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Abstract | Heparin-induced thrombocytopenia (HiT) is a clinicopathologic syndrome in which one or more 
clinical events, usually thrombocytopenia or thrombosis, are temporally related to heparin administration  
and caused by HiT antibodies. rapid and accurate diagnosis is essential given the high incidence of 
thrombosis at around the time of initial disease recognition. Discontinuation of heparin and initiation  
of alternative anticoagulants reduces HiT-associated morbidity and mortality. The clinical consequences of 
HiT in hemodialysis patients remain unclear, with several studies reporting no clinical sequelae and others 
describing complications such as thrombocytopenia or clotting of the extracorporeal circuit. Frequent clotting 
of the extracorporeal circuit has also been reported in HiT-antibody-positive patients on continuous veno-
venous hemofiltration. several recent findings are of particular interest to nephrologists. An acute systemic 
reaction has been described as a presentation of HiT in hemodialysis patients shortly after administration of 
an unfractionated heparin bolus. This syndrome is important to recognize as it might mimic a dialyzer reaction. 
More recently, the presence of a positive HiT-antibody test or increasing titers of HiT antibody were associated 
with increased mortality in hemodialysis patients, raising the question of whether these antibodies have a role 
in the increased cardiovascular mortality seen in these patients. HiT-antibody production is often transient 
and small numbers of hemodialysis patients with undetectable antibody levels have been rechallenged with 
heparin without adverse clinical consequences.
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Introduction
as a result of its ease of use, short half-life, and low cost, 
heparin remains the most commonly prescribed anti-
coagulant in hospitalized patients for both prophylaxis and 
treatment of thrombotic disorders. one-third of all hospi-
talized patients in the us, approximately 12 million people, 
receive heparin annually.1 For the same reasons, heparin is 
also the anticoagulant of choice in patients on intermittent 
and continuous forms of renal replacement therapy.

in 1958, weismann and tobin published what was 
probably the first clinical description of heparin-induced 
thrombocytopenia (Hit) in their report of 10 patients 
anticoagulated with heparin who had multiple, recurrent 
arterial thrombi.2 in 1973, rhodes et al. demonstrated 
that sera from patients affected by Hit aggregated normal 
platelets in the presence of heparin and that this process 
was mediated by complement-fixing, heparin-dependent 
antibodies.3 subsequently, in 1992, amiral et al. identified 
the Hit antigen to be a complex of platelet factor 4 (PF4) 
and heparin.4

after briefly reviewing the definition and clinical 
presenta tion of Hit, its pathogenesis, diagnosis, epi-
demiology and risk, we will examine Hit from a nephro-
logical perspective. we will review manifestations of Hit 
in patients on renal replacement therapy, its recent associ-
ation with increased mortality in hemodialysis patients, 
newer aspects of its treatment in the renal patient, 
and heparin rechallenge in individuals who revert to  
antibody- negative status.
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learning objectives
Upon completion of this activity, participants should be able to: 
1 specify the clinical presentation of heparin-induced 

thrombocytopenia (HiT).
2 Describe research into the clinical consequences of HiT 

among patients receiving hemodialysis. 
3 identify general treatment principles for HiT.
4 List medications helpful in the treatment of HiT.
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Definition and clinical presentation of HIT
Hit is a clinicopathologic syndrome in which one  
or more clinical events, usually thrombocytopenia 
and/or thrombosis, are temporally related to heparin 
administra tion and caused by Hit antibodies.5–8 at 
least five differ ent types of clinical events are associated 
with Hit: thrombocytopenia; thrombosis; skin necro-
sis at heparin injection sites; venous limb gangrene; and  
an acute systemic reaction that occurs 5–30 min after an 
intravenous bolus of unfractionated heparin (uFH).

Hit typically presents 5–14 days after initiation of 
heparin therapy. seroconversion and initial decline in 
platelet count occurs 5–10 days after initiation of heparin 
with the nadir between day 7 and day 14.9 Hit might 
occur sooner in individuals with previous recent heparin 
exposure (within the past 100 days), or rarely can occur 
up to 2 weeks after heparin is dis continued in patients 
with high titers of platelet-activating igG antibodies.10 
Hit is associated with a greater than 30–50% decline 
from baseline in platelet count—often to less than 
100 × 109/l.5 the platelet count nadir in Hit is often less 
severe (median 60 × 109/l) than in cases where thrombo-
cytopenia is induced by other drugs.11 a platelet count 
below 20 × 109/l is seen in less than 10% of Hit cases 
and the degree of thrombocytopenia correlates with 
disease severity.11 thrombocytopenia usually resolves 
1–2 weeks after heparin is discontinued. Failure of 
thrombo cytopenia to resolve during this time frame 
or while the patient is being treated with an alterna-
tive anticoagulant for Hit should prompt a search for a  
different diagnosis.

although Hit causes thrombocytopenia, major 
complica tions of Hit include thrombo embolic pheno mena 
such as pulmonary embolism, deep venous throm bosis,  
myocardial infarction and limb ischemia. throm bosis can  
occur at or shortly after the time of thrombocyto penia, 
which emphasizes the need for timely diagnosis. a 
retrospec tive study of 127 patients with Hit reported 
that 65 patients had thrombosis at the time of initial 
diagnosis.12 another study reported that 34% of patients 
already had thrombosis when diagnosed with Hit and 

Key points

Heparin-induced thrombocytopenia (HiT) is a clinicopathologic syndrome  ■
with one or more clinical events, usually thrombocytopenia or thrombosis, 
temporally related to heparin administration and caused by HiT antibodies

The traditional commercial eLisA cutoff value ( ■ ≥0.4 optical density units) 
for a positive HiT-antibody test only diagnosed 50% of patients at high to 
intermediate risk of HiT correctly

An acute systemic reaction has been described as a presentation of HiT in  ■
hemodialysis patients shortly after administration of an unfractionated heparin 
bolus

The presence of a positive HiT-antibody test or increasing titers of HiT antibody  ■
is associated with increased mortality in hemodialysis patients

HiT-antibody production is often transient and small numbers of hemodialysis  ■
patients with a history of HiT and undetectable antibody levels have been 
rechallenged with heparin without adverse clinical consequences

an additional 26% developed thrombosis on the day that 
the platelet count fell to a level that met the cri teria for 
Hit diagnosis.13 mortality in indivi duals with Hit and 
thrombosis may be as high as 30%.14 venous thrombi 
are four times more common than arterial thrombi in 
patients with Hit.7

in patients with Hit, skin necrosis can appear 5–9 days 
after heparin exposure and manifests as local erythema 
and induration that progresses to frank necrosis.15 
lesions appear at or near injection sites and are initially 
small, erythematous and painful, but can progress to 
bullae. affected areas are often fat-rich regions such as 
the abdominal wall, but other areas—including distal 
extremities and the nose—might be involved.

Patients with Hit and deep venous thrombosis can 
develop distal ischemic limb necrosis without arterial 
occlusion—so-called venous limb gangrene. warkentin 
et al. found that patients with venous limb gangrene 
were more likely to have received warfarin than were 
those with arterial thrombosis.16 they also noted that 
peak inter national normalized ratio (inr) was higher in 
patients with venous limb gangrene than in those without 
(5.8 versus 3.1), which indicates that the anticoagulant 
effect of warfarin was greater in those with venous limb 
gangrene. a reduction in protein C activity induced by 
warfarin disturbs the procoagulant–anticoagulant balance 
and leads to failure of regulation of thrombin generation 
by the protein C anticoagulant pathway. this creation of a 
second procoagulant state—in addition to Hit—further 
predisposes an individual to venous limb ischemia.

an acute systemic reaction that occurs 5–30 min after 
an intravenous bolus of uFH has been described as a 
manifestation of Hit.17 nephrologists should be aware 
of such a reaction since it can masquerade as an acute 
dialyzer reaction. this reaction can manifest in two ways: 
as an acute inflammatory reaction characterized by fever 
and chills; or as a cardiorespiratory presentation with 
signs and symptoms that include hypotension, tachy-
cardia, tachypnea, flushing, headache, dyspnea, chest 
pain and cardiopulmonary arrest. Dyspnea can be so 
severe that it mimics a pulmonary embolism (“pseudo-
pulmonary embolism syndrome”)18 and is thought to 
result from release of interleukin 6 and von willebrand 
factor from endothelial injury. this syndrome was also 
described in a hemodialysis patient with Hit who 
received only a heparin catheter lock without a bolus of 
uFH.19 vascular collapse ensued and the patient died. 
thrombocytopenia in this setting is often transient and 
platelet count should be checked as soon as possible after 
symptoms appear to aid in verifying the diagnosis.

Pathogenesis
the pathogenesis of Hit has been well described in 
several reviews2,7 and will only be briefly summarized 
below. rhodes et al. first showed Hit to be an immune-
mediated process in 1973.5 Heparin binds to PF4, causing 
a conformational change that results in exposure of neo-
epitopes on PF4 that act as antigens.6 igG antibodies are 
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typically formed, although iga and igm antibodies have 
also been described.20 the role of non-igG antibodies in 
the pathogenesis of Hit is unclear, and the vast major-
ity of pathogenic anti bodies in Hit are of the igG sub-
class. the heparin–PF4 complex, once formed, binds to  
the platelet surface and neo-epitopes are recognized by the 
Fab region of the Hit antibody, resulting in formation of 
a heparin–PF4–antibody complex on the platelet surface, 
which leads to platelet activation.21 activated platelets then 
release additional PF4, which also binds to the platelet 
surface. Platelets undergo aggregation and initiate throm-
bosis. thrombotic complications might also be related 
to other immune-mediated injuries such as direct endo-
thelial damage and activation.22,23 the risk of thrombosis  
increases with the degree of thrombocytopenia.24

Diagnosis
Hit should be suspected in any patient who devel-
ops thrombocytopenia during or shortly after heparin 
therapy. recently hospitalized patients presenting with 
thromboembolism are at high risk of Hit.

Hit is a clinicopathologic diagnosis: laboratory find-
ings must be interpreted together with clinical informa-
tion. Diagnostic criteria are shown in Box 1.1 the British 
Hemostasis and thrombosis task Force recommended 
use of the “4 t’s”, as described by warkentin et al., for 
estimating pretest Hit probability (table 1).25

two studies prospectively evaluated use of the 4 t’s 
clinical scoring system for the diagnosis of Hit in con-
secutive inpatients.26,27 the renal function of patients was 
not reported in either study. the first study examined 100 
patients in Canada and 236 patients in Germany.26 in both 
centers, a low pretest clinical score for Hit was excellent 
in ruling out a diagnosis of Hit (63/64 patients in Canada 
and 55/55 patients in Germany). although patients with 
intermediate or high scores were more likely to test posi-
tive for Hit by enzyme-linked immunosorbent assay 
(elisa), a large amount of variability existed between 
the two institutions (intermediate scores predicted clini-
cally significant Hit antibodies in 28.6% of patients in 
Canada versus 7.9% in Germany; high scores predicted 
clinically significant Hit antibodies in 100% of patients 
in Canada versus 21.4% in Germany). the second study 
evaluated use of the 4 t’s for the diagnosis of Hit in 213 
patients in France.27 in individuals with low pretest 4 t’s 
score the post-test probability of Hit diagnosis was zero, 
regardless of elisa result. Patients with an intermediate 
4 t’s score had a 0.6% post-test probability of Hit if they 
had a negative elisa and a 58.2% post-test probability of 
Hit if they had a positive elisa. individuals with high 
4 t’s scores had a 16% post-test probability of Hit if their 
elisa was negative and a 98% post-test probability of 
Hit if they had a positive elisa.

the diagnosis of Hit requires laboratory confirma-
tion. Hit antibodies can be detected by both functional 
and immunologic assays. Functional tests measure 
platelet activation in the presence of patient serum and 
heparin. these tests—which include the 14C-serotonin 

release assay and the platelet aggregation assay—rely 
on the capability of Hit antibody to activate platelets. 
the 14C-serotonin release assay remains the gold stan-
dard among functional tests. it has very high sensitivity 
(88–94%) and specificity but is performed in only a small 
number of reference laboratories.28 the 14C-serotonin 
release assay can also detect antigens other than PF4 
that might, rarely, be involved in the pathogenesis of Hit 
(for example, interleukin 8 and neutrophil-activating 
peptide 2). the platelet aggregation assay is less sensitive 
(35–85%) than the 14C-serotonin release assay.4

the solid-phase elisa immunoassay is very sensi-
tive (90–98%) but has low specificity (50–93%),29 which 
results in the frequent detection of Hit antibody in the 
absence of clinical disease. Commercial elisa assays 
identify anti-PF4/heparin igG, iga and igm anti-
bodies. very few, if any, of the iga and igm antibodies  
are pathogenic. in addition, as not all igG antibodies are 
pathogenic, specificity cannot be improved by simply 
employing an assay that does not detect iga and igm 
antibodies. advantages and disadvantages of functional 
and immunologic assays are summarized in table 2.

the commercial elisa assay has the potential to sub-
stantially overdiagnose Hit. a commercial elisa assay 
is reported as positive if the optical density (o.D.) is 
≥0.4 o.D. units. to address the problem of over diagnosis, 
lo et al. employed a combination of assessment of pretest 
probability employing the 4 t’s scoring system with 
testing for Hit antibodies using several methods. they 
found that an intermediate to high pretest probability 
score combined with a commercial elisa (eia-Gti 
kit, Gti Diagnostics, waukesha, wi) optical density of 
≥1.2 o.D. units was associated with a positive gold stan-
dard 14C-serotonin release assay diagnosis of Hit in 16 
of 16 patients.30 an additional 16 patients with an inter-
mediate o.D. ≥0.4 but <1.2 that would be considered 
a positive test did not have Hit and were felt to have 
other causes of thrombocytopenia. therefore, using the 
traditional commercial elisa cutoff value (≥0.4 o.D. 
units) for a positive Hit-antibody test would have cor-
rectly diagnosed only 50% of patients with high to inter-
mediate probability. one patient would be potentially 

Box 1 | Diagnostic criteria for HiT

Thrombocytopenia occurring typically 5–10 days after  ■
the start of heparin therapy

Presence of any acute thrombotic event ■

Normal platelet count before heparin administration ■

Thrombocytopenia (a decrease in platelet count by  ■
>30% to below 100 × 109/l or a drop in platelets >50% 
from baseline)

No other cause of thrombocytopenia ■

resolution of thrombocytopenia after heparin  ■
cessation

HiT-antibody seroconversion ■

Abbreviation: HiT, heparin-induced thrombocytopenia.
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misdiagnosed for each one correctly diagnosed, and 
many patients would be exposed to the risks associated 
with unnecessary alternative methods of anticoagulation. 
individuals with a higher o.D. value (≥1.2 o.D. units) 
have an excellent correlation with diagnosis by the gold 
standard 14C-serotonin release assay.

these findings indicate that high-titer igG anti bodies 
are responsible for Hit and that clinical laboratories 
should consider reporting the actual o.D. value in addi-
tion to whether the test is positive or negative. these 
important findings await validation in other centers and 
in individuals with kidney disease.

Epidemiology and risk of HIT
although all individuals receiving heparin, regardless of 
type or dose, are at risk of Hit, not all develop the clinical 
syndrome. the incidence of Hit depends on the patient 
population, as well as type and source of heparin used. 
Patients treated with low-molecular-weight heparin 
(lmwH) have been observed to have a much lower like-
lihood of developing Hit than those treated with uFH.31 
the risk of Hit in medical patients who have received 
lmwH might be higher in those with prior heparin 
exposure.32 a meta-analysis of five studies showed that 
unfractionated bovine heparin is more likely to cause 
Hit than unfractionated porcine heparin.33

Manifestations of HIT in hemodialysis patients
the presence of Hit antibody in patients undergoing 
hemodialysis has been reported in at least 15 studies 
involving 3,818 patients from 8 countries (table 3) and 
ranges from 0% to 17.4%.34–48 all but one of these studies 

involved prevalent patients.34 the type of heparin used 
was reported in 1,668 patients. Hit antibodies were 
demon strated by elisa in 8.1% of the 1,450 patients 
exposed to uFH and in 1.8% of 218 patients dialyzed 
with lmwH. the frequency of a positive elisa was 
lower in studies that measured only igG Hit antibody 
complexes36,44 than in those that measured complexes 
containing igG, iga or igm.41,46,48 Functional assays were 
performed in 730 patients exposed to uFH and positive 
results reported in 3.7%. Functional assays were posi-
tive in some patients whose elisa assay did not detect  
Hit antibody.

the risk of Hit complications in the hemo dialysis 
popula tion remains unclear. several studies have 
reported no clinical sequelae despite positive antibody 
tests.35,36,38,39,43 other studies have reported Hit complica-
tions in patients on hemodialysis, primarily thrombo-
cytopenia, frequent clotting of the extra corporeal 
circuit,34,40,41 or an increase in the number of failed arterio-
venous fistulae.47 the majority of the studies34–48 were 
cross-sectional and two of them had follow-up periods 
of only 3 months38 and 6 months.36 their cross-sectional 
nature and the short duration of follow-up might have 
resulted in failure to detect Hit-related clinical events. 
two studies warrant additional discussion.

in the only study that examined incident hemo dialysis 
patients, Yamamoto et al. reported that clotting of the 
extracorporeal circuit was a manifestation of Hit. they 
examined 154 patients with end-stage renal disease 
(n = 104) or acute kidney injury (n = 50) newly treated 
with hemodialysis between 1993 and 1995.34 the fol-
lowing criteria were used for clinical suspicion of Hit: 

Table 1 | estimating pretest probability of HiT: the “4 T’s”*

Category 2 points 1 point 0 point

Thrombocytopenia >50% fall in platelet count, or nadir 
of 20–100 × 109/l 

30–50% fall in platelet count,  
or nadir of 10–19 × 109/l 

30% fall in platelet count  
or nadir <10 × 109/l 

Timing of platelet 
count fall

Day 5–10, or ≤day 1 with recent 
heparin exposure‡ 

>Day 10 or unclear timing (but fits 
with HiT)

≤Day 1 (no recent heparin)

Thrombosis or other 
sequelae

Proven thrombosis, skin necrosis,  
or acute systemic reaction after 
intravenous heparin bolus

Progressive, recurrent, or silent 
thrombosis; erythematous skin 
lesions

None

OTher cause for 
thrombocytopenia

None evident Possible Definite

*Points assigned in each of four categories are totaled, and pretest probability of HiT by total points is as follows: 6–8 = high; 4–5 = moderate; 0–3 = low. ‡within 
past 30 days (2 points); 30–100 days previously (1 point). Abbreviation: HiT, heparin-induced thrombocytopenia.

Table 2 | Advantages and disadvantages of diagnostic tests for HiT 

Functional tests Immunologic assays

Pros Highly sensitive and specific
Detect pathogenic antibodies
Can detect other antigens besides PF4
14C-serotonin release assay is gold standard test

Highly sensitive
Less operator dependent than functional tests
readily available

Cons 14C-serotonin release assay requires radioisotopes
Performed in only a few reference laboratories
Operator dependent

Low specificity
Detect nonpathogenic igA and igM antibodies
Many igG antibodies detected are nonpathogenic

Abbreviations: HiT, heparin-induced thrombocytopenia; ig, immunoglobulin; PF4, platelet factor 4.
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occlusion of the extracorporeal circuit; increased circuit 
pressures; formation of clot in drip chambers; clotted 
dialyzer fibers; and acute thrombocytopenia with more 
than a 20% decrease in platelet count. of 154 patients, six 
were noted to have clot formation in the extra corporeal 
circuit. Five of the six patients had a positive elisa for 
Hit antibody and four of six had positive functional 
assays (heparin- induced platelet aggregation). all six 
patients had a decline in platelet count and were diag-
nosed with Hit. Heparin was stopped in these patients 
and argatro ban was used as an alternative anti coagulant. 
all patients safely continued on hemodialysis. the 
authors state that clot formation in the dialyzer or extra-
corporeal circuit is the first sign of Hit in hemodialysis 
patients. this study is the only one that has found an 
association between a positive test for Hit antibody and 
extracorporeal circuit clotting. two other studies noted 
an association between Hit-antibody titer and extra-
corporeal circuit clotting.40,41 the number of patients 
with a positive Hit-antibody test in each of those studies 
was small (7/13540 and 2/7141) and it remains unclear 
as to whether clotting of the extracorporeal circuit is a 
manifestation of Hit.

one series from Japan suggested a possible relation-
ship between dialysis vintage and Hit-antibody posi-
tivity. the authors examined 305 prevalent hemo dialysis 
patients for Hit-antibody presence by elisa.40 of  
seven patients who tested positive for Hit antibody, 
three had been on hemodialysis for less than 1 year; none 
of 62 patients on hemodialysis for more than 10 years 
was Hit-antibody positive.

unexpected filter clotting during continuous veno-
venous hemofiltration (CvvH) has been described as a 
complication of Hit.49 unexpected clotting was defined 
as repeated clotting (≥2 episodes) within a 24–48 h 
period with no obvious cause. During a 2-year period, 
87 patients were examined and 28 of these patients met 
criteria for frequent clotting. eight patients tested posi-
tive for Hit antibodies and 21 patients showed nega-
tive test results. no differences in platelet counts were 
found between groups. CvvH duration was significantly 
shorter (5 versus 12 h) and urea reduction ratio signifi-
cantly lower (17% versus 44%) in antibody-positive 
patients compared with antibody-negative patients.

in summary, whether extracorporeal circuit clotting is 
a manifestation of Hit remains unclear. it is likely that 

Table 3 | studies of HiT-antibody positivity in hemodialysis patients

Countryreference n heparin Follow-up patient 
population

number of patients with hIT 
antibodies by elISA 

number of patients 
with hIT antibodies 
by functional tests

Japan34 154 Porcine UFH incident patients incident AKi/
CHD patients

5 by eLisA (3.2%) 4 by HiPA (1 of whom 
was eLisA negative) 

Germany35 165 NA Cs study; not stated CHD NP 7 by HiPA

Germany36 70 UFH 6 months CHD 2 (2.8%) igG only NP

Us37 45 Porcine UFH Cs study; not stated CHD 0 (0%) igG, igA or igM NP

Netherlands38 261 128 UFH
133 LMwH

3 months CHD 3 igG, 1 igM (3.1%) in UFH group
1 igG (0.7%) in LMwH group 

NP

UsA39 81 NA Cs study; not stated CHD 1 (1.2%) NP

Japan40 305 220 UFH
85 LMwH

2 years CHD 4 (1.8%) in UFH group
3 (3.5%) in LMwH group 

NP

sweden41 100 UFH 6–8 months CHD 6 (6%) 17 by HiPA

Canada42 419 UFH 2.5 years CHD 54 (12.9%); only 9 igG 5 by srA

italy43 50 Porcine UFH Cs study; not stated CHD 6 (12%): 3 igG, 3 igM NP

Us44 57 Porcine UFH 2.2 years CHD 2 (3.5%) igG only 1 by HiPA (but eLisA 
was equivocal)

Us45 1,203 NA Not clear CHD NP 45 by HiPA

Chile46 207 UFH Not clear CHD 36: 20 igM; 11 igG; 5 igA Functional studies 
only performed in 
subset of patients 
with positive eLisA

Japan47 105 NA Not clear CHD 2 NP

Us48 596 NA 3.6 years CHD 63 (10.6%) igG, igA or igM NP

Totals 3,818 1,450 patients 
exposed to UFH;  
218 patients 
exposed to LMWH

– – 117/1,450 patients (8.1%) exposed 
to UFH and 4/218 patients (1.8%) 
exposed to LMWH were positive for 
HIT antibodies by ELISA 

27/730 patients 
(3.7%) exposed to 
UFH had a positive 
HIT functional assay

Abbreviations: AKi, acute kidney injury; CHD, chronic hemodialysis; Cs, cross-sectional; eLisA, enzyme-linked immunosorbent assay; HiPA, heparin-induced platelet aggregation; HiT, heparin-
induced thrombocytopenia; igG, immunoglobulin G; igM, immunoglobulin M; igA, immunoglobulin A; LMwH, low-molecular-weight heparin; NA, not applicable; NP, not performed; srA, 
14C-serotonin release assay; UFH, unfractionated heparin.

nrneph_125_SEP09.indd   505 6/8/09   11:16:08

© 2009 Macmillan Publishers Limited. All rights reserved



506 | SEPTEMBER 2009 | voluME 5 www.nature.com/nrneph

reviews

many patients diagnosed with Hit by nonspecific assays 
such as elisa did not have true Hit, which confounds 
interpretation of the majority of the studies. Future 
studies will hopefully help resolve this issue with more 
accurate diagnosis.

Mortality
Four studies have examined the association between 
mortality and Hit-antibody test results in hemodialysis 
patients.42,44,45,48 de la vega et al.44 showed a relationship 
between mortality and high Hit-antibody titer and two 
other studies reported increased mortality associated with 
a positive Hit-antibody test.42,45 By contrast, a study of a 
large cohort of 596 hemodialysis patients found no associ-
ation between Hit-antibody-positive status and mortal-
ity.48 an examination of these studies in more detail 
suggests a possible explanation for this discrepancy.

de la vega et al. reported that the all-cause mortal-
ity rate was significantly higher among patients in the 
highest tertile of PF4-heparin antibody levels than 
in those in the two lower tertiles after adjusting for 
Framingham risk score (hazard ratio 2.47; 95% Ci 
1.07–5.72).44 of 54 patients on chronic hemodialysis 
who received porcine heparin and were analyzed for 
Hit antibody, only three had positive laboratory tests 
by elisa or heparin-induced platelet aggregation. mean 
follow-up was 1.7 years. eight of 13 cardiovascular deaths 
were in the highest tertile (hazard ratio versus lower ter-
tiles 4.14; 95% Ci 1.32–13). surprisingly, patients in the 
highest tertile for PF4-antibody titer had a lower rate of 
vascular access thrombosis than those in the two lower 
tertiles (hazard ratio 0.13; 95% Ci 0.02–0.95).

Carrier et al.42 and mureebe et al.45 reported that a 
positive Hit-antibody test in hemodialysis patients was 
associated with increased mortality. Carrier et al. studied 
the association between PF4–heparin antibodies and 
mortality among 419 patients on chronic hemodialysis 
followed for a median of 2.5 years.42 igG-specific PF4 
antibodies were found to be an independent predictor of 
mortality (adjusted hazard ratio 2.68; 95% Ci 1.08–6.63). 
elisa-positive patients with an indeterminant serotonin 
release assay had an even higher unadjusted hazard 
ratio for death (3.61; 95% Ci 1.14–11.43). However, the 
numbers of patients in these groups were small—9 and 
4, respectively. mureebe et al. followed 1,203 chronic 
hemodialysis patients over a 5-year period.45 overall, 45 
patients tested positive for Hit antibodies by heparin-
induced platelet aggregation (3.7%), 35 of whom were 
compared with 23 control subjects. thrombotic and 
hemorrhagic complications were significantly more 
common in the Hit-antibody-positive group than in 
controls (60% versus 8.7%, respectively). in addition, 
mortality rate was significantly higher in Hit-antibody-
positive patients than in controls (28.6% versus 4.35%, 
respectively). it should be noted that both of these studies 
employed functional assays to detect Hit antibodies.

By contrast, asmis et al.48 reported that Hit-antibody 
positivity did not predict development of any of the four 

clinical outcomes examined (arterial cardio vascular 
events, venous thromboembolism, vascular access occlu-
sion or death), nor did it predict thrombocyto penia. these 
researchers collected sera from 596 chronic hemo dialysis 
patients 6 months after enrollment in the CHoiCe 
(Choices for Healthy outcomes in Caring for end-stage 
renal disease) study.48 Patients were followed for a mean of  
3.6 years. six months after enrollment in CHoiCe, 63  
of 596 (10.3%) chronic hemodialysis patients tested posi-
tive for an igG, iga, or igm Hit antibody. Hit-antibody 
positivity did not predict the develop ment of any of the 
four clinical outcomes examined.

interestingly, the two studies that showed an associ-
ation with mortality employed functional assays to detect 
Hit antibodies, whereas the study that did not detect an 
association employed a less-specific immunologic assay. 
it is likely that several patients in the study reported 
by asmis et al. with a positive elisa did not have true 
Hit. whether Hit-antibody levels below the threshold 
for elisa positivity (<0.4 o.D. units) have a role in the 
pathogenesis of the increased cardiovascular morbidity 
and mortality of hemodialysis patients is an intriguing 
hypothesis that warrants further investigation.

Treatment options
results of Hit-antibody testing might not be immediately 
available and treatment should not be delayed pending 
laboratory confirmation in patients judged to be at high 
risk of Hit on the basis of clinical findings. early treat-
ment is critical as thrombus formation occurs at a very 
high rate in the first few days after onset of thrombo-
cytopenia.6,50 in patients at high risk of Hit, all heparin 
therapy, including that used to flush or lock catheters, 
should be discontinued and alternative non-heparin anti-
coagulants should be started. Heparin-coated catheters or 
devices should also be avoided as they have been reported 
to initiate Hit.51 Clinical judgment must be used in 
patients at moderate risk of Hit, while in low-risk patients 
lmwH can be continued until laboratory confirmation 
is obtained.25 in patients with Hit, warfarin should not 
be initiated until the patient’s platelet count normalizes, 
and prophylactic platelet transfusions should be avoided. 
although heparin is not thought to be absorbed across 
the peritoneal membrane to any notable degree, Kaplan 
et al. reported a patient who developed Hit as a result 
of uFH exposure during an episode of peritonitis.52 Hit 
was confirmed serologically using a functional assay (the 
14C-serotonin release assay). in addition, a recent study 
of peritoneal dialysis patients found that the incidence of 
Hit-antibody positivity was similar in peritoneal (9.3%) 
and hemodialysis patients (10.6%).48 therefore, changing 
from hemodialysis to peritoneal dialysis in a patient with 
Hit seems unlikely to be beneficial.

sufficient evidence exists to support the use of three 
non-heparin based agents in patients with Hit: the direct 
thrombin inhibitors, lepirudin and argatroban, and 
the factor Xa inhibitor, danaparoid. at this time, suffi-
cient data do not exist to justify use of dermatan sulfate, 
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nafamostat mesilate, prostacyclin or fondaparinux.53 
regional citrate anticoagulation can be employed in 
individuals with a history of Hit. an excellent summary 
of therapeutic options for the hemodialysis patient with 
Hit is provided by Fischer.53

lepirudin
lepirudin was the first direct thrombin inhibitor in clini-
cal use. it is irreversible and binds to both free and clot-
bound thrombin. originally produced from the salivary 
glands of the medicinal leech Hirudo medicinalis, lepi-
rudin is now available in recombinant form. in indivi-
duals with normal renal function, lepirudin has a half-life 
of 1 h when administered intravenously and 2 h when 
administered via the subcutaneous route. lepirudin is 
cleared primarily by the kidney and its half-life can be as 
long as 316 h in patients on hemodialysis.54

in 2006, the British task Force on thrombosis and 
Hemostasis concluded that lepirudin at doses adjusted to 
achieve an activated partial thromboplastin time (aPtt) 
1.5–2.5 times the baseline value reduces the risk of death, 
new thrombosis or limb amputation in patients who have 
Hit, with or without thrombosis.55 more recently, it was 
recommended that to reduce bleeding risk in indivi-
duals without a severe thrombotic disorder, the loading 
dose be omitted and the aPtt target range be reduced 
to 1.5–2.0 times the baseline value.56 studies of lepirudin 
in patients with and without renal impairment have been 
reviewed extensively elsewhere.57,58 lepirudin dose must 
be reduced markedly in patients with renal disease and 
recommended doses in all patient groups have continued 
to decline over the past few years. a correlation between 
residual renal clearance and lepirudin clearance has been 
reported.54,59 this finding might be particularly relevant 
in patients with acute kidney injury, in whom glomerular 
filtration rate might be changing on a daily basis, making 
use of this agent particularly problematic.

the most recent guidelines from the american College 
of Chest Physicians for the treatment and prevention of 
Hit suggest avoiding an initial bolus dose of lepirudin in 
all patients and starting with an infusion rate adjusted for 
renal function as follows: 0.10 mg/kg per hour for those 
with serum creatinine levels <90 μmol/l, 0.05 mg/kg per 
hour for those with serum creatinine levels within the 
range 90–140 μmol/l; 0.01 mg/kg per hour for those with 
serum creatinine levels within the range 140–400 μmol/l 
and 0.005 mg/kg per hour for those with serum creatinine 
levels >400 μmol/l.58 the British task Force also stated that 
the risk of serious bleeding complications with lepi rudin 
is related to the degree of elevation of the aPtt ratio,  
lepi rudin levels and elevation of serum creatinine level.55

in their meta-analysis, Greinacher et al. found that 
lepirudin-treated patients had a lower incidence of death, 
thromboembolic complications, and limb amputations 
than historical controls.60 However, the cumulative inci-
dence of bleeding was higher in patients treated with lepi-
rudin than in historical controls (42% versus 23.6% at 
40 days). in addition, bleeding requiring transfusion was 

more common in lepirudin-treated patients (18.8% versus 
7.1% at 35 days). no intracranial bleeds or fatal bleeding 
episodes occurred in lepirudin-treated patients.

lepirudin is very immunogenic; up to 40% of patients 
develop antihirudin antibodies after 5–10 days of treat-
ment.61 these antibodies can result in reduced drug 
clearance and increased bleeding risk. Fatal anaphylactic 
reactions can occur with initial and repeat exposure to 
lepirudin (frequencies 0.015% and 0.16%, respectively).

lepirudin is easily dialyzed as it is not protein bound, 
has a molecular weight of only 6.98 kDa and a low volume 
of distribution (0.20–0.25 l/kg). Hemodialysis has been 
used successfully to remove lepirudin that was given as an 
iatrogenic overdose.62 in general, high-flux poly sulfone 
dialyzers have the highest sieving coefficients while low-
flux dialyzers show no notable lepirudin removal.63,64 
exceptions to this rule exist, however, and knowledge of 
an individual dialyzer’s sieving coefficients and clearance 
for recombinant hirudin (lepirudin) is important.

recommended doses of lepirudin for patients with 
chronic kidney disease on hemodialysis or CvvH are 
shown in table 4. lepirudin treatment is generally 
monitored using the aPtt method. it should be noted, 
however, that significant assay variability exists between 
different aPtt reagents53 and that a linear correlation is 
found only with lepirudin concentrations up to 0.5 μg/ml,  
a level that is often exceeded in patients on hemo-
dialysis.65,66 an aPtt ratio of 1.5–2.5 times baseline corre-
sponds to a lepirudin concentration of 0.6–1.4 μg/ml.  
therefore, aPtt will underestimate the action of lepi-
rudin at higher lepirudin concentrations in patients on 
hemodialysis. the ecarin clotting time or ecarin chromo-
genic assay, which are more linear at higher lepi rudin 
concentrations, are preferred over the aPtt for monitor-
ing lepirudin blood levels if available.67 they should be 
used to monitor rare patients who have both a prolonged 
aPtt from the lupus anticoagulant and Hit.68 these 
methods are not, however, widely available.

Argatroban
argatroban, another direct thrombin inhibitor, is an argi-
nine derivative that reversibly binds thrombin. argatroban 
is nonimmunogenic and no reports of anaphylactic 
reactions associated with this agent exist.69 argatroban 
is approved to treat Hit with and without thrombosis 
in the us, Canada, and several european countries and 
has been shown to reduce the risk of thrombotic events 
(versus the risk in historical controls).70 in general, no 
dose adjustment of argatroban is required in renal disease 
as the drug is primarily hepatically metabolized with a 
half-life of 39–51 min, and there is minimal renal clear-
ance (16–23%).71 systemic argatroban clearance increases 
about 20% during hemo dialysis.72 when argatroban is 
used for the prevention of extracorporeal circuit clotting 
during hemodialysis, the recommended initial dose is a 
bolus of 250 μg/kg at the start of hemodialysis, followed 
by a continuous infusion of 2 μg/kg/min until 1 h before 
the end of the session.73
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a literature search by Hursting and murray in 2008 
identified publications describing 644 patients with 
renal dysfunction who had been treated with argatroban, 
446 of whom had Hit.74 the argatroban package insert 
recom mends a starting dose of 2 μg/kg/min monitored 
with aPtt to maintain an aPtt value 1.5–3.0 times that 
at baseline. the dose should be reduced to 0.5 μg/kg/min  
if hepatic dysfunction is present. the american College 
of Chest Physicians recommends reducing the initial 
infusion rate of argatroban to 0.5–1.2 μg/kg/min in 
patients who have undergone cardiac surgery, have 
severe anasarca, congestive heart failure or multiorgan 
failure.58 link and colleagues correlated argatroban dose 
in critically ill patients with Hit on continuous renal 
replacement therapy with acute Physiology and Chronic 
Health evaluation (aPaCHe)-ii score.72 the authors 
developed a regression equation to predict the required 
argatroban infusion dose for anticoagulation: dose  
(μg/kg/min) = 2.15–0.06*aPaCHe-ii score.

the literature review by Hursting and murray 
found that in eight prospective studies, renal replace-
ment therapy was carried out without hemorrhagic 
complica tion in 109 patients treated with argatroban.74 
in two retrospec tive studies involving 47 patients with 
Hit treated with argatroban during renal replacement 
therapy, nonfatal bleeding occurred in 6%.74

once argatroban is discontinued, coagulation para-
meters return to baseline within 2–4 h. all direct 
thrombin inhibitors have the problem that no specific 
reversal agent is available. argatroban prolongs inr to a 
greater extent than lepirudin, which complicates therapy 
during the transition from argatroban to warfarin, as will  
be discussed.56

Danaparoid
Danaparoid is a low-molecular-weight heparinoid. it 
contains a mixture of heparan sulfate, chondroitin sulfate  
and dermatan sulfate. Danaparoid binds antithrombin and  
as a result inactivates factor Xa. Danaparoid therapy is 
monitored using the anti-factor Xa assay and not by the 

aPtt method. measurement of anti-factor Xa levels 
should be based on a danaparoid calibration curve 
which is often not done routinely in most laboratories. 
the advantages of danaparoid include the following: 
dual inhibition of factor Xa and thrombin; lack of inr 
prolongation; therapy can be monitored by specific anti-
factor Xa levels; and long half-life of danaparoid (25 h). 
taken together, these factors result in a decreased risk of 
warfarin-induced venous limb gangrene that can compli-
cate overlapping therapy with a direct thrombin inhibitor 
and warfarin.56 a potential problem with danaparoid is 
the possibility of crossreactivity with heparin. in addi-
tion, renal clearance of danaparoid makes up 40–50% 
of total plasma clearance and the half-life of this drug 
can be as long as 4 days in patients with end-stage renal 
disease.53 Dialysis patients treated with a bolus of dan-
aparoid might remain anticoagulated in the inter dialytic 
interval, which can be problematic in individuals who no 
longer have active disease. the manufacturer’s recom-
mended doses of danaparoid for intermittent and con-
tinuous dialysis are listed in table 4. Danaparoid is not 
removed by high-flux dialysis, but it can be removed 
by plasmapheresis; this method might be the only way 
to remove the drug in cases of accidental overdose or 
severe bleeding.75 Danaparoid was withdrawn from the 
us market in april of 2002 but is still available for use in 
europe and asia.

overlap of direct thrombin inhibitors and warfarin
Patients with documented Hit often require long-
term anticoagulation. as a result, they often need  
to be trans itioned from a direct thrombin inhibitor to 
warfarin. venous limb gangrene can occur when war-
farin is started in the setting of acute Hit. the risk of 
this complication can be minimized by starting war-
farin at relatively low doses and delaying therapy until 
the platelet count normalizes. warfarin and the direct 
thrombin inhibitor should overlap for at least 5 days after 
the inr is therapeutic.76 in patients requiring a longer 
term, non-heparin-based anticoagulant for hemodialysis 

Table 4 | Doses of alternative anticoagulants in patients on dialysis

Drug Intermittent hemodialysis (3 times weekly) Continuous dialysis

Dose Monitoring Dose Monitoring

Lepirudin 0.02–0.15 mg/kg bolus at start of dialysis Monitor to maintain 2–3× 
baseline aPTT; can also 
monitor with eCT 

initial bolus 0.01 mg/kg; 
subsequent boluses 
0.005–0.01 mg/kg

Monitor to maintain 
1.5–2× baseline aPTT; 
can also monitor with eCT 

Argatroban 250 μg/kg bolus; 2 μg/kg/min infusion until 1 h 
before end of dialysis

Monitor to maintain 
1.5–3× baseline aPTT; 
can also monitor with eCT 

0.5–2.0 μg/kg/min Monitor to maintain 
1.5–3× baseline aPTT; 
can also monitor with eCT 

Danaparoid Before first 2 hemodialysis sessions: 3,750 U 
(2,500 U*). For subsequent sessions: 3,000 U 
(2,000 U*) if predialysis anti-Xa is <0.3 U/ml; 
2,500 U (1,500 U*) if predialysis anti-Xa is 
0.3–0.35 U/ml; 2,000 U (1,500 U*) if predialysis 
anti-Xa is 0.35–0.4 U/ml; 0 if predialysis anti-Xa  
is >0.4 U/ml

Monitor anti-Xa levels to 
maintain within the range 
0.5–0.8 U/ml

initial bolus 2,500 U 
(2,000 U*); 600 U (600 U*) 
for first 4 h; 400 U (400 U*) 
for next 4 h; subsequently, 
200–600 U (150–400 U*)

Monitor anti-Xa levels to 
maintain within the range 
0.5–0.8 U/ml

*Doses in parentheses for danaparoid use are for patients weighing <55 kg. Abbreviations: aPTT, activated partial thromboplastin time; eCT; ecarin clotting time. 
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once Hit has resolved, regional citrate anticoagulation is  
an option.77,78 

Heparin rechallenge
Given the high cost of alternative anticoagulants for 
hemodialysis and the problems with reversal of direct 
thrombin inhibitors during cardiac surgery, rechallenge 
with heparin has been carried out in these clinical settings  
in a small number of patients.

In patients on hemodialysis
although anticoagulants other than heparin can be used 
to maintain extracorporeal circuit patency in patients 
on hemodialysis, their use is limited by factors such as 
high cost and the risk of anaphylactic reactions associ-
ated with current agents. Hartman et al. reported heparin 
rechallenge in three hemodialysis patients who initially 
developed Hit following treatment with lmwH.79 
these patients developed ‘pseudo-pulmonary embolus’ 
syndrome during dialysis as a manifestation of Hit. the 
patients were switched to lepirudin and thrombocyto penia 
resolved within 12 days after the switch. after 53 days, 
82 days and 193 days, Hit antibodies were no longer 
detected by either elisa or functional assays. these 
patients were rechallenged with lmwH after Hit anti-
bodies had disappeared from their serum and did well with 
follow-up periods of 1 month, 7 months and 12 months. 
in an accompanying editorial, Davenport cautioned that 
further studies are needed to determine whether rechal-
lenge with heparin is safe in patients who have a positive 
elisa but a negative functional assay and whether elisa 
assays alone can predict cases in which rechallenge can be 
safely carried out.80 matsuo et al. successfully rechallenged 
a hemodialysis patient who developed Hit with uFH.81 
the patient was switched to argatroban and became sero-
negative around 40 days after the cessation of heparin 
treatment and was successfully rechallenged with uFH, 
without recurrence of Hit, on day 210.81

In patients requiring cardiac surgery
several options can be considered in patients with a previ-
ous history of Hit who require cardiac surgery. if possible, 
the procedure should be delayed until Hit antibodies are 
no longer detectable. in a study of 10 patients who had 
previously tested positive for Hit antibodies and were 
undergoing cardiopulmonary bypass, heparin use was 
confined to the operative period.82 Heparin was avoided 
both before and after the operation. surgery was carried  
out safely and all patients made a good recovery. although 
alternative agents to heparin can be used during the 
cardiac surgical procedure itself, such agents are not 
readily reversible and experience of their use in this setting 
is limited. use of heparin rechallenge is based on the prin-
ciple that it takes a minimum of 5 days for B lympho cytes 
to produce clinically significant Hit-antibody titers. there 
does not seem to be immune memory for Hit-associated 
antigens in patients with previous episodes of Hit who 
become negative for Hit antibodies.83

at least two case reports of patients with renal disease 
and a previous history of Hit who have undergone 
cardiac surgery have been published. the first patient 
had end-stage renal disease on hemodialysis and received 
lepirudin preoperatively and heparin intraoperatively. 
surgery was complicated by massive bleeding requiring 
transfusion of 18 units of packed red blood cells and the 
patient subsequently recovered.84 in the second case, a 
44-year-old woman with chronic kidney disease, a serum 
creatinine concentration of 189 μmol/l and a history of 
Hit underwent aortic valve replacement. Heparin was 
used intraoperatively and argatroban postoperatively, 
without complications.85

the situation is much more complicated in indivi-
duals who require cardiac surgery and still have detect-
able Hit antibodies. as clinical Hit can reoccur rapidly 
with re-exposure to heparin in such patients, heparin is 
best avoided and alternative agents should be used. the 
selection of an alternative anticoagulant in this particular 
circumstance is more completely covered in an excellent 
review by Greinacher.83

Conclusions
the recent literature has reported several key findings 
with regard to Hit and the hemodialysis patient, but 
several questions remain. an acute systemic reaction 
occurring 5–30 min after an intravenous bolus of uFH 
has been described in dialysis patients and might be con-
fused with a dialyzer reaction. the risk of Hit-associated 
complications in hemodialysis patients is still not well 
defined, with several studies reporting no clinical seque-
lae while others describe thrombocytopenia or extra-
corporeal circuit clotting. extracorporeal circuit clotting, 
however, is a common problem in the dialysis patient and 
whether it is truly a presentation of Hit awaits confirm-
atory studies, especially in incident patients. three of 
four studies that examined Hit-antibody titers in hemo-
dialysis patients showed a relationship between mortality 
and either the level of Hit-antibody titer or the presence 
of a positive antibody titer. whether levels of Hit anti-
body that are below the threshold for a positive test have 
a role in the pathogenesis of the cardio vascular disease 
that is so prevalent in hemodialysis patients requires 
further study. Hit-antibody production can be transient 
and small numbers of hemodialysis patients have been 
rechallenged without adverse consequences after Hit 
antibodies were no longer detectable by immunologic 
and functional assays.

Review criteria

Material for this review was obtained by searching the 
PubMed database using the search terms “heparin”, 
“heparin-induced thrombocytopenia”, “pseudo-
pulmonary embolism syndrome”, “hemodialysis”, 
“peritoneal dialysis”, “CvvH”, “CvvHD”, “lepirudin”, and 
“argatroban” for papers published in english. No date 
restriction was placed on the search.

nrneph_125_SEP09.indd   509 6/8/09   11:16:09

© 2009 Macmillan Publishers Limited. All rights reserved



510 | SEPTEMBER 2009 | voluME 5 www.nature.com/nrneph

reviews

1. Ahmed, i., Majeed, A. & Powell, r. Heparin 
induced thrombocytopenia: diagnosis and 
management update. Postgrad. Med. J. 83,  
575–582 (2007).

2. weismann, r. e. & Tobin, r. w. Arterial 
embolism occurring during systemic heparin 
therapy. AMA Arch. Surgery 76, 219–225 (1958).

3. rhodes, G. r., Dixon, r. H. & silver, D. Heparin 
induced thrombocytopenia with thrombotic and 
hemorrhagic manifestations. Surg. Gynecol. 
Obstet. 136, 409–416 (1973).

4. Amiral, J. et al. Platelet factor 4 complexed to 
heparin is the target for antibodies generated in 
heparin-induced thrombocytopenia. Thromb. 
Haemost. 68, 95–96 (1992).

5. reilly, r. F. The pathophysiology of immune-
mediated heparin-induced thrombocytopenia. 
Semin. Dial. 16, 54–60 (2003).

6. Chuang, P., Parikh, C. & reilly, r. F. A case 
review: anticoagulation in hemodialysis patients 
with heparin-induced thrombocytopenia. Am. J. 
Nephrol. 21, 226–231 (2001).

7. Chang, J. J. & Parikh, C. r. when heparin causes 
thrombosis: significance, recognition, and 
management of heparin-induced 
thrombocytopenia in dialysis patients. Semin. 
Dial. 19, 297–304 (2006).

8. warkentin, T. e., Chong, B. H. & Greinacher, A. 
Heparin-induced thrombocytopenia: toward 
consensus. Thromb. Haemost. 79, 1–7 (1998).

9. Kelton, J. G. & warkentin, T. e. Heparin-induced 
thrombocytopenia: a historical perspective. 
Blood 112, 2607–2615 (2008).

10. warkentin, T. e. & Kelton, J. G. Delayed onset 
heparin-induced thrombocytopenia and 
thrombosis. Ann. Intern. Med. 135, 502–506 
(2001).

11. Kelton, J. G., Hursting, M. J., Heddle, N. & 
Lewis, B. e. Predictors of clinical outcome in 
patients with heparin-induced thrombocytopenia 
treated with direct thrombin inhibition. Blood 
Coagul. Fibrinolysis 19, 471–475 (2008).

12. warkentin, T. e. & Kelton, J. G. A 14-year study of 
heparin-induced thrombocytopenia. Am. J. Med. 
101, 502–507 (1996).

13. Greinacher, A. et al. Clinical features of heparin-
induced thrombocytopenia including risk factors 
for thrombosis: a retrospective analysis of 408 
patients. Thromb. Haemost. 94, 132–135 
(2005).

14. Preachel, M. & walenga, J. The laboratory 
diagnosis and clinical management of patients 
with heparin-induced thrombocytopenia:  
an update. Semin. Thromb. Hemost. 34, 86–96 
(2008).

15. O’ Toole, r. D. Heparin: adverse reaction. Ann. 
Intern. Med. 79, 759 (1973).

16. warkentin, T. e. et al. The pathogenesis of 
venous limb gangrene associated with heparin-
induced thrombocytopenia. Ann. Intern. Med. 
127, 804–812 (1997).

17. warkentin, T. e. Clinical picture of heparin-
induced thrombocytopenia. in Heparin-Induced 
Thrombocytopenia, 3rd edn (eds warkentin, T. e. 
& Greinacher, A.) 21–66 (Marcel Dekker, New 
York, 2007).

18. Hartman, v., Malbrain, M., Daelemans, r., 
Meersman, P. & Zachée, P. Pseudo-pulmonary 
embolism as a sign of acute heparin-induced 
thrombocytopenia in hemodialysis patients: 
safety of resuming heparin after disappearance 
of HiT antibodies. Nephron Clin. Pract. 104, 
c143–c148 (2006).

19. Davenport, A. sudden collapse during 
haemodialysis due to immune-mediated  

heparin-induced thrombocytopenia. Nephrol. 
Dial. Transplant. 21, 1721–1724 (2006).

20. Amiral, J. et al. Pathogenicity of igA and/or igM 
antibodies to heparin-PF4 complexes in patients 
with heparin-induced thrombocytopenia. Br. J. 
Haematol. 92, 954–959 (1996).

21. Kelton, J. G. et al. immunoglobulin G from 
patients with heparin-induced thrombocytopenia 
binds to a complex of heparin and platelet 
factor 4. Blood 83, 3232–3239 (1994).

22. Cines, D. B., Tomaski, A. & Tannenbaum, s. 
immune endothelial-cell injury in heparin-
associated thrombocytopenia. N. Engl. J. Med. 
316, 581–589 (1987).

23. Blank, M. et al. Anti-platelet factor 4/heparin 
antibodies from patients with heparin-induced 
thrombocytopenia provoke direct activation of 
microvascular endothelial cells. Int. Immunol. 
14, 121–129 (2002).

24. warkentin, T. e. & Greinacher, A. Heparin-
induced thrombocytopenia: recognition, 
treatment, and prevention. Chest 126, 
311s–337s (2004).

25. warkentin, T. e., Aird, w. C. & rand, J. H. Platelet-
endothelial interactions: sepsis, HiT and 
antiphospholipid syndrome. Hematology Am. 
Soc. Hematol. Educ. Program 1, 497–519 
(2003).

26. Lo, G. K. et al. evaluation of pretest clinical 
score (4 T’s) for the diagnosis of heparin-induced 
thrombocytopenia in two clinical settings. 
J. Thromb. Haemost. 4, 759–765 (2006).

27. Pouplard, C. et al. Prospective evaluation of the 
“4Ts” score and particle gel immunoassay 
specific to heparin/PF4 for the diagnosis of 
heparin-induced thrombocytopenia. J. Thromb. 
Haemost. 5, 1373–1379 (2007).

28. Greinacher, A. et al. Laboratory diagnosis of 
heparin-associated thrombocytopenia and 
comparison of platelet aggregation test, heparin-
induced platelet activation test, and platelet 
factor 4/heparin enzyme-linked immunosorbent 
assay. Transfusion 34, 381–385 (1994).

29. Alberio, L. Heparin-induced thrombocytopenia: 
some working hypotheses on pathogenesis, 
diagnostic strategies and treatment. Curr. Opin. 
Hematol. 15, 456–464 (2008).

30. Lo, G. K., sigouin, C. s. & warkentin, T. e. what 
is the potential for overdiagnosis of heparin-
induced thrombocytopenia? Am. J. Hematol. 82, 
1037–1043 (2007).

31. warkentin, T. e. et al. Heparin-induced 
thrombocytopenia in patients treated with low-
molecular-weight heparin or unfractionated 
heparin. N. Engl. J. Med. 332, 1330–1335 
(1995).

32. Prandoni, P., siragusa, s., Girolami, B., Fabris, F. 
& BeLZONi investigators Group. The incidence 
of heparin-induced thrombocytopenia in medical 
patients treated with low-molecular-weight 
heparin: a prospective cohort study. Blood 106, 
3049–3054 (2005).

33. Lee, D. P. & warkentin, T. e. Frequency of heparin-
induced thrombocytopenia. in Heparin-Induced 
Thrombocytopenia, 2nd edn (eds warkentin, T. e. 
& Greinacher, A.) 87–122 (Marcel Decker, New 
York, 2001).

34. Yamamoto, s. et al. Heparin-induced 
thrombocytopenia in hemodialysis patients. Am. 
J. Kidney Dis. 28, 82–85 (1996).

35. Greinacher, A., Zinn wizemann, s. & Birk, U. w. 
Heparin-induced antibodies as a risk factor for 
thromboembolism and haemorrhage in patients 
undergoing chronic haemodialysis. Lancet 348, 
764 (1996).

36. sitter, T., spannagl, M., Banas, B. & schiffl, H. 
Prevalence of heparin-induced PF4-heparin 
antibodies in hemodialysis patients. Nephron 
79, 245–246 (1998).

37. de sancho, M., Lema, M. G., Amiral, J. & rand, J. 
Frequencies of antibodies directed against 
heparin-platelet factor 4 in patients exposed to 
heparin through chronic hemodialysis. Thromb. 
Haemost. 75, 693–699 (1996).

38. Boon, D. M., van vliet, H. H., Zietse, r. & 
Kappers-Klunne, M. C. The presence of 
antibodies against a PF4-heparin complex in 
patients on haemodialysis. Thromb. Haemost. 
76, 480 (1996).

39. O’shea, s. i., sands, J. J., Nudo, s. A. & 
Ortel, T. L. Frequency of anti-heparin-platelet 
factor 4 antibodies in hemodialysis patients and 
correlation with recurrent vascular access 
thrombosis. Am. J. Hematol. 69, 72–73 (2002).

40. Matsuo, T. et al. Frequency of anti-heparin-PF4 
complex antibodies (HiT antibodies) in uremic 
patients on chronic intermittent hemodialysis. 
Pathophysiol. Haemost. Thromb. 35, 445–450 
(2006).

41. Yu, A., Jacobson, s. H., Bygdén, A. & egberg, N. 
The presence of heparin-platelet factor 4 
antibodies as a marker of hypercoagulability 
during hemodialysis. Clin. Chem. Lab. Med. 40, 
21–26 (2002).

42. Carrier, M. et al. increased mortality in 
hemodialysis patients having specific antibodies 
to the platelet factor 4-heparin complex. Kidney 
Int. 73, 213–219 (2008).

43. Luzzatto, G. et al. Platelet count, anti-heparin/
platelet factor 4 antibodies and tissue factor 
pathway inhibitor plasma antigen level in chronic 
dialysis. Thromb. Res. 89, 115–122 (1998).

44. de la vega, L. P. et al. Association of heparin-
dependent antibodies and adverse outcomes in 
hemodialysis patients: a population-based 
study. Mayo Clin. Proc. 80, 995–1000 (2005).

45. Mureebe, L. et al. Heparin-associated 
antiplatelet antibodies increase morbidity and 
mortality in hemodialysis patients. Surgery 136, 
848–853 (2004).

46. Palomo, i. et al. Prevalence of heparin-induced 
antibodies in patients with chronic renal failure 
undergoing hemodialysis. J. Clin. Lab. Anal. 19, 
189–195 (2005).

47. Nakamoto, H. et al. role of platelet 
factor 4-heparin complex antibody (HiT antibody) 
in the pathogenesis of thrombotic episodes in 
patients on hemodialysis. Hemodial. Int. 
9 (Suppl. 1), s2–s7 (2005).

48. Asmis, L. M. et al. Heparin-induced antibodies 
and cardiovascular risk in patients on dialysis. 
Thromb. Haemost. 100, 498–504 (2008).

49. Lasocki, s. et al. Anti-PF4/heparin antibodies 
associated with repeated hemofiltration-filter 
clotting: a retrospective study. Crit. Care 12, r84 
(2008). 

50. warkentin, T. e. & Kelton, J. G. A 14-year study of 
heparin-induced thrombocytopenia. Am. J. Med. 
101, 502–507 (1996).

51. Moberg, P. Q., Geary, v. M. & sheikh, F. M. 
Heparin-induced thrombocytopenia: a possible 
complication of heparin-coated pulmonary artery 
catheters. J. Cardiothorac. Anesth. 4, 226–228 
(1990).

52. Kaplan, G. G., Manns, B. & McLaughlin, K. 
Heparin induced thrombocytopaenia secondary 
to intraperitoneal heparin exposure. Nephrol. 
Dial. Transplant. 20, 2561–2562 (2005).

53. Fischer, K. G. Hemodialysis in heparin-induced 
thrombocytopenia. in Heparin-Induced 

nrneph_125_SEP09.indd   510 6/8/09   11:16:09

© 2009 Macmillan Publishers Limited. All rights reserved



nature reviews | nephrology  volume 5 | sePtemBer 2009 | 511

reviews

Thrombocytopenia, 3rd edn (eds warkentin, T. e. 
& Greinacher, A.) 463–485 (New York, Marcel 
Dekker, 2007). 

54. Nowak, G., Bucha, e., Gööck, T., Thieler, H. & 
Markwardt, F. Pharmacology of r-hirudin in renal 
impairment. Thromb. Res. 66, 707–715 (1992).

55. Keeling, D. et al. The management of heparin-
induced thrombocytopenia. Br. J. Haematol. 133, 
259–269 (2006).

56. Linkins, L. A. & warkentin, T. e. The approach to 
heparin-induced thrombocytopenia. Semin. 
Respir. Crit. Care Med. 29, 66–74 (2008).

57. O’shea, s. i., Ortel, T. L. & Kovalik, e. C. 
Alternative methods of anticoagulation for 
dialysis-dependent patients with heparin-
induced thrombocytopenia. Semin. Dial. 16, 
61–67 (2003).

58. warkentin, T. e. et al. Treatment and prevention 
of heparin-induced thrombocytopenia: American 
College of Chest Physicians evidence-Based 
Clinical Practice Guidelines (8th edition). Chest 
133 (Suppl. 6), 340s–380s (2008).

59. vanholder, r. et al. Pharmacokinetics of 
recombinant hirudin in hemodialyzed end-stage 
renal failure patients. Thromb. Haemost. 77, 
650–655 (1997).

60. Greinacher, A., eichler, P., Lubenow, N., 
Kwasny, H. & Luz, M. Heparin-induced 
thrombocytopenia with thromboembolic 
complications: meta-analysis of 2 prospective 
trials to assess the value of parenteral 
treatment with lepirudin and its therapeutic aPTT 
range. Blood 96, 846–851 (2000).

61. Badger, N. O., Butler, K. & Hallman, L. C. 
excessive anticoagulation and anaphylactic 
reaction after rechallenge with lepirudin in a 
patient with heparin-induced thrombocytopenia. 
Pharmacotherapy 24, 1800–1803 (2004). 

62. Bauersachs, r. M. et al. Treatment of hirudin 
overdosage in a patient with chronic renal 
failure. Thromb. Haemost. 81, 323–324 (1999).

63. Frank, r. D., Farber, H., stefanidis, i., 
Lanzmich, r. & Kierdorf, H. P. Hirudin elimination 
by hemofiltration: a comparative in vitro study of 
different membranes. Kidney Int. 
56 (Suppl. 72s), s41–s45 (1999).

64. Benz, K., Nauck, M. A., Böhler, J. & Fischer, K. G. 
Hemofiltration of recombinant hirudin by 
different hemodialyzer membranes:  
implications for clinical use. Clin. J. Am. Soc. 
Nephrol. 2, 470–476 (2007).

65. Lubenow, N. & Greinacher, A. Heparin-induced 
thrombocytopenia. recommendations for 

optimal use of recombinant hirudin. Biodrugs 14, 
109–125 (2000).

66. Nowak, G. & Bucha, e. Quantitative 
determination of hirudin in blood and body 
fluids. Semin. Thromb. Hemost. 22, 197–202 
(1996). 

67. Guy, s. et al. The use of ecarin chromogenic 
assay and prothrombin induced clotting time in 
the monitoring of lepirudin for treatment of 
heparin-induced thrombocytopenia. Br. J. 
Haematol. 142, 466–468 (2008).

68. Athar, U., Husain, J., Hudson, J., Lynch, J. & 
Gajra, A. Prolonged half-life of argatroban in 
patients with renal dysfunction and 
antiphospholipid antibody syndrome being 
treated for heparin-induced thrombocytopenia. 
Am. J. Hematol. 83, 245–246 (2008).

69. Di Nisio, M., Middeldorp, s. & Büller, H. r. Direct 
thrombin inhibitors. N. Engl. J. Med. 353,  
1028–1040 (2005).

70. Lewis, B. e., wallis, D. e., Hursting, M. J., 
Levine, r. L. & Leya, F. effects of argatroban 
therapy, demographic variables, and platelet 
count on thrombotic risks in heparin-induced 
thrombocytopenia. Chest 129, 1407–1416 
(2006).

71. swan, s. w. & Hursting, M. J. The 
pharmacokinetics and pharmacodynamics of 
argatroban: effects of age, gender, and hepatic 
or renal dysfunction. Pharmacotherapy 20,  
318–329 (2000).

72. Link, A. et al. Argatroban for anticoagulation in 
continuous renal replacement therapy. Crit. Care 
Med. 37, 105–110 (2009).

73. Murray, P. T. et al. A prospective comparison of 
three argatroban treatment regimens during 
hemodialysis in end-stage renal disease. Kidney 
Int. 66, 2446–2453 (2004).

74. Hursting, M. J. & Murray, P. T. Argatroban 
anticoagulation in renal dysfunction: a literature 
analysis. Nephron Clin. Pract. 109, c80–c94 
(2008).

75. schneider, s. A., Nauck, M. s., Nauck, M. A. & 
Fischer, K.-G. Only plasmapheresis allows for 
danaparoid elimination from blood [abstract]. 
Kidney Blood Press. Res. 27, a360 (2004).

76. Dager, w. e., Dougherty, J. A., Nguyen, P. H., 
Militello, M. A. & smythe, M. A. Heparin-induced 
thrombocytopenia: treatment options and 
special considerations. Pharmacotherapy 27, 
564–587 (2007).

77. Apsner, r., Buchmayer, H., Gruber, D. & 
sunder-Plassmann, G. Citrate for long-term 

hemodialysis: prospective study of 1,009 
consecutive high-flux treatments in 59 
patients. Am. J. Kidney Dis. 45, 557–564 
(2005).

78. Kozik-Jaromin, J., Nier, v., Heemann, U., 
Kreymann, B. & Böhler, J. Citrate 
pharmacokinetics and calcium levels during 
high-flux dialysis with regional citrate 
anticoagulation. Nephrol. Dial. Transplant. 24, 
2244–2251 (2009).

79. Hartman, v., Malbrain, M., Daelemans, r., 
Meersman, P. & Zachée, P. Pseudo-pulmonary 
embolism as a sign of acute heparin-induced 
thrombocytopenia in hemodialysis patients: 
safety of resuming heparin after 
disappearance of HiT antibodies. Nephron Clin. 
Pract. 104, c143–c148 (2006).

80. Davenport, A. HiT on dialysis—when is it safe 
to rechallenge? Nephron Clin. Pract. 104, 
c149–c150 (2006).

81. Matsuo, T., Kusano, H., wanaka, K., 
ishihara, M. & Oyama, A. Heparin-induced 
thrombocytopenia in a uremic patient requiring 
hemodialysis: an alternative treatment and 
reexposure to heparin. Clin. Appl. Thromb. 
Haemost. 13, 182–187 (2007).

82. Pötzsch, B., Klövekorn, w. P. & Madlener, K. 
Use of heparin during cardiopulmonary bypass 
in patients with a history of heparin-induced 
thrombocytopenia. N. Engl. J. Med. 343, 515 
(2000).

83. Greinacher, A. The use of direct thrombin 
inhibitors in cardiovascular surgery in patients 
with heparin-induced thrombocytopenia. Semin. 
Thromb. Hemost. 30, 315–327 (2004).

84. selleng, s., Lubenow, N., wollert, H. G., 
Müllejans, B. & Greinacher, A. emergency 
cardiopulmonary bypass in a bilaterally 
nephrectomized patient with a history of 
heparin-induced thrombocytopenia. Ann. 
Thorac. Surg. 71, 1041–1042 (2001).

85. Lubenow, N. et al. Heparin-induced 
thrombocytopenia and cardiopulmonary 
bypass: perioperative argatroban use. Ann. 
Thorac. Surg. 75, 577–579 (2003).

Acknowledgments
Charles P. vega, University of California, irvine, CA, is 
the author of and is solely responsible for the content 
of the learning objectives, questions and answers of 
the MedscapeCMe-accredited continuing medical 
education activity associated with this article.

nrneph_125_SEP09.indd   511 6/8/09   11:16:10

© 2009 Macmillan Publishers Limited. All rights reserved


	Heparin-induced thrombocytopenia: a renal perspective
	Abstract | Heparin-induced thrombocytopenia (HIT) is a clinicopathologic syndrome in which one or more clinical events, usually thrombocytopenia or thrombosis, are temporally related to heparin administration and caused by HIT antibodies. Rapid and accurate diagnosis is essential given the high incidence of thrombosis at around the time of initial disease recognition. Discontinuation of heparin and initiation of alternative anticoagulants reduces HIT-associated morbidity and mortality. The clinical consequences of HIT in hemodialysis patients remain unclear, with several studies reporting no clinical sequelae and others describing complications such as thrombocytopenia or clotting of the extracorporeal circuit. Frequent clotting of the extracorporeal circuit has also been reported in HIT-antibody-positive patients on continuous veno-venous hemofiltration. Several recent findings are of particular interest to nephrologists. An acute systemic reaction has been described as a presentation of HIT in hemodialysis patients shortly after administration of an unfractionated heparin bolus. This syndrome is important to recognize as it might mimic a dialyzer reaction. More recently, the presence of a positive HIT-antibody test or increasing titers of HIT antibody were associated with increased mortality in hemodialysis patients, raising the question of whether these antibodies have a role in the increased cardiovascular mortality seen in these patients. HIT-antibody production is often transient and small numbers of hemodialysis patients with undetectable antibody levels have been rechallenged with heparin without adverse clinical consequences.
	Introduction
	￼ Continuing Medical Education online
	Competing interests
	Key points
	Definition and clinical presentation of HIT
	Pathogenesis
	Diagnosis
	Box 1 | Diagnostic criteria for HIT
	Table 1 | Estimating pretest probability of HIT: the “4 T’s”*
	Table 2 | Advantages and disadvantages of diagnostic tests for HIT 
	Epidemiology and risk of HIT
	Manifestations of HIT in hemodialysis patients
	Table 3 | Studies of HIT-antibody positivity in hemodialysis patients
	Treatment options
	Table 4 | Doses of alternative anticoagulants in patients on dialysis
	Heparin rechallenge
	Conclusions
	Review criteria
	Acknowledgments



