
Use and Safety of Unfractionated Heparin for Anticoagulation
During Maintenance Hemodialysis

Jenny I. Shen, MD, MS and Wolfgang C. Winkelmayer, MD, ScD
Division of Nephrology, Stanford University School of Medicine, Palo Alto, CA.

Abstract

Anticoagulation is essential to hemodialysis, and unfractionated heparin (UFH) is the most

commonly used anticoagulant in the United States. However, there is no universally accepted

standard for its administration in long-term hemodialysis. Dosage schedules vary and include

weight-based protocols and low-dose protocols for those at high risk of bleeding, as well as

regional anticoagulation with heparin and heparin-coated dialyzers. Adjustments are based largely

on clinical signs of under- and overanticoagulation. Risks of UFH use include bleeding, heparin-

induced thrombocytopenia, hypertriglyceridemia, anaphylaxis, and possibly bone mineral disease,

hyperkalemia, and catheter-associated sepsis. Alternative anticoagulants include low-molecular-

weight heparin, direct thrombin inhibitors, heparinoids, and citrate. Anticoagulant-free

hemodialysis and peritoneal dialysis also are potential substitutes. However, some of these

alternative treatments are not as available as or are more costly than UFH, are dependent on

country and health care system, and present dosing challenges. When properly monitored, UFH is

a relatively safe and economical choice for anticoagulation in long-term hemodialysis for most

patients.
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CASE PRESENTATION

A 50-year-old man with a history of diabetes mellitus and end-stage renal disease (ESRD)

became hypotensive 15 minutes into his dialysis session. He had been receiving

maintenance hemodialysis through a left arteriovenous fistula 3 times a week for the past 5

years without complication. Per the dialysis unit protocol, the nurses had been administering

a bolus of 2,000 IU of heparin at the start of every session, followed by a maintenance

infusion of 1,000 IU/h. He does not have a history of a bleeding disorder, but takes 81 mg of

aspirin daily. His blood pressure was 142/84 mm Hg at the start of the session, but decreased

acutely to 74/54 mm Hg in the first 15 minutes of the session. He denied shortness of breath,
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chest pain, and subjective fevers or chills, but noted some mild abdominal discomfort and

lightheadedness. On physical examination, his temperature was 97°F, pulse was 90 beats/

min, blood pressure was 74/54 mm Hg, and respiratory rate was 18 breaths/min. Cardiac and

respiratory examination findings were unremarkable, but his abdomen was diffusely tender

to palpation. The patient’s blood pressure improved to 85/62 mm Hg after a 250-mL bolus

of saline solution. However, his abdominal pain worsened, so the hemodialysis treatment

was discontinued and he was sent to the emergency department for further evaluation.

Laboratory measurements obtained in the emergency department were significant for a

white blood cell count of 18,000 cells/μL, platelet count of 400,000/μL, and hemoglobin

level of 9 g/dL.Aweek earlier, his hemoglobin level had been 11 g/dL. An electrocardiogram

was normal, and troponin levels were negative. However, a computed tomographic scan of

the abdomen showed a perforated colon secondary to ischemic bowel with substantial

gastrointestinal (GI) bleeding, for which he underwent an emergent hemicolectomy. His

hospital course was complicated by continued bleeding; by the time of discharge 10 days

later, he had been transfused a total of 8 units of packed red blood cells and his hemoglobin

level had stabilized at 9.5 g/dL. His platelet levels never decreased, and an enzyme-linked

immunosorbent assay was negative for heparin-induced antibodies.

The patient underwent anticoagulant-free hemodialysis acutely. After discharge, he was

instructed to avoid taking aspirin. Given the recent hospitalization for a major bleeding

event, his primary nephrologist was asked to review the patient’s anticoagulation for long-

term hemodialysis.

INTRODUCTION

Hemodialysis is a life-saving procedure currently used by more than 1.4 million patients

with ESRD worldwide.1 Although hemodialysis first developed in the 1920s, early use was

complicated by clotting of the dialysis circuit.2 It was not until the 1940s, with the

introduction of heparin to anticoagulate the circuit, that hemodialysis became feasible for a

large population.3 Since then, unfractionated heparin (UFH) has continued to be the most

commonly used anticoagulant in the United States due to its availability, affordability, and

short half-life.4,5

UFH has several potential risks, primarily bleeding. Hemodialysis patients already have an

increased tendency to bleed due to the build up of uremic toxins that cause platelet

dysfunction.6-10 Paradoxically, they also have an increased risk of clotting, stemming from

endothelial damage and perturbations in the metabolism, expression, and activity of certain

procoagulant factors.11 In a prospective cohort study of patients with atrial fibrillation, those

with estimated glomerular filtration rate <30 mL/min/1.73 m2 had a 39% greater risk of

thromboembolism compared with those with estimated glomerular filtration rate ≥60

mL/min/1.73 m2.12 Clinicians may prescribe anticoagulants to prevent such thromboembolic

events, but the medications often exacerbate the bleeding risk. Holden et al10 estimated the

incidence rate of major bleeding events in hemodialysis patients to be 3.1-6.3 events/100

person-years, depending on the use of warfarin and aspirin. Phelan et al13 calculated an even

higher incidence rate of 10.8 major bleeding events per 100 person-years in hemodialysis
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patients receiving warfarin, which was significantly higher than the rate of 2.1 in non–

dialysis-dependent warfarin users. Three large studies of dialysis patients with atrial

fibrillation have found a more than doubling of hemorrhagic stroke in users of warfarin,

whereas the association with ischemic stroke was inconsistent.9,14,15 With increasing

interest in prolonged dialysis regimens such as daily and nocturnal dialysis, the relative

minority of patients receiving these are being exposed to more heparin, which may further

increase bleeding events and other complications.

Despite the potential risks, little is known about the safety of using UFH for hemodialysis.

Furthermore, although guidelines exist for heparin use in other clinical conditions such as

pulmonary embolism, there is no American standard for heparin dosage in long-term

intermittent hemodialysis.16 This article reviews the use and safety of UFH as

anticoagulation for long-term intermittent hemodialysis and briefly discusses its alternatives.

PHARMACOLOGY

UFH is a sulfate polysaccharide that includes a component that binds and activates

antithrombin, inhibiting thrombin and factor Xa and thus stopping the coagulation cascade

and promoting anticoagulation (Fig 1).17 UFH activity can be monitored by measuring the

activated partial thromboplastin time (aPTT), or the time it takes for a clot to form when

treated with an activator and calcium. The half-life of UFH is about 1 hour in patients with

kidney failure (vs 30 minutes in patients with normal kidney function), but other facets of

hemodialysis, including dialyzer type and dose of erythropoietin, also can affect its

activity.4,18-23

PREPARATION

Although most UFH currently is produced from porcine mucosa, heparin derived from

bovine tissue is still available. Interestingly, the source of the drug can influence its

effects.24 Bovine heparin causes the same amount of bleeding, but has half the anticoagulant

effect of porcine heparin. However, they are sold as equivalent drugs. One study attributed a

spike in bleeding complications in Brazil to an increase in the use of bovine versus porcine

heparin.24 In the United States, the Food and Drug Administration (FDA) restricts the

source of heparin to porcine material out of concern that bovine sources may be

contaminated with mad-cow disease.25 However, porcine heparin may carry a greater risk of

anaphylaxis (see “Complications”).

Manufacturing standards of all types of heparin came under greater scrutiny in 2008 when a

string of adverse reactions in dialysis facilities, including 80 deaths, was linked to

contamination of heparin by oversulfated chondroitin sulfate, which was used to lower the

cost of production.26,27 Patients reported hypotension, nausea, and shortness of breath

within 30 minutes of receiving heparin. The source of the contamination was traced to a

single distributor, and multiple batches of heparin were recalled. Since then, the FDA has

identified 22 Chinese factories that supplied contaminated heparin and prevented them from

importing further products to the United States. Additionally, the FDA now recommends

that distributors test every batch of heparin for oversulfated chondroitin sulfate.25
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DOSING SCHEDULES

Currently, there is no American standard for heparin dosage in long-term intermittent

hemodialysis.16 Instead, dialysis units use a variety of empirically based protocols (Table 1).

In general, patients receive a bolus of 2,000-4,000 IU at the start of the dialysis treatment.28

A continuous or hourly intermittent infusion often follows, which provides more consistent

levels of anticoagulation (and presumably less risk of bleeding) than a single second

bolus.4,30 The hourly rate can range from 500-2,000 IU/h or more, depending on the dose of

the initial bolus, and some centers avoid all heparin in the final hour of dialysis to decrease

the likelihood of bleeding at the needle sites.4,31 Many dialysis units use weight-based

dosing protocols, but interpatient variability in heparin elimination makes these protocols

only marginally better at achieving consistent levels of anticoagulation than fixed doses,

except at the extremes of weight.31-34

Given the variability in heparin activity, some sources advocate dosing heparin to reach a

goal aPTT of 1.5 times the predialysis aPTT instead of relying on fixed or weight-based

doses.16,31-34 This approach has been shown to improve dialysis adequacy and increase the

number of reuses of a single dialyzer. However, this method involves complicated equations

and the need for repeated laboratory tests, which leads to high costs, increased technician

time to collect and process the samples, and potential exacerbation of anemia through

repeated blood draws.30,32,33,35-37

Instead of formal laboratory measurements, most American dialysis units monitor their

patients clinically for signs of under- and overanticoagulation. Visual clots in the circuit and

increased postpump arterial pressure are signs of insufficient anticoagulation, whereas

extended time needed to achieve hemostasis at the end of the dialysis treatment is the

primary sign of overanticoagulation.16 However, dialysis-specific factors, such as low blood

flow, high hematocrit, high ultrafiltration rate, vascular access stenosis, and poor needle

placement, can contribute to both clotting and bleeding. Thus, clinical assessment is useful

for identifying coagulation problems during dialysis, but it cannot reliably predict the risk of

bleeding after dialysis.

In contrast to the United States, Europe has published guidelines for heparin administration

in long-term hemodialysis, as outlined in the European Best Practices Guidelines: UFH at 50

IU/kg as an initial bolus, then 800-1,500 IU per hour of dialysis.38 However, it is unclear

whether implementation of this protocol has decreased the complication rate of heparin use

in Europe.

In general, in light of the high risk of possibly devastating bleeding complications in patients

undergoing hemodialysis, we believe that a responsible clinical approach is to use the

smallest dose necessary to complete the hemodialysis session without clotting of the circuit.

This may require an ongoing titration process. For patients with a standard dialysis session

of about 4 hours, we recommend an initial bolus of 25 IU/kg followed by a continuous

infusion of 1,000 IU/h, to be stopped 30-60 minutes before the end of the session (Table 1).

If the patient routinely requires more than 15 minutes to clot at the needle puncture sites

despite proper needle insertion technique, the maintenance UFH infusion dose should be
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decreased by 500 IU/h and eventually may be eliminated if the prolonged bleeding after

removal of the needle does not improve with reduced maintenance UFH dose. (Of course,

other reasons for prolonged bleeding such as outflow stenosis should be ruled out.)

Conversely, if the extracorporeal circuit clots during the run and the practitioner has ruled

out vascular access and dialyzer equipment as the causes, the rate of UFH infusion should be

increased by 500 IU/h.

REGIONAL ANTICOAGULATION WITH HEPARIN, HEPARIN-COATED

DIALYZERS, AND LOW-DOSE HEPARIN

Hemodialysis patients with an even higher risk of bleeding, such as postoperative patients or

those with a recent history of a bleeding event, should receive reduced doses of heparin.

Regional anticoagulation with heparin, special dialyzers, and low-dose heparin protocols

have been used in these situations.

In regional anticoagulation with heparin, heparin is added before the blood enters the

dialysis circuit, but is reversed by protamine, which is infused prior to the blood returning to

the patient.39 This theoretically prevents exposure of the patient to active heparin. However,

the practice has fallen out of favor due to the complexity of the protamine infusion and the

rebound anticoagulation resulting from latent detachment of the protamine from heparin in

the patient’s body.40,41

Manufacturers also have developed special membranes, such as the AN69 ST membrane,

that are coated with a substance that binds heparin.42 Technicians must rinse the system with

heparinized saline before dialysis, but either no or only a low level of heparin is needed

during dialysis.18,42-44 Given this complexity, the increased cost of the special membranes,

the fact that patients are still exposed to a small amount of heparin, and clotting rates that

can be as high as 39%, these dialyzers generally have not been as popular as use of the

simpler low-dose heparin protocols.

The most practical approach is a low-dose heparin protocol, which is easier to use and more

effective than regional anticoagulation with heparin and coated membranes.45 However,

similar to regular heparin dosing, there is no standard scale.16,46 Generally, patients receive

about half the full dose of heparin as a bolus of 10-25 IU/kg, followed by a maintenance

infusion of 10 IU/kg/h (Table 1).16,28,29 Our recommendation is to use the same protocol we

suggested previously for all patients (a loading dose of 25 IU/kg, followed by a maintenance

infusion of 1,000 IU/h to be stopped 30-60 minutes before the end of the session) because it

already delivers a low dose of heparin when appropriately titrated, obviating the need for an

explicit low-dose regimen.

COMPLICATIONS OF UFH USE

The benefits of UFH—low cost, availability, short half-life, and reversibility—must be

weighed against its risks. There are several known complications of UFH use with varying

degrees of impact on the hemodialysis population (Box 1).
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Bleeding

Because heparin is an anticoagulant, its chief complication is bleeding. Although there are

many cases of bleeding in patients receiving heparin with long-term hemodialysis, few

large-scale studies have proved that heparin increases bleeding risk in this population.

GI Bleeding—Although one of the most common major bleeding events in hemodialysis

patients is GI bleeding, no well-conducted study has shown that heparin increases the risk of

GI bleeding.

Wasse et al47 studied a cohort of dialysis patients from the US Renal Data System Morbidity

and Mortality Studies to identify risk factors for first hospitalization for upper-GI bleeding.

Although heparin use was not analyzed separately, the use of any antiplatelet or

anticoagulant medication at baseline was not associated with increased risk of upper-GI

bleeding. The study is limited by the possibility of confounding by indication; patients prone

to bleeding may have been less likely to be prescribed antiplatelet or anticoagulant

medications. Still, the null finding was striking given the size of the cohort.

Chacati and Godon48 conducted an autopsy study of 94 patients with ESRD (75 had been

receiving hemodialysis) and 258 controls without ESRD. They assumed that every

hemodialysis patient received heparin with dialysis. The prevalence of upper-GI bleeding

was lower in patients who had survived hemodialysis for more than a month compared with

those who had died before or during the first month of hemodialysis (31% vs 58% and 57%,

respectively) and was virtually the same as the control group (35%). This suggests that after

the first month, hemodialysis may reverse some of the metabolic derangements that

predispose patients with ESRD to GI bleeding and may indicate that heparin does not

necessarily confer an increased risk of bleeding in this population.

Winkelmayer et al15 found no difference in GI bleeding rates between dialysis patients with

new atrial fibrillation who received warfarin compared with similar patients who did not

receive this drug.

Recently, Yang et al49 reported that the trend in acute nonvariceal upper-GI bleeding in

dialysis patients did not decrease from 1998 to 2007 despite a contemporary decrease in GI

bleeding in the nondialysis population. They speculate that increased use of antiplatelet or

anticoagulant medications over time, in part driven by the increased use of hemodialysis

versus peritoneal dialysis, may have attributed to this effect. However, they did not have

medication information in their data set to test this hypothesis. Also, other characteristics of

the dialysis population that have changed over time may be driving the trend, including

older age and greater prevalence of comorbid conditions.

Cerebral Hemorrhage—Cerebral hemorrhage is a life-threatening complication highly

associated with kidney failure. Some speculate that it was the cause of death of musician

Wolfgang Amadeus Mozart, who many believe had kidney failure.50 The relative risk of

cerebral hemorrhage in incident dialysis patients compared with the general population is

5.4.51 However, the few data available suggest that heparin does not contribute to this risk.
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A recent study found the incidence of cerebral hemorrhage in Japanese long-term

hemodialysis patients to be 8.7 events/1,000 patient years.52 However, there was no

difference in the dose of heparin given to those who had the event and those who did not or

between those who died of their hemorrhage and those who survived. Furthermore, 85% of

the patients had their event more than 6 hours after the end of their hemodialysis session.

The half-life of heparin is about 1 hour, making heparin an unlikely contributor to cerebral

hemorrhage in this group. Moreover, there was no difference in the size of hematomas based

on the time of the cerebral hemorrhage from the last hemodialysis session, again suggesting

that heparin did not have a role in its exacerbation.

A similar cohort study of Japanese long-term dialysis patients found that cerebral

hemorrhage occurred on average 35.5 hours after the last hemodialysis session, implying

that heparin has a minimal, if any, role in the cause.53

Other Bleeding Events—Data for the incidence of retroperitoneal hemorrhage in

hemodialysis patients are limited to case series from the 1970s.54-56 All reported patients

were receiving heparin with hemodialysis at the time of their event. Milutinovich et al57

performed the most detailed study, a case series of 6 hemodialysis patients, 4 of whom were

also on warfarin therapy. The average serum urea nitrogen level was <80 mg/dL; therefore,

uremia likely had a limited role in the bleeding. Also, all the events happened during

dialysis, during exposure to heparin. Still, the cases are too few to provide a convincing

causal relationship between heparin and the bleeding.

Hemodialysis patients are at risk of ophthalmologic bleeding given their high rate of

diabetes and hypertension. A series of 66 hemodialysis patients with proliferative diabetic

retinopathy who received heparin with dialysis had no increased bleeding complications

with vitrectomy compared with reported rates in similar studies in patients with diabetes not

on dialysis therapy.58 Another study cited a patient with a spontaneous hyphema who had

recently received 10,000 IU of heparin with dialysis, but a subsequent 66 hemodialysis

patients who received the same dose or more heparin did not have such a complication.59

Again, the data are limited, but heparin does not appear to increase ophthalmologic

bleeding.

Various other bleeding events have been speculated to be related to heparin given during

hemodialysis. Galen et al60 reported a case of a pleural effusion converting to a hemorrhagic

effusion after starting hemodialysis with heparin. In a case series of 12 patients with ESRD

with hemopericardium from the 1960s, 3 worsened in the immediate postdialysis period; this

may be the root of the warning against the use of heparin in patients with uremic

pericarditis.61 However, no larger patterns between these types of bleeding events and

heparin have been shown since.

Heparin-Induced Thrombocytopenia

One of the most serious side effects of heparin is heparin-induced thrombocytopenia (HIT).

We provide a brief overview of the syndrome here; for a more in-depth review, we direct

readers to a previous article from Davenport62 in the American Journal of Kidney Diseases

“In Practice” series.
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Two types of HIT exist.63 In the milder form, type I HIT, heparin binds, activates, and

depletes platelets. This typically occurs within the first 4 days of starting heparin therapy

and thus is seen in incident hemodialysis patients.64 The thrombocytopenia is mild, with

average platelet levels of 100 × 109 per 1 L of blood, and typically resolves with time. No

antibodies are formed, and heparin therapy does not need to be stopped.

In the more severe potentially life-threatening form, type II HIT, heparin exposure induces

both bleeding and thromboembolic complications.62 Heparin binds to platelets, releasing

platelet factor 4 (PF4), which in turn binds heparin (Fig 2). Antibodies then can bind to the

heparin-PF4 complex, causing a cascade of more platelet aggregation that leads to severe

thrombocytopenia (platelets <50 × 109 per 1 L of blood) and subsequent bleeding

complications. The binding of these heparin-induced antibodies to endothelial cells also can

cause paradoxical thrombus formation with subsequent limb-threatening ischemia and even

fatal pulmonary emboli. Type II HIT usually occurs 5-12 days after heparin exposure, but

can happen immediately in the case of re-exposure.66 All forms of heparin, including low-

molecular-weight formulations, must be discontinued at once, and the current

recommendation is to avoid future heparin exposure.62,67 Additionally, patients should

undergo systemic anticoagulation with a nonheparin agent, such as lepirudin, argatroban, or

danaparoid, for at least 2-3 months to prevent thrombotic complications.67

The reported prevalence of HIT in long-term hemodialysis patients ranges from

0.26%-3.9%.68-70 Complications of the syndrome vary in severity and frequency in this

population. Clotting of the dialysis circuit is a common, but generally benign,

complication.69,71 In one single-center study, vascular access thrombosis occurred in 40% of

patients with HIT.72 In contrast, in a national survey of HIT in the hemodialysis population

in the United Kingdom, serious complications occurred less frequently: only 8% had a deep

vein thrombosis, 4% experienced a pulmonary embolism, and 4% experienced a

retroperitoneal hemorrhage.68 Other rare complications include case reports of skin necrosis

and pseudo-pulmonary embolism.73-76

The diagnosis of HIT must be made based on both clinical criteria and laboratory testing.

Because the differential diagnosis for thrombocytopenia is extensive in chronically ill

dialysis patients, the 4T scoring system can be used to calculate the probability that a patient

has HIT based on the severity of thrombocytopenia, timing of the decrease in platelets,

presence of thrombosis or other acute systemic symptoms, and absence of other causes of

thrombocytopenia.77 This score aids in the interpretation of laboratory results, which have

varying levels of sensitivity and specificity.78 Although immunoassays are widely available

and have sensitivities ranging from 80%-100%, their specificity can be as low as 50%.

However, the serotonin release assay, a functional test that detects platelet activation when

exposed to both heparin and the patient’s serum, is 95% sensitive and specific but not

commonly available. Even a combination of functional and immunoassays can have

specificity as low as 80% when clinical events are not taken into account. Thus, it is

important that the diagnosis be supported both clinically and by laboratory results because

the treatment, systemic anticoagulation, is not without risk.
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Recently, several studies have demonstrated that simply having heparin-induced antibodies,

even without thrombocytopenia, is still associated with a 2- to 7-fold increase in morbidity

and mortality in hemodialysis patients.72,79-83 The prevalence of heparin-induced antibodies

is as high as 17% in hemodialysis patients; therefore, this is a potentially major determinant

of outcome in this population.

Heparin is necessary for the development of heparin-induced antibodies and HIT, but there

has been no documentation of a dose-dependent response. In a Japanese study of incident

hemodialysis patients, the dose of heparin for those who developed HIT was not

significantly different from patients without HIT.69 This leaves little motivation to decrease

the dose of heparin used with hemodialysis without further research.

Hypertriglyceridemia

Heparin is known to cause hypertriglyceridemia, likely through the depletion of lipoprotein

lipase (LPL), the enzyme that breaks down triglycerides.84 LPL normally is bound to the

vascular endothelium, but a bolus of heparin will release LPL into the free circulation. This

transiently increases LPL activity, but ultimately depletes its stores, leading to a build-up of

triglycerides. Hypertriglyceridemia contributes to atherosclerosis, a leading cause of death in

hemodialysis patients, making this a potentially significant side effect of heparin. However,

to date, no study has shown that a decrease in triglyceride levels leads to lower morbidity or

mortality in this population.

No study has compared triglyceride levels of long-term hemodialysis patients receiving

heparin with those of patients receiving heparin-free treatment. However, a number of

crossover studies have compared low-molecular-weight heparin (LMWH) to UFH in long-

term hemodialysis and its effect on triglycerides because LMWH is believed to deplete LPL

less than UFH.85 Most found that triglyceride levels were decreased by as much as 34%

when patients switched to LMWH and rebounded when they reverted to UFH; 2 studies

found no difference.6,48,86-91

Anaphylaxis

Anaphylaxis is a risk of any drug, including heparin. Although a recent outbreak of allergic-

type reactions to UFH that occurred in 2008 has been traced to contamination of the heparin

with oversulfated chondroitin sulfate, there was a case of a 77-year-old woman with

anaphylaxis that predated the period of contaminated heparin.26 She experienced vomiting,

tachypnea, rales, hypoxia, and thrombocytopenia at the start of the hemodialysis treatment

with both UFH and LMWH.92 Changes in the dialysis filter did not resolve the symptoms,

but replacing heparin with hirudin as the anticoagulant did. Anaphylaxis to UFH in

nondialysis patients also has been linked to allergies to porcine products, with at least one

case resolving after replacement with bovine heparin.93,94 Hypo-tension, dyspnea,

angioedema, urticaria, tachycardia, and diaphoresis are other signs and symptoms of heparin

anaphylaxis that may be mistaken for dialyzer reactions; it is important for clinicians to

consider heparin sensitivity in the differential diagnosis of acute hemodialysis-related

complications. Close monitoring of patients during their initial hemodialysis session is

crucial to catching such life-threatening events early.
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Bone Mineral Disease

UFH is known to increase the risk of osteoporosis in pregnancy, but limited studies have

been done in the hemodialysis population.95 Binici and Gunes96 found no association

between heparin use and reduced bone mineral density in hemodialysis patients with

metabolic syndrome. Lai et al97 found that bone mineral density was lower in a cohort of 40

stable hemodialysis patients treated with heparin than in age-matched controls without either

kidney disease or heparin use, but this was confounded because bone mineral metabolism is

deranged in all patients with kidney failure. The role of heparin in bone mineral disease

remains unclear in hemodialysis patients.

Hyperkalemia

Hypoaldosteronism with resultant hyperkalemia is a known side effect of UFH.98 Heparin

decreases aldosterone by decreasing both the number and sensitivity of angiotensin II

receptors on adrenal zona glomerulosa cells. No studies have examined the difference in

potassium levels between long-term hemodialysis patients who do and do not receive

heparin, likely because hemodialysis patients commonly are hyperkalemic as a consequence

of their kidney failure. Moreover, given the low glomerular filtration rates in this population,

the renal effect of aldosterone is at best attenuated. In a crossover study of 11 long-term

hemodialysis patients, Hottelart et al92 found that predialysis potassium levels decreased

from 5.66 mEq/L to 5.15 mEq/L when patients were given LMWH instead of UFH. This

mild decrease could have been due to changes in diet, which were not monitored by the

study. Importantly, the dialysate potassium concentration can be changed to address any

hyperkalemia that may be associated with heparin, making this a less clinically significant

side effect for hemodialysis patients.

Catheter-Related Sepsis

One study has investigated the association between systemic heparin use in hemodialysis

patients with catheter-related sepsis.99 In a study published in 2005, heparin was shown to

facilitate the creation of biofilm, sheets of bacteria that adhere to the surfaces of devices like

catheters, so it potentially can increase the rate of infection.100 In that study, 559 long-term

hemodialysis patients using catheters were followed up during a 6-year period. A Cox

proportional hazards analysis found that a bolus of UFH midtreatment (but not loading bolus

or total UFH dose) was a risk factor for catheter-related sepsis. The authors hypothesize that

given the lack of association between infection and total heparin dose, the second bolus may

have increased the risk of infection through increased opportunity for contamination of the

dialysis circuit, not through promotion of biofilm formation.

ALTERNATIVES TO UFH

Given the limitations of UFH, various alternative anticoagulants have been used in long-

term hemodialysis (Table 2). Although they have advantages over UFH, most are

prohibitively expensive for wide use, although prices and availability vary by country and

health care system.
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Low-Molecular-Weight Heparin

An alternative to UFH is LMWH. A heparin unit must be at least 18 saccharide units in

length or have a molecular weight of 5,400 Da to link antithrombin and thrombin. LMWH,

which has an average molecular weight of 4,500-5,000 Da, usually is too short to bind the 2

proteins; instead, LMWH primarily acts by inhibiting factor Xa (Fig 1).17

LMWH is recommended over UFH as anticoagulation in the European Best Practice

Guidelines for Hemodialysis.38 Several qualities make it more attractive than UFH. It is

easier to dose by weight because it has less nonspecific binding than UFH.101 Its short

length also makes it more difficult to form the complex of heparin, PF4, and antibodies that

cause HIT.102 As noted, several studies have shown that patients’ lipid profiles improve

when switched from UFH to LMWH. Limited data suggest that LMWH also might have

fewer bone side effects than UFH.97 LMWH is renally cleared, leading to an increased half-

life in patients with ESRD, and protamine cannot reliably reverse its effects; thus, it may

theoretically increase bleeding risks. However, a meta-analysis of 11 trials found no

increased risk of bleeding compared with UFH when it is used for anticoagulation in long-

term hemodialysis.103,104

Various LMWH products are used in Europe, where decreasing prices have made them an

economically feasible alternative to UFH.105 They include dalteparin, enoxaparin,

nadroparin, reviparin, and tinzaparin. In common practice, doses are adjusted according to

clinical parameters, such as clotting of the extracorporeal circuit, and most are effective

when given as a single bolus dose at the start of a standard 4-hour session.38,105 Although

manufacturers recommend doses on their package insert, most of the LMWHs are effective

at preventing clotting of the circuit even at reduced doses, an important consideration for

patients who are at greater risks of bleeding.105-116 For example, Davenport105 found that a

bolus of 0.5 mg/kg of enoxaparin and 2,500 IU of tinzaparin was sufficient to prevent clots

for most patients, although these doses are about half the manufacturer’s recommended

dose.

Despite their similarities, different formulations of LMWH have varying pharmacokinetics

that affect their administration for nonstandard hemodialysis schedules.105 For example,

tinzaparin has a relatively short half-life of 5 hours; thus, most patients need a second bolus

when they dialyze for more than 3 hours. However, enoxaparin has a long half-life of up to

24 hours and thus may not be safe for use with daily dialysis unless subsequent doses are

decreased to prevent accumulation.

In contrast to Europe, the use of LMWH remains limited in the United States, where it is not

approved for use with hemodialysis and remains prohibitively expensive.5,105 The variety of

drugs in this class, each with slightly different dosing schedules, also may explain its low

rate of use. Despite its low rate of bleeding complications, the lack of a reversal agent

further discourages its use among conservative practitioners.

Direct Thrombin Inhibitors

Argatroban and hirudin are direct thrombin inhibitors that have been used successfully to

anticoagulate the dialysis circuit in patients with HIT (Fig 1). In a review of 253 long-term
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hemodialysis patients in whom argatroban was used, only 5 cases of major bleeding were

reported.117 However, argatroban should be avoided in patients with liver failure because it

is hepatically cleared. There also is no reversal agent for the drug, and it is significantly

more expensive than UFH.

Hirudin, which is available in recombinant forms as desirudin, bivalirudin, and lepirudin, is

found in leeches; it was the first anticoagulant used for hemodialysis prior to the

introduction of heparin.118 A cross-over study of 11 patients showed that hirudin was just as

effective as UFH in achieving adequate dialysis (defined by clearance of plasma urea and

creatinine) with less platelet accumulation in the filter, but this study did not track long-term

bleeding events.119 However, hirudin has a number of complications.118 Monitoring

anticoagulation by aPTTs can be inaccurate because the dose-response curve is not linear; at

higher concentrations of hirudin, the aPTT underestimates the extent of anticoagulation. It

also is highly immunogenic; up to 74% of patients develop antibodies to the drug, which can

increase the drug’s half-life. This can easily lead to overanticoagulation, especially in

dialysis patients, for whom the typical half-life is already 35 hours because the drug

primarily is renally cleared. Similar to argatroban, there is no reversal agent, and it is not as

economical as UFH.

Heparinoids

Danaparoid is a heparin derivative, but releases less PF4 than UFH or LMWH and thus has

gained use in the HIT population (Fig 1). A review of 122 patients who had a

contraindication to heparin use found 14 nonfatal bleeding events and 8 instances of dialysis

circuit clotting.120 Danaparoid currently is not available in the United States. Concern that it

has proven cross-reactivity with HIT antibodies in a small percentage of patients has slowed

its adoption of use in other countries.

Fondaparinux is a synthetic pentasaccharide that binds antithrombin. A small crossover

study of 12 patients showed that fondaparinux could sufficiently anticoagulate the dialysis

circuit, although less effectively than UFH, as measured by anti-Xa level and a visual scale

of clotting of the circuit.121 Half the patients also experienced minor bleeding problems,

perhaps because the half-life of the drug is increased in patients with kidney failure. Overall,

this relatively new drug is at best appropriate only in patients who may need constant

anticoagulation, not just with dialysis.

Regional Citrate Anticoagulation

Citrate is a compound that binds calcium, an essential component of the coagulation cascade

(Fig 1). Citrate anticoagulation involves infusing citrate into the circuit before the blood

enters the machine and then reversing its effect by adding calcium back to the circuit before

it returns to the patient; this theoretically provides regional anticoagulation. Postcircuit

calcium replacement also prevents the other complications of acute hypocalcemia, which

include tetany, seizures, papilledema, arrhythmia, hypotension, and heart failure. Although

used more commonly in continuous modes of hemodialysis, citrate anticoagulation also has

been studied in long-term intermittent hemodialysis. A prospective 2-year trial of 59 patients

found that it was safe; only 0.2% experienced adverse effects.122 There were no instances of
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hypernatremia, alkalosis, or hypocalcemia, the most common metabolic complications of the

process. However, cost remains a barrier to widespread use. Also, calcium levels must be

drawn multiple times during the dialysis session for proper titration of the calcium

replacement fluid, which also increases technician labor.

Anticoagulant-Free Dialysis

In cases in which patients have both a contraindication to heparin and an increased risk of

bleeding, saline solution is used in place of anticoagulants. Saline boluses of 100-200 mL

are injected every 15-60 minutes. Although there is no increased risk of bleeding with

saline, the rates of clotting that required a change of the dialyzer range from 3%-10% of

sessions, whereas no dialyzers needed to be changed when heparin was used.123-127 The

extra volume of saline also increases the ultrafiltration rate, which can lead to hypotension

and increased clotting. Finally, the increased technician labor and dialyzer use can double

the cost of dialysis, making it a poor choice for long-term outpatient hemodialysis.

Peritoneal Dialysis

Finally, peritoneal dialysis is a sometimes overlooked alternative to heparin-free

hemodialysis. The costs are lower, the hypotension that complicates anticoagulant-free

hemodialysis generally is avoided, and patients can avoid all heparin by using alternative

solutions for their catheter locks. Some patients receive hemodialysis because they have a

contraindication to peritoneal dialysis, but in others, it may offer a reasonable treatment

alternative.

CONCLUSION

UFH is the most common anticoagulant used for long-term hemodialysis, although the

dosage has not been standardized in the United States. Its side effects include bleeding, HIT,

hypertriglyceridemia, anaphylaxis, and possibly bone mineral disease, hyperkalemia, and

catheter-associated sepsis.

Alternatives include anticoagulation with LMWH, which is easier to dose, but prohibitively

expensive in certain countries. Patients with a history of heparin allergy or HIT can receive

direct thrombin inhibitors or heparinoids. However, the prolonged half-life and lack of

reversal agents for these anticoagulants make them poor choices for patients at high risk of

hemorrhage. Both regional citrate anticoagulation and anticoagulant-free hemodialysis are

safe alternatives for patients who must avoid systemic anticoagulation; we favor the latter

because it is simpler to set up and monitor, although it results in high rates of clotting.

Finally, peritoneal dialysis also should be considered because it is less expensive and

requires no anticoagulation, although it can be contraindicated for other social and medical

reasons.

In general, with appropriate use and monitoring, UFH is a relatively safe and low-cost

choice for anticoagulation. Still, these conclusions are drawn from relatively low levels of

evidence based on varying dosages of heparin. Large-scale studies (eg, cluster-randomized

trials) should be performed on contemporary cohorts to confirm the relative safety of
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different anticoagulation protocols to identify the therapeutic range at which risks and

benefits are optimally balanced.

CASE REVIEW

The patient’s recent life-threatening GI bleed was a relative contraindication to systemic

anticoagulation during hemodialysis. His major abdominal surgery made him a poor

candidate for peritoneal dialysis, and his dialysis unit was not familiar with regional citrate

anticoagulation. Thus, he initially resumed long-term hemodialysis anticoagulant free.

However, clotting of the dialyzer required the nurses to change the circuit at least once per

session. Because the patient had neither clinical nor laboratory characteristics suggestive of

HIT, heparin was not contraindicated. Consequently, 2 weeks after discharge, he was

switched to a single loading bolus of 2,000 IU of UFH with no maintenance infusion. He

had no further clotting of the dialysis circuit or bleeding complications on this dose.
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Box 1

Risks and Benefits of UFH for Anticoagulation During Long-term
Hemodialysis

Risks

• Bleeding

• Heparin-induced thrombocytopenia

• Hypertriglyceridemia

• Anaphylaxis

• Hyperkalemiaa

• Bone mineral diseasea

• Catheter-related sepsis

Benefits

• Decreased clotting of the dialysis circuit

• Low cost

• Widely available

• Staff familiarity with use

• Short half-life

• Reversible with protamine

Abbreviation: UFH, unfractionated heparin.

aEstablished in nondialysis populations.

Shen and Winkelmayer Page 21

Am J Kidney Dis. Author manuscript; available in PMC 2014 July 09.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1.
Coagulation cascade. The dialyzer membrane activates the coagulation cascade primarily

through the activation of leukocytes, which release tissue factor, triggering the extrinsic

pathway. Exposure of the membrane to factor XII may also play a procoagulant role.

Unfractionated heparin (UFH) binds to antithrombin, which then inhibits both factor Xa and

thrombin, halting the coagulation cascade. Low-molecular-weight heparin (LMWH)

primarily acts by inhibiting factor Xa because it generally is too short to link antithrombin

and thrombin. Direct thrombin inhibitors (DTIs), as the name implies, stop the cascade by

inhibiting thrombin. Heparinoids, similar to LMWH, inhibit factor Xa. Citrate stops

coagulation by binding calcium (Ca2+).17
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Figure 2.
Mechanism of thrombosis in heparin-induced thrombocytopenia. Several mechanisms

contribute to thrombosis in heparin-induced thrombocytopenia. Platelet factor 4–heparin–

immunoglobulin G (IgG) complexes bind to the Fcg receptor IIA on platelets, leading to

platelet aggregation, acceleration of soluble clotting reactions (such as the conversion of

factor II [prothrombin] to factor IIa [thrombin]), and activation of neighboring endothelial

cells. IgG antibodies bind to heparin–platelet factor 4 complexes on the surface of

endothelial cells, leading to additional endothelial-cell activation. Endothelial-cell activation

in turn may lead to focal changes in the expression of endothelial-derived procoagulants and

anticoagulants. Finally, platelet microparticles, which may be increased in heparin-induced

thrombocytopenia, have increased procoagulant activity. Reproduced from Aird and Mark65

with the permission of the Massachusetts Medical Society.
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Table 1

Sample Dosing Schedules for UFH for Anticoagulation During Long-term Hemodialysis

Loading Dose Maintenance Infusion Parameters for Adjustment

Standard Protocols

25 IU/kg • 1,000 IU/h

• Stop 30-60 min before end
of treatment

• If excessive bleeding or clotting occurs, adjust maintenance infusion
by 500 IU/h

2,000 IU • None • If excessive bleeding or clotting occurs, adjust loading dose by 500 IU

• If clotting persists with loading dose ≥4,500 IU, add second bolus
dose or start maintenance infusion

Low-Dose Protocols

10 IU/kg • 10 IU/kg/h

• Stop 30-60 min before end
of treatment

• If excessive bleeding occurs, eliminate loading dose

• If bleeding persists or clotting occurs, adjust maintenance infusion by
500 IU/h

25 IU/kg • None • If excessive bleeding occurs, decrease loading dose by 5 IU/kg

• If clotting occurs, add second bolus dose (50% of first bolus) or start
maintenance infusion

Note: The authors recommend the first protocol for all patients. Alternative protocols from the literature are listed; there is no evidence favoring
one protocol over another. Standard protocols are appropriate for most patients. Low-dose protocols have been suggested for patients with an

increased risk of bleeding.16,28,29

Abbreviation: UFH, unfractionated heparin.
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Table 2

Alternatives to UFH for Anticoagulation During Long-term Hemodialysis

Method Drawbacks Benefits

Low-molecular-weight heparin • Cost

• Prolonged half-life

• No reversal agent

• Easier to dose

• Less hypertriglyceridemia

Direct thrombin inhibitors • Cost

• Argatroban not safe in hepatic impairment

• Hirudin and derivatives have prolonged
half-life

• No reversal agent

• Can be used in patients with history
of HITa

Heparinoids • Cost

• Prolonged half-life

• No reversal agent

• Possibility of cross-reaction with HIT
antibodies

• Can be used in patients with history
of HITa

Regional citrate anticoagulation • Cost

• Labor (frequent monitoring of calcium
levels, complicated setup of circuit)

• Risk of hypernatremia, alkalosis, and
hypocalcemia if poorly monitored

• Can be used in patients with history
of HITa

• Low risk of bleeding

Anticoagulant-free
hemodialysis

• Cost (due to increased changing of
dialyzer)

• Labor (frequent monitoring and flushing of
the extracorporeal circuit)

• Difficulty achieving goal ultrafiltration

• Can be used in patients with history
of HITa

• Lowest risk of bleeding

Peritoneal dialysis • Not appropriate for patients who are not
independent or with poor social support

• Not appropriate for patients with medical
contraindications

• Can be used in patients with history
of HITa

• Lower cost

Abbreviations: HIT, heparin-induced thrombocytopenia; UFH, unfractionated heparin.

a
Note that these agents should be used in conjunction with a systemic nonheparin anticoagulant in the first few months after the diagnosis.
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