
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction 

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages 
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal canadien de la santé et de la maladie rénale

https://doi.org/10.1177/2054358118809104

Canadian Journal of Kidney Health 
and Disease 
Volume 5: 1 –12
© The Author(s) 2018
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2054358118809104
journals.sagepub.com/home/cjk

Original Research Article

809104 CJKXXX10.1177/2054358118809104Canadian Journal of Kidney Health and DiseaseSoroka et al
research-article20182018

An Adjustable Dalteparin Sodium 
Dose Regimen for the Prevention of 
Clotting in the Extracorporeal Circuit in 
Hemodialysis: A Clinical Trial of Safety 
and Efficacy (the PARROT Study)

Steven Soroka1, Mohsen Agharazii2, Sandra Donnelly3, 
Louise Roy4, Norman Muirhead5, Serge Cournoyer6, Martin 
MacKinnon7, Neesh Pannu8, Brendan Barrett9, François 
Madore10, Karthik Tennankore1, Jo-Anne Wilson1, Fiona 
Hilton11,12, Nancy Sherman12, Kevin Wolter12, John Orazem12, 
and Guillaume Feugère13

Abstract
Background: Dalteparin sodium, a low-molecular-weight heparin, is indicated for prevention of clotting in the extracorporeal 
circuit during hemodialysis (HD). Product labeling recommends a fixed single-bolus dose of 5000 international units (IU) for 
HD sessions lasting up to 4 hours, but adjustable dosing may be beneficial in clinical practice.
Objective: The aim of the PARROT study was to investigate the safety and efficacy of an adjustable dose of dalteparin in 
patients with end-stage renal disease requiring 3 to 4 HD sessions per week.
Design: A 7-week, open-label, multicenter study with a single treatment arm, conducted between October 2013 and March 
2016.
Setting: Ten sites in Canada.
Patients: A total of 152 patients with end-stage renal disease requiring 3 to 4 HD sessions per week.
Measurements: The primary outcome was the proportion of HD sessions completed without premature termination due 
to inadequate anticoagulation.
Methods: All participants initially received a dose of 5000 IU dalteparin, which could be adjusted at subsequent HD sessions 
when clinically indicated, by increment or decrement of 500 or 1000 IU, with no specified dose limits.
Results: Patients were followed for 256 patient-months. Nearly all (99.9%; 95% confidence interval [CI]: 99.7-100) evaluable 
HD sessions were completed without premature clotting. Dose was adjusted for more than half (52.3%) of participants, 
mostly owing to clotting or access compression time >10 minutes. Median dalteparin dose was 5000 IU (range: 500-13 000 
IU). There were no major bleeds, and minor bleeding was reported in 2.3% of all HD sessions. There was no evidence of 
bioaccumulation.
Limitations: This short-term study, with a single treatment arm, was designed to optimize dalteparin dose using a flexible 
dosing schedule; it was not designed to specifically evaluate dalteparin dose minimization, provide a direct comparison of 
dalteparin versus unfractionated heparin, or provide information on long-term safety for flexible dalteparin dosing. Patients 
were excluded if they were at high risk of bleeding, including those on anticoagulants and those on antiplatelet agents other 
than aspirin <100 mg/d.
Conclusions: Overall, an adjustable dalteparin sodium dose regimen allowed safe completion of HD, with clinical benefits 
over fixed dosing.
Trial Registration: ClinicalTrials.gov NCT01879618, registered June 13, 2013.

Abrégé 
Contexte: La daltéparine sodique, une héparine de faible poids moléculaire, est indiquée pour prévenir la formation de 
caillots dans le circuit extracorporel durant l’hémodialyse (HD). Pour une séance de dialyse d’une durée maximale de 
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quatre heures, l’étiquette du produit recommande une dose fixe de 5 000 unités internationales (U.I.) administrée en bolus. 
Cependant, il est possible qu’il puisse être bénéfique d’ajuster la dose en pratique.
Objectif: Le but de l’étude PARROT était d’analyser l’innocuité et l’efficacité d’une dose ajustable de daltéparine chez des 
patients atteints d’insuffisance rénale terminale (IRT) et nécessitant trois à quatre séances d’HD par semaine.
Type d’étude: Il s’agit d’une étude ouverte et multicentrique à traitement unique d’une durée de sept semaines couvrant la 
période entre octobre 2013 et mars 2016.
Cadre: L’étude a eu lieu dans dix centres de dialyse au Canada.
Sujets: L’étude a inclus 152 patients atteints d’IRT et nécessitant trois à quatre séances d’HD par semaine.
Mesures: Le résultat principal était la proportion de séances d’HD complétées, non interrompues de manière prématurée 
en raison d’une anticoagulation inadéquate.
Méthodologie: Tous les participants ont initialement reçu 5000 U.I. de daltéparine, dose qui a pu être ajustée lors des 
séances subséquentes, lorsqu’indiqué par le contexte clinique, à raison d’augmentation ou de réduction de 500 ou 1 000 U.I., 
sans spécification quant aux doses limites.
Résultats: Les patients ont été suivis sur une période de 256 mois-patients. Pratiquement toutes les séances d’HD évaluables 
(99,9 %; IC 95 % : 99,7-100) ont été complétées sans coagulation prématurée. La dose de daltéparine a été ajustée pour 
plus de la moitié (52,3 %) des participants, essentiellement en raison de coagulation ou d’un besoin de procéder à une 
compression de l’accès vasculaire au-delà de 10 minutes. La dose médiane de daltéparine était de 5 000 U.I. (entre 500 et 13 
000 U.I.). Aucune hémorragie majeure n’a été rapportée, mais une hémorragie mineure est survenue dans 2,3 % de toutes 
les séances d’HD analysées. Aucune bioaccumulation n’a été détectée.
Limites: Cette étude de courte durée à traitement unique a été conçue pour optimiser le dosage de daltéparine à l’aide 
d’un schéma de posologie flexible. Elle ne visait pas à évaluer spécifiquement la minimisation de la dose ou à fournir des 
informations sur l’innocuité à long terme d’une posologie flexible pour la daltéparine. Également, les patients à haut risque 
d’hémorragie ont été exclus de l’étude, notamment ceux qui prenaient des anticoagulants ou des antiplaquettaires autres 
qu’une dose quotidienne de moins de 100 mg d’aspirine.
Conclusion: Dans l’ensemble, un schéma posologique flexible pour la daltéparine sodique a permis de compléter les séances 
d’HD de façon sécuritaire, en plus de fournir des avantages cliniques par rapport à une dose fixe.
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What was known before

Anticoagulation is an essential component of hemodialysis 
(HD) for patients with end-stage renal disease (ESRD), to 
prevent clotting in the dialyzer and extracorporeal circuit. 
Dalteparin sodium is a low-molecular-weight heparin 

(LMWH), which has been approved in Canada since 1994, 
for the prevention of clotting in the extracorporeal circuit dur-
ing HD. At the onset of the study, the approved dalteparin 
dose regimen was 5000 international units (IU), administered 
intravenously as a single fixed bolus at the start of HD ses-
sions lasting up to 4 hours.
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What this adds

The PARROT study investigated the safety and efficacy of an 
adjustable dose regimen for dalteparin in HD patients with 
ESRD. The results demonstrated that an adjustable dalteparin 
dose regimen was well tolerated and efficacious in HD patients 
with ESRD: Adjustable dosing allowed safe completion of HD. 
In clinical practice, an adjustable dose regimen may be benefi-
cial to optimally dose and better meet the needs of patients.

Introduction

Anticoagulation is an essential component of hemodialysis 
(HD) for patients with end-stage renal disease (ESRD), to 
prevent clotting in the dialyzer and extracorporeal circuit 
(ECC). Unfractionated heparin (UFH) has traditionally been 
used to achieve anticoagulation in HD. However, following 
early adoption in Europe in the 1980s, low-molecular-weight 
heparins (LMWHs) are increasingly being used worldwide 
because of clinical reliability, a more predictable anticoagu-
lant effect, longer half-life, ease of administration, and better 
bioavailability at a low dose.1,2 Although meta-analyses have 
indicated that LMWHs are as safe and effective as UFH for 
HD in patients with ESRD,3,4 concerns remain about risks of 
bleeding and bioaccumulation,5 despite studies demonstrat-
ing no evidence of either.6-10 Consequently, physicians are 
looking for guidance to optimally dose patients and validate 
the safety profile of LMWHs for HD.11

Dalteparin sodium, a LMWH, has been approved in 
Canada since 1994 for the prevention of clotting in the ECC 
during HD.12 The currently approved dose regimen is 5000 
international units (IU) administered intravenously as a sin-
gle fixed bolus at the start of HD sessions lasting up to 4 
hours.12 However, in clinical practice, an adjustable dose 
regimen may be beneficial to optimally dose and better meet 
the needs of patients.

The PARROT study was a Phase IIIB Open-Label Study 
to Optimize the Single Bolus Dose of Dalteparin Sodium 
for the Prevention of Clotting within the Extracorporeal 
System During Hemodialysis Procedures for Subjects with 
Chronic Renal Insufficiency. The aim was to assess the safety 
and efficacy of an adjustable dalteparin dose regimen to pre-
vent clotting in the ECC during HD sessions in patients with 
ESRD. All participants initially received a fixed dose of 
5000 IU dalteparin, which could be adjusted at subsequent 
sessions when clinically indicated, by increment or decre-
ment of 500 or 1000 IU. The primary efficacy endpoint was 
the proportion of HD sessions completed without premature 
termination due to inadequate anticoagulation.

Methods

Study Design

This was an open-label, multicenter study with a single treat-
ment arm conducted at 10 sites in Canada between October 

2013 and March 2016. The trial was conducted in accor-
dance with the Declaration of Helsinki13 and the International 
Conference on Harmonization Good Clinical Practice 
Guidelines.14 The independent ethics committee at each site 
approved the study protocol, and all participants provided 
written informed consent before any procedures were per-
formed (Supplement 1). The study was registered on 
ClinicalTrials.gov (ID no. NCT01879618). Owing to a typo-
graphical error on ClinicalTrials.gov, we documented “clot-
ting in dialyzer” as the primary outcome between June 13, 
2013, and November 2, 2016, when it was changed to “mean 
proportion of successful HD sessions.” The protocol reflected 
“mean proportion of successful HD sessions” in all versions 
throughout this period.

Study Population

Eligible participants were adults (18-85 years; >45 kg) with 
ESRD requiring 3 to 4 HD sessions (⩽4 hours each) per 
week, with no major intercurrent illness. At screening, eligi-
ble participants had received HD for ⩾30 days with only 
UFH or LMWH (⩽10 000 IU) for anticoagulation and had 
well-functioning vascular access. Participants of childbear-
ing potential were included provided they were not pregnant 
or breastfeeding and agreed to use effective contraception 
through 28 days after last dalteparin dose.

Key exclusion criteria included bleeding disorders (con-
genital, increased risk, historical, active and uncontrollable, 
gastrointestinal blood loss, acute gastroduodenal ulcer, 
hemorrhagic diathesis, cerebral hemorrhage), cancer, 
thrombophilia, thrombocytopenia, hemoglobin <9.0 g/dL, 
liver disease, or uncontrolled hypertension (systolic blood 
pressure ⩾180 mm Hg; diastolic blood pressure ⩾110 mm 
Hg). Additional exclusions included use of other anticoagu-
lants, antiplatelet therapy (except aspirin <100 mg/d), non-
steroidal anti-inflammatory drugs (except occasional use 
with proton pump inhibitors), or tissue plasminogen activa-
tor; anticipated kidney transplant; hemofiltration; predicted 
survival <1 year; positive platelet aggregation test with 
dalteparin; and other conditions for which the use of dalte-
parin is contraindicated, including diabetic or hemorrhagic 
retinopathy.

Participants were removed from the study if they experi-
enced major or clinically relevant nonmajor bleeding (Table 
1), venous thromboembolism, acute coronary syndrome, or 
acute cerebrovascular events.

Interventions. Participants received 3 to 4 HD sessions per 
week, each lasting up to 4 hours, for up to 20 sessions. All 
received 5000 IU dalteparin administered as a single bolus 
into the arterial side of the dialyzer at the beginning of the 
first HD session. The same dose was continued unless there 
was an indication for adjustment (Table 2). Dose could be 
adjusted by 500 or 1000 IU (increment/decrement), depen-
dent on the outcome of the previous HD session and any 
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intervening clinical events, at the discretion of the investiga-
tor. Maximal or minimal dose was not restricted.

Assessments and Procedures

Vital signs (blood pressure, heart rate) and weight (pre- and 
post-HD) were measured at each visit. Clotting in the ECC, 
bleeding, access thrombosis, and access compression time 
(participants with an arteriovenous fistula [AVF] or graft 
[AVG]) were assessed at each HD session. Clotting in the 
bubble traps and dialyzer was evaluated by 2 trained indi-
viduals by visual inspection, following a 4-point scale (Table 
3 and Supplement 2). All research staff received training, 
based on current standard operating procedures, at the inves-
tigator meeting and site initiation visit. Visual inspection was 
confirmed by a second observer; however, no test-retest reli-
ability was performed. Clinical laboratory tests, including 
blood biochemistries and hematology, were conducted at 
screening and end-of-study visits.

Efficacy

Primary efficacy measures. Any clotting in the bubble traps 
(arterial and venous chambers) and the dialyzer was evalu-
ated by 2 individuals by visual inspection (Table 3 and Sup-
plement 2). The outcome of each HD session was classified 
as successful or unsuccessful. A successful session was 
defined as completion of HD without premature termination 
due to clotting in the ECC. An unsuccessful session was 
defined as premature termination (⩾10 minutes before 
planned) owing to grade 3 or 4 clotting, use of saline flush 
to prevent clotting, or failure to return the participant’s 
blood. Note that the occurrence of grade 3 or 4 clotting, use 
of saline flush, or failure to return blood alone did not result 
in an HD session being classified as unsuccessful. A session 
was considered unsuccessful only if any of these occur-
rences resulted in premature termination. A HD session that 
terminated prematurely for any other reason was omitted 
from analyses but was not considered unsuccessful. The 

Table 1. Rating of Bleeding Events.

Bleeding rating Definition

Major bleeding Fatal bleeding
Clinically overt bleedinga:
Associated with a fall in hemoglobin level of ⩾20 g/L
Leading to transfusion of ⩾2 units of whole blood of PRBC
Bleeding at critical sites consisting of retroperitoneal, intracranial, intraspinal, intraocular, pericardial, or 

nontraumatic intra-articular
Clinically relevant 
nonmajor bleeding

Clinically overt bleedinga:
Associated with a fall in hemoglobin level of 10-19 g/L
Leading to transfusion of 1 unit of whole blood or PRBC
That required admission to hospital or extended hospitalization if already hospitalized
That required either a visit to a medical facility or an intervention (eg, nasal packing)

Minor bleeding Any clinically evident bleeding that did not satisfy the criteria for major bleeding or the criteria for clinically 
relevant nonmajor bleeding, and did not require medical intervention or a visit to a medical facility

Note. PRBC = packed red blood cells.
aClinically overt bleeding was defined as bleeding that was directly visible or visible on imaging (eg, ultrasound, computed tomography) or directly 
observed at surgery, gastroscopy, bronchoscopy, or any other method of visualization.

Table 2. Clinical Outcomes of the HD Session: Criteria Leading to a Dose Adjustment.

Time of clinical event

Criteria leading to a dose adjustment

Dose increase Dose decrease

Intradialytic or immediately 
following HD session

Grade 3 or 4 clotting in the bubble trap and/or 
dialyzer

Use of saline flushes to prevent loss of the ECC
Other clinical events

Access compression time >10 min (AVF or AVG)
Minor bleeding
Other clinical events

Interdialytic period Other clinical events Minor bleeding
Other clinical events

Note. HD = hemodialysis; ECC = extracorporeal circuit; AVF = arteriovenous fistula; AVG = arteriovenous graft.
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primary efficacy endpoint was the mean percent of success-
ful HD sessions.

Secondary efficacy measures. Secondary efficacy endpoints 
included HD session outcomes and the proportion of HD ses-
sions where the dose was acceptable. Secondary efficacy 
analyses—comparing fixed versus adjustable dose and dose 
before versus after adjustment (number of HD sessions with 
an acceptable dose)—were performed for both primary and 
secondary endpoints.

Safety

Adverse events (AEs) were assessed at each study visit. 
Verbatim terms were recorded and coded according to the 
Medical Dictionary for regulatory activities (MedDRA, 
v19.0).15 Any AE that was life-threatening or resulted in 
death, hospitalization, persistent or significant disability/
incapacity, or congenital anomaly or birth defect was consid-
ered a serious AE (SAE). Lack of efficacy was reported as an 
AE when associated with an SAE. Access thrombosis was 
reported if observed during the session.

Bleeding. Bleeding events were assessed at each HD session 
by the research staff and reported by patients prior to each HD 
session, as is standard care for all LMWH (Table 1). All 
reported bleeding events were reviewed at the end of study by 
the investigators and adjudicated independently. For partici-
pants with an AVF or AVG, access compression and access 
site bleeding times were measured at the end of sessions.

Anti-Xa levels. To determine anti-Xa levels, 3 blood samples 
were taken (before, and 2 and 4 hours after starting HD [end 
of HD], at sessions 1, 10, and 20) and analyzed using a vali-
dated chromogenic assay at Q2 Solutions (Morrisville, 
North Carolina). Accumulation of anti-Xa was defined as a 
trough level of >0.4 IU/mL at the pre-HD measurement 
before dalteparin administration.

Statistical Analysis of Primary and Secondary 
Endpoints

For the primary endpoint, the null hypothesis was that the 
mean proportion of successful HD sessions was ⩽86%. The 
alternative hypothesis was success rate >86%.

Sample size estimation. The study was considered positive if 
the 95% confidence interval (CI) lower limit for success rate 
exceeded 86%. Assuming a success rate of 91%, a sample of 
150 participants provided ~84% power to determine whether 
the study was positive according to simulations of beta-bino-
mial data in which the underlying beta distribution had a 
mean of 0.91 and an intraclass correlation of 0.30. The sam-
ple size incorporated a 5% inflation factor to account for 
potential attrition of participants from the primary analysis.

Primary analysis. Primary analysis for the primary efficacy 
endpoint entailed calculation and analysis of the mean per-
cent of successful HD sessions using a generalized estimat-
ing equation model for clustered binomial data, with 
participant as the clustering variable. The study was positive 
if the 95% CI lower limit was greater than the prespecified 
value of 86%.

Secondary analysis. Comparative analyses between fixed- 
and adjustable-dose regimens were performed using a split-
sample approach. Two drug administration periods were 
defined for each participant: period 1 (first HD session 
through last consecutive session using 5000 IU) and period 2 
(first session using an adjusted dose through last session). 
Fixed dosing was represented by period 1 only, and adjust-
able dosing by periods 1 and 2.

Participants were randomly split into groups A and B. To 
provide estimates of success rates, period 1 data were used 
for group A, and period 1 and 2 data for group B. A permu-
tation resampling approach, which repeatedly and ran-
domly split the sample into groups A and B and calculated 
the differences in success rates for each compilation, was 
used to determine a percentile-based 95% CI for the differ-
ence in success rates between fixed- and adjustable-dose 
regimens.

For participants with dose changes, the success rates for 
periods 1 and 2 were compared using a bootstrap method to 
estimate a 95% CI for the difference in success rates.

Results

Of 183 HD patients who were screened, 152 were eligible, 
enrolled, and treated with dalteparin for prevention of 
clotting in the ECC (Figure 1). Overall, 131 (86.2%)  

Table 3. Clot Grading Following Visual Inspection of the Bubble Traps and Dialyzer at the End of Each HD Session.

Clot grade
Arterial or venous chambers 

(bubble trap)

Dialyzer filter

Clot appearance Description

1 No clotting None Clean filter, residual uniform pinkish tinge only
2 Fibrinous ring Small Few blood stripes, <5% of the fibers
3 Clot formation Moderate Many blood stripes, >5% but <80% of the fibers
4 Coagulated system Large >80% of the fibers
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participants completed the study and 21 (13.8%) discon-
tinued prematurely.

The study population included 106 (69.7%) men and had 
a mean age of 57.1 years (Table 4). Median ESRD history 
was 2.2 years (range: 0.2-25.7), with glomerulonephritis the 
most common cause (34.9%). All participants had received 
prior treatment with UFH (88.8%) or LMWH (11.8%), and 
all received concomitant drug treatments during the study.

Efficacy

Primary efficacy endpoint: Completion of HD without premature 
termination due to clotting. A total of 2826 HD sessions were 
performed, of which 2776 (98.2%) were evaluable for the 
primary efficacy endpoint. Fifty HD sessions were omitted: 
20 from one participant who received prohibited medication 
at HD session 1; 5 for premature termination of HD for rea-
sons other than grade 3 or 4 clotting; 16 for incomplete data; 

and 9 for not receiving dalteparin. Nearly all (2774 [99.9%; 
95% CI: 99.7-100]) evaluable HD sessions were completed 
without premature interruption due to clotting in the ECC 
and were considered successful. Two (0.07%) HD sessions 
were unsuccessful as they terminated early owing to grade 3 
or 4 clotting (one session each), both at a dose of 5000 IU. 
However, grade 3 or 4 clotting did not automatically result in 
early termination of HD and was recorded in 477 (17.2%) 
successfully completed sessions. No HD sessions were ter-
minated prematurely because of bleeding.

Secondary efficacy endpoints
HD session outcomes and dose adjustment. Most (114 

[75.0%]) participants successfully completed the maximum 
20 HD sessions (Figure 1). Depending on the clinical out-
come of the HD session (Table 2), dalteparin dose could be 
adjusted by increment/decrement of 500 or 1000 IU at the 
next session. Over half (79 [52.3%]) of participants who 

Figure 1. Flow of participants through the study.
aOther: surgery or renal transplant (3 participants); initiated peritoneal dialysis (1); changed hemodialysis session schedule (1); moved dialysis clinic (1); 
withdrawn owing to surgery (1); travel abroad (1).
bOne participant had baseline data only.
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completed at least one HD session received a dose adjust-
ment, with the remainder (72 [47.7%]) maintaining the fixed 
5000 IU dose throughout. Of the 128 (84.8%) participants 
who completed all 20 HD sessions, more received a dose 
adjustment (70 [54.7%]) than remained on the standard 5000 
IU dose (58 [45.3%]). The proportion of successful sessions 
was similar for fixed and adjustable dosing periods (–0.1%; 
95% CI: –0.3% to 0.1%).

A median of 3 dose adjustments was received by those 
who completed ⩾1 HD session (range: 1-12) and all 20 ses-
sions (range: 1-10). Dalteparin dose was adjusted for 10% 

(279) of HD sessions, with grade 3 or 4 clotting at the previ-
ous session the most common reason for adjustment (72.8%; 
Table 5). Dose was generally increased following grade 3 or 
4 clotting or use of saline flushes, and decreased following 
extended access compression time or minor bleeding.

Maximal or minimal dose was not restricted, as long as 
adjustments were made by increments/decrements of 500 or 
1000 IU. Median dose was 5000 IU (mean [SD]: 5488 [1191] 
IU) among all HD sessions (range: 500-13 000 IU; Figure 2). 
For the 21 patients whose first dose adjustment was a 
decrease, the subsequent average (SD) dose was 4025 (767) 

Table 4. Baseline Characteristics for Study Participants.

Total
(n = 152)

Male, n (%) 106 (69.7)
Mean age, years (SD) 57.1 (14.7)
Weight,a kg 82.2 ± 19.7
BMI,b kg/m2 ± SD (range) 29.1 ± 6.8 (18.0-54.0)
 Male 28.2 ± 5.6 (18.0-42.5)
 Female 31.0 ± 8.8 (19.3-54.0)
Race, n (%)
 White 117 (77.0)
 Black 14 (9.2)
 Asian 7 (4.6)
 Other 14 (9.2)
Blood pressure,a mm Hg, ± SD (range)
 Systolic blood pressure 139.9 ± 19.9 (86-186)
 Diastolic blood pressure 75.9 ± 14.8 (32-120)
Cause of ESRD, n (%)
 Diabetes mellitus 19 (12.5)
 Hypertension 23 (15.1)
 Glomerulonephritis 53 (34.9)
 Polycystic kidney disease 15 (9.9)
 Other 42 (27.6)
Years since diagnosis of ESRD,c median (range) 2.2 (0.2-25.7)
Vascular access type,d n (%)
 AVF 91 (59.9)
 Central venous catheter 61 (40.1)
 AVG 11 (7.2)
Medical history, n (%)
 Diabetes 46 (30.3)
 Hypertension 143 (94.1)
 Cardiovascular disease 84 (55.3)
Prior and concomitant drug treatments, n (%)
 ⩾1 prior UFH treatment 135 (88.8)
 ⩾1 prior LMWH treatment 18 (11.8)
 Aspirin 32 (21.0)
 Tissue plasminogen activator 10 (6.6)

Note. Data are mean ± SD (range) unless otherwise stated. BMI = body mass index; ESRD = end-stage renal disease; AVF = arteriovenous fistula;  
AVG = arteriovenous graft; UFH = unfractionated heparin; LMWH = low-molecular-weight heparin; HD = hemodialysis.
aScreening visit pre-HD value.
bDefined as weight/(height × .01)2 at screening, n = 151.
cn = 101.
dParticipants could have more than one type of access over the course of the study.
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IU, and for the 58 patients whose first dose adjustment was 
an increase, the average (SD) dose was 6723 (1306) IU. Over 
half of all HD sessions (1658 [58.9%]) were performed with 

the standard 5000 IU dose. Dose was increased more fre-
quently than it was decreased, with 888 (31.5%) HD sessions 
performed above the standard 5000 IU dose compared with 
271 (9.6%) below.

Acceptable dose. Each participant completed a mean of 
16.1 (SD: 3.79) HD sessions with an acceptable dalteparin 
dose, ie, no reason for adjustment. Overall, the adminis-
tered dose was acceptable for 89.8% (2363; 95% CI: 87.4-
91.9) of all HD sessions. For the 79 participants whose 
dose was changed, when moved to an adjustable dose 
regimen, the proportion of HD sessions with an acceptable 
dose was 8.3% more than when on a fixed regimen (95% 
CI: 2.6-16.5).

Safety

Ninety-five (62.5%) participants reported 218 treatment-
emergent AEs (TEAEs; Supplement 3). Five (3.3%) partici-
pants discontinued the study prematurely because of a 
TEAE (catheter site bleeding, stoma site bleeding, hematu-
ria, maculopapular rash, and ocular hyperemia, with all 
apart from catheter site bleeding considered related to dalte-
parin). Dose changes or temporary discontinuations were 
reported for 30 (19.7%) participants, most due to coagula-
tion-related TEAEs, which were mostly mild and resolved 
on the same day. Treatment-emergent SAEs were reported 
for 3 (2.0%) participants (atrial fibrillation, pneumonia, and 
influenza) and were not considered treatment related. No 
deaths were reported.

There were 3 incidents of access thromboses for 2 (of 61; 
3.3%) participants with a venous catheter (doses of 5000, 
5500, and 6500 IU), and none for participants with an AVF or 
AVG.

Bleeding events. Of 2818 (99.7%) HD sessions evaluable 
for safety, 66 (2.3%; 95% CI: 1.6-3.4) were associated 
with a bleeding event. There were no major bleeds (Tables 
1 and 6). One (0.7%; 95% CI: 0.1-3.6) participant reported 
a clinically relevant nonmajor bleed, and 38 (25.0%; 95% 
CI: 18.8-32.4) reported one or more minor bleeds. Minor 
bleeding was reported at 2% (33/1659) of HD sessions 
performed at 5000 IU and at 10% (10/100) of sessions at 
4000 IU.

Non-access-related bleeding—including cuts, hemor-
rhoid, and conjunctival bleed—was reported for 13 partici-
pants. Six (of 61; 9.8%) participants with a central venous 
catheter reported 7 episodes of bleeding, and 15 (of 91; 
16.5%) participants with an AVF reported 38 episodes of 
access site bleeding, most commonly at the end of a HD ses-
sion. Access compression time for participants with an AVF 
was 5 to 10 minutes for over half (57.7%) of all sessions and 
>10 minutes for 160 (9.0%) sessions. Nine (of 11; 81.8%) 
participants with an AVG reported 23 episodes of prolonged 
compression time (>10 minutes).

Table 5. Reasons for Dose Adjustment.

Reason for dose adjustment

Number of HD 
sessions with dose 
adjustment, n (%)

N = 279

Reason for dose increasea

 Use of saline flushes 2 (0.7)
 Grade 3 or 4 clotting at previous 

HD session
203 (72.8)

 Other 6 (2.2)
  Per site investigator’s discretionb 3 (1.1)
  Medication error 2 (0.72)
  Thrombolytic infusion for central 

venous line dysfunction
1 (0.36)

Reason for dose decreasea

 Access compression time >10 min 
at previous HD session

47 (16.9)

 Minor bleeding during previous HD 
session

9 (3.2)

 Minor bleeding since previous HD 
session

16 (5.7)

 Other 9 (3.2)
  Per site investigator’s discretion 5 (1.79)
  In anticipation of an endoscopy 1 (0.36)
  Medication error 1 (0.36)
  Epitaxis (not considered a 

bleeding event by investigator)
1 (0.36)

  Hemorrhoid (not considered a 
bleeding event by investigator)

1 (0.36)

Note. HD = hemodialysis.
aParticipants could have more than one reason for a dose change.
bThree (1.1%) of the “other” dose decreases were due to grade 2 clotting.

Figure 2. Dalteparin sodium doses administered.
Note. HD = hemodialysis; IU = international units.
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Anti-Xa levels. Bioaccumulation was assessed by monitoring 
anti-Xa levels prior to HD at sessions 1, 10, and 20. Predialy-
sis anti-Xa levels fell below the prespecified bioaccumulation 
threshold (0.40 IU/mL), and below the limit of quantification 
of the assay (0.04 IU/mL), at all HD sessions for most partici-
pants (Figure 3). At HD session 1, the anti-Xa level for one 

participant (0.55 IU/mL) was above the prespecified bioac-
cumulation threshold, but below the threshold at subsequent 
HD sessions. At HD session 10, anti-Xa levels were above the 
bioaccumulation threshold for 2 (1.3%) participants (0.49 and 
0.58 IU/mL). For these 2 participants, anti-Xa levels were 
below the threshold at HD session 20 (both <0.4 IU/mL), 

Table 6. Bleeding Events and Treatment-Emergent Bleeding-Related AEs.

Number of participants, n (%)
N = 152

Bleeding events by category
 Major bleed 0 (0.0)
 Clinically relevant nonmajor bleed 1 (0.7)
 Minor bleed 38 (25.0)
Bleeding-related AEs by type
 Non-access-related bleeding 13 (8.6)
 Prolonged compression time (>15 min) with bleed from AVF (n = 91) 8 (8.8)a

 Bleeding from access site
  Central venous catheter (n = 61) 6 (9.8)b

  AVF (n = 91) 15 (16.5)c

  AVG (n = 11) 0 (0.0)

Note. AEs = adverse events; AVF = arteriovenous fistula; AVG = arteriovenous graft; n = number of participants with AE. Includes data up to 30 days 
after last dose of study drug; participants are counted only once per treatment in each row.
aSixteen episodes.
bSeven episodes.
cThirty-eight episodes.

Figure 3. Individual anti-Xa serum levels before HD at sessions 1, 10, and 20.
Note. The bioaccumulation threshold for anti-Xa was 0.4 IU/mL and the lower limit of detection for anti-Xa was 0.04 IU/mL. HD = hemodialysis; IU = 
international units.
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both maintained a fixed dose of 5000 IU dalteparin and 
reported no bleeding events throughout the study period.

A total of 1267 samples were assayed for anti-Xa serum 
levels: 421 of these samples were collected before HD, of 
which only 9 (2.14%) had anti-Xa levels above the lower 
limit of quantification for the assay (0.04 IU/mL; Figure 3).

Discussion

Current product labeling for dalteparin sodium as an antico-
agulant in the ECC recommends a fixed single dose of 5000 
IU for HD sessions lasting up to 4 hours.12 Limited safety 
and efficacy data exist for patients who may require lower or 
higher doses.

The PARROT study investigated the safety and efficacy of 
an adjustable dalteparin dose regimen. The primary endpoint 
was met, with nearly all (99.9%) HD sessions completed with-
out premature termination due to clotting. Only 2 HD sessions 
terminated prematurely owing to grade 3 or 4 clotting, 
although grade 3 or 4 clotting was reported in 17.2% of ses-
sions that were successfully completed. Of participants who 
completed at least one HD session, just over half (52%) 
required a median of 3 dose adjustments, with the majority 
(76%) involving a dose escalation. The most common reason 
for dose increase (and adjustment overall) was grade 3 or 4 
clotting. Dose was most frequently decreased when access 
compression time was >10 minutes. Overall, mean (SD) 
dalteparin dose per HD session was 5488 (1191) IU (range: 
500-13 000 IU). The mean (SD) dose for the dose adjustment 
groups was 4025 (767) IU and 6723 (1306) IU for those whose 
first adjustment was a decrease or increase, respectively. Dose 
adjustment resulted in a higher proportion of HD sessions with 
an acceptable dose compared with fixed dosing.

Similar to our findings, in an open-label, randomized trial 
evaluating the safety and efficacy of fixed doses of daltepa-
rin or tinzaparin (a LMWH) followed by titration (±500 or 
1000 IU), most (91%) of the HD sessions were considered 
satisfactory or uneventful, with no difference between drug 
treatment groups.6 In addition, over half of the dalteparin 
treatment group required no adjustment from the fixed 5000 
IU dose, mean dose was 5546 IU, and the mean number of 
dose adjustments was 4.9.6

The PARROT study found that during this 7-week trial of 
152 participants receiving either a fixed 5000 IU dose of 
dalteparin or following dose adjustment (including extreme 
dose escalation to achieve adequate anticoagulation), major 
bleeding did not occur, and there was one clinically relevant 
nonmajor bleed. No HD session was terminated prematurely 
because of bleeding. Minor bleeding was reported in 2.3% of 
HD sessions, and access compression time for patients with 
an AVF was 5 to 10 minutes in over half of the sessions. The 
trial comparing dalteparin and tinzaparin fixed dose and 
titration also reported low incidences of major, minor, and 
extended arteriovenous bleeding (one episode, 1.5% and 
3.5%, respectively, for each treatment group).6 Clinical 

studies have found no difference in bleeding risk between 
LMWH and UFH in HD patients.4,16 In addition, a recent 
study switched 109 HD outpatients previously on UFH to 
2500 IU dalteparin, with the option of incremental dose 
increase (to a maximum of 7000 IU) if clotting was observed. 
Across all patients, there was no observed increase in bleed-
ing events during 8 months after switching from UFH to 
dalteparin.17

A meta-analysis, conducted to evaluate the safety and 
efficacy of LMWH versus UFH in HD patients, found no 
difference between anticoagulants (relative risk [RR]: 0.96 
[95% CI: 0.27-3.43]).3 However, limited data were available 
to evaluate the risk of bleeding, leading to large CIs and 
therefore limited conclusions.3 A more recent meta-analysis 
evaluated the safety of LMWH and UFH for ECC anticoagu-
lation in chronic HD patients.18 For LMWH, compared with 
UFH, the RR for total bleeding was 0.76 (95% CI: 0.26-
2.22). A total of 55 bleeding events were identified (24 with 
LMWH, and 31 with UFH), of which 2 were categorized as 
major bleeding events by the authors (both in the LMWH 
group, 1 each with enoxaparin and tinzaparin). These data 
are consistent with no difference in bleeding risk when 
LMWH is compared with UFH, but larger studies are needed. 
However, despite these meta-analyses, major bleeding out-
comes were not consistently defined or reported in the origi-
nal studies, and the true number of major bleeding events is 
unknown.

The use of LMWHs for anticoagulation in the ECC is 
becoming more prevalent in Canada. Previous trials have 
demonstrated comparable efficacy and safety of dalteparin 
and UFH for the prevention of ECC clotting during HD.7,8 In 
addition, many LMWH products are available in prefilled 
syringes, which reduce the risk of medication errors, facilitate 
timely administration, comply with accreditation standards 
that limit the availability of high-dose UFH formulations in 
patient care areas, and are cost comparable to vials of UFH.

As there is currently no validated standard threshold to 
assess anti-Xa bioaccumulation with LMWH, we consulted 
with thrombosis specialists and nephrologists, and assessed 
the literature for dalteparin in the clinical setting, during the 
concept phase of the PARROT study protocol. Previous stud-
ies evaluating lower doses of dalteparin (similar to prophylac-
tic LMWH dosing) employed an anti-Xa threshold of 0.4 IU/
mL.6,7 In addition, 0.4 IU/mL was used as the threshold in the 
Dalteparin’s Influence on Renally Compromised: Anti-Ten-A 
Study (DIRECT) study, which used 5000 IU dalteparin once 
daily as prophylaxis against venous thromboembolism in 
critically ill patients with severe renal insufficiency.19 We 
therefore selected an anti-Xa threshold level of 0.4 IU/mL 
pre-dalteparin dose, and at 2 and 4 hours post-dose, to be 
clinically appropriate for the PARROT study.

Anti-Xa levels were below the predetermined threshold 
(0.4 IU/mL) before HD for most participants at all HD 
sessions, indicating no evidence of dalteparin bioaccumu-
lation in the intradialytic period over 20 HD sessions. At 
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HD session 1, ie, prior to receiving dalteparin at the first 
HD session, the anti-Xa level of 0.55 IU/mL for one par-
ticipant was surprisingly higher than the threshold for bio-
accumulation. The investigators consider this is likely due 
to a protocol error, where the blood sample for analysis 
was drawn post-dose, and not pre-dose as instructed. In 
addition, the elevated anti-Xa levels reported for 2 partici-
pants at the beginning of HD session 10 were also likely 
sampling errors, as levels returned to normal at subse-
quent sampling (HD session 20), although both partici-
pants maintained a dose of 5000 IU throughout the study.

These findings are consistent with other reports using 
anti-Xa levels as a surrogate marker to measure anticoag-
ulant accumulation of LMWHs.6-10 Two long-term studies 
have demonstrated no evidence of bioaccumulation with 
dalteparin when given as an intravenous (IV) bolus fol-
lowed by continuous IV infusion.7,8 One of these studies, 
measuring anti-Xa prior to HD, showed no increase in 
anti-Xa levels during the 6-month dalteparin treatment 
period (mean values < 0.2 IU/mL).7 In the second study, 
anti-Xa levels, measured 2 hours after the start of HD, did 
not change significantly (values ranged from 0.59-0.74 
IU/mL) over the 12-month treatment period.8 The lack of 
a control arm in this study prevents direct comparison of 
dalteparin versus UFH. Although dalteparin dose was 
decreased for some participants, the study was not 
designed to specifically evaluate doses below 5000 IU. It 
is therefore possible that participants who were main-
tained at 5000 IU could have been successfully treated at 
a lower dose. Indeed, 2500 IU dalteparin has been effec-
tively used for anticoagulation in the ECC for the majority 
(>80%) of HD patients in several clinical settings.10,17 In 
addition, a trial comparing tinzaparin with UFH found 
that 2500 IU tinzaparin was sufficient for effective antico-
agulation in 94% of HD patients.9 It is possible that a 
lower dalteparin starting dose may provide a similar effi-
cacy profile and an improved safety profile: Further stud-
ies are required to determine effective dose minimization 
for dalteparin. It is likely that dose increases occurred 
more frequently than decreases owing to the primary effi-
cacy endpoint, which looked for clotting (resulting in an 
increase) rather than a stimulus that would result in a 
decrease, such as bleeding.

A further limitation is the exclusion of some patients at 
increased risk for bleeding (including those with historical 
gastrointestinal bleeding, cancer, thrombocytopenia, hemo-
globin <9.0 g/dL, liver disease, and on other anticoagulants), 
who would usually receive anticoagulation for dialysis. 
Patients with diabetic retinopathy and those on antiplatelet 
agents other than aspirin <100 mg/d were excluded because 
of class labeling contraindications: In the clinical setting, 
they would likely only be excluded from treatment owing to 
active bleeding. Finally, the present study was a short-term 
study (20 HD sessions [7 weeks’ treatment]; 256 patient-
months from the time of first dose to last follow-up visit), 

and longer term studies are needed to evaluate the safety of 
LMWH in chronic HD.

Conclusions

As the use of LMWHs for anticoagulation in the ECC 
becomes more prevalent in Canada, physicians are seek-
ing guidance and reassurance on how to optimally dose 
their patients safely while maintaining clinical efficacy. 
The PARROT study demonstrated that an adjustable dalte-
parin dose regimen was well tolerated and efficacious in 
HD patients with ESRD, allowing safe completion of HD.
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