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Abstract
Heparin-induced thrombocytopenia (HIT) is a potentially life-threatening condition that can develop
after exposure to unfractionated or low–molecular-weight heparins. Treatment options appear to be
limited in patients on concurrent intermittent hemodialysis. We report the case of an 88-year-old
man newly initiated on high-flux hemodialysis who developed HIT and extracorporeal circuit
thrombosis after 3 weeks of exposure to unfractionated heparin. Our patient was successfully
treated with fondaparinux 2.5 mg subcutaneously three times per week and citrate during dialysis
sessions. Antifactor Xa levels were measured on several occasions while receiving fondaparinux.
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INTRODUCTION

Heparin-induced thrombocytopenia (HIT) is an uncom-
mon, life-threatening condition that may occur after expo-
sure to unfractionated heparin (UFH) or low–molecular-
weight heparins (LMWH). Two types of HIT exist: type I
(HIT I) and type II (HIT II). HIT I is more common,
occurring in 10–20% of patients, but is a harmless con-
dition that leads to a decrease in platelets in the first
24–48 hours after initiating heparins.1,2 It is not associated
with thrombosis and is unrelated to an immunological
response.2 Patients can remain on heparin and their

platelets will recover with time.2 HIT II is a potentially
fatal condition occurring in 2–3% of patients exposed to
UFH and 0.8% of patients exposed to LMWH.3,4 Patients
develop a reduction in platelet count of >50%, typically
developing 5–10 days after first exposure to UFH. All
exposure to heparin (including heparin catheter locks,
heparin flushes, heparin priming of extracorporeal circuits
[EC], and heparin-coated catheters, tubing, and dialyzers)
and LMWH, because of its cross-reactivity, must be dis-
continued immediately, even before confirmatory lab test-
ing.1,5 Alternative safe anticoagulants should be initiated
to reduce HIT-associated morbidity and mortality. Mortal-
ity rates in patients with both HIT II and thrombosis have
been found to be as high as 30%.5 Early detection and
treatment is critical, as there is a 5–10% risk of thrombus
formation within 48 hours after thrombocytopenia begins,
and 50% of patients will develop thrombosis within 30
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days.1,2,5 As the severity of thrombocytopenia increases,
the risk of thrombosis also increases.1 Thrombosis may
present as ischemia of one or more limbs, or cerebral or
myocardial infarctions.2 However, the majority of the
thrombi will develop in the venous system as deep vein
thrombosis or pulmonary embolism.2 Even with prompt
and appropriate therapy, 5.6–10% of patients with HIT II
will require amputation, 9.8–18.3% will experience a new
thrombotic event, and 8.5–21.3% will die.6

Hemodialysis (HD) patients are repeatedly exposed to
heparins during dialysis sessions to prevent thrombosis of
the EC. Although it is fairly uncommon for HD patients to
develop HIT II and thrombosis, this situation can be
difficult to treat because many of the alternative, safe
anticoagulants are predominately renally eliminated.
Accumulation of these agents can occur, putting patients
at increased risk for bleeding. Studies have shown that the
incidence of major bleeding correlates with the degree of
renal failure.7 End-stage renal disease (ESRD) patients
have an increased bleeding risk because of several factors
including uremia-associated platelet dysfunction, which
can be further exacerbated by anticoagulants used during
dialysis sessions.8 Conversely, HD patients are also at
higher risk of thrombosis. Pulmonary embolism has been
found to be more common in HD patients than in
matched non-HD controls.2 End-stage renal disease
patients have deficiencies of protein C and S, leading to
increased hypercoagulability as renal function declines.2

Three of four studies have also shown that there may be an
association between mortality and positive HIT II antibod-
ies in HD patients.5

Alternative, safe anticoagulants for HIT II include direct
thrombin inhibitors (DTIs) (e.g., argatroban, lepirudin, or
bivalirudin), or danaparoid. Fondaparinux has not been
officially approved for treatment of HIT II, but at least 67
reports have been published using fondaparinux off-label
for this indication in non-HD patients because of fonda-
parinux’s very rarely reported cross-reactivity with
heparin-induced antibodies.4,6 The treatment efficacy rate
in these trials was 100%.4,6 The bleeding rate with fonda-
parinux is approximately 2%; much lower than the ~12%
rate with DTIs.6

This is the first published case report using subcutane-
ous fondaparinux and citrate during dialysis as chronic
therapy in a confirmed HIT II patient on high-flux HD
with EC clotting.

CASE REPORT

An 88-year-old, 62-kg, male Caucasian with ESRD was
initiated on high-flux HD (Xenium 190 dialyzer; Baxter,

Deerfield, IL, USA) three times per week for chronic renal
impairment. Past medical history included prostate carci-
noma, recurrent urinary tract infections, chronic urinary
retention, abdominal aortic aneurysm, benign prostatic
hypertrophy, renal cell carcinoma with a left nephrectomy,
macrocytic anemia, depression, and gout. He was a resi-
dent of a long-term care facility, but received HD on an
outpatient basis thrice weekly. Unfractionated heparin was
used during the dialysis sessions. At the initiation of HD,
his platelets were 166 ¥ 109/L but declined over 3 weeks
to 54 ¥ 109/L and HIT was suspected, although evidence
of thrombosis was not present. A HIT enzyme-linked
immunosorbent assay (ELISA) was drawn and UFH was
discontinued during HD, with saline flushes being used as
alternative. Fondaparinux 2.5 mg subcutaneously was ini-
tiated postdialysis (i.e., three times per week) and his
platelets recovered.

The patient’s HIT ELISA results were strongly positive
(optical density [OD] = 1.256) for HIT II, and a confir-
matory serotonin-release assay (C-SRA) also was positive.
The fondaparinux was discontinued when the platelets
returned to 150 ¥ 109/L, as there had been no evidence of
thrombosis. Unfractionated heparin was held during
dialysis sessions and the lines continued to be flushed
with saline. Soon afterward, the patient began to develop
EC thrombosis, leading to blood loss and resulting
in underdialyzation. Intravenous fondaparinux 2.5 mg
diluted in 20 mL normal saline was initiated at the begin-
ning of each dialysis session. An anti-Xa level for fonda-
parinux was drawn on the day postdialysis and was found
to be 0.45 mg/mL. Another anti-Xa level was drawn the
following day during the dialysis session and was 0.27 mg/
mL. Two months later, anti-Xa levels were repeated to
check for accumulation. A trough level (i.e., just before
the start of dialysis) was found to be <0.01 mg/mL. A level
during dialysis was 0.51 mg/mL. However, the patient
continued to have EC clotting. Administering two, 2.5-mg
doses intravenously (IV) during one dialysis session was
empirically tried. The anti-Xa level at the end of the
session was 0.8 mg/mL. As IV fondaparinux did not
appear to be beneficial and bleeding concerns were
increased with a double dose, the fondaparinux was then
modified to 2.5 mg subcutaneous at 2200 hours on the
evenings before dialysis. Citrate was added to infuse
throughout the dialysis session at 75 cc/hour and normal
saline at 200 cc/hour. The patient was dialyzed with dialy-
sate containing calcium 1.5 mmol/L. Both pre- and post-
filter ionized calcium were tested, and although the levels
were not sufficient to prevent clotting, it did seem to work
synergistically with the fondaparinux. The patient contin-
ued on this same regimen for 4.5 more months without
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complications. After 4.5 months, repeat anti-Xa levels
were done immediately prior to dialysis and found to be
0.66 mg/mL and immediately postdialysis 0.55 mg/mL. A
repeat ELISA was done 7 months after the first test to
determine if the patient still had circulating HIT II anti-
bodies and was now only weakly positive (OD = 0.772). A
repeat C-SRA was not done. The patient was continued
successfully on this fondaparinux regimen and citrate
infusions for over 18 months and remains on it.

DISCUSSION

HIT II in HD patients

HIT antibody development in patients undergoing HD has
been found to be quite common. At least 15 studies have
examined this issue and determined HIT II antibodies
were detectable in up to 17.4% of HD patients based on
ELISA testing.5 Higher specificity functional assays (e.g.,
C-SRA, heparin-induced platelet activation assay [HIPA] )
determined ~3.7% of HD patients were positive.5 Despite
positive antibody tests, several studies have shown that
not all of these patients develop thrombosis or thromb-
ocytopenia. Greinacher et al. screened 165 HD patients
for HIT II antibodies using HIPA, and found 4.2% were
positive. However, the occurrence of thrombosis or hem-
orrhage in patients who were HIT II positive was not
significantly greater than those who were HIT II negative.9

Other trials have shown conflicting results and found HIT
II-positive patients do develop thrombosis, thrombocy-
topenia, and frequent clotting of the EC.5 A trial of 154
newly initiated HD patients found that six patients devel-
oped frequent EC thrombosis and thrombocytopenia
approximately 2 weeks after starting HD. Five of the six
patients had a positive ELISA and four of the six had
positive functional assays. One of the HIT II patients
developed subsequent myocardial infarction and stroke.
The authors concluded that clot formation in the dialyzer
or EC may be the first sign of HIT II in HD patients.5,10

However, it is known that a number of other factors can
contribute to increased EC thrombosis including low
blood flow, high ultrafiltration rate, excess turbulence
within the circuit, low arterial blood pressure, high hema-
tocrit, or the need for intradialytic blood transfusion or
lipid infusion.11

Fondaparinux

Fondaparinux is a synthetic antithrombin-mediated selec-
tive inhibitor of factor Xa in the coagulation cascade. It is
considered contraindicated in patients with ESRD, as

55–85% of its elimination is renal.7 In patients with
normal renal function, the half-life is 17–21 hours, but
this time is prolonged in those with renal dysfunction.1

Fondaparinux is thought to be dialyzable during HD
because of its low molecular weight (1.7 kd), as high-flux
dialysis membranes can clear molecules up to 3.8 kd, and
lack of binding to drugs or plasma proteins other than
antithrombin.7 The clearance of fondaparinux increases
by about 10-fold during HD; however, the total clearance
remains low and may result in drug accumulation and
elevated anti-Xa levels.12

Anti-Xa levels for fondaparinux

Appropriate anti-Xa levels have not been conclusively
established for fondaparinux. However, when monitoring
fondaparinux, the anti-Xa assay must be calibrated with a
fondaparinux standard curve, as calibration using UFH or
LMWH is highly inaccurate.13 Peak levels of fondaparinux
are achieved approximately 3 hours after a subcutaneous
injection.13 When given at a prophylactic dose of 2.5 mg/
day, peak anti-Xa levels of 0.2–0.4 mg/mL can be expected
and when given at a therapeutic dose of 7.5 mg/day, levels
of 0.5–1.5 mg/mL would be anticipated.14

In our patient, we did not measure peak anti-Xa levels,
but instead measured levels predialysis and postdialysis.
The predialysis level was taken approximately 14 hours
after the subcutaneous fondaparinux dose was adminis-
tered. A follow-up anti-Xa level was drawn after 4.5
months of this dosing regimen once the patient was at
steady-state concentrations. The value obtained was
0.66 mg/mL, indicating the patient did not have extensive
accumulation of fondaparinux. The postdialysis anti-Xa
level was found to be 0.55 mg/mL, confirming at least a
portion of the fondaparinux was being removed during
HD. Although we did not measure peak anti-Xa levels, it
was deemed that the levels obtained were slightly high,
but not extreme. The patient was no longer experiencing
EC thrombosis, nor bleeding. As the lowest available
strength of prefilled syringe of fondaparinux is 2.5 mg, we
decided for convenience to continue this dose.

Use of fondaparinux in HD patients

Only a few case reports have been published on the use of
fondaparinux in HD patients and have indicated varying
degrees of success (Table 1). Two small trials have also
been reported. In a trial done by Sombolos et al., fonda-
parinux was administered to 16 chronic HD patients
during a single 4-hour HD session at an IV bolus dose of
2.5 mg. Eight of the patients were using high-flux
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Table 1 Summary of published case reports of use of fondaparinux in HD patients

Author Description of patient Type of dialysis Management Comments

Sharathkumar
et al.7

15-year-old obese girl
with postoperative PE

High-flux HD Fondaparinux 5 mg daily was
initiated, but accumulation of
drug occurred based on anti-Xa
levels of 2.05 mg/mL. The dose
was decreased to 2.5 mg every
other day and resulted in anti-Xa
levels of 0.8 mg/mL on day 19 and
0.65 mg/mL on day 21.
Fondaparinux was discontinued
on day 29 because of poor
tolerability.

This patient did not
have HIT II and was
receiving UFH as a
bolus at the beginning
of each HD session.

It was not stated if the
fondaparinux was
being administered
subcut or IV.

Haase et al.16 52-year-old man with a
DVT 2 mo prior treated
with tinzaparin. He
was admitted to ICU,
placed on HD, and
developed a new DVT.
After 17 d of UFH, he
developed
thrombocytopenia.

HD—specifics
not reported

Fondaparinux 2.5 mg was instilled
directly into the dialysis circuit on
dialysis days only. Anti-Xa levels
were measured, but not reported.
The patient did not develop
thrombosis or bleeding during the
10 wk of therapeutic fondaparinux
therapy.

Serological tests for HIT
II were repeatedly
negative.

Tekgunduz
et al.6

75-year-old man with
acute on chronic renal
failure who developed
HIT II after 10 d of
UFH with HD. He
subsequently
developed
thrombocytopenia and
a DVT at the site of the
HD catheter.

HD—specifics
not reported

Enoxaparin was used for 4 d and the
platelets continued to decline. The
patient was switched to
fondaparinux 2.5 mg subcut daily.
He was then transitioned to
warfarin when the platelet count
improved. The patient did not
have further episodes of
thrombosis in the 6 mo of
follow-up.

ELISA and functional
tests for HIT II were
positive.

It is unknown how long
the patient remained
on HD.

Anti-Xa levels were not
monitored.

Bermejo et al.
(abstract
only)17

59-year-old woman who
developed HIT II at the
start of chronic
dialysis.

HD—specifics
not reported

Fondaparinux was given as 1.87 mg
instilled directly into the dialysis
circuit on dialysis days only. The
patient remained on this regimen
for 18 mo and experienced no
episodes of bleeding or
thromboembolism.

HIT II ELISA was
strongly positive.
Functional assays
were never done to
confirm the HIT II
diagnosis and anti-Xa
levels were also not
reported.

Wellborn-Kim
et al.18

85-year-old woman who
developed
thrombocytopenia and
cardio-renal syndrome
after a coronary bypass
procedure.

Low-flux
polyflux HD

Fondaparinux 2.5 mg subcut every
other day was given and acid
citrate dextrose solution was used
during each dialysis session. She
remained on fondaparinux for 30
d and also received aspirin 81 mg
daily. She did not develop any
thrombotic events, clotting of the
HD membranes, or evidence of
bleeding.

HIT II ELISA was
positive. Functional
assays were never
done to confirm the
HIT II diagnosis and
anti-Xa levels were
also never done.

DVT = deep vein thrombosis; ELISA = enzyme-linked immunosorbent assay; HD = hemodialysis; HIT = heparin-induced thrombocytopenia;
HIT II = heparin-induced thrombocytopenia—type II; ICU = intensive care unit; IV = intravenously; PE = pulmonary embolus;
subcut = subcutaneously; UFH = unfractionated heparin.
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polyester polymer alloy dialyzers and eight were using
low-flux polysulfone dialyzers. These patients did not
have HIT II; hence, the dialyzers were primed with normal
saline containing 5000 IU of UFH. Clot formation at the
end of the dialysis session was significantly greater in the
high-flux HD patients than in the low-flux HD patients,
and in two of the high-flux HD patients, the session had to
be stopped early because of clots in the circuit and dia-
lyzer. Postdialysis anti-Xa levels were significantly higher
in the low-flux dialysis patients than in the high-flux
HD patients (low flux = 0.46 � 0.12 IU/mL vs. high
flux = 0.16 � 0.04 IU/mL, P < 0.025). Anti-Xa levels
before the next dialysis session were also much higher in
the low-flux HD group (0.25 � 0.06 IU/mL vs. high-flux
group 0.06 � 0.04 IU/mL).15 The authors concluded that
fondaparinux 2.5 mg IV bolus was ineffective for high-
flux HD patients potentially because of increased removal
of fondaparinux during high-flux HD, resulting in an
inadequate anticoagulation effect.15 The median fonda-
parinux half-life was increased and was found to be 18.9
hours in the high-flux group and 52.5 hours in the low-
flux group.15

A trial by Kalicki et al. studied the injection of fonda-
parinux at a dose of 0.05 mg/kg of body weight into the
arterial line of the EC immediately before the start of HD
in 12 non-HIT II patients. Most of these patients were also
taking 100 mg/day of aspirin. If more than traces of
coagulation were seen in the filter and/or drip chambers,
the amount of fondaparinux was increased by 0.01 mg/kg
with the majority of patients requiring a dose of 0.06 mg/
kg.12 Six of the 12 patients reported bleeding from the
puncture sites between dialysis sessions. Aspirin did not
have any effect on filter patency, but seemed to increase
the bleeding risk. No bleeding episodes were seen when
the anti-Xa levels were <0.7 mg/mL. In the second phase
of this trial, patients received fondaparinux 0.05 mg/kg on
nine consecutive HD sessions. In the first phase of this
trial, it was found that successive increases in the dose of
fondaparinux did not significantly lower the amount of
clotting, indicating a possible ceiling effect of the dose–
response curve. However, in the second phase of this trial,
high-trough anti-Xa levels were linked to improved filter
patency rates, indicating greater benefit at higher fonda-
parinux concentrations.12

Regional anticoagulants

Citrate works by chelating calcium and magnesium after
being infused into the arterial line and decreases the acti-
vation of the coagulation cascade in the EC.2 The ionized
calcium deficit only occurs in the EC, as calcium is added

to the venous line to return to a normal ionized calcium
level before reinfusion of the blood.2 In this case, we
infused citrate prefilter and dialyzed against a dialysis bath
with calcium. However, regional anticoagulation such as
citrate is not sufficient to use alone during HIT II or if
there is still thrombocytopenia or evidence of thrombosis.2

Other potential options

Other options were considered for this patient, but were
not deemed to be superior to fondaparinux. Direct throm-
bin inhibitors such as lepirudin and bivalirudin are not
well cleared in a patient with renal impairment. Arga-
troban may have been an option because of its hepatic
clearance but all of the DTIs need to be continuously
infused by IV, are very expensive to use chronically, and
have an increased risk of bleeding compared with non-
DTIs. Although danaparoid is the agent with the most
evidence for use in HD and HIT II, it currently has very
limited availability in North America.

Warfarin is also not a favored option. Ziai et al. showed
that vitamin K antagonists alone with a target Interna-
tional Normalized Ratio between 2 and 3 are insufficient
to prevent clotting during HD. An increase in the D-dimer
plasma level and clotting in the EC still occurred with use
of a vitamin K antagonist alone.8

There are currently no published case reports of the use
of new oral agents (e.g., dabigatran, rivaroxaban, or apixa-
ban) for the treatment of HIT II. However, all of these
agents have some degree of renal elimination and are not
recommended in patients with renal impairment.

CONCLUSION

Development of HIT II antibodies in HD patients may be
more common than previously suspected. The evidence
appears to be inconclusive as to whether this leads to a
higher incidence of thrombosis. Our case report is the
first in which a new HD patient with HIT II and EC
thrombosis was successfully treated on a chronic basis
with subcutaneous fondaparinux and regional citrate.
Several different doses, administration times, and routes
of administration of fondaparinux were tried. The great-
est success was found with fondaparinux 2.5 mg subcu-
taneously thrice weekly at bedtime on the night before
HD in combination with citrate during dialysis. Our
patient did not experience any excess bleeding and anti
Xa levels appeared not to be excessive, indicating sub-
stantial accumulation of fondaparinux was not a concern
at this dose.

Case Reports

Hemodialysis International 2013; 17:441–462448



Manuscript received 8 August 2012; revised 25 October
2012.

REFERENCES
1 Davenport A. Antibodies to heparin-platelet factor 4

complex: Pathogenesis, epidemiology, and management
of heparin-induced thrombocytopenia in hemodialysis.
Am J Kidney Dis. 2009; 54:361–374.

2 Fischer KG. Essentials of anticoagulation in hemodialy-
sis. Hemodial Int. 2007; 11:178–189.

3 Davenport A. Heparin-induced thrombocytopenia
during renal replacement therapy. Hemodial Int. 2004;
8:295–303.

4 Efird LE, Kockler DR. Fondaparinux for thromboembolic
treatment and prophylaxis of heparin-induced thromb-
ocytopenia. Ann Pharmacother. 2006; 40:1383–1387.

5 Syed S, Reilly R. Heparin-induced thrombocytopenia: A
renal perspective. Nat Rev Nephrol. 2009; 5:501–511.

6 Tekgunduz E, Akpinar S, Ozturk E, Emel Pamuk G,
Turgut B, Demir M. Is fondaparinux an effective alterna-
tive anticoagulant in patients with heparin-induced
thrombocytopenia type II? A case report and review of
the literature. Trakya Universitesi Tip Fakultesi Dergisi.
2009; 26:166–172.

7 Sharathkumar AA, Crandall C, Lin JJ, Pipe S. Treatment
of thrombosis with Fondaparinux (Arixtra) in a patient
with end-stage renal disease receiving hemodialysis
therapy. J Pediatr Hematol Oncol. 2007; 29:581–584.

8 Ziai F, Benesch T, Kodras K, Neumann I, Dimopoulos-
Xicki L, Haas M. The effect of oral anticoagulation on
clotting during hemodialysis. Kidney Int. 2005; 68:862–
866.

9 Greinacher A, Zinn S, Wizemann BUW. Heparin-induced
antibodies as a risk factor for thromboembolism and

haemorrhage in patients undergoing chronic haemodi-
alysis. Lancet. 1996; 348:764.

10 Yamamoto S, Koide M, Matsuo M, et al. Heparin-induced
thrombocytopenia in hemodialysis patients. Am J Kidney
Dis. 1996; 28:82–85.

11 Fischer KG. Hemodialysis in heparin-induced thromb-
ocytopenia. In: Warkentin TE, Greinacher A, eds.
Heparin-Induced Thrombocytopenia, 3rd edn New York:
Marcel Dekker. 2007; 510–530.

12 Kalicki RM, Aregger F, Alberio L, Lammle B, Frey FJ,
Uehlinger DE. Use of the pentasaccharide fondaparinux
as an anticoagulant during haemodialysis. Thromb
Haemost. 2007; 98:1200–1207.

13 Castellone DD, Van Cott EM. Laboratory monitoring of
new anticoagulants. Am J Hematol. 2010; 85:185–187.

14 Hirsh J, Bauer KA, Donati MB, Gould M, Samama MM,
Weitz JI. Parenteral anticoagulants. Antithrombotic and
thrombolytic therapy: American college of chest physi-
cians evidenced-based clinical practice guidelines 8th
edition. Chest. 2008; 133:141S–159S.

15 Sombolos KI, Fragia TK, Gionanlis LC, et al. Use of
fondaparinux as an anticoagulant during hemodialysis: A
preliminary study. Int J Clin Pharmacol Ther. 2008;
46:198–203.

16 Haase M, Bellomo R, Rocktaeschel J, et al. Use of fonda-
parinux (Arixtra) in a dialysis patient with symptomatic
heparin-induced thrombocytopenia type II. Nephrol Dial
Transplant. 2005; 20:444–446.

17 Bermejo N, Martin Mateos M, Castellano I, Camara C,
Pardal E. Long term anticoagulation with fondaparinux
for dialysis dependent patient with heparin-induced
thrombocytopenia (HIT). J Thromb Haemost. 2007;
5(s2):P-T-321.

18 Wellborn-Kim JJ, Mitchell GA, Terneus WF, et al. Fonda-
parinux therapy in a hemodialysis patient with heparin-
induced thrombocytopenia type II. Am J Health Syst
Pharm. 2010; 67:1075–1079.

Case Reports

Hemodialysis International 2013; 17:441–462 449




