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CID-BASE AND ELECTROLYTE TEACHING CASE

Spurious Hyperphosphatemia in Patients on Hemodialysis
With Catheters
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 yperphosphatemia is an important indepen-
dent risk factor for both cardiovascular

alcification and cardiovascular morbidity and
ortality in dialysis patients.1-3 Serum phos-

hate levels are monitored routinely in patients
n maintenance dialysis therapy, with high levels
sually ascribed to nonadherence to diet or oral
hosphate binders.
We report a case of pseudohyperphosphatemia

aused by a contaminated blood sample obtained
rom a hemodialysis (HD) catheter. An absurd
alue found in a routine sample led us to investi-
ate the reason for this result. We found that even
inor apparent increases in measured phosphate

evels may be caused by contamination when ob-
aining preanalytical specimens from HD catheters.

CASE REPORT

linical History

An 83-year-old woman with end-stage renal disease caused
y renal artery stenosis and atheroembolism after attempted
enal angioplasty in April 2006 is on long-term HD therapy 3
imes weekly through a tunneled central venous catheter.
er comorbid conditions include type 2 diabetes, hyperten-

ion, dyslipidemia, and hypothyroidism. Her medications
nclude losartan, amlodipine, metoprolol, levothyroxine, pan-
opraxole, sertraline, clopidogrel, atorvastatin, allopurinol,
nd vitamins. She receives epoetin alfa, 3,300 units, with
ach HD treatment, but is currently not treated with vitamin
 or cinacalcet. Her catheter is occasionally locked with

lteplase, 1 mg/mL, after HD treatments to prevent clotting
nd thus ensure adequate blood flow for dialysis.

Routine monthly laboratory tests showed that phosphate
evels had been very well controlled with calcium acetate,
67 mg, 2 tablets 3 times daily, with phosphate values in the
ange of 3.1 to 5.5 mg/dL (1 to 1.78 mmol/L) and parathy-
oid hormone values in the low-normal range of 40 to 120
g/mL (ng/L) since starting renal replacement therapy. It
as noted that the patient had a reported serum phosphate

evel of 10.1 mg/dL (3.26 mmol/L; Fig 1) without change in
iet and while maintaining strict adherence to her phosphate-
inder regimen. A repeated phosphate test 1 month later
howed an absurd value of 35.7 mg/dL (11.53 mmol/L). At
his time, her calcium level was 8.4 mg/dL (2.1 mmol/L),

ithin the normal range. The patient’s clinical status was

merican Journal of Kidney Diseases, Vol 52, No 3 (September),
nchanged at the time, and she insisted there had been no
hange in diet or medication adherence.

The laboratory result was verified by quality control in the
aboratory, and no precision/accuracy issues were found.
he patient’s dialysis unit stated that the blood samples had
een drawn from the catheter according to the unit’s proto-
ol by discarding the first 5 mL of blood obtained from both
he venous and arterial ports. We hypothesized that the high
hosphate content of the alteplase solution in the catheter
as contributing to the increased phosphate levels in these

amples.

dditional Investigations

As a first experiment, small amounts of alteplase were
dded to a normal control plasma sample with a measured
aseline phosphate value. Phosphate was measured using
he Olympus AU5400 analyzer (Olympus America Inc,
enter Valley, PA) with the phosphomolybdate complex
ethod. Amounts of 35, 70, or 105 �L of alteplase were

dded to 1 mL of whole blood from a healthy volunteer.
Results are shown in Fig 2. Increases in phosphate values

ccurred in a linear fashion and were dramatic given the
mall volume added. Such volumes, the equivalent of about
 to 3 drops, could easily contaminate the blood sample
ithout being noticed by the health care professional.
As a second experiment, 8 mL of blood was drawn in

erial 2-mL aliquots from each port of a tunneled central
enous catheter from a second HD patient, an 82-year-old
oman, whose catheter had been locked with alteplase after

he previous dialysis treatment. In each 2-mL sample, phos-
hate was measured to detect contamination of the samples
ith alteplase.
The results (Table 1) clearly show a very dilute first

ample with excessively high phosphate levels and inappro-
riately low sodium levels. Phosphate levels were increased
ven after the fill volume of the catheter was removed, most
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Schiller et al618
ikely because the blood obtained as the “fill volume”
epresents not only the blood contained in the catheter
umen, but also admixed blood drawn into the catheter
hrough either the end hole or side holes during aspiration.

Therefore, to clear the catheter lock completely, a volume
reater than the fill volume must be aspirated and discarded.
o avoid unnecessary blood loss in patients with end-stage
enal disease, we recommend the procedure described in the
ollowing section.

DISCUSSION

Unexplained hyperphosphatemia in patients
n dialysis therapy most often is blamed on
onadherence to dietary restrictions or phos-
hate binders. In patients with a central catheter

Figure 1. Routine phosphate results from patient 1
uring 12 months. To convert plasma phosphate in mg/dL
o mmol/L, divide by 0.3229.
s HD access, the differential diagnosis of hyper-
hosphatemia must include the use of tissue
lasminogen activator, which may erroneously
ncrease blood phosphate levels because of an
mproper drawing technique. Tissue plasmino-
en activator commonly is administered as a
atheter lock between dialysis treatments in pa-
ients with catheters that achieve only subopti-
al blood flow rates because of clot formation in

he catheter clogging the end or side ports. Be-
ause the longevity of catheters often can be
rolonged with this approach, the technique is
ommonly used and considered safe, especially
n patients in whom catheters are the last resort
or access. A review of the literature showed 1
ediatric case report in which differences be-
ween peripheral and central blood samples led

Figure 2. Phosphate lev-
els in blood from a healthy vol-
unteer measured in a 4.5-mL
blood volume. Baseline plus
the result after the addition of
35, 70, and 105 �L of alteplase
show a linear increase in phos-
phate concentrations. To con-

Table 1. Sodium and Phosphate Content of
Consecutive 2-mL Aliquots Drawn From Venous and
Arterial Ports of the Tunneled Catheter in Patient 2, in
Whom the Hemodialysis Catheter Had Been Locked

With Alteplase

Arterial Venous

Sodium
(mmol/L)

Phosphate
(mg/dL)

Sodium
(mmol/L)

Phosphate
(mg/dL)

irst 2 mL 68 161.5 63 177.3
econd 2 mL 135 9.56 136 9.69
hird 2 mL 136 6.47 136 5.95
ourth 2 mL 137 5.68 137 5.58

Note: To convert phosphate in mg/dL to mmol/L, divide
y 0.3229, sodium levels expressed in mmol/L and mEq/L
re equivalent.
vert phosphate in mg/dL to
mmol/L, divide by 0.3229.
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Spurious Hyperphosphatemia in HD Patients With Catheters 619
o the detection of the same issue of unexplained
ncreased phosphate levels.4

The label for the alteplase product adminis-
ered does not give a specific phosphate content,
ut states that phosphoric acid is used for pH
djustment.

Our concern that contamination may occur
ore frequently than realized was confirmed by

eview of routine monthly phosphate levels dur-
ng 12 months from patient 2. Phosphate levels
n samples obtained after the catheter had been
ocked with alteplase resulted in greater mean
hosphate levels, with a wider range (phosphate,
.0 � 2.5 mg/dL [2.91 � 0.81 mmol/L]; range,
.6 to 14.0 mg/dL [1.49 to 4.52 mmol/L]) com-
ared with days when no alteplase was present
phosphate, 6.0 � 1.4 mg/dL [1.94 � 0.45 mmol/
]; range, 3.9 to 11.8 mg/dL [1.26 to 3.81 mmol/L];
ig 3; the 1 single outlier value of 11.8 mg/dL [3.81
mol/L] was obtained after the patient had skipped
consecutive HD treatments). During this time,

alcium carbonate was used as phosphate binder,

Figure 3. Whiskers plot of phosphate levels from pa-
ient 2 during 1 year on days that alteplase had been
nstilled into the catheter and on days without alteplase.
he mean and range of the values are higher on days after
lteplase compared with draws on days without alteplase.
he single outlying value of 11.8 mg/dL (closed square)
as obtained after the patient skipped 2 consecutive hemo-
i
ialysis sessions during vacation. To convert phosphate in
g/dL to mmol/L, divide by 0.3229.
pills with each meal. A 4-week trial of lantha-
um carbonate in response to phosphate levels of
0.7 to 12.5 mg/dL (3.46 to 4.04 mmol/L) during
his period was stopped because of the “lack of
ffectiveness.” However, phosphate measure-
ents during this time were obtained after use of

lteplase. Therefore, increased phosphate levels
econdary to alteplase contamination is likely.

Our results show that the practice of simply
rawing and discarding a volume of blood equal
o the volume of the catheter lumen before draw-
ng the blood sample will lead to contaminated
aboratory samples. Clearly, this concern arises
ith any catheter lock solution, not only alte-
lase. In the case of patient 1, it is clear from the
xtremely high phosphate level found that the
nit protocol of discarding the first 5 mL of blood
spirated from the catheter before obtaining these
amples was not followed.

The Clinical and Laboratory Standards Insti-
ute recommends that in drawing blood from an
ndwelling catheter or vascular access device
VAD), “the line should be flushed with 5 mL of
aline, and the first 5 mL of blood or 6 dead-
pace volumes of the VAD discarded.”5 Adapt-
ng this recommendation to a patient with end-
tage renal disease with a tunneled catheter, and
ith due regard to our results, we recommend
rawing and discarding 5 to 6 mL of blood from
ach port as is routine practice, with strict rein-
orcement of this procedure among all care pro-
iders. It is possible that a catheter tip clot may
ake contamination more likely because draw-

ng blood through the catheter side holes will
acilitate contamination with alteplase. We there-
ore recommend “rinsing” the catheter immedi-
tely after the 5- to 6-mL of blood has been
iscarded by attaching a 10-mL syringe and
ithdrawing and reinfusing 10 mL of blood
efore drawing laboratory samples to eliminate
ny possibility of contamination.

Finally, it is important to note that spurious
yperphosphatemia also has been described in
amples contaminated with heparin.6 Therefore,
his issue may be even more common than recog-
ized. Spurious hyperphosphatemia also has been
eported with hyperbilirubinemia, hemolysis,
araproteinemia, and hyperlipidemia because in
ll these conditions, interference with the assay
an occur.7-9 These possibilities were excluded

n this patient.
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Schiller et al620
We conclude that adherence to strict blood
raw procedures from HD catheters is necessary
o avoid contaminated samples resulting in mis-
eading laboratory values.
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