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Abstract 
 

Background 
Inorganic phosphate in blood is currently determined by the 

reaction with molybdate. This report aims at reviewing conditions 

underlying spuriously altered levels of circulating inorganic 

phosphate. 

Content 
A systematic search without language restriction of the Excerpta 

Medica, the National Library Database and the Web of Science 

database was conducted from the earliest publication date 

available through January 31, 2020. 

Summary 

For the analysis, 80 reports published in English (n=77), French 

(N=1), German (n=1) and Spanish (n=1) were retained. Well 

documented pseudohyperphosphatemia was observed in individuals 

exposed to liposomal amphotericin, in patients affected by a 

gammopathy, in patients with hyperlipidemia and in patients with 

hyperbilirubinemia.  An unexplained elevated inorganic phosphate 

level sometimes provided a clue to the diagnosis of a gammopathy. 

Well documented cases of pseudohypophosphatemia were observed in 

patients on large amounts of intravenous mannitol. Finally, 

pseudohypophosphatemia was occasionally observed on treatment 

with liposomal amphotericin and in patients with a gammopathy.  

Outlook 

In order to avoid unnecessary testing and treatment, the 

phenomenon of spuriously altered inorganic phosphate should be 

recognized. An unexplained hyperphosphatemia may provide a clue 

to the diagnosis of a gammopathy or a severe hyperlipidemia. 
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Introduction 

Phosphate is present within the blood in organic (phospholipid, 

phosphoprotein) and inorganic forms, but it is the inorganic form 

that is determined routinely [1]. Hyperphosphatemia is relatively 

uncommon and is most often observed in patients with kidney 

injury, hypoparathyroidism, cellular lysis and excessive 

phosphate intake or administration [1]. On the other hand, 

hypophosphatemia results from decreased intestinal uptake, 

increased urinary excretion, or movement into cells [2]. 

Molybdate, which reacts with inorganic phosphate to produce a 

phosphomolybdate complex, is currently used for the determination 

of this ion in serum or plasma samples [3]. Narrative reports 

published in the seventies first insinuated the existence of 

drug-induced interferences [3]. 

 The potential risk of a spuriously altered inorganic phosphate 

measurement is not inconsequential. The purpose of this report is 

to review the literature addressing the conditions and the 

mechanisms underlying spuriously altered levels of circulating 

phosphate. 

 

Methods 
Literature search strategy 
 This communication is presented in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses [4]. A 

systematic search without language restriction [5] of the 

Excerpta Medica, the National Library Database and the Web of 

Science database was conducted from the earliest publication date 

available through January 31, 2020. The following search terms 

were used: “Pseudohyperphosphatemia” OR “Spurious 

hyperphosphatemia” OR “Factitious hyperphosphatemia” OR 

“Pseudohypophosphatemia” OR “Spurious hypophosphatemia” OR 

“Factitious hypophosphatemia”. Following elimination of 

duplicates, titles and abstracts of the search results were 
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screened for relevance by two authors (V.M. and M.G.B.). The 

texts of the remaining results were independently assessed by the 

mentioned authors for inclusion. The list of ultimately included 

publications was decided on by discussion, with agreement 

required for inclusion. The references of included reports were 

screened for additional studies. No disagreements required 

resolution by a third author. 

Selection criteria 

 Articles and letters detailing subjects with spuriously altered 

inorganic phosphate values were eligible. Reports were included 

uniquely if the falsely altered laboratory values normalized 

after eliminating the underlying interference or if the mechanism 

underlying the interference was properly documented by in vitro 

studies. 

 

Results 
Search Results 
 The literature search process is summarized in Figure 1. The 

chance-adjusted agreement between the two investigators on the 

application of inclusion and exclusion criteria was 0.88. For the 

final analysis, we retained 80 reports [6-85] published between 

1981 and 2020 in English (N=77), French (N=1), German (N=1) and 

Spanish (N=1). They had been reported from the following 

continents: 35 from America (United States, N= 32; Argentina, 

N=1; Brazil, N=1; Canada, N=1), 29 from Europe (United Kingdom, 

N=6; France, N= 5; Netherlands, N= 5; Turkey, N=4; Greece, N=2; 

Switzerland, N=2; Belgium, N=1; Finland, N=1; Italy, N=1; Spain, 

N=1; Sweden, N=1), 12 from Asia (India, N=3; Israel, N=3; 

People's Republic of China, N=2; Islamic Republic of Iran, N=1; 

South Korea, N=1, Singapore, N=1, Thailand, N=1), two from Afrika 

(Morocco, N=1; Tunisia, N=1) and two from Oceania (Australia, N= 

2). 
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Spurious hyperphosphatemia 
Exogenous causes 

• Liposomal Amphotericin B 
 Six clinical reports [6, 7, 9-12] containing each from one to 80 

cases, analyzed 196 individuals exposed to liposomal 

amphotericin, who were surprisingly found to have elevated 

phosphate levels. 

 To support the hypothesis of spurious hyperphosphatemia, Bohm 

[11] compared the prevalence of hyperphosphatemia in 80 adults 

managed with liposomal amphotericin and in patients managed with 

triazole antifungals. The prevalence of hyperphosphatemia was 

found to be significantly higher in liposomal amphotericin 

patients both with normal (approximately 40% versus 10%) or poor 

renal function (approximately 60% versus 20%). Knoderer [9] found 

that 21 of 64 oncology children managed with liposomal 

amphotericin had new onset hyperphosphatemia. The diagnosis of 

spurious hyperphosphatemia induced by liposomal amphotericin was 

made for two reasons. First, the prevalence of high phosphate 

level was more common in children treated with liposomal (18 out 

40 cases) as compared with those treated with lipid complex 

amphotericin (3 out of 24 cases; P<0.0001). Second, none of the 

children had a poor kidney function. Miller [10] found 36 

children with hyperphosphatemia while on treatment with liposomal 

amphotericin. He made the presumptive diagnosis of spurious 

hyperphosphatemia because none of them presented conditions known 

to predispose to hyperphosphatemia such as poor renal function or 

co-medication with drugs known to alter the concentration of this 

ion. In 5 cases [6, 7, 12] of hyperphosphatemia, the diagnosis of 

spurious hyperphosphatemia caused by liposomal amphotericin was 

made because circulating inorganic phosphate normalized after 

removing amphotericin from the blood sample by ultrafiltration. 

 Finally, an in vitro study [8] demonstrated that liposomal 

amphotericin interferes with the determination of inorganic 

phosphate. 
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• Other medicinal products 

 Both the fibrinolytic agent alteplase and heparin contain 

excipients rich in inorganic phosphate. Unsurprisingly, 

therefore, 11 case reports documented the existence of spurious 

hyperphosphatemia in blood samples contaminated with these 

agents. Alteplase was associated with spurious hyperphosphatemia 

in one child [15] and eight adults [16, 17]. On the other hand, 

heparin caused pseudohyperphosphatemia in each one child [14] and 

one adult [18]. 

 Finally, spurious hyperphosphatemia was noted in a 55-year-old 

man on long-term hemodialysis because a saline solution 

containing inorganic phosphate was used to dilute the patient’s 

serum sample in the laboratory [13]. 

Endogenous causes 

• Hyperlipidemia 

 Spurious hyperphosphatemia was documented in 18 patients with 

cloudy serum secondary to hyperlipidemia [19, 20]. In these 

patients, the tendency to hyperphosphatemia disappeared after 

removing lipids by ultrafiltration. 

• Hyperbilirubinemia 

 Spurious hyperphosphatemia was documented in 6 patients [21] with 

severe hyperbilirubinemia (>330 µmol/L). This tendency was 

confirmed in 4 reports examining the interference from bilirubin 

on the determination of this ion [22-25]. 

• Gammopathy 

 Forty-one reports published between 1986 and 2020 [26-33, 35, 36, 

39-57, 59-64, 66-69] documented 258 cases of monoclonal 

gammopathy associated with spurious hyperphosphatemia: 150 cases 

affected by multiple myeloma, 4 by Waldenström’s 

macroglobulinemia and 104 by further forms of monoclonal 

gammopathy. In many cases, phosphate concentration was found 

normal after removing proteins from serum or plasma [26-28, 30, 

32, 33, 36, 39, 41-43, 45, 47, 49-54, 55, 56, 64, 66, 68, 71]. 
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 Spurious hyperphosphatemia was also documented in 12 patients 

found to have a polyclonal gammopathy: chronic liver disease 

(N=9; 32, 65], low grade splenic marginal zone lymphoma [N=1; 

58], AIDS related syndrome [N=1; 32 37] and colon carcinoma (N=1; 

32]. 

 Finally, two reports addressed the interaction between 

circulating paraprotein concentration and the increase in 

phosphate concentration. Bowles et al. [33 38] investigated 35 

patients with paraproteinemia secondary to multiple myeloma, 

Waldenström's macroglobulinemia or monoclonal gammopathy of 

uncertain significance. These authors found that the spurious 

elevation in phosphate concentration positively correlates with 

the paraprotein concentration. Duly E et al. [29 34] investigated 

15 patients with multiple myeloma and found that only 

paraproteins at levels ≥3 g/L interfere with the determination of 

inorganic phosphate. 

 In 17 cases, an unexplained elevated phosphate level provided a 

clue to the diagnosis of a gammopathy [28, 29, 32, 35, 40, 48, 

49, 51, 53, 64, 56, 59, 61, 62, 67, 70]. 

 Finally, artifactually elevated potassium and phosphate serum 

values were observed in a patient with very severe thrombocytosis 

(2,700 x 109/L) after splenectomy. Concurrent determination of 

potassium and phosphorus in serum and plasma revealed that the 

patient actually had normal potassium and phosphorus levels [72]. 

Spurious hypophosphatemia 
 Factitious hypophosphatemia was observed [73, 75] in three female 

patients (10, 45 and 72 years of age) on large amounts of 

intravenous mannitol (resulting in mannitol levels of 

approximately 20-25 mmol/L). The underlying mechanism is an 

interference in the reaction of molybdate with inorganic 

phosphate that decreases the rate of phosphomolybdate formation 

[74]. 

 Spurious hypophosphatemia was also documented in a 58-year old 

female managed with high-dose liposomal amphotericin B [79] and 



9 

 

in 8 patients (6 males and 2 females aged from 60 to 85, median 

69 years) affected by a monoclonal gammopathy [63, 76, 77, 79, 

80, 82, 83]: multiple myeloma (N=6), monoclonal gammopathy of 

undetermined significance (N=1) and Waldenström's 

macroglobulinemia (N=1). In the mentioned 8 patients, circulating 

phosphorus concentration normalized when determined in 

deproteinated serum. Spurious hypophosphatemia was also observed 

in a patient with a polyclonal gammopathy [74]. 

 Finally, a 40-year old female affected by acute myeloid leukemia 

[81], spuriously low phosphorus and potassium levels were 

associated with extreme hyperleukocytosis (310 x 109/L), a 

recognized cause of cellular uptake of these ions. 

 

Discussion 
 Laboratory tests are a more and more important component of 

medical evaluation. The results of this review on spuriously 

altered levels of circulating phosphate complement an elegant 

report published 25 years ago [41] and can be summarized as 

follows. First, drug therapy with liposomal amphotericin B tends 

to cause spurious hyperphosphatemia and, by far less frequently, 

hypophosphatemia. Second, spurious hyperphosphatemia occurs in 

patients with severe hyperlipidemia, severe hyperbilirubinemia or 

a gammopathy. Like in the case of drug therapy with liposomal 

amphotericin B, spurious hypophosphatemia has also been 

documented, albeit exceptionally, in the context of a gammopathy. 

Third, limited but well document evidence points out that 

pseudohypophosphatemia may occur on treatment with intravenous 

mannitol. Finally, spurious hyperphosphatemia may unsurprisingly 

occur if blood for the determination of phosphate is drawn from a 

vascular catheter locked with phosphorus containing heparin or 

alteplase or in the presence of severe thrombocytosis. The 

frequency and clinical relevance of these conditions are 

suggested in Table 1. 
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 Significant effort has been devoted to the determination of 

phosphate using new strategies including phosphate-selective 

electrodes, biosensors and vanadate [1]. Nonetheless, 100 years 

after the initial report [2], almost all techniques used to 

determine phosphate are based on the reaction of phosphate with 

molybdate to form a colourless phosphomolybdate complex. A 

voluminous literature exists on the analytical strategy. The 

colourless phosphomolybdate complex may be detected directly at 

340 nm or reduced to molybdenum blue and measured at 600 to 700 

nm. An acidic pH is required for the formation of molybdenum 

blue, but it must be controlled because both complex formation 

and reduction of molybdate are pH-dependent. A less acidic pH can 

result in spontaneous reduction of molybdate. The rate of complex 

formation is also influenced by protein concentration. 

Solubilizing agents are also sometimes used to prevent protein 

precipitation. Assessment of unreduced complexes has advantages, 

including simplicity, speed and reagent stability. Disadvantages 

of this technique include greater interference by hemolysis, 

hyperlipidemia and hyperbilirubinemia when determination is made 

at 340 nm. Various reducing agents have been used in producing 

the molybdenum blue complex, including aminonaphtholsulfonic 

acid, ascorbic acid, ferrous ammonium sulfate, methyl-p-

aminophenol, semidine hydrochloride and stannous chloride [1]. 

Currently there are no guidelines or agreement among laboratories 

on a suitable analytical method without interference. 

 In everyday clinical practice, the identification of spuriously 

altered levels of inorganic phosphate is challenging and is made 

in three steps (table 2). Misdiagnosing this laboratory error may 

result in redundant investigations and unnecessary interventions 

aiming at treating this in vitro phenomenon. 

 Three communications point out that hyperphosphatemia is highly 

prevalent in nephrotic syndrome [82-84 86-88]. Since this kidney 

disease is usually associated with severe hyperlipidemia and the 

issue of spurious hyperphosphatemia was not discussed, we 
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speculate that hyperphosphatemia was spurious in these studies 

[89]. 

 There are limitations and strengths that should be considered 

when reading this communication. The major limitation results 

from the somewhat small number of published cases of spuriously 

altered levels of circulating inorganic phosphate and their low-

grade evidence (case reports and case series, sometimes poorly 

documented). A further limitation results from the fact that the 

final proof of spuriously altered concentration of inorganic 

phosphate induced by liposomal amphotericin, high dose mannitol 

and hyperlipidemia is problematic in everyday practice. Finally, 

we were not able to identify the mechanisms underlying the 

interferences observed in the literature. The most relevant 

strength relates to the exhaustive literature search, which aimed 

at surveying the entire literature. 

 In conclusion, clinicians and clinical biochemists need to be 

aware of the phenomenon of spuriously altered inorganic phosphate 

levels [1, 41] to avoid confusion and unnecessary testing or 

treatment (including among others medication with phosphate 

binders). In addition, an unexplained elevated inorganic 

phosphate level may provide a clue to the diagnosis of a 

gammopathy or a severe hyperlipidemia. Finally, we encourage 

communication between clinicians and biochemists and further 

optimization of laboratory techniques [90]. 

 

 

Author contributions: All the authors have accepted 

responsibility for the entire content of this submitted 

manuscript and approved submission. 

Research funding: None declared. 

Employment or leadership: None declared. 

Honorarium: None declared. 



12 

 

Competing interests: The funding organization(s) played no 

role in the study design; in the collection, analysis, and 

interpretation of data; in the writing of the report; or in the 

decision to submit the report for publication. 

 

References 
1. Manghat P, Sodi R, Swaminathan R. Phosphate homeostasis and 

disorders. Ann Clin Biochem 2014;51:631-56. 

2. Bell RD, Doisy EA. Rapid colorimetric methods for the 

determination of phosphorus in urine and blood. J Biol Chem 

1920;44:55-67. 

3. Young DS, Thomas DW, Friedman RB, Pestaner LC. Effects of 

drugs on clinical laboratory tests. Clin Chem 1972;18:1041-303. 

4. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, 

Ioannidis JP, et al. The PRISMA statement for reporting 

systematic reviews and meta-analyses of studies that evaluate 

health care interventions: explanation and elaboration. Ann 

Intern Med 2009;151:W65-94. 

5. Jackson JL, Kuriyama A, Anton A, Choi A, Fournier JP, Geier 

AK, et al. The accuracy of Google translate for abstracting data 

from non-English-language trials for systematic reviews. Ann 

Intern Med 2019 Jul 30. doi: 10.7326/M19-0891. [Epub ahead of 

print]. 

6. Lane JW, Rehak NN, Hortin GL, Zaoutis T, Krause PR, Walsh 

TJ. Pseudohyperphosphatemia associated with high-dose liposomal 

amphotericin B therapy. Clin Chim Acta 2008;387:145-9. 

7. Mendoza D, Connors S, Lane C, Stehnach S. Liposomal 

amphotericin B as a cause of pseudohyperphosphatemia. Clin Infect 

Dis 2008;46:645-6. 

8. Jensen GM, Bunch TH, Wolf S, Laybourne S. Erroneous 

determination of hyperphosphatemia (“pseudohyperphosphatemia”) in 

sera of patients that have been treated with liposomal 

amphotericin B (AmBisome). Clin Chim Acta 2010;411:1900-5. 



13 

 

9. Knoderer CA, Knoderer HM. Hyperphosphatemia in pediatric 

oncology patients receiving liposomal amphotericin B. J Pediatr 

Pharmacol Ther 2011;16:87-91. 

10. Miller MM, Johnson PN, Hagemann TM, Carter SM, Miller JL. 

Pseudohyperphosphatemia in children treated with liposomal 

amphotericin B. Am J Health Syst Pharm 2014;71:1462-8. 

11. Bohm NM, Hoover KC, Wahlquist AE, Zhu Y, Velez JC. Case-

control study and case series of pseudohyperphosphatemia during 

exposure to liposomal amphotericin B. Antimicrob Agents Chemother 

2015;59:6816-23. 

12. Albersen M, Bökenkamp A, Schotman H, Smetsers S. 

Hyperphosphatemia in an 11-year-old girl with acute myeloid 

leukemia. Pediatr Nephrol 2019;34:625-9. 

13. Suchin EJ, Cizman B, Connolly BR, DiBattista WJ, Agus ZS. 

Pseudohyperphosphatemia in a hyperphosphatemic hemodialysis 

patient. Am J Kidney Dis 2002;40:E18. 

14. Ball CL, Tobler K, Ross BC, Connors MR, Lyon ME. Spurious 

hyperphosphatemia due to sample contamination with heparinized 

saline from an indwelling catheter. Clin Chem Lab Med 

2004;42:107-8. 

15. Cachat F, Bardy D, Durussel C, Di Paolo E. Spurious 

hyperphosphatemia in a patient with alteplase-locked central 

venous catheter. Pediatr Nephrol 2006;21:301-2. 

16. Schiller B, Virk B, Blair M, Wong A, Moran J. Spurious 

hyperphosphatemia in patients on hemodialysis with catheters. Am 

J Kidney Dis 2008;52:617-20. 

17. Sombolos K, Bamichas G, Hatsiou V, Fragidis S, Rizos A, 

Natse T, et al. Alteplase as hemodialysis catheter locking 

solution and spurious hyperphosphatemia. J Vasc Access 

2011;12:269. 

18. Senthilkumaran S, Menezes RG, Jayaraman S, 

Thirumalaikolundusubramanian P. Pseudohyperphosphatemia due to 

contamination with heparin: A case for caution. Indian J Nephrol 

2014;24:409-10. 



14 

 

19. Leehey DJ, Daugirdas JT, Ing TS, Reid RW. Spurious 

hyperphosphatemia due to hyperlipidemia. Arch Intern Med 

1985;145:743-4. 

20. Tetiker T. Pseudohyperphosphatemia resulting from 

hyperlipoproteinemia. Turk J Endocrinol Metab 1999;3:93-4. 

21. Khan TA, Arif A, Seamonds B, Doyle AM. Spurious 

hyperphosphatemia related to severe hyperbilirubinemia in 

patients with end-stage liver disease. Clin Nephrol 2014;82:368-

71. 

22. Randall AG, Garcia-Webb P, Beilby JP. Interference by 

haemolysis, icterus and lipaemia in assays on the Beckman 

Synchron CX5 and methods for correction. Ann Clin Biochem 

1990;27:345-52. 

23. Steen G, Vermeer HJ, Naus AJ, Goevaerts B, Agricola PT, 

Schoenmakers CH. Multicenter evaluation of the interference of 

hemoglobin, bilirubin and lipids on Synchron LX-20 assays. Clin 

Chem Lab Med 2006;44:413-9. 

24. Ali D, Sacchetto É, Reigner A, Le Carrer D, Orsonneau JL, 

Delaroche O, et al. Interférences de la lipémie et de l’ictère 

sur le dosage de 24 paramètres biochimiques. Ann Biol Clin 

(Paris) 2015;73:671-89. 

25. Nicolay A, Lorec AM, Gomez G, Portugal H. Icteric human 

samples: Icterus index and method of estimating an interference-

free value for 16 biochemical analyses. J Clin Lab Anal 

2018;32:e22229. 

26. Lacher DA, Nally JV. Falsely elevated values for serum 

phosphorus in multiple myeloma. Clin Chem 1986;32:1232. 

27. Sonnenblick M, Eylath U, Brisk R, Eldad C, Hershko C. 

Paraprotein interference with colorimetry of phosphate in serum 

of some patients with multiple myeloma. Clin Chem 1986;32:1537-9. 

28. Busse JC, Gelbard MA, Byrnes JJ, Hellman R, Vaamonde CA. 

Pseudohyperphosphatemia and dysproteinemia. Arch Intern Med 

1987;147:2045-6 [Erratum in: Arch Intern Med 1988;148:302]. 



15 

 

29. Pettersson T, Hortling L, Teppo AM, Tötterman KJ, Fyhrquist 

F. Phosphate binding by a myeloma protein. Acta Med Scand 

1987;222:89-91. 

30. Adler SG, Laidlaw SA, Lubran MM, Kopple JD. 

Hyperglobulinemia may spuriously elevate measured serum inorganic 

phosphate levels. Am J Kidney Dis 1988;11:260-3. 

31. McCloskey EV, Galloway J, Morgan MA, Kanis JA. 

Pseudohyperphosphataemia in multiple myeloma. BMJ 1989;299:1381-

2. 

32. Weinberg J, Adler AJ. Spurious hyperphosphatemia in patients 

with dysglobulinemia. Miner Electrolyte Metab 1989;15:185-6. 

33. Bakker AJ, Bosma H, Christen PJ. Influence of monoclonal 

immunoglobulins in three different methods for inorganic 

phosphorus. Ann Clin Biochem 1990;27:227-31. 

34. Duly E, Lemon L, Trinick TR. Influence of monoclonal 

immunoglobulins on methods for inorganic phosphorous. Ann Clin 

Biochem 1991;28:196. 

35. Mandry JM, Posner MR, Tucci JR, Eil C. Hyperphosphatemia in 

multiple myeloma due to a phosphate-binding immunoglobulin. 

Cancer 1991;68:1092-4. 

36. McClure D, Lai LC, Cornell C. Pseudohyperphosphataemia in 

patients with multiple myeloma. J Clin Pathol 1992;45:731-2. 

37. Grateau G, Bachmeyer C, Tauléra O, Sarfati G, Cremer G, 

Séréni D. Pseudohyponatremia and pseudohyperphosphatemia in a 

patient with human immunodeficiency virus infection. Nephron 

1993;64:640. 

38. Bowles SA, Tait RC, Jefferson SG, Gilleece MH, Haeney MR. 

Characteristics of monoclonal immunoglobulins that interfere with 

serum inorganic phosphate measurement. Ann Clin Biochem 

1994;31:249-54. 

39. Cohen AM, Magazanik A, van-der Lijn E, Shaked P, Levinsky H. 

Pseudohyperphosphataemia incidence in an automatic analyzer. Eur 

J Clin Chem Clin Biochem 1994;32:559-61. 

40. Oren S, Feldman A, Turkot S, Lugassy G. Hyperphosphatemia in 

multiple myeloma. Ann Hematol 1994;69:41-3. 



16 

 

41. Larner AJ. Pseudohyperphosphatemia. Clin Biochem. 

1995;28:391-3. 

42. Savory DJ, Pearce CJ. Paraprotein interference causing 

pseudohyperphosphataemia: evaluation of an improved methodology. 

Ann Clin Biochem 1995;32:498-501. 

43. Zaman Z, Sneyers L, Van Orshoven A, Blanckaert N, Mariën G. 

Elimination of paraprotein interference in determination of 

plasma inorganic phosphate by ammonium molybdate method. Clin 

Chem 1995;41:609-14. 

44. Mavrikakis M, Vaiopoulos G, Athanassiades P, Antoniades L, 

Papamichael C, Dimopoulos MA. Pseudohyperphosphatemia in multiple 

myeloma. Am J Hematol 1996;51:178-9. 

45. Rodríguez-Cuartero A, Pérez-Blanco FJ, Salas-Galán A, Miras-

Parra FJ. Pseudohyperphosphatemia in Waldenström's 

macroglobulinemia. Clin Nephrol 1999;52:265-6. 

46. Jamil MG, Abdel-Raheem MM, Potti A, Levitt R. 

Pseudohyperphosphatemia associated with Waldenström's 

macroglobulinemia. Am J Hematol 2000;65:329. 

47. Barutçuoglu B, Parildar Z, Mutaf I, Habif S, Bayindir O. 

Spuriously elevated inorganic phosphate level in a multiple 

myeloma patient. Clin Lab Haematol 2003;25:271-4. 

48. Cheikhrouhou Abdelmoula L, Amira C, Chaabouni L, Kchir MM, 

Zouari R. Hyperphosphatemia in multiple myeloma. Joint Bone Spine 

2003;70:541-2. 

49. Marcu CB, Hotchkiss M. Pseudohyperphosphatemia in a patient 

with multiple myeloma. Conn Med 2004;68:71-2. 

50. Sinclair D, Smith H, Woodhead P. Spurious hyperphosphataemia 

caused by an IgA paraprotein: a topic revisited. Ann Clin Biochem 

2004;41:119-24. 

51. Stratta P, Canavese C, Quaglia M, Lazzarich E, Morellini V, 

Brustia M, et al. A patient with unexplained hyperphosphataemia. 

Nephrol Dial Transplant 2006;21:2664-6. 

52. El Bouchti I, Belkhou A, Younsi R, El Asan S. 

Pseudohyperphosphatemia in multiple myeloma. Joint Bone Spine 

2007;74:206-7. 



17 

 

53. Izzedine H, Camous L, Bourry E, Azar N, Leblond V, Deray G. 

Make your diagnosis. Multiple myeloma-associated with spurious 

hyperphosphatemia. Kidney Int 2007;72:1035-6. 

54. Kiki I, Gundogdu M, Kaya H. Spuriously high phosphate level 

which is promptly resolved after plasmapheresis in a patient with 

multiple myeloma. Transfus Apher Sci 2007;37:157-9. 

55. Lee Y, Koo T, Yi JH, Choi JH, Han SW, Park IK, et al. 

Pseudohyperphosphatemia in a patient with multiple myeloma. 

Electrolyte Blood Press 2007;5:131-5. 

56. Loh TP, Saw S, Sethi SK. Hyperphosphatemia in a 56-year-old 

man with hypochondrial pain. Clin Chem 2010;56:892-5. 

57. Lovekar S, Chen JL. A 90-year-old man with 

hyperphosphatemia. Am J Kidney Dis 2011;57:342-6. 

58. Aiyer R, Kazory A. Spurious hyperphosphatemia: a case for 

caution. Am J Kidney 2012;60:1050-1. 

59. Toutkaboni MP, Taheri ZM, Mohammadi F, Seifollahi L, Sabeti 

S. Hyperphosphatemia in a patient with respiratory problems. Lab 

Med 2012;43:291–3. 

60. Amalnath SD, Dubashi B. Pseudohyperphosphatemia in 

Waldenstrom's Macroglobulinemia. Indian J Nephrol 2013;23:465-6. 

61. Aeberhard N, Schild C, Rodondi N, Roten-Joss C, Tänzler K. 

Phosphat(verw)irrungen: tatsächlich «Hyper» oder nur «Pseudo»? 

Praxis (Bern 1994) 2014;103:1203-6. 

62. Chakraborty S, Sen S, Gupta D, Ghosh SS, Sawant P, Das M. 

Spurious hyperphosphatemia in a case of multiple myeloma. Indian 

J Clin Biochem. 2014;29:250-2. 

63. Diehl M, Carrizo CL, Fantl D, Jiménez GB. Hipofosfatemia e 

hiperfosfatemia espurias en una paciente con mieloma múltiple. 
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Figure 1 - Legend 
Spuriously altered circulating inorganic phosphate. Flowchart of 

the literature search process. 


