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Abstract

Background: Hypophosphatemia can complicate and prolong the treatment of critically ill patients, and it is even thought to be
related to mortality rate.

Objectives: The aim of this study is to determine whether using extemporary prepared phosphate buffer in pharmacy would
help correct serum phosphate in critically ill patients.

Methods: A prospective study was conducted at the medical intensive care unit over a period of 1 year and included 50 patients
who were diagnosed with hypophosphatemia. Phosphate buffer was prepared at the pharmacy, and the dose range was
recommended by a clinical pharmacist.

Results: Patients were administered phosphate buffer via the nasogastric tube, and the doses chosen by the physicians depended
on serum phosphate level and the severity of the patients’ clinical status. Serum phosphate levels were successfully corrected in all
treated patients. The most frequently used dose was 60 mmoL/d, and in most patients 1-day therapy was sufficient. No adverse
effects were observed.

Conclusion: The phosphate buffer is an adequate alternative for the treatment of hypophosphatemia of nonsurgically critically ill
patients. One-day therapy with the 60 mmoL phosphate dose divided into 3 single doses resulted in normalization of serum
phosphate values in most patients.

Keywords
phosphorus, buffer, intensive care unit, critically ill

Background

Electrolyte imbalance is common in critically ill patients

treated in medical intensive care units (MICUs).1 Hypopho-

sphatemia may develop through 3 mechanisms: reduction of

intestinal absorption, increased renal excretion, and redistribu-

tion of phosphate in intracellular space.2 The last mechanism is

most commonly observed in critically ill patients.3 The serum

phosphate concentration is inversely proportional to the con-

centration of inflammatory cytokines, interleukin-6, and tumor

necrosis factor a, and it is often seen in septic patients, espe-

cially those with infection caused by gram-negative microor-

ganisms4; it is in good correlation with the severity of the

disease and is considered to be a reliable prognostic factor of

survival.5 The reference range of the serum phosphate value is
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0.8 to 1.45 mmoL/L. Most of the authorities state 3 stages of

hypophosphatemia: mild hypophosphatemia (0.6-0.8 mmoL/L),

moderate-to-severe hypophosphatemia (0.3-0.6 mmoL/L),

and severe hypophosphatemia (<0.3 mmoL/L).1 The choice

of therapy depends on the severity of hypophosphatemia and

the presence of disease symptoms. Intravenous phosphate

therapy is preferred in severe and sometimes moderately

severe hypophosphatemia in critically ill, while other patients

are treated via peroral route.6 In Bosnia and Herzegovina,

which is low-income country, there are no supplements of

phosphate available, neither for peroral nor intravenous

administration. Literature data on treatment of hypophospha-

temia in critically ill patients using alternative source of

phosphates are scarce. Therefore, we aimed to find appropri-

ate, inexpensive, and safe treatment option.

Methods

This prospective study was conducted at the MICU in the

period from February 2017 to April 2018. The study included

50 adult patients (aged 18 years and older) who were mechani-

cally ventilated with mean SAPS II score (SAPS II—simplified

acute physiology score) of 61.31 and diagnosed with hypopho-

sphatemia (concentration of inorganic phosphate in serum

<0.81 mmoL/L). Phosphate buffer solution that contains 30.4

mg of elemental phosphorus approximately 1 mmoL phosphate

per 1 mL of solution (6,762 g Na2HPO4�2H2O plus 5,88 g of

H3PO4, 85% and aqua redestilata in amount that is necessary to

have 100 mg of solution) was prepared at the pharmacy as a

possible source of phosphate for peroral use in the treatment of

patients in the MICU. After diagnosis of hypophosphatemia,

clinical pharmacist advised on administration of phosphate

buffer in dose 30 to 150 mmoL phosphate daily, divided

into 2 to 3 single doses. Phosphate dose for each individual

patient was chosen by a physician according to phosphate

levels and clinical status of the patient. Phosphates were

administered in the form of phosphate buffer solution via

nasogastric tube since all patients in the study were on

mechanical ventilation and the peroral administration was dis-

abled. The serum phosphate levels were measured 24 hours

after administering phosphate buffer to evaluate the efficacy of

the administered dose and modify it, if necessary. Further

monitoring was carried out as needed and physician decided

on additional doses.

For statistical analysis, SPSS 20 was used and this study was

approved by the Ethical Board of the hospital.

Results

During the period from February 2017 to April 2018, 50

patients with hypophosphatemia were identified in the

MICU. There was no statistically significant difference in

the dose of phosphate or length of treatment between

patients with different degrees of hypophosphatemia. For

most studied patients (80%), 1 day of phosphorus supple-

mentation was enough to normalize serum phosphate levels

(Table 1).

The most commonly administered dose was 60 mmoL of

phosphate per day divided into 3 single doses for 66% of

patients, as shown in Figure 1.

There was no significant difference in the number of drugs

that could cause or contribute to hypophosphatemia among

patients with severe, moderate-to-severe, or mild hypopho-

sphatemia, as shown in Table 1.

Table 1. Patients’ Characteristics and Outcomes.

All
Severe

Hypophosphatemia
Moderate

Hypophosphatemia
Mild

Hypophosphatemia Difference

Gender (N)
Male 22 6 12 10 P > .05a

Female 28 1 10 11
Age (years) 59.72 + 16.41 55.86 + 23.89 60.91 + 12.92 59.76 + 17.52 P > .05b

Sepsis (N)
Yes 3 (42.9%) 14 (63.6%) 16 (76.2%) P > .05a

No 4 (%) 8 (%) 4 (%)
Drugs that may induce hypophosphatemia (N)

None 1 (14.3%) 7 (31.8%) 10 (47.6%) P > .05a

1 3 (42.9%) 8 (36.4%) 9 (42.9%)
2 3 (42.9%) 6 (27.3%) 1 (4.8%)
3 0 1 (4.5%) 1 (4.8%)

Phosphate dose (mmoL) 77 + 53.50 91.43 + 101.23 80 + 53.36 69.05 + 28.27 P > .05b

Length of MICU hospitalization (days) 11.37 + 11.27 6.14 + 0.52 9.95 + 7.06 14.52 + 15.05 P > .05b

Length of treatment (days)
1 40 (80%) 6 (15%) 18 (45%) 16 (40%) P > .05a

2 7 (14%) 0 3 (42.9%) 4 (57.1%)
4 3 (4.2%) 1 (33.3%) 1 (33.3%) 1 (33.3%)

aw2 test.
bMann-Whitney test.
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Discussion

Administration of phosphate buffer solution via nasogastric

tube proved to be effective alternative source of phosphates for

treatment of hypophosphatemia in critically ill medical patients

in low-income countries. Some authors advise that severe and

moderate hypophosphatemia in mechanically ventilated criti-

cally ill patient should be treated using intravenously (IV)

administered phosphate, while in patients with mild-to-

moderate hypophosphatemia who are not on mechanical ven-

tilation phosphate can be administered perorally.4 Phosphate

for IV administration is not available on the market of Bosnia

and Herzegovina, and for the treatment of hypophosphatemia

in critically ill patients, we have not had a therapeutic solution

so far. In addition, according to the literature, parenteral admin-

istration of phosphate carries the risk of significant undesirable

effects during administration such as renal insufficiency, hypo-

calcemic tetany, hypotension, hyperphosphatemia, and heart

electrical activity disorders.7,8

There are currently no widely recognized guidelines for the

treatment of hypophosphatemia in critical illness. Different liter-

ature sources recommend 1 mmoL/kg phosphate for the treatment

of severe hypophosphatemia, 0.64 and 0.32 mmoL/kg for the

treatment of moderate and mild hypophosphatemia,9 or 0.08 to

0.16 mmoL/kg IV for severe and moderate hypophosphatemia in

mechanically ventilated patients and 1000 mg orally for the treat-

ment of moderate and mild hypophosphatemia.4

The most patients in our study received daily dose of

60 mmoL phosphate divided into 3 single doses and 1 day of

therapy was sufficient for serum phosphate-level normalization

in most patients. For 7 patients, therapy was administered for

2 days, and for 3 patients phosphates were given for 4 days.

Since all patients were intubated and on mechanical ventila-

tion, the phosphate solution was administered using a nasogas-

tric tube. For all 50 patients included in the study, serum

phosphate stayed in reference range during MICU stay, with

no patients experiencing gastrointestinal adverse effects

(vomiting, diarrhea, mucus bleeding), which often accompany

peroral/enteric administration of phosphate.10

Most patients in our study who had 1 or 2 drugs in conco-

mitant therapy that may cause or aggravate hypophosphatemia

were diagnosed with mild hypophosphatemia, and the differ-

ence in the number of drugs between patients with 3 different

stages of hypophosphatemia was not statistically significant.

Based on the results of our study, we can conclude that

60 mmoL phosphate per day (divided into 3 single doses)

and administered in the form of a phosphate buffer solution

via a nasogastric tube is sufficient to correct serum phos-

phate values in most nonsurgical critically ill patients,

regardless of the degree of hypophosphatemia and without

the risk of adverse effects.
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Figure 1. Phosphate dose.

Kovačević et al 3

http://www.uptodate.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


