents to our survey 
reported to use at least this trigger. More research is 
needed, however, to investigate whether correction of 
hypophosphataemia improves outcome.
Dose and speed of phosphate administration varies greatly 
among Dutch ICUs, which may not be too surprising 
as different treatment protocols are suggested in the 
literature. Advised doses of phosphate boluses in the 
literature range from ≤15 mmol7,9 to 40 mmol.10,23 Two 
recent studies report on body weight-dependant phosphate 
doses ranging from 0.4 to 1.0 mmol of phosphate per 
kilogram11,12 with acceptable safety and efficacy. The most 
commonly reported dose of phosphate administration in 
our study was 30 to 40 mmol. Notably, the reported speed 
of phosphate administration was ≤5 mmol per hour in 
most respondents. This is lower than the administration 
speeds reported in the literature ranging from 5-7.57,9,12 
to 20 mmol per hour,8,23 with acceptable safety. Given the 
currently available evidence, administering a phosphate 
dose of 40 mmol or 0.5 mmol per kilogram seems a 
practical approach for patients with hypophosphataemia. 
Although there is no evidence for the superiority of a 
certain speed, it seems acceptable and more practical to use 
an administration rate between 10 and 20 mmol per hour.
While intravenous administration of hypophosphataemia 
may lead to hyperphosphataemia, hyperkalaemia and 
hypocalcaemia, depending on the type of electrolyte 
concentrate used, respondents in this survey reported 
these to occur very seldom. The exact incidence of these 
complications is not reported in the literature. Frequent 
measurement of electrolytes and avoidance of potassium-
containing formulas in the presence of hyperkalaemia 
is advised to prevent complications, in particular 
life-threatening arrhythmias.
There are some limitations to this survey. First, the 
questionnaire was only sent to ICUs in the Netherlands. 
Practice in the Netherlands may differ from that in 
other countries and the generalisability of the results 
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may be poor. In addition, only one physician filled in the 
questionnaire for each responding ICU. The answers given 
may not represent the opinion of the entire ICU staff. 
Although there was a good response rate, selection bias 
may have been introduced because the responding ICUs 
may be those where hypophosphataemia receives more 
attention than in the other ICUs. Finally, both web-based 
and surveys returned by regular mail were analysed as 
one group. The two questionnaires were exactly identical, 
but we cannot rule out a difference in way of responding 
to the questions in these different formats. However, 
results between both groups did not differ when analysed 
separately.
In conclusion, there is a large variability in the monitoring 
of serum phosphate and treatment of hypophosphataemia 
in critically ill patients in ICUs in the Netherlands. 
Pending studies necessary for evidence-based guidelines, 
we propose to monitor serum phosphate levels frequently 
in all critically ill patients, and to correct hypophos-
phataemia when serum phosphate levels are <0.40 
mmol/l, administering a dose of 40 mmol in two to four 
hours.
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